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FOREWORD 

  
Diesel Electrical Multiple Units (DEMUs) fitted with 700 HP were 

introduced in 1994 by ICF for improving passenger services in non-
electrified routes. In 2002 ICF developed 1400 HP DEMUs. The fleet of 
DEMUs is increasing rapidly there after. 
 
 

     The need for proper maintenance of DEMUs for providing safety and 
comfort to the travelling public cannot be over-emphasised. It is necessary 
that correct practices are followed during POH and other maintenance 
schedules so that DEMUs give trouble-free and comfortable service on line.  
 
 

The persons involved in maintenance must appreciate the importance 
of right maintenance at the right time, so that the DEMUs do not come for 
unscheduled repairs frequently. The effort should be to minimise overall 
maintenance time, reduce maintenance costs and improve reliability. 

 
 

The instructions for maintenance of DEMUs have been issued by 
RDSO from time to time. “CAMTECH” has prepared a well documented and 
comprehensive manual for the use of our engineers. CAMTECH and RDSO 
deserve all praise for this effort. 

 

 
                                                                                         (Praveen Kumar) 

Member Mechanical 
  Railway Board 
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Preface 
 
 

“Maintenance Manual for 1400 HP DEMU” is being published first time in Indian 
Railways to standardize maintenance practices of High Horse Power DEMU stock.  The 
1400 HP DEMU was introduced in year 2002 to replace the slow moving locomotive 
hauled push-pull trains in non-electrified routes of metro cities.  

Railway Board nominated a committee of officers, comprising of Director/Mech/ 
CAMTECH/GWL, Director (Carriage)/RDSO/LKO, Dy.CME/DMU Car shed /SSB 
/Northern Railway/DLI vide letter No. 2007/M(L)/7/101/2(B.G.) dated 07.05.2008 for 
preparation of “Maintenance Manual for 1400 HP  DEMU”. The manual has been 
completed with detailed coverage on various aspects. 

The salient features of the manual are as follows: 

 The manual has been divided into 21 chapters covering various sub-assemblies 
and systems.  The constructional details and functioning has been explained 
before describing the detailed maintenance procedures. 

 The important dimensions, clearances, drawing references etc. have been given 
immediately after the paragraphs where they have been referred to while 
describing maintenance procedures. 

 Clear sketches of the important sub-assemblies/components have been given in 
the manual. 

 An Annexure titled “Infrastructure Facilities for DEMU Car Shed” has been 
included as a part of this manual. 

The page number in each chapter in this manual starts from 1 of total numbers of 
pages in the chapter. This scheme of page numbering is adopted to provide flexibility of 
easily revising the chapters in future, on account of design or procedure changes without 
disturbing the page numbers of succeeding chapters. 

The Committee is thankful to all of those who gave their valuable suggestions in 
finalization of this manual. (Any further comments/ suggestions may be addressed to 
Executive Director, CAMTECH, Maharajpur, Gwalior- 474005)  
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Chapter1 

INTRODUCTION 

 
1.1 DEMU SERVICE: 

 
1400 HP DEMU (Diesel Electric Multiple Unit) has been inducted in Indian railways to 
replace the existing slow moving Loco hauled passenger train in non-electrified mainline 
sections and also for low traffic density branch line services.  
The high acceleration potential of DEMU makes them suitable to work as fast passenger 
transportation services between cities. 

One unit of DEMU consists of four coaches: 
1. Driving power car (DPC),  
2. Trailer car (TC)  
3. Driving trailer car (DTC).  

 
DPC: Driving power car is a coach that houses the diesel electric power plant. Around 

50% of the coach space is occupied by the plant and balance is for the passengers. 
It has one control station. The control station is used when train is moving in 
direction where the DPC is leading. 

 
TC:  Trailer car (TC) is a simple coach that is meant only for passengers. 
 
DTC:  Driving trailer coach (DTC) is also a coach meant only for the passengers. 

However, one end of this coach has parallel operator control station. This is used 
by the operator when the train is moving in the direction where DTC is the leading 
coach. 

 
Multiple operation of DEMU is possible upto 04 units so as to meet varying demands of traffic 
existing in the section. 

 
DEMU is designed for maximum speed of 100 Kmph 
The power car is provided with the 20 T axle load bogie whereas the trailer car is fitted with 
16t axle load bogies suitable for main line coaches.  
 

1.2 SYSTEM DESCRIPTION (Propulsion system) 
 

Power Pack 
 

The driving power car has a single power pack consisting of a diesel engine (KTA-50-L) 
complete with brush less traction alternator and matching exciter rotating rectifier set.  

  
Rectification 
 

Three phases AC output obtained from the alternator is rectified by the three phase bridge 
rectifier to get DC output. This main rectifier is modular in construction and under frame 
mounted feeding DC supply to the traction motors. 

  
Traction motor 
 

Four axle mounted, self-ventilated traction motors are mounted on two bogies of the DPC. 
The motors are permanently connected in four parallel combinations utilizing the full 
capability of the traction alternator output thus eliminating combination change and field 
weakening operation. There exists a provision of isolation upto two traction motors in 
event the traction motors becoming faulty. 
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Traction motors used are 
1. TM 4303-DY (BHEL) 
2. C1005 TM (Crompton  Greaves) 

  
Control System 
Excitation and load control Module (ELCM) system is designed to operate in conjunction 
with brushless alternator and Woodward make EG3P/EG1 PC type fuel actuators mounted 
on the diesel engine. Excitation control regulates the alternator excitation by regulating the 
current to the exciter stator on any given notch in such a way that  constant KW output 
from the alternator and thus a constant HP is obtained from the diesel engine even with 
varying current output fed to the traction motors. In addition, ELCM also controls the 
diesel engine speed and maintains it constant on a particular notch from full unloading to 
full loading by regulating the current to the actuator coil controlling the fuel supply to the 
diesel engine. 
 
Various protection features are incorporated to indicate the various faults that may occur 
and take necessary corrective action. 
The control equipment mainly consists of master controller, Electro- pneumatic (EP) 
contactor, Electro- magnetic (EM) contactors, reversers, electro-pneumatic relays and 
MCBs. The line contactors, negative isolation contactors, reverse’s shunt etc. are mounted 
in motor Switch GroupBox and motor overload relays, general purpose relays, excitation 
contactor, blocking diode panel etc. are mounted in Electrical Control Group Switch Box 
for underframe mountings.  

  
Vehicular couplers 
There are four nineteen pin inter vehicular couplers viz., A, B, C & D within the 3 coach 
formation in a DEMU and three nineteen pin inter- vehicular couplers viz., A, B & C 
between any two DEMU. The ‘D’ coupler is used for connecting and controlling the 
auxiliary alternator supply to the lights and fans in the three coaches of a DEMU. The A, 
B & C couplers run throughout the 3 DEMU and by either energizing or de- energizing a 
wire, we are able to control the operation of various components of power or control 
system remotely from either the DPC or DTC at either end. 

  
Auxiliary Supply 
An 18 KW auxiliary brushless alternator, self cooled, belt driven from traction alternator 
shaft with its rectifier and regulator is provided to supply 135/110 V DC (+/-5%) regulated 
supply over the entire speed range of the engine speed from no load to full load. However, 
110 V battery is also provided to supply lighting, fan and control loads during emergency 
when diesel engine is not in operation. 

  
Compressor 
A belt driven compressor at the non traction alternator end of the engine is provided to 
supply compressed air at a required rate at 8 kg/cm2 at idling speed of the diesel engine for 
the brake system. 

Compressor used is  TRC 2507 of Elgi make 



CHAPTER -1 Introduction  Page 3 of 6 

Maintenance Manual for 1400 HPDEMU 
 

1.3 PARAMETERS OF DEMU 

 Operating Parameters of DEMU 

1.  Track Gauge : 1676 mm 
2.  Composition of a unit : 1 DPC + 2 TC + 1 DTC 
3.  Estimated Service Weight 

(Dense Crush Load) 
 
For 4 coach train formation 
For 8 coach train formation 
For 12 coach train formation 
For 16 coach train formation 

: 
 
 
: 
: 
: 
: 

188 Tonnes 
[ 80T (DPC) + 60 T (TC) + 60 T (TC)+ 60T 
(DTC)] 
260 T 
520T 
780T 
1040T 

4.  Maximum axle load  : 20T (DPC) 
16T (TC & DTC) 

5.  Wheel arrangement of power car : Bo-Bo (All axles independently powered) 

6.  Wheel diameter : 952 mm (new) 
877 mm (Fully worn) 
914.5 mm (Half worn) 

7.  Effective traction power output of 
diesel engine 

:  
1317 BHP 

8.  Power transmission : Electric AC/DC 
9.  Maximum operating speed : 100 km/h (With capacity to run upto 110 

Kmph 
10.  Clearance above rail level : Minimum of 102 mm (with coaches fully 

loaded and wheels in fully worn condition)  
11.  Reference site conditions : Ambient Temperature    : 55 Deg. C 

& 55-60 Deg. C inside engine room 
Humidity         : 100 % 
Attitude          : 0- 600 meter above sea level 

 
  Leading Particulars of1400 HP DEMU Power Car 
 

1.  Length over headstock : 21417 mm 
2.  Distance between bogie centers : 14783 mm 
3.  Bogie wheel base  : 2896 mm 
4.  Wheel diameter : 952 mm (New) 
5.  Tread wear : 37.5 mm 
6.  Overall width  : 3245 mm 
7.  Height from rail level to top of roof  : 3886 mm 
8.  Height from rail to floor level : 1282 mm 
9.  Maximum height of center line of centre buffers above 

rail level for unloaded vehicles. 
: 1104 mm 
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LAYOUT OF DPC COACH 
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LAYOUT OF DTC COACH 
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LAYOUT OF TC COACH 
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Chapter -2 
 

DIESEL ENGINE AND ITS SYSTEMS 
 

The DPC (Driving Power Car) has a single power pack consisting of a diesel engine, model 
KTA-50-L (Kirloskar Cummins Ltd). 
 

2.0 SPECIFICATION  
01 Exact description and Model of the engine  : Cummins KTA-50-L 
02 Rated output       : 1400 BHP 
03 Maximum intermittent traction rating at site condition 

given below      : 1600 BHP @ 2100 RPM 
04 Site conditions 

Ambiant température      : 55Deg. C 
Altitude above mean Sea level    : 1000M 
Relative Humidity     : Above 40% 

05 Rated speed at continuous rating    : 1800 RPM 
06 Type of cycle      : Four stroke 
07 Method of pressure charging    : Turbo charging 

♦ Pressure ratio of the compressor 
 at the rated output     : 2.4 

♦ Single stage/ Two stage    : Single stage  
♦ No. of Turbochargers used    : Two 
♦ Make and model of Turbocharger   : Cummins 

08 Type of exhaust system     : Pulse type 
09 Cooling method of the charge air   : By engine coolant. 
10 Type of combustion chamber    : Direct injection chamber  
11 Fuel Injection equipment    : Unit type FIP and injector 
12 Fuel pump      : PT-fuel pump 
13 Number of cylinders     : 16 Cylinder (8 cyl. per bank) 
14 Arrangement      : “V”-Type 60 degree  
15 Cylinder bore      : 159mm  
16 Piston Stroke      : 159 mm  
17 Total displacement     : 50 Lts   
18 Cubic capacity/ Cylinder     : 3.13 Lts./ Cyl. 
19 Compression Ratio:     : 13.8: 1 
20 Firing Order      : 1R-1L-3R-3L-7R-7L-5R-5L- 

8R-8L-6R-6L-2R-2L-4R-4L 
21 Mean piston speed at the rated speed   : 9.5 m/s. 
22 Brake mean effective pressure    : 12.58 Kg/Cm2   
23 Maximum combustion pressure at the 

rated output      : 141 Kg/Cm2 (2000 PSI) 
24 Compression pressure at No load at  

Minimum idling speed      : 350 PSI 
25 Minimum No-load idling speed    : 700 RPM 

 (A low idle features is provided on the Engine) 
26 Max. no load RPM under steady conditions  : 2070 RPM 
27 Minimum firing speed     : 150 RPM.   
28 Piston 

♦ Type of piston used     : Single piece (Al alloy) 
♦ No. of Piston Rings used    : Four Nos. 
♦ Configuration of the Rings : 3 compression, 1oil control  
(All the rings are located above the Gudgeon Pin) 
♦ Piston cooling method    : By engine Lube oil. 



CHAPTER -2 Diesel Engine And Its Systems                                 Page 2 of 24 
                                                                                                                    

Maintenance Manual for 1400 HPDEMU 

 
29 Cooling System 

♦ Cooling Circuit     : Closed loop cooling circuit. 
♦ Cooling system type    : Pressurized 
♦ Water pump type(Make)    : Mannesman Rexroth  

AZFO 28/QR 
♦ Coolant temperature at the outlet from 

 the Engine( Normal operating range)  : 72 Deg. C to 95 Deg. C. 
♦ Heat absorbed by the cooling water  

at the rated output     : 17500 BTU/Min. 
♦ Rate of flow of water    : 40 lpm @ 1500 rpm 
♦ Water tank capacity    : 153 Litre 
♦ Treatment recommended for water   : Borate base compound 

30 Lube Oil System 
♦ Temp. of lube(Normal operating range)  : 82 Deg. C to 107 Deg. C.  
♦ Max. permissible temperature of lube oil  : 121 Deg. C for short time 
♦ Heat absorbed by the cooling oil at the rated  : This heat is the part of heat 

output           rejected to cooling water. 
♦ Sump Capacity     : 151 Liters  
♦ Brand of oil recommended    :  Multi grade CF4 15-W-40   

31 Lube oil Consumption at the rated output  : 0.14 Lit / Hr 
32 LOC % of fuel consumption    : 0.14% of fuel consumption 

 (Max. is 0.25% of fuel consumption)  
33 Lubricating oil pressure at the rated speed 

at the normal operating temperature   : 3.4 to 6.16 Kg/cm2    
34 Maximum pressure of charge air in the intake 

 manifold at the rated output    : 1.278 Kg/Cm2 ( 37” of Hg.)  
35 Maximum pressure of gases in the exhaust 

 manifold at the rated out put(At output of TSC)  : 3” of Hg.  
36 Maximum RPM of turbocharger at the  

rated output       : 63600 RPM. 
37 Maximum permissible RPM of the  

turbocharger      : 100000 RPM. 
38  Temperature of exhaust gases at Turbo 

 inlet at the rated output     : 600 to 630 Deg. C. 
39 Maximum permissible temperature for  

which the turbo charger components have 
 been designed      : 735 Deg. C. 

40 Heat balance of the Engine:  
Useful output      : 38.6% 
Exhaust      : 35.3%  
Coolant      : 24.4% 
Ambient     : 1.7% 

41 Weight of the engine complete with all items 
 excluding water and lubricating oil   : 4858 Kg. 

42 Weight of the water contained in the engine  : 155 Kg. approx. 
43 Weight of the oil contained in the engine   : 150 Kg. approx. 
44 Specific fuel consumption. 

♦ Indicate the lower heating value of the  
fuel used in arriving at the specific fuel  : 10000Kcal/Kg. 
 consumption figures     (154.17gm/BHP/Hr) 

 
45 Fuel oil consumption at idle in L/H   : 4.16 Lit/ Hr. 
46 Type of governor     : LCC CGA Make 
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47 Safety devices provided on the engine. 
♦ Over speed trip safety device    
♦ Low lubricating oil pressure safety device   
♦ High water temperature safety device 
♦ Low water level safety device  

48 Transmission System  
♦ Alternator type     : BHEL  TA 7003 BX 

  C. Greaves C1012 TA 
♦ Maximum speed     : 1800 rpm 
♦ Maximum voltage     : 900 V 
♦ Maximum current     : 2145 A 
♦ Continuous rating low voltage   : 550 V, 1660 A, 1800 rpm 
♦ Continuous rating high voltage   : 900 V, 990 A, 1800 rpm 
♦ Weight with accessories (Approx.)   : 4400 Kg 
♦ Traction motor type    : BHEL  TM 4303 AZ 

  C. Greaves C1005 TM 
♦ Maximum speed     : 2772 rpm 
♦ Number of TM per DPC    : Four 
♦ Continuous voltage     : 550 V 
♦ Continuous current     : 415 A 
♦ One hour rating     : 455 V, 550 A,  
♦ Weight per unit (Approx.)    : 2200 Kg 
♦ Gear ratio      : 20: 91 
♦ Suspension      : Axle hung, nose suspended 
♦ Auxiliary generator     : KEL A 18122 FM 
♦ Rating      : 110A DC, 135V DC, 18.5KW 
♦ Unit  weight     : 445 Kg. 

 
 
2.1 SYSTEM DESCRIPTION 

 
The various systems of the KTA 50 L, power pack used in DEMU are described in this 
section. The various systems of diesel engines are as follows: 

 
1. Air Intake and Exhaust system 
2. Fuel system 
3. Lube oil system 
4. Cooling water system 
5. Hydraulic oil system 
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2.2 AIR INTAKE AND EXHAUST SYSTEM  
 

Air is drawn through the supercharger portion of the turbo supercharger which compresses and 
feeds the compressed air to the cylinders via an after cooler which cools the air. 
 

The air filter is provided to remove harmful dust, abrasive particles from the air. If these 
particles are permitted to enter the engine, the particles mix with the lubricating oil to form an 
abrasive paste which will quickly wear out piston rings, cylinder liners, pistons, valve guides 
etc. causing high lubricating oil consumption and blow by. 
 

The cooling of air helps in increasing the density. A vacuum indicator is available in the air 
filter that indicates a red band when the accumulated dust is beyond the permitted level and it 
is necessary to service the air cleaner element. 
 

Air cleaner element can be cleaned with the use of pressurized air at not more then 30 PSI.  
The exhaust air from the cylinder drives the turbine portion of the turbo super charger, which 
helps in utilisation of residual heat of exhaust gases. 
 

The exhaust gases are exhausted through a silencer kept on the dished rooftop of the DEMU. 
Flexible stainless steel connection between the turbo supercharger and silencer allows for 
expansion due to heat of the exhaust gases. 
 

A schematic of air intake and exhaust system of DEMU is shown in figure.  
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Checking of Inlet Air Restriction 
 
This unit is mounted on the air filter outlet. The red flag in indicator gradually rises as cartridge 
loads with dirt. After changing or replacing cartridge, reset indicator by pushing reset button. 
 

 
Fig.   Vacuum indicator for air restriction 

 
 

Air restriction on turbocharged / after cooled engines must not exceed 25 inches (635 mm) of 
water column. Air restriction for naturally aspirated engines must not exceed 20 inches (508 mm) 
of water column. 
 
Filter Element Replacement: 
 

• Remove the old filter element gently. Do not bump it while still inside, otherwise it will 
lead to dropped dirt and dust that will contaminate the clean side of filter housing, before 
the new filter element has a chance to do its job. 

• Clean the inside of the housing carefully. Dirt left in the air cleaner housing is harmful for 
engine. Use a clean, damp cloth to wipe all surface clean. Check it visually to make sure 
it’s clean before putting in a new filter. 

• Clean the gasket sealing surface of the housing. An improper gasket seal is one of the most 
common causes of engine contamination. Make sure that all hardened dirt ridges are 
completely removed, both on the bottom and top of the air cleaner. 

• Check for uneven dirt patterns. The old filter has valuable clues to dust leakage or gasket 
sealing problems. A pattern on the element clean side is a sign that the old filter element 
was not firmly sealed or that a dust leak exists. Identify the cause of that leak and rectify it 
before installing a new filter. 

• Press new gasket to see that it springs action. Make sure that new filter is made with a 
highly compressible gasket that springs back (promptly) when finger pressure is released. 

• Ensure air-tight fit on all connections and ducts. Check that all clamps and flange joint are 
tight, as well as the air cleaner mounting bolts, Seal any leaks immediately, any leakages 
mean dirt is directly entering in the engine. 
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2.3 FUEL OIL SYSTEM  
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The main components of the fuel system of KTA50L engine are described below: 
 

1.  Gear Pump 
Fuel enters the rear side of gear pump housing. Gear pump has two spur gears. One of the gear 
shafts is a drive shaft, which is driven by the accessory drive gear shaft and rotates at engine 
speed. It creates a vacuum to draw fuel, but adds no pressure to the flowing fuel. 
 

2.  Cooling kit 
In PT fuel pumps a drilling runs up along the back of all shafts bores to a fitting on top of the 
gear pump housing. Fuels from the shafts bores passes out through the valve in the fitting and 
through the drain line to the fuel tank.  
 

3.  Pulsation Damper 
As the gear pump teeth mesh and unmesh, considerable turbulance is created in the fuel. To 
eliminate this roughness a pulsation damper is connected through a drilling, to the gear pump 
cavity.  
 

4.  Filter Screen  
Pressurized fuel flow into the center of the filter screen, which is located at the top of the fuel 
pump. Dirt and other materials are removed at by this filter.  
 

6. Governor  
The pressure in the fuel as it reaches the governor plunger is hydraulic pressure. The 
restriction to fuel flow which creates most of this pressure is built into the PT pump by placing 
the surface of the idler plunger against the end of the governor plunger.  
 

In this manner fuel is being held in the governor plunger by the surface of the idler plunger. 
However, the idler gear is only under spring pressure, so as volume of flow increases, fuel will 
soon push the idler plunger back, if no other outlet is found.  
 

But there are two other outlets for governor plunger fuel. 
 The idler port which allows fuel to escape during low speeds.  
 

The amount of fuel by- passed depends upon the resistance offered to fuel flow. This 
resistance is developed by the position of the governor plunger and idler plunger and it is 
controlled by the forces which try to hold them together during fuel, flow as they are, when the 
pump is not operating and the size of the idler plunger counter bore. 
 

The governor plunger is acted upon by the two forces. One of the forces is by the governor 
weight forces which depends on the engine speed. As the accessory drive shafts rotates, it 
revolves the PT pump shaft which in turn rotates the governor weight carrier. And thus the 
weight force governor plunger towards the governor barrel.  
 

7. Weight Assist Plunger 
At low speeds, governor weight force is not strong enough to move the plunger back very far. 
So a force is built into the pump with a short plunger known as weight assist plunger, which is 
held against the governor plunger by its spring and shim pressure while engine speed is slow 
and remains in contact so long as low speed prevents the weight feet from pushing back on the 
governor plunger. 
 Another force is acting upon governor plunger, which is opposing the force of the governor 
weight and weight assist plunger. This force comes from the following: 
1. Idle spring behind idler plunger (button). 
2. The torque spring over the governor plunger. As the fly weights fly apart and exert force 

on the plunger, this spring is pressed against the barrel. Depending upon the length and 
strength of the torque spring.  

3. The large governor (high speed) spring. The fuel pressure is controlled on the principle of 
liquid flow through the least resistance path. When a log of fuel is required to go to the 
engine for high speed for high torque operation, the idler plunger must be force close to 
the end of the governor plunger so that very little fuel can escape there.  
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This will create high pressure on the fuel in the governor plunger and barrel and lot of it flows 
through the throttle opening and on to the injectors. 
 
If the operator closes the throttle more fuel escapes immediately from the end of the plunger. 
Slower engine speed immediately decreases weight pressure on the governor plunger 
permitting fuel to escape even more easily at the end of the plunger. Fuel thus escaping is 
returned to the suction side of the gear pump and recirculated. Pressure in the barrel depends 
upon the strength of the opposing forces built into the pump. Another control over fuel flow 
restriction is the size of the counter bore in the idler plunger surface. 
 

If the counter bore in the idler plunger is small, fuel has much difficulty in escaping thus 
pressure increases. If the pressure is larger, fuel can escape more easily and consequently 
pressure will be lower in the governor plunger and barrel. 
 

8. Throttle Shaft  
From the governor plunger fuel passes to the throttle shaft which has a restriction plunger. 
Under this plunger there are a few shims. This restriction plunger controls the fuel passage in 
the throttle shaft. When shims are removed from the plunger, it reduces the fuel passage in the 
shaft and reduces fuel flow to the injector by reducing the fuel pressure. If shims are added, it 
increases the fuel passage and increases the fuel flow by increasing the fuel pressure. 
 

9. Shut down Valve 
The shut down valve has final control of the flow from the pump to the injector. Fuel flow can 
be controlled by mechanically or electrically operated solenoid. The valve is activated by 
closed electrical contacts when ignition switch is moved to ‘ON’ position. 
The electrical coil draws the metal plate off the sealing edges and allows fuel to flow from the 
pump to the injectors. 
When the ignition switch is moved to ‘OFF’ position, the metal plate sits on sealing edge thus 
stopping the fuel flow to the injector. 
 

10. How Auto Governor controls engine speed 
During cranking of an engine the engine speed should reach 190 to 250 RPM. At 150 RPM, a 
good gear pump will be able to pick up fuel, at these speeds, the idle spring and weight assist 
spring will hold the governor plunger and idler plunger together, but fuel pressure is not 
height. 
 

As engine fires and speed increases, gear pump delivery also increases. But governor weight 
force also increases. Fuel pressure continues to rise and increase fuel flow to the engine. 
As engine speed reaches 800 to 1000 RPM approximately, resistance to governor weight force 
increases, as idle spring and torque spring start getting compressed. 
 

The high resistance presented by these two springs keeps the plunger surfaces very close 
together and continually increases  fuel to engine- raising engine speed or torque. 
Fuel flow continues to increase, as the throttle comes to full open, until the high speed 
governor spring is compressed enough that its resistance will balance the force exerted on the 
governor plunger. 
 

At this point the engine’s governor cut off speed has been reached, and unless position is 
changed to reduce it, fuel flow will continue at this ‘governed’ rate.   
 

A wide open throttle will soon allow engine speed to increase beyond a safe speed in order to 
save the engine from such a damaging high speed and consequent failure (particularly valve 
and injector train damage, governor plunger is provided with small four holes through which 
fuel is dumped and speed decreases. 
 

As the throttle is closed, the engine speed reduces to idle speed. Reduced governor weight 
speed moves the plunger back until it aligns idle port. 
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11.  PTD Injector 
The PTD injectors consist of a short rigid plunger barrel and adapter. The injector cup is a 
separate piece. The adaptor, barrel and cup are attached by a long threads sleeve. 
The injector plunger is a steel plunger fitted into the barrel with very close tolerance. The fact 
that the barrel and cup are separate makes excellent alignment possible. 
 

Startup stroke (Fuel Circulates) 
Fuel at low pressure enters the injector and flows through the inlet orifice through internal 
drillings around the annular groove in the injector cup and up the drain passage to the fuel 
tank. The amount of fuel flowing through the injector is determined by the fuel pressure at the 
inlet orifice and the inlet orifice diameter. Fuel pressure is also determined by engine speed, 
governor and throttle. Ref. fig “A” 
 
Upstroke complete (Fuel enter injector cup)  
When the injector plunger moves upward, the metering orifice is uncovered and fuel enters the 
injector cup. The amount is determined by the fuel pressure. The drain passage is blocked 
momentarily, stopping circulation of fuel and isolating the metering orifice from pressure 
pulsation’s. Ref. fig. “B”      
 
Down Stroke (Fuel Injection) 
Ref. fig. 2d. As the plunger moves down and closes the metering orifice, fuel entry into the 
cup is cut off. As the plunger continues down, it forces fuel out of the cup through tiny holes at 
high pressure as a fine spray. This assures complete combustion of fuel in the cylinder. When 
the drain passage is uncovered by the plunger under cut, fuel again begin to flow through the 
return passage to the fuel tank. Ref. fig “C”   

                                       
 Fig.  “A”  Fig.  “B”  Fig.  “C” 

 
After injection is complete the plunger remains seated until the next metering and injection 
cycle. No fuel is reaching the injector cup. However it does flow freely through the 
injector and returns to the fuel tank. 
 
A check ball is fitted to PTD injectors to prevent back pressure flowing up the inlet line 
feeding other injectors. The back pressure is created by the down traveling injector plunger 
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closing the inlet orifice before the drain drillings is open. The back pressure acts on the 
checks ball which is snapped down against its seat, thereby preventing this pressure 
feeding the next injector. 
A defective check ball or seat would cause slow deceleration and more noticeably slow 
engine shut down. From low idle to stop should take about  1-2 seconds. If a check ball is 
not seating this time can be up to 3-5 minutes. The defective injector can be detected by 
holding down each injector in turn until the engine stops in the recommended time. 
 

  Injector Operation 
There are basically three operation functions which affect the injectors in an engine.  
 

Adjustment 
Any moving parts no matter how well they are lubricated wear takes place. When we talk 
of injector adjustment we mean the amount of movement between the maximum lift and 
maximum down position also the load on the injector plunger, against the cup on the fuel 
down position, If the total travels or loading are incorrect, then the important metering and 
atomization qualities are affected. 
It is therefore necessary that each half yearly maintenance check to ensure that the 
injectors and valves are adjusted correctly. This can be done by torque wrench. 
 
Calibration 
The flow factor controlled by the flow orifice is an important point in the performance in 
an engine. Although this should not alter service, it is recommended that each POH 
maintenance, all injectors are removed and recalibrated. 
 
Non Operation 
Should one injector cease to inject fuel, then of course, a misfire results. To detect which 
cylinder is causing the trouble, the most accurate method is to check exhaust manifold 
temperature with a pyrometer or thermal chalk. The injector plungers can also be held 
down, in turn until the faulty injector is isolated. 
 
There are reasons why an injector will not operate: 

♦ Seized plunger  
♦ Blocked inlet orifice or filter  
♦ Blocked spray holes 
 

To detect if the spray holes are open, remove the injector from the head and withdraw the 
plunger spring. Put a few drops of fuel into the cup and replace the plunger. Force the 
plunger down to inject fuel from the spray holes. 
 
The spray pattern can be formed on a piece of white paper; If one or more holes blocked, 
then a new cup should be fitted. 
 
Cleaning of an orifice filter screen may be done with compressed air. 
When installing a new or the original injector the following points should be observed. 

• Clean injector sleeve with a clean rag. 
• Check body cup detail against engine performance. 
• Renew injector body 'O' rings. 
• Lubricate body 'O' rings with clean engine oil. 
• Always adjust valves and injectors as described in this manual after refitting 

injectors. 
 
  Water Separator 

Water Separator uses centrifuging principle for separating out the water or sludge from 
diesel. 
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Fig.   Water Separator 

 
The water or sludge is collected in the bottom of the housing and is drained out manually by 
operating the drain valve provided at the bottom. For this operation, the engine should be shut 
down and upper handle is required to be unscrewed so as to induct atmospheric pressure on the 
housing. Close the drain valve and tighten the top "T" handle. 
This water separator should be connected in between fuel tank and fuel filter. When vacuum 
drop is 8.00 inches (203.2 mm) of mercury column replace the filter assembly. 

 
Changing of fuel filter element 

• Loosen cap screw which holds shell to head 
• Discard 'O' rings and discard fuel filter element. 
• Install new 'O' rings and. Install new element. 
• Fill can with fuel and assemble shell to head with cap screw. 

 
 

 
 

Fig.  Exploded view of Fuel Filter 
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INJECTOR AND VALVE ADJUSTMENT 

 
1R-1L-3R-3L-7R-7L-5R-5L-8R-8L-6R-6L-2R-2L-4R-4L 

 
Valve Set Mark Alignment 
• There are three locations in the engine where valve and injector alignment marks may be 

viewed. 
• Injector plunger travel and valves both may be set on one cylinder at the same valve set 

location. 
• The crankshaft must be turned through two (2) complete revolutions to properly set all 

injector plunger travel and valves. 

         
 VS Mark on Vibration damper  VS Mark on right bank flywheel 

 
Note: The barring mechanism may be located on either the left bank or right bank at the 
flywheel housing. The cover plate on opening "A" or "C" directly above the barring 
mechanism must be removed when viewing the timing marks at the flywheel housing. 

• When viewing the engine at the vibration damper, align the timing marks on the damper 
with the pointer on the gear case cover. 

• When barring the engine from the right bank at the flywheel housing "A" VS timing marks 
on the flywheel must align with the scribe mark when viewed through the opening marked 
"A" on the flywheel housing. 

• When barring the engine from the left bank at the flywheel housing "C" VS timing marks 
on the flywheel must align with the scribe mark when viewed through the opening marked 
"C" on the flywheel housing. 

      
Engine barring device 
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Injector Plunger Adjustment 
• Bar the engine in the direction of rotation until the appropriate valve set mark is aligned 

with the scribe mark on the flywheel housing or until a valve set mark on the vibration 
damper is aligned with the pointer on the gear case cover 
Note: Any valve set position may be used as a starting point when adjusting the injectors, 
crossheads and valves. Determine which of the two (2) cylinder indicated have both 
valves closed (rocker levers free). This cylinder is in position for injector plunger travel, 
crosshead and valve adjustment. 

• Set up support block on the rocker lever housing, of the cylinder selected, with the dial 
indicator extension on the injector plunger top. 
Note: Make sure that Dial Indicator extension is secured in the indicator stem and is not 
touching the rocker lever. 

• Using the rocker lever actuator, depress the lever toward the injector until the plunger is 
bottomed in the cup to squeeze the oil film from the cup. Allow the injector plunger to 
rise, bottom again, hold in the bottom position and set the indicator zero. Check the 
extension contact with the plunger top. 

• Allow the plunger to rise then bottom the plunger again, release the lever, the indicator 
must show travel as indicated in Table. 

 
Table for Adjustment Limits Using Dial Indicator Method and adjust in Inch or mm. 

 

Injector Plunger Travel 
Valve Clearance 

Intake Exhaust 

0.308" ± 0.001" 0.014" 0.027" 

(7.82 ± 0.03) mm (0.36) mm (0.69) mm 
 

• If the adjusting screw locknuts were loosened for adjustment tighten to 40 to 45 ft-Ibs 
torque and actuate the plunger several times as a check of the adjustment. Tighten the 
locknuts to 30 to 35 ft-Ibs torque. 

• Remove Dial Indicator Kit. 
Crosshead Adjustment 
• Crossheads are used to operate two valves with one rocker lever. An adjusting screw is 

provided to assure equal operation of each pair of valves and prevent strain from 
misalignment. Crosshead adjustment changes as a result of valve and seat wear during 
engine operation. 

• Loosen the adjusting screw locknut, back off the screw one turn. 
• Use light finger pressure at the rocker lever contact surface to hold the crosshead in 

contact with the valve stem. The adjusting screw should not touch the valve stem at this 
point. 

Fig. Actuating rocker lever 
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• Turn down the adjusting screw until it touches the valve stem. 
• Using Torque Wrench Extension to hold the adjusting screw in position, tighten the 

locknut to 22 to 26 ft-Ibs torque. If the torque wrench adapter is not used, hold the 
adjusting screw with a screwdriver; tighten the locknut to 25 to 30 ft-Ibs torque. 

• Check the clearance between the cross head and the valve spring retainer with a gauge. 
There must be a minimum of 0.025 inch (0.64 mm) clearance at this point. 

 
Valve Adjustment 

 
• Insert the correct thickness feeler gauge between the rocker lever and the cross head for 

the valves being adjusted. See above Table for valve clearance.  
Note: Exhaust valves are toward the front of the engine in each cylinder head on the LB 
side and are toward the rear of the engine in each cylinder head on the RB side. 

• If adjustment is required, loosen the locknut and turn the adjusting screw down until the 
rocker lever just touches the feeler gauge; lock the adjusting screw in this position with the 
locknut. 

 

 
 
   Fig. Adjustment of cross head clearance 
• Tighten the locknut to 40 to 45 ft-Ibs torque. When using torque wrench adapter tighten the 

locknuts to 30 to 35 ft-Ibs torque. 
• After completing the injector plunger travel, cross head and valve adjustment on this cylinder, 

bar the engine in the direction of rotation until the next valve set mark is aligned with the 
scribe mark at the flywheel housing or the pointer on the gear case cover; repeat the procedure. 
(See Fig's for cylinder arrangement and engine firing order). 

• Discard old rocker cover gaskets and use new gaskets. Mount rocker covers and tighten cap 
screws 30 ft-Ibs. 
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2.4 LUBRICATING OIL SYSTEM  
KT A 50 L diesel engines have force-feed lubricating oil system with low lube oil protection 
device. The lube oil system is four fold. 

• To lubricate all the moving parts in an engine. 
• To help in seal combustion chamber from the crankcase. 
• To clean the engine by picking up foreign particles. 
• To cool the parts that it contacts. 

The main components of the lube oil system are described below: 
  
1.  Lubricating Pump 
The lubricating pump used in engine is gear type positive displacement pump. This has two 
gears meshing with each other which when rotated draws oil from engine sump and delivers it 
at a pressure for lubrication. 
 
2.  Lube oil Full Flow Filters 
Lube oil filters playa very important role in protecting engines. When the lube oil passes 
through the filter element, most of the larger foreign particles suspended in the oil are trapped 
in the element. The purpose of lube oil filters is to remove this foreign matter before it can 
harm the engine. 
 
3.  Bypass Filter 
The function of bypass filter is to assist the full flow filter by trapping the finer dirt particles 
that get through the full flow filter. Lubricating oil bypass filter plumbed, parallel to full flow 
filter, into the engine, has much finer filtering media with less porous passages than the full 
flow filter element. 
 
4. Lube Oil Cooler 
In lube oil cooler, the coolant passages through tubes. The. lubricating oil circulates around 
outside all these tubes. Water passage through tubes and absorbs heat from oil when its 
temperature is higher than it but heats oil when its temperature is lower than that of water. 
 
5.  Piston Cooling Nozzle/Jets 
The piston cooling nozzle/jets make up another important part of the engine lubricating 
system. Combustion heat generated by supercharging the engine, the piston cooling jets are 
used on the engine to cool the pistons. 
 
WORKING 
The lubricating oil circulating pump, mounted on the free end side of the engine sump, draws 
the lubricating oil from the engine sump and feed it into the system. A relief valve at the 
discharge side of the pump protects the pump from high pressure and controls the discharge 
pressure by passing a portion of the oil back to the sump. The remainder of the oil flows on 
through the regulating valve set at 70 psi and then passes through full flow filter, which is 
equipped with a differential pressure by-pass valve to hold a relatively constant pressure across 
the filter. From the filter the oil flows on through the lube oil cooler and then into the main 
lubricating oil header of the engine to provide pressure lubrication to the bearing surfaces. 
A pipe connection from lube oil cooler goes to the both turbo super charger for cooling and 
lubricating the of the TSC and drain in the sump. A branch line of the lube oil goes for by pass 
filter for filtration of lubricating oil. 
Branch lines leading from the main header supply lubricating oil to the main bearings, 
connecting rods, cylinder heads, piston cooling jets and return to the sump. Another branch 
feeds the oil to camshaft bearings & cam follower. Sub header supplies oil to accessory drive 
like PT fuel pump & water pump etc. 
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A small line leads to the pressure gauge and the low lube oil pressure switch for engine safety. 
The normal lube oil pressure of the engine is 3.4 Kg/ cm2 to 6.2-kg/ cm2 at the rated speed 
and normal temp. 
 
Checking of Lube Oil level by dipstick. 
• Oil gauge dipstick is located on the engine. For accurate readings, oil level should not be 

checked for approximately 15 minutes after engine shutdown. 
• Keep dipstick with the pan with which it was originally fitted. Keep oil level as near "H" 

(high) mark as possible. 
 

 
Fig. Checking of engine lube oil level 

 
Changing procedure of lube oil filter elements 
• Loosen centre bolt securing lube oil filter housing to lubricating oil pump. 
• Remove filter element, cut it open and check for metal particles, if found check for source. 

Discard "O" ring and element. Insert new filter element into the housing. 
 

 
Fig. Changing of pump mounted lube oil filter element 

• Install new rectangular seal on the pilot located on the lube pump. 
• Install housing and element assembly with its mounting bolt and washers. 
• Remove plug on housing, fill clean oil and replace the plug. 
• Torque the housing retaining bolt to 30 to 35 ft. Ibs. 
• Check for leaks when engine start, recheck engine oil level; add oil as necessary to bring 

the oil level to "H" mark on the dipstick. 
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Cleaning/ changing of engine breather 
• Remove the wing nut, lock washer and plain washer. 
• Remove washer and gasket. 
• Lift off the cover and lift out the breather baffles. 
• Discard baffles, clean cover and body. Inspect the body and cover for cracks, dents or 

breaks. 
• Clean the baffles in suitable solvent and replace if necessary. 
• Inspect gasket. Replace if necessary. Install the rubber gasket in the Cover position the 

cover assembly to the body. 
• Inspect gasket. Replace if necessary. Install the gasket, washer and wing nut Tighten 

securely. 
 

Changing of lube oil by-pass filter element 
• Loosen four cap screws from head and remove head of L.O. by-pass filter. 
• Takeout element and remove ring sealing between head and shell. 
• Replace ring sealing and element. Fill filter with some oil and reassemble. 
• When the engine runs check for leaks, shut down the engine. Add oil as necessary to bring 

the oil level to the "H" mark on the dipstick. 

 
 

Fig. Lube oil by-pass filter element 
 

Oil Sample Collection 
Three methods are commonly used to collect oil samples for analysis. They are: 

1. Sample Valve Method:  
2. Vacuum Pump Method:  
3. Oil Drain Method:  

 
Engine Oil changing procedure 
• Start the engine and bring engine to operating temperature, now shut down the engine. 
• Remove drain plug from bottom oil pan, and drain oil 
• Install drain plug in oil pan. (Torque to 65 to 70 ft-Ibs for cast iron or sheet metal oil pans. 

Apply 40 to 45 torque ft-Ibs for aluminium oil pans). 
• Fill the crankcase to "H" (high level) mark on the dipstick. 
• Start engine and visually check for oil leaks. 
• Shut down the engine; allow 15 minutes for oil to drain back into the pan, recheck the oil 

level with the dipstick. Add oil, as required. 
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SCHEMATIC DIAGRAM OF LUBRICATING OIL SYSTEM  
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2.5 HYDRAULIC OIL SYSTEM 
The purpose of hydraulic system is to transfer the required power from engine to radiator and 
ventilation fans. For power transmission hydraulic system comprises of 
 

1. Hydraulic tank 8.  Return line filter 
2. Hydraulic pump 9.  Return block 
3.  Hydraulic Motor 10.  Hydraulic oil level indicator 
4.  Hydraulic oil cooler 11.  Remote PRV 
5.  Manifold block 12.  Shut-off valve 
6.  Pressure relief valve 13.  Hydraulic pressure gauge  
7.  Thermatic valve 14.  Hydraulic temp gauge 

 
Variable / Fixed displacement pump 
This pump is mounted on the engine and it is directly driven by engine gear drive with 1: 1: 1 
drive ratio. It has a pilot control valve. Hydraulic pump has nine cylinders whose movements 
are obtained from rotation of drive shaft. Cylinders suck & deliver oil by their reciprocating 
motion proportional to stroke length of the cylinders. These strokes are directly controlled by 
inclination of the swash plate whose position is governed by pilot control valve. 
Fixed displacement pump construction is similar to hydraulic motor except that the port plate 
that receives and delivers oil is of different design. It has swash plate fixed at definite angle 
and pump flow is proportional to the rotational speed of the driving shaft. Pump has a case 
drain return line, freely flowing back to the tank. In case of fixed displacement pump, 
thermatic valve is not required.   
 
Thermatic valve: 
Thermatic control valve is mounted on engine's hot water outlet, which controls movement of 
plunger with rise in engine coolant temperature. When engine water temperature is below 82 
°C, liquid from pump pilot valve freely passes through the valve assembly. When temperature 
rises above 82 °C, thermal probe. expands and start moving the plunger to create restriction to 
incoming flow and generates back pressure. 
 
Hydraulic Motor: 
Hydraulic motor is of bent axis design with fixed displacement of cylinders, where inlet of 
pressurized liquid causes development of torque and speed to output shaft. In case of hydraulic 
motor output, rotational speed of the motor is directly proportional to flow going to the pump 
and pressure of the liquid is directly proportional to the torque developed by the shaft. 
 
Fixed displacement Hydraulic pump 
Fixed displacement hydraulic pump is used to drive ventilation fan. The pump is mounted on 
engine and driven by belts from left (LB) accessory drive of the engine. Pump delivers flow 
proportional to rotational speed of the driving shaft. 

Details of Pump and Motor as given below    :- 
S.no. Description Model Flow rate Pressure setting 
1. Radiator system  

Pump 
a) Fixed displacement A2FO63 112 lpm @ 1980rpm 170 bar 
b) Variable displacement A10VO71 126 lpm @ 1980rpm 170 bar 

 Motor  
a) Fixed displacement A2FM 28 51 lpm @ 1600rpm - 

 
2. Ventilation system  

a) Pump 
 Fixed displacement A2FO 28 38 lpm @ 1503rpm 90 bar 
 b) Motor  

Fixed displacement A2FM 12 16 lpm @ 1200rpm - 
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Manifold block: 
Manifold block is a steel solid block which houses several non return valve (check valves) & 
pressure relief valve to encase complicated circuit inside and also to facilitate hose connections to 
various points in the system. There are two types of manifold blocks used in hydraulic systems as 
described in the hydraulic circuits. 
 
Return Line Filter: 
The filter is mounted on hydraulic tank, which cleans the hydraulic oil that may get contaminated 
due to poor handling or undesirable entry of dust in the system. It has a restriction indicator at the 
top of the head, which starts showing red signal whenever return backpressure is above 2.5 bars. 
 
Strainer: 
Strainer is fitted inside the hydraulic tank in the suction line to the main and vent 
Pumps. There are chances of ingress of dirt particles in the hydraulic tank during 
initial filling and scheduled maintenance of the hydraulic system. 
 
Pressure relief valve: 
Pressure relief is always connected in main delivery pressure line to limit the system pressure to 
set value. System pressure acts on the main spool. At the same time pressure acts via a pilot line 
fitted with jets, on pilot poppet. If system pressure exceeds the value set with the spring, the pilot 
poppet opens and pilot oil is allowed to flow back to the tank. 
 
Remote pressure control valve (for remote control) 
Remote pressure control valve is used as additional pressure adjustment facility to the system at 
the time of installation, testing and reduction of system pressure from outside radiator assembly. 
This valve is hard knob operated, connection to pilot valve of main pressure regulating valve. 
 
Hydraulic System Maintenance: 
Hydraulic Oil for hydraulic system is expected to give a very long life, if maintained properly. One 
should be careful to monitor these factors, which are detrimental to oil life. 

• Hydraulic oil temperature should be within the best operating. range i.e. 20°C to 60°C. 
• A variation of 10° below or above this range reduces the oil life to half of the 

recommended period. 
• Dirt entry into the system because of poor handling, transportation gasket leakage etc. is 

not desired. 
• Viscosity of the oil should not be outside the range (74.5 to 167 mm2/second) measured 

within 20° C to 80 °C temperature range. 
• Avoid mixing of water with the oil, which may occur during rainy season. 
• Check presence of water during every 300 hours of engine maintenance by draining the 

bottom plug. 
• Check if cloudiness is observed in the oil. Presence of water will destroy the lubricating 

properties of oil and cause fast wear. 
• Avoid foaming of the oil, which normally occurs due to heavy churning of oil or suction 

of air by hydraulic pump. 
Hydraulic System Do's & Don'ts: 

 Do's Don'ts 

Change oil after every 2000 hours of operation. Do not exceed oil change interval more than 
one year or 2000 hours, whichever is earlier. 

Filter Element should be changed immediately 
after restriction indicator shows" RED" mark. Do not clean and re-use filter element 
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Replace Hoses & 'O' rings after every 6000 
hours of operation or 2 years, whichever is 
earlier. 

Do not re-use any "O" ring or Dowty 
washers during re-assembly. 

Oil contamination level should be checked 
every month. 

Do not use oil with contamination level 
exceed the limits. 

Do check the thermatic valve in hot water temp 
bath. It should close hydraulic flow at 90 Deg. 
C. 

Do not repair the thermatic valve. Do not 
reuse the thermatic valve in case flow does 
not seize at 90 Deg. C. 

During re-fitting carefully align and route the 
houses. 

Do not apply force or twist the hoses for 
alignment and tightening. 

 
Hose Routing and Installation Instructions: 
• Always provide some slack in the hose to allow for shrinkage/ expansion due the hydraulic 

pressure. 
• Do not install the hose with the twist in it. High operating pressure tends to force it 

straight. This can loosen the fitting nuts. 
• Protect the hoses from the hot surface with suitable installation, 
• Separate the hoses from the abrasive surfaces with help of suitable protective sleeves. 
• At bends, provide enough hose for wide radius curve. Too tight a bend pinches the hose 

and restricts the flow. Use the right fittings or adapters as specified in the parts book to 
avoid the tight bends. 

• During re-assembly of adapters or hoses use the specified Dowty washers and "O' rings as 
parts book.  
 

Instructions for replacement of hydraulic pumps:  
 (During replacement of the failed pump with new pump) 

• Flush the system and replace the oil, clean the oil through filter trolley, as required. 
• The new pump is to be tested for free movement of the rotor, by hand. 
• Remove the old pump after disconnecting the end connections. 
• Mount the new pump in place. 
• Connect the end connections with new 'O' rings or seals as required. 
• Ensure that the leak-off line is routed with loop and fill up the pump housing with oil. 
• Then start and rotate the engine slowly and check the pressure at the pump outlet Also 

check for any leakage from the pump housing sealing. 
• After the water temperature is increased the thermatic valve starts closing and the pump 

outlet pressure should increase gradually. 
• Then slowly increase the engine speed and check whether the pump outlet pressure rises to 

the required pressure. 
• Adjust the maximum required pressure at rated engine speed with the pressure regulator 

valve provided in the system. 
 

Procedure for checking Leak-off from the pumps/ motors: 
The checking of leak-off from the pumps and motors gives the information about the condition 
of the rotating and reciprocating components. It should be checked during every oil change 
period. The leak-off hose from the pump motor should be removed and the oil should be 
collected in the measuring jar for one minute. This quantity should not exceed 5% of the rated 
flow. 
Use of Filtration Trolley: 
The hydraulic oil filter trolley is useful for cleaning the oil conveniently during operation to 
ensure the oil cleanliness consistently up to oil change. Two types of filtration are suitable 
below: 
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1. Filter trolley should consist of the suitable pump and glass fiber filter with absolute filtration 
capacity up to 10 microns. This filter is with replaceable filter element and should be provided 
with coarse pre-filter. 
2. Another type of filter trolley consists of centrifugal filter in place of filter element with 

cleaning capacity of up to 10 microns.  
Filter trolley is kept outside the bogie and connected with the oil tank with suitable hose 
connections. The filtration is carried out for about half an hour to get the required oil 
cleanliness level. 

 
Specifications of Filtration Trolley 

1. Pump Flow Rate   - 20 lpm 
2. Operating Pressure   - 10 Bar 
3. Filter options 

a) Two stage filtration using glass fiber filtration media. 
b) Single stage filtration using Centrifugal Filter capable of removing particles 10 

microns and above. 
4. Inlet and outlet connections  -  1" BSP 

 
Flushing of DEMU Main and Vent system: 
Bypass hydraulic pump, hydraulic motors and hydraulic block using adapters. 1" BSP hose 
should be connected from inlet of Filtration Cart to outlet of hydraulic tank. Another hose of l' 
BSP should be used to connect outlet of Filtration Trolley to inlet of hydraulic pump inlet 
hose. After this initial preparation is done, start the electrical motor on filtration cart and 
circulate oil in the system for about two hours. 
A schematic of the hydraulic oil system of DEMU with KCL engine is shown in schematic 
diagram of hydraulic oil system. 
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2.6 COOLING WATER SYSTEM  

The cooling system is with side-mounted radiators. Cooling system is pressurized by 7PSI 
pressure cap and vacuum valve. A schematic of the cooling water system of DEMU is shown 
in schematic diagram of the cooling water system. 
 
Specifications 

No. of radiators     4 Nos 
No. of radiator fans    2 Nos  
Weight of radiators (3 nos.)   252  Kg each 
(1 no.)      341 Kg (With oil cooler) 
Radiator coolant volume   288 Liters 
System pressure     7 PSI 
Maximum water outlet temp   95 Deg. C  
Limiting ambient temp     55 Deg. C 
Radiator core area (total)   60 Sq. Ft. 
Maximum fan speed    2100 rpm 
Air velocity across the core   1123 Ft/min 

 
Major components in the cooling system:  
 
Expansion tank: 
The capacity of expansion tank is 85 liters. It collects vent out air from engine and 
radiators. Venting from engine & radiators are directly connected to the expansion tank. A 
filler neck is provided on the expansion tank for filling the coolant. Pressure relief valve is 
mounted separately to maintain system pressure 7 PSI during operation 
 
Radiators: 
Four radiators (two on each side) are supplied in case of side-mounted radiators. Radiators 
can be cleaned easily by air / water jet from inside to out of radiator compartment. 
Radiators are supported with anti-vibration mountings to guard against rail vibrations. 
 
Hydraulic oil coolers: 
Hydraulic oil cooler is located in the radiator compartment. It is situated at the right bank 
(RB) side of the engine, before the RB radiator, so that it receives cold air first for cooling. 
Hydraulic oil cooler is double pass type of radiator. This cooler maintains the hydraulic oil 
temperature below 70 Deg. C. 
 
Radiator Fans: 
Radiator fans are located on top at the center of the radiator compartment. The fans are 
driven by hydraulic motors. Radiator fan sucks air through the radiators and throws out the 
hot air to the atmosphere. 
 
Ventilation fan: 
Ventilation fan is located on top of the engine compartment. Like radiator fan it is also 
driven by hydraulic motor. Since the engine is mounted in the closed compartment 
(coach), ventilation is required to keep the compartment cool, within 60 °C max. 
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SCHEMATIC DIAGRAM OF COOLING WATER SYSTEM 
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Chapter-3 
 

RECIPROCATING AIR COMPRESSOR TRC 2507 
 

3.0 INTRODUCTION  
 

A reciprocating air compressor model TRC 2507 is a two stage, two-cylinder compressor. The 
compressor has splash type lubricating oil system and its cooling is done by air. The 
compressor consists of two cylinders arranged in a 'V' form on a crankcase, with the low 
pressure (LP) cylinder at the one side and the high pressure (HP) cylinder in the other side of 
the crankcase. The low pressure (LP) cylinder head is provided with dry type air filter at the 
suction side. The discharge sides of the low pressure (LP) cylinder head is connected to an 
inter cooler. Another similar design pipe connects the intercooler with the suction side of the 
high pressure (HP) cylinder head. Concentric type individual disc valves are provided on 
cylinder heads to perform air suction and discharge operations. Also suction unloaders are 
fitted on the suction valves for automatic suction unloading and loading with respect to air 
pressure in the air reservoir.  The outlet of the high pressure (HP) cylinder head is provided to 
facilitate a take-off connection.  

 
3.1 CRANKCASE 

 
The crankcase houses the crankshaft assembly. It acts as the sump for the lubricating oil and is 
provided with an oil level indicator, a drain plug and a breather valve.  

 
3.2 CONNECTING ROD AND CRANKSHAFT 

 
The connecting rod and crankshaft assembly are dynamically balanced. The combined 
crankshaft with web is forged out of carbon steel, hardened and precision ground. Double row 
heavy duty ball bearings are provided on the both ends. Connecting rod big end is provided 
with cylindrical steel roller and small end is provided with phosphor bronze bush bearing.   

 
3.3 PISTON ASSEMBLY 

 
The pistons fitted to the connecting rods are of automotive type. The pistons are provided with 
plain, stepped compression and slotted oil control rings. The rings are designed for controlling 
wear and oil consumption to a great extent. The gudgeon pins are hardened and precision 
ground. 

 
3.4 CYLINDERS AND CYLINDER HEADS 

 
The cylinders and cylinder heads have deep fins for effective cooling and are wear resistance. 
The cylinders bores are precision honed. 

 
3.5 SUCTION AIR FILTER 

Air passes through the efficient dry type air filter. While passing through the filter element all 
dust particles in the air will be absorbed by the filter. So, the suction air will be dust free. 

 

 

 

 



CHAPTER -3 Reciprocating Air Compressor                                          Page 2 of 17 

Maintenance Manual for 1400 HPDEMU                                                                                       

 

 

 
 

SUCTION AIR FILTER 

 

 

 

 

 

 

 

 



CHAPTER -3 Reciprocating Air Compressor                                          Page 3 of 17 

Maintenance Manual for 1400 HPDEMU                                                                                       

 

 

 

FR
O

N
T

 A
N

D
 S

ID
E

 V
IE

W
 O

F 
TH

E
 C

O
M

PR
E

SS
O

R
 (T

R
C

 2
50

7)
 



CHAPTER -3 Reciprocating Air Compressor                                          Page 4 of 17 

Maintenance Manual for 1400 HPDEMU                                                                                       

SE
C

T
IO

N
A

L
 V

IE
W

 O
F 

T
H

E
 C

O
M

PR
E

SS
O

R
 A

SS
E

M
B

L
Y

 (T
R

C
 2

50
7)

 



CHAPTER -3 Reciprocating Air Compressor                                          Page 5 of 17 

Maintenance Manual for 1400 HPDEMU                                                                                       

NOMENCLATURE  
No. Description No. Description 

1.  Crankcase 46 Packing ring for dipstick 
2.  Stud M16 x 60 - Crankcase and cylinders 47 Dipstick with chain  
3.  Con. rod &crankshaft assly. with bearing 48 Gasket, dia 197 cyl head to suction bend# 
4.  Ring, spacer - bearing 49 Bend, suction 
5.  Ball Bearing 50 Washer, spring, 1/2" 
6.  Gasket - Free end cover 51 Bolt, hex, 1/2" UNC x 1 ¼” 
7.  Free end cover, 52 Gasket, Air intake strainer to cyl. head  
8.  Seal, oil B50 x 72 x 12 53 Strainer with mounting flange, air intake 
9.  Gasket - Fly end cover 54 Washer, spring, M1 0  
10.  Cover, fly end 55 Bolt, hex, M10 x 45 # 
11.  Washer, spring M12 56 Nut, hex, M10 
12.  Bolt, hex, M12 x 40 57 Gasket, dia 197 cylinder head flange 
13.  Piston assembly dia 197 58 Gasket, dia 127 cylinder head flange # 
14.  Gasket - Crankcase to cylinder dia 197 59 Intercooler 
15.  Cylinder dia 197 60 Washer, spring, ½” 
16.  Washer, spring, M16 61 Bolt, hex, ½” UNC x 1 ¼”  
17.  Nut, hex, M16 62 Washer, spring, M10 # 
18.  Piston assembly dia 127 63 Bolt, hex, M10 x 40 # 
19.  Gasket crankcase to dia 127 cyl. 0.75 mm 64 Plug ¾” BSP - inter cooler 
20.  Cylinder dia 127 65 Valve assembly, safety ¾” BSP 
21.  Washer, spring, M16 66 Valve assembly, drain ¼” BSP 
22.  Nut, hex, M16 67 Key - Word Ruff 
23.  Gasket, dia 197 Cylinder to cylinder head 68 Pulley, Compressor 
24.  Head, dia 197 cylinder 69 Fan, cooling 
25.  Washer, spring, M16 70 Washer, spring, M 8 
26.  Bolt, hex, M 16 X 110, dia 197 cyl. head 71 Bolt, hex, M 8 x 12 
27.  Gasket, dia 127 cylinder to cylinder head 72 Washer 
28.  Head, dia 127 cylinder 73 Nut, castle M16 x 1.5 
29.  Washer, spring, M12 74 Pin, split ¼” 
30.  Bolt, hex, M12 x 110 dia 127 cyl. head 75 Elbow ¼” BSP 
31.  Copper washer, Inlet and discharge valve 76 'T' Branch ¼” BSP 
32.  Valve assembly, inlet 77 Pipe assembly No.1, Pressure line 
33.  Valve assembly, discharge # 78 Pipe assembly No, 2, Pressure line 
34.  Plug, inlet valve 79 Gasket, dia 127 cyl. head to del. manifold 
35.  Plug, discharge valve # 80 Manifold, delivery 
36.  Washer, copper cylinder head to cap nut 81 Washer, spring M10 
37.  Valve assembly, suction unloader 82 Bolt, hex, M10 x 40 
38.  Nut, cap 83 Plate dummy, delivery flange 
39.  Nipple hex 1" x 1" BSP 84 Gasket, delivery flange 
40.  Elbow 1" BSP 85 Flange with pipe, delivery 
41.  Pipe -1" BSP breather 86 Washer, spring M10 
42.  Socket 1" BSP, 87 Bolt, hex, M10 x 45 
43.  Valve assembly, breather" 88 Nut, hex, M10 
44.  Ring, packing, drain plug 89 Bed, unit 
45.  Plug assembly, drain ½” BSP  90 Base plate 

 
#  This items not shown in the drawing
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3.6 TECHNICAL SPECIFICATION 
 

MODEL TRC 2507 
Type Reciprocating, Air cooled, Splash lubricated 
Displacement 3292 Ipm (116.252 cfm) (3.292 M3 /min) 

Free air delivery 2600. Ipm (91.818 cfm) (2.600 M3 /min) 
Working pressure 7 Kgf/cm2 
Type of configuration ‘V’ 

Compression stage 2 stage 
Cylinders 2 No. 
Cylinder size & stroke 197 x 127 x 90 mm 
Type of piston rings Dia 197mm      Dia 127 mm 
a) Plain compression     01 No. 

    01 No. 
    02 Nos. 

         01 No. 
b) Stepped compression          01 No. 
c) Slotted oil control         02 Nos. 
Type of valve (Suction & Delivery)  Individual Disc valves LP & HP 
Volumetric Efficiency 79% 
Compressor speed 1200 rpm 
Type of lubrication Splash 
Type of cooling Air cooled 
Type of fan Forced draught 
Oil fill capacity Max. 3000 ml. Min 2500 ml 
Grade of oil Servo Press 150 
Direction of rotation Clockwise - viewed from non driving end 
Safety valve set pressure 5 kgf/cm2 
Overall dimensions L x B x H 670 mm x 820 mm x 855 mm 
Net Weight 650 kg 
Mounting hole 200 x 480 
No. of holes 4 holes. Dia 17 mm 
Drive  
    a) Type of drive V belt 

    b) Type of groove & Oty. “C” groove & 2 Nos. 
    c) Compressor pulley OD 460.4 mm, PCD 449 mm 

 
 

3.7   AIR COMPRESSION SYSTEM 
 

The inter cooler is radiator type consisting tubes with finned, cool the low-pressure 
compressed air before compression in the high-pressure cylinder. The compressed air from 
low-pressure cylinder manifold enters in the inter cooler manifold and passed through the inter 
cooler tubes. This cooled compressed air then enters into the high pressure cylinder, there it is 
further compressed to attain the specified pressure. The discharge side of high-pressure 
cylinder head is provides air to the main air reservoir.  
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3.8 UNLOADING SYSTEM 
 

Inlet valves of low-pressure cylinder and high-pressure cylinder is equipped with unloader 
assembly, which are controlled by governor. An air pipe line from governor goes to the 
unloader assembly.  When the desired pressure in the main air reservoir is reached, the 
unloader assembly comes into action to open the inlet valve and unload the compressor.  
 
The governor air passes through the opening at the top of the cap nut, which is fitted at the top 
of unloader body. This action in turn actuate the unloader plunger. The plunger is having at its 
bottom side fingers or prongs. The prongs extends through opening in the inlet valve seat. 
 
Due to the effect of pressure of air admitted as described, the fingers hold the inlet valve plate 
off their seats. The compressor is thus unloaded. The complete movement of the unloader 
valve prevents main air reservoir leakage through the unloader assembly to the atmospheric 
vent. 
 
When main reservoir pressure drops sufficiently the governor assumes the 'cut in position'. The 
unloader spring which is held and retained in position by the spring guide, spring seat washer 
and retainer spring washer unseats the unloader valve. The return, which is held in position by 
spring cage washer and cotter, then moves the unloader plunger upwards to its original 
position, carrying with it the fingers which kept upon the inlets valves. The unloader body with 
complete unloader assembly is fitted on inlet valve plug, and fingers rest on the inlet valve 
assembly. Further the valve springs moves the inlet valves back on to their seats, thus the 
compressor resumes normal operation. 
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UNLOADER PLUGER ASSEMBLY 

 
 

3.9 DRIVE SYSTEM 
 

The drive system transmits the power required to drive the compressor from the engine. The 
drive system comprises of a drive pulley mounted on the engine shaft and a driven pulley 
mounted on the crankshaft of the compressor unit. The motion is transmitted between the 
pulleys through ‘V’ belts.  
 
The dynamically balanced driven pulley, fitted on the crankshaft acts as a flywheel which im-
parts vibration free dynamic rotation of the crankshaft. The fan fitted on the driven pulley 
forces the air on the cylinders, cylinder heads and inter cooler pipe which cools down the 
temperature of whole unit. 

 
3.10 LUBRICATION SYSTEM 
 

When the crankshaft rotates, the connecting rod assemblies splash the sump lubricating oil in 
the crankcase and lubricate all moving parts. A lip type oil seal is provided on the flywheel 
side to close the crankcase for maintaining the partial vacuum in the sump.  

 
3.11 SAFETY VALVE OF INTER COOLER  
 

A safety valve is fitted to the inter cooler for protection of the inter cooler and low-pressure 
cylinder. Valve vents excess air pressure in the intercooler when the pressure inside inter cooler 
rises above 130% of intermediate pressure. 
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3.12 STANDARD AND SPECIAL TOOLS 
 

Equipments 
♦ Over head crane (Hoist)    - 01 (1 -Ton capacity) 
♦ Wire ropes or chain   - As required 
 
Standard Tools 
♦ Open ended Fix spanner and Ring spanner 3/4"x7/8"  
♦ Open ended Fix spanner and Ring spanner 1 1/8" x 15/16" 
♦ Open ended Fix spanner and Ring spanner 15/16 x 1" 
♦ Open ended Fix spanner and Ring spanner 3/4" x 7/8"  
♦ Open ended Fix spanner and Ring spanner 11/16" x 19/32" 
♦ Open ended Fix spanner and Ring spanner 1/2" x 9/16" 
♦ Open ended Fix spanner and Ring spanner 5/8" x 11/16" 
♦ Pipe wrench 36” and 14”  
♦ Circlip /Nose plier. 
 
Box spanner with handle 
♦ 3/4" x 7/8"  
♦ 1 1/8" x 15/16" 
♦ 15/16 x 1" 
♦ 3/4" x 7/8"  
♦ 11/16" x 19/32" 
♦ 1/2" x 9/16" 
♦ 5/8" x 11/16" 
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Special Tools 
1. Oil bath for bearing  
2. Puller assembly for fan flange 

3. Piston rings inserting tool, dia 127 

4. Piston rings inserting tool dia 197 
5. Piston rings expander dia 197 
6. Piston rings expander dia 127 
7. Valve guide (Plug) spanner 
8. Box spanner for pulley nut 

 
 

3.13   MAINTENANCE SCHEDULES 
 

The compressor is to be attended during various schedules as follows-  
 
  Trip Schedule  
 

In every trip schedule the following checks should be done- 

• Clean the compressor thoroughly.  
• Check that the proper oil level is visible in the dipstick. 
• Drain condensate from intercooler. 
• Ensure proper belt tension. Too much tension and loose belt will induce an 

excessive load jerks on engine shaft and compressor bearings. Correctly adjusted 
belts should have a play of 10 mm about their mean position 

• Check whether the compressor is running smoothly and the running sound is 
normal. 

• Check the compressor crankcase and delivery pipe shall be hand-felt to ensure that 
their temperatures are within touchable limits throughout the duration of operation 
of compressor. 

• Observe for air leaks at the joints of the pipes and if noticed, stop the compressor 
and rectify the defects. 

 

Monthly Schedule  
 

Check the compressor for satisfactory operation which include.  
• All check points indicated under Trip schedule to be carried out 
• Check operational noise and vibration. 
• Check tightness of mounting bolts and other fasteners.  
• Check air leaks at the pipe joints and safety valve. 
• Clean the suction filters thoroughly. 
• Breather valve should be dismantled, cleaned and checked for perfect seating of the 

valve.  
• Check the suction and discharge operations and general performance of the 

compressor. 
• To change the compressor sump oil, for this- 

• The compressor should be run for a short while to warm the oil. 
• Remove the oil drain plug and drain the oil. 
• Refit the drain plug  
• Fill the lubricating oil into the crankcase through breather hole after removing 

the breather from the end cover. 
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NOTE: Do not use any cleaning agents to clean the interior, when changing oil. 
 
Recommended Oil 

 
Ambient 
temp. 0C 

ISO 
VG No 

Bharat 
Petroleum 

Indian Oil Chemoleums Bharat 
Shell 

25 to 80 ISO150  Bharat 
Compressor 
Oil 50 

Servo 
Press 150 
 

Erato 150 HDC Shell 
Corena 
P150 

 
Quarterly Schedule  

• Repeat all checks of Trip and monthly schedule. 
• Open crankcase door and check all connecting rod nuts and bolts 
• Check the safety valve setting. 
• Remove the all disc valve and unloader assembly by removing the cylinder heads 

and replace with readily available spare valves. Assemble it to the cylinder with new 
copper packings. 

• Fit the cylinder heads to the cylinder 
• All the pipelines should be checked for leaks at joints and packings renewed as 

necessary. 
 

Half - Yearly Schedule 
• Same as Quarterly schedule. 

 
POH Schedule (18 Months) 
A complete overhauling should be done in the POH schedule in workshop. The 
compressor should be completely stripped in this schedule. All parts should be thoroughly 
cleaned, examined and repaired in a clean surrounding. 

 
3.14        OVERHAULING 
 

Removal of compressor from DPC 
• Loosen the belt tension and take off the V belts. 
• Loosen the outlet manifold pipe flange bolts between HP cylinder head and outlet 

pipeline. 
• Remove the foundation mounting bolts. 
• Remove the air filter assembly with manifold pipe by loosening the flange bolts. 
• Place the lifting tackle or wire rope on compressor. 
• Take out the compressor unit from the DPC of DEMU. 

 
Dismantling of compressor 

• Drain the lube oil from the compressor sump. 
• Loosen the flange bolts & nuts then remove the air suction filter with manifold. 
• Remove the Intercooler safety valve and drain valve. 
• Remove the Intercooler inlet & outlet manifold pipes. 
• Now take out the intercooler. 
• Remove the LP cylinder head hex. head cap screws and take out the cylinder head. 
• Remove the HP cylinder head hex. head cap screw and take out the HP cylinder 

head. 
• Loosen the cap screws provided at the bottom of LP cylinder liner. 
• Gently lift the cylinder liner and remove the cylinder liner from the crank case 
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housing. 
• Now loosen the cap screws of the HP cylinder liner provided at the bottom of the 

cylinder. 
• Gently take out the HP cylinder liner. 
• Remove the circlip of the LP and HP pistons by using the circlip plier. 
• Gently knock out the wrist pin (gudgeon pin) and take the piston out from the 

connecting rod small ends. 
• Now remove the piston ring from the piston by using piston ring expender tools. 
• Open hex. head nut of the flywheel with fan (Pulley) assembly holding at the end of 

crankshaft. 
• Remove the flywheel with the fan assembly by using puller. 
• Remove the breather valve assembly from free end side cover. 
• Open the hex. head cap screw of free end cover and remove the cover. 
• Open the flywheel with fan end side cover by loosening the hex. head cap screw. 
• Jack the flywheel end side cover and take out crankshaft and connecting rod 

assembly. 
• Gently hammer the cover and remove the cover from crankshaft. 
• Remove the oil seal from the crankshaft. 
• Remove disc valves assembly from the cylinder heads. 
• Remove the split pin from inlet disc valve stud and take out spring. 
• Open lock nut of inlet valve assembly and discharge valve and take out all parts.  

 
Cleaning of parts 

• Cylinder heads, cylinder liners, crank case housing, piston, parts of the disc valves, 
guides and both side covers etc. are clean with diesel oil/kerosene oil and water then 
blow with compressed air. Ensure complete removal of carbon from piston ring 
grooves.  

• Clean crankshaft and connecting rod assembly by petrol/kerosene oil and blow out 
with compressed air. 

• Clean all nuts and bolts, air filter assembly, flywheel cum fan assembly and other 
small parts by using diesel oil/kerosene and water. 
 

Inspection and repairs 
 

Crank shaft and connecting rod assembly:  
• Inspect the crankshaft and connecting rod assembly for any repair. 
• If connecting rod needle bearings size worn out replace the bearings. 
 Check both side main bearing of the crankshaft for excessive play. If play found 

replace the main bearing.  
 If bearings are worn, damage or otherwise unserviceable, the bearing should be 

replaced by new one. 
 
Main Ball Bearing 
For replacing the main bearing following procedures may be adopted. 

• Immerse the crankshaft assembly in the hot oil at the 100 ºC. 
• Take a small steel wedge and gently hammer it keeping it in the between the crank 

wed and the bearing. Then use a suitable bearing puller and take out the bearing. 
For fitting of the bearing on the crankshaft assembly the following procedure may be 
adopted.   

• Heat the main bearing by immerging then in the hot oil at the100 ºC. 
• Take the hot bearing from the oil and insert the bearing on the shaft, so that it will 

slide and fit tightly on the shaft when cooled. 
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• Wash ball bearing in mineral sprit then examine carefully. 
• Hold inner race and rotate the outer race and then check for free movement. 
• Check the bearing for radial loose ness. 
• After the inspection, the bearing should be lubricated with compressor oil and 

wrapped in impregnated paper until for next installation Compressor. 
 
Piston assembly 

• Check the piston diameter and piston pin boss diameter as per specified in the table. 
If these sizes are found beyond limit change the piston. 

• Check gudgeon pin diameter and surface for any scratches or slackness in the 
gudgeon pin boss replace the gudgeon pin if found loose. 

• Check the piston pin side clearance in the piston groove. 
• Check the piston ring butt clearance and maintain the clearance as specified in the 

parameter table. 
 

Parameters Table 
 

DESCRIPTION IN SIZE Normal 
Clearance 

Max. 
Clearance 

LP piston diameter at skirt mm 196.62 to 196. 67 0.18 to 0.26 0.40 
LP Piston ring but clearance mm 196.85 0.50 to 0.80 0.85 
LP Piston ring side play in groove mm  0.05 to 0.10 0.15 
HP piston diameter at skirt  mm 126.79 to 126.82 0.17 to 0.20 0.30 
HP Piston ring but clearance mm 

 
127 – 0.05 
         -0.06 

0.10 to 0.35 0.45 

HP Piston ring side play in groove mm  0.03 to 0.085 0.10 
Valve lift mm  1.828  2.06 _ 
Valve plate thickness mm  1.16 _ 0.9652 

(Condemnin
g size) 
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Cylinder Liner & Cylinder head 
• Check & maintain the LP cylinder liners bore diameter as given in the table above. 
• Check & maintain the HP cylinder liner bore diameter as given in the table above. 
• Visually check all cylinder heads for any crack. If crack is found in any head replace 

the cylinder head. 

 

3.15 OVERHAULING, ASSEMBLY AND TESTING OF DISC VALVE: 

 
Inlet Valve Assembly      Discharge Valve Assembly 

 
 

♦   Discharge Valves of Compressor:   
 Lap one side of the valve plates on lapping machine.  
 Lap valve seat by lapping tool. 
 Clean both valve seats and plates in fuel oil. 
 Check the thickness of valve plates.  If it is not with in the prescribed limits renew it.  
 Place inner and outer valve plate on the valve seat. 
 Now place inner and outer spring on the valve plate. . 
 Assemble the valve and fit lock nut by applying loctite # 290.  
 Torque the lock nut to 25 ft. lbs.  
 Pour clean fuel oil on valve, there is no leakage allowed through its seat. 
 

♦   Inlet Valve of Compressor 
 Lap one side of the valve plates on lapping machine.  
 Lap valve seat by lapping tool. 
 Clean both valve seats and plates in fuel oil. 
 Check the thickness of valve plates.  If it is not with in the prescribed limits renew it.  
 Place inner and outer valve plate on the valve seat. 
 Now place inner and outer spring on the valve plate. Place spring retainer case and 

fit lock nut. 
 Torque the lock nut to 18 ft. lbs. 
 Fit retainer spring, spring case washer and secure with split pin also 
 Pour clean fuel oil on valve, there is no leakage allowed through its seat. 

 
3.16       ASSEMBLY OF COMPRESSOR 
 

Take all checked and repaired parts, assemble the compressor as per following: 
• Place the crankshaft with connecting rod assembly in the crack case housing. 
• Put the flywheel side cover and tight with six hex. bolts with all spring washers. 
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• Gently tap the cover and torque the bolts. Check the free movement of the crankshaft. 
The crankshaft should be moved freely in the housing. 

• Place the free end cover with gasket and tight with bolts. Gently tap this cover also 
and again check the movement of crankshaft by hand and ensure there is no friction 
for the connecting rods to rotate. 

• Torque the free end cover bolts. 
• Now fit the oil seal on the flywheel side. Ensure that the oil seal should not be 

damaged. 
• Place the piston assembly with the rings on the connecting rod small and fix with 

gudgeon pin and circlip. 
• Now set the rings butt joints at 120º with respect to each other. 
• Take the liner and lubricate inside with light lubricant oil. 
• Put the liner with bottom gasket on the piston and tighten with four hex. nuts. 
• Assemble the disc valve as given in figure and tighten with nut and torque the nut and 

secure with split pin. 
• Take cylinder head and place disc valve with upper and lower gasket and fit on the 

liner. 
• Tighten the cylinder head assembly with four hex. nuts and torque them. 
• Fit the breather valve assembly on the free end cover. 
• Fit suction pipe, delivery pipe and damping pipe (intercooler pipe). 
• Fit the intercooler safety valve in the damping pipe. 
• Fit the drain valve.  
• Fit the air suction oil bath filter assembly and tight its clamp. Fill the oil in the filters 

at the required correct level. 
• Fill the fresh lube oil (3 liters SP 150 or equivalent) in the crankcase. 
• Place the flywheel cum fan assembly with key on the crankshaft and tighten with lock 

plate and nut. Torque the nut with torque wrench. 
 

3.17       FITMENT OF COMPRESSOR IN THE DPC 
 

• Place the compressor on its foundation. 
• Fit all foundation bolts. 
• Place the ‘V’ belts between drive and driven pulley. 
• Tighten the ‘V’ belts and ensure the proper belt tension. The belts should have the 

play of 10 mm about their mean position. 
 
Start the engine and check the compressor working as follows: 
• Check weather the compressor is running smoothly and running sound is normal. 
• Check the compressor crankcase and delivery pipes shall be hand felt to ensure that 

their temperature are within touchable limit through out the operation time of 
compressor. 

• Observe the air leakage at the pipe joints. If any leakage is found, stop the compressor 
and rectify the defect. 

• Check the air pressure in the pressure gauge at various loads and unload condition.  
• Check the working of the breather valve for maintains partial vacuum inside the 

crankcase.   
• Stop the compressor and check the oil level in the crankcase by dipstick. 
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3.19 TROUBLE SHOOTING CHART FOR COMPRESSOR 

   
 DEFECT LIKELY CAUSES REMEDIES 

Compressor over heats • Dirty oil 
• Oil level low 
 
• Cylinder and inter cooler 

tube fins dirty 
• Breather valve not working 
• Wrong direction of rotation 

• Change oil. 
• Fill correct grade of oil up to 

maximum level in the dipstick. 
• Blow with compressed air or 

clean manually. 
• Open, clean and refit after 

checking. 
• Interchange correct direction 

Compressor does not 
unload 

• Blocked unloader pipes 
• Defective suction unloader 

• Open and clean pipes 
• Remove the suction unloader, 

clean and refit 
Oil carryover in 
Compressed air 

• Chocked air filter. 
 
• Oil level high 
• Oil viscosity too low 
• Breather not working 
 
• Piston rings stuck in 

grooves or broken. 
 
• Piston to cylinder clearance 

excessive 

• Clean or renew the air filter 
element. 

• Drain to correct level 
• Change to recommended grade 
• Open, clean and refit after 

checking 
• Loosen the piston rings, if broken, 

change the rings as a set. Check 
all related parts for wear before 
fitting. 

• Check and change as required 
Unusual wear of 
cylinder, piston and 
piston ring 

• Inadequate air filter 
maintenance 

• Oil change frequency 
insufficient 

• Incorrect grade of oil 

• Increase frequency of cleaning 
• Increase frequency with more 

periodic check of oil 
• Change to correct grade as given 

in recommended lubricants chart. 
Water or rust formation 
in crankcase 

• Faulty breather valve. • Check and replace the breather 
valve if necessary. 

Oil leak through 
breather valve 

• Breather valve is not 
working. 

• Piston rings stuck in 
Grooves or broken. 

 
 
• Piston to cylinder clearance 

excessive. 

• Open and refit the breather. 
 
• Loosen the piston rings. If broken. 

Change the rings as a set. Check 
all related parts for wear before 
fitting. 

• Check and change as required. 

Abnormal noise and 
Compressor Knocking 

• Loose compressor pulley 
and key. 

 
• Worn out piston, cylinder, 

crankshaft and connecting 
rod bearings. 

• Remove pulley and examine 
keyway and key for wear, Change 
the key or pulley as required 

• Overhaul compressor unit. 
Replace the related components. 

Pressure built up time 
excessive 

• Chocked air filter. 
• Loosen belts. 
• Leak joints in pressure 

lines. 

• Renew new one.  
• Adjuster or replace, if elongated. 
• Open and re-tighten with Teflon 

tape or jute and shellac. 
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• Defective seating of inlet 
and delivery valve plates. 

• Worn out piston rings. 

• Open, clean and refit after careful 
check. 

• Replace after checking the related 
components. 

Excessive belt wear • Incorrect engine and 
compressor pulley 
alignment. 

• Incorrect belt tension 

• Check and adjust using a straight 
edge or string across the diameter 
of bolt the pulleys. 

• Check belt adjustments 
frequently. 

Compressor package 
vibration 

• Uneven surface level. 
 
• Mounting bolts and nuts 

loose. 

• Check the surface with spirit level 
and correct the surface level. 

• Tighten bolts and nuts. 

 
 

************ 
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Chapter-4 
 

AIR SUSPENSION  
 

4.0 INTRODUCTION  
The loading on DEMU coaches has increased from designed value (in a trailer coach) of 18 t 
to 34 t, popularly known as super dense crush load. With the existing coil spring type bogie 
suspension of ICF coaches, the bogies clearance basically meant for absorbing dynamic 
movement of the coach just vanish, resulting into severe hitting between various bogie 
components. This leads to premature failure of bogie components and poor riding behavior of 
the coach.  
Pneumatic suspension (Air spring) at secondary stage has been taken up with optimized values 
of stiffness and damping characteristics to over come this problem.  
 

Advantages of air suspension 
• Capable to sustain Super Dense Crush Loads of suburban traffic. 
• Constant floor height of coach. 
• Excellent ride comfort 
• Safe running 
• Virtually Constant natural frequency from tare to full loads. 
• Low design height 
• Integral input signal for load dependent braking and acceleration. 
• Isolation of structure borne noise. 
• Improved reliability, reduced maintenance 
• High durability  
• Possibility of voluntarily choosing air spring characteristics. 

 

4.1 WORKING PRINCIPLE  
In this system the properties of air are used for cushioning effect (springiness). Enclosed 
pressurized air in a predefined chamber called air spring, provides various suspension 
characteristics including damping. Air spring is height controlled load leveling suspension 
device. With changing loads air spring reacts initially by changing the distance between air 
spring supports and vehicle body. The leveling valve is, in turn, actuated, either getting the 
compressed air pressure to the air spring or releasing air pressure from it to the atmosphere. 
This process continues until original height is restored.  
 

 

 
Fig.1  Working principle of Air spring 
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4.2 ACHIVING OF ITS CHARACTERISTICS 
• A soft flexible characteristic under vertical direction is achieved by compression of the 

air. 
• An excellent lateral spring characteristic is achieved by variation in effective area in 

lateral direction. 
• Good self damping is achieved by placing an optimized orifice between air spring and 

additional reservoir. 
• To avoid unnecessary air consumption due to all modes of vehicle oscillation or 

change in air pressure is achieved by designing delayed reaction of leveling valve. 
 

4.3 SCHEMATIC LAYOUT 
A Schematic layout of pneumatic suspension control equipments is explained in Fig.2. 
 
 

 
 

 
Fig. 2  Schematic layout of air suspension equipments 

 
There are two types (makes) of air suspension used in DEMU bogies  

 
1. Contitech  
2. Firestone  

 
Construction details of air springs are shown in fig. 3 & 4 (Contitech air spring), and Fig. 8 (Fire 
stone air spring).  
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Fig. 3 Constructional details of CONTITECH air spring 

 
 
Functional description of the structural elements:   
 
Attachment wire core: Steel wire- guarantees stable seating of the sealing bead on the rim and 

sealing of the air spring plate or piston. 
External protective coat: 100% highly flexible neoprene for protection against the effects of the 

weather, faces and extensively against oil. 
Reinforcement:  Polyamide fabric –guarantees operation, bursting pressure protection 

and service life. 
Belt: Specific functional element 
Internal cover coat: 100% highly flexible neoprene guarantees sealing of the internal space 

of the air spring against atmosphere. 
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Basic structure of an air spring 
 

 
 

Fig. 4 Constructional details of CONTITECH air spring 
 

4.4 MAINTENANCE SCHEDULES: 
Periodical inspection of air springs system on DEMU coaches are as under: 
Daily Schedule: 
Inspection site: Yard/ Pit line 

• Visual check of general condition which includes any external damages, air leakage, 
infringement of any fittings etc. 

• Draining of 150-liter air reservoir of air spring.  
Weekly Schedule: 
Inspection site: Car shed 

• Carry out daily schedule  
• Draining of 20-liter reservoir. 

Monthly Schedule: 
Inspection site: Car shed 

• Carry out weekly schedule and checking of installation lever with inflated air spring 
for normal function, tightening of installation lever nuts and protection Screen nuts, 
tightening of brackets of all flexible hoses. 

• Cleaning of air filter of 150 liters reservoir. 
• Cleaning of levelling valve filter after one month. 

Quarterly Schedule: 
Inspection site: Car shed 

• Carry out monthly schedule  
• Thorough checking of air spring, bulging of bellow, air leakage. 
• Air suspension pipe leakage check by using soap water. 
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• Removing dust mud & oil deposit if any, on air spring & control equipment 
• Thorough checking of lower spring beam for any crack and deformation. 
• Tightening of air spring bottom plate bolts and nuts. 
• Measurement of bogie clearances related to air springs. 

 POH : 
Inspection site: Work shop 

• Carry out Quarterly monthly schedule & 
• Thorough visual check of air spring as per para “INSPECTIONS OF AIR SPRING” 

after dismantling Ref: Para “Dismantling of air spring from lower spring beam 
(cradle) and bogie bolster

• Removal of all valves, external cleaning and function test as given in Annexure-E to 
Annexure-I.  

”. 

• Checking securing arrangement of steel pipeline. 
• Carry out leakage test as follows- 
Testing procedure for leakage 

o Connect the hose pipes on the under frame piping with the levelling valve of the 
bogies. 

o Connect the pressure gauges to the drain plug locations of 150-litre reservoir. 
o Provide packing in the gap between bolster & bogie frame. 
o Connect the 150-litre reservoir on the under frame to the compressed air source of 

pressure 6 kgf/sq.cm. 
o Allow air into the air springs to a value of 6 kgf/sq. cm in the pressure gauge 

adjusting the horizontal lever of the leveling valve and keep it in the same 
position. 

o Close the isolating cock connecting MR pipe with 150-litre reservoir.   
o Test all pipe joint for leakages. 
o Check the pressure gauge readings after one hour. The pressure drop should be 

within 0.2 kgf/sq.cm. 
o Release the air completely by dropping the horizontal lever. 
o Remove the packing. 

• Adjustment of installation lever is essential for proper levelling of coach body. The 
adjustment needs to be carried out in this schedule or intermediate dismantling of 
leveling valve system. The procedure to be follows is as under: 

Procedure for Adjustment of installation lever  
o Keep the coach on a level track. 
o Connect pressure gauges to the drain plug locations of all 20-litre reservoirs in the 

bogie. 
o Adjust the length of all installation levers to 305 mm and connect them to the 

horizontal levers. 
o Supply compressed air to the system and start the adjustment on the bogie. 
o Adjust the height of the air spring to approx. 255 mm by gradually increasing the 

length of the installation lever. 
o Repeat the above procedure for the other side of the air spring of the same bogie. 
o Make minor adjustments on both sides, so that the height of air springs and 

pressure of air inside the air springs on both sides of the bogie are nearly the same. 
NOTE 
If the difference in pressure of the air in the springs of the same bogie is more than 
setting pressure of the duplex check valve i.e. 1.5 bar, then the air will continuously 
escape from one air spring to the other through the duplex check valve and then to 
atmosphere.   
o Tighten the installation lever lock nuts with the horizontal lever, so that the setting 

will not be disturbed. 
o Repeat the above procedure for the second bogie. 
o Disconnect the pressure gauges and replace the drain plugs. 
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4.5 DISMANTLING OF AIR SPRING FROM LOWER SPRING BEAM (CRADLE) AND 
BOGIE BOLSTER  

• Remove all body Bogie connection. 
• Remove duplex check valve from bolster  
• Remove lateral & vertical shock absorber  
• Remove equalizing rod connection from both ends of lower spring beam if provided. 
• Remove connection between arm of leveling valve & installation lever. 
• Remove all 6 No. bolts and nut with the help of M12 Allen key and M12 spanner from 

bottom plate of air spring & lower spring beam. 
• Lift bolster up to bogie frame to clear the spigot of the air spring. 
• Slide air spring from lower spring seat. 

 
4.6 DISMANTLING OF AIR SPRING (CONTITECH MAKE) 

In certain circumstances the clamping projection which facilitates the exact fixing of the bead- 
may hinder the removing process. For removing air springs with a clamping projection on the 
top plate the following instruction may be followed- 
 

 
Fig. 9 Clamping projection to facilitates the exact fixing 

 
To prevent damage to or even the destruction of the bead when removing the top plate, the 
following procedure is recommended. 
(1) Increase top plate distance “A” as much as possible while air spring is in the uninflated state as 

shown in fig.  
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(2) Fix top plate in this extreme position so that it does not exert any pressure on the air spring as 
shown in fig. 

 
 
 
 

(3) Force in assembly lever until it touches the metal cone whereby the lever’s concave side should 
be against the air springs wall. 

 
RIGHT 

It is important to ensure that the lever is pushed between top plate and air springs wall until it 
touches the flange. 
If assembly lever is not in contact with the cone there is a danger of the spring being destroyed or it 
may prove impossible to unseat it as shown in fig.   

 
WRONG
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4. Force spring bead from flange seat by making an upward movement of the lever and using the 

air spring’s supporting edge as pivot as shown in fig below.  
 
 

 
 
5. If necessary, shift lever by a spoon’s width along flange circumstance and repeat action. 

(position .2) as shown in fig. 
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6. Air spring partially comes off flange seating and can then easily be removed completely 
from the air spring plate as shown in fig. below. 

 
 

 
4.7 CLEANING OF AIR SPRINGS 

Rubber products can be cleaned with soap and warm water. The cleaned articles should be dried at 
room temperature. After a fairly long period of storage (6 to 8 months) the product can be cleaned 
with a 1.5% sodium bicarbonate solution. Remaining traces of the cleaning fluid should be rinsed 
off with water.  
Solvents such as trichlorethylene, carbon tetrachloride as well as hydrocarbons must not be used for 
cleaning purposes. Moreover, sharp- edged objects, wire brushes, emery paper, etc. should not be 
used. Rubber metal bondings are to clean using a glycerine-sprit mixture (1:10).   

 
4.8 JUDGMENT CRITERIA FOR POSSIBLE DEFECTS ON AIR SPRING: 

(CONTITECH) 
Description and judgment of possible damage zones shown in following fig.  
 
 

 
 
 

1) Top and bottom sealing surface area 
This area is extremely important for the operation of the air springs and is, amongst other 
things, checked by the manufacturers in the form of a 100% leak test. If the air spring is fitted 
properly, then there is no possibility of damaging this area through undue mechanical, also 
external stress. If nonetheless during the inspections traces are found of surface damage, then 
this may be due to the following reasons. 

a) Improper fitment 
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b) Improper dismantling  
c) Improper or bad storage before putting into service or between inspections. 

 
 
Detachment of rubber (By mechanical effect) or foreign bodies may lead to leaks. Air springs 
of this kind may not be fitted anymore, since there is no longer any uniform radial sealing 
surface and there is a point of connection between the inner space and the ambient 
environment. 
Uneven partial shearing

 

 may have been caused by prior dismantling of the air springs. This can 
in general be tolerated.  

 
 
When assessing such a pattern it is however necessary to observe that the edges of the bead be 
partly chamfered by the manufacturer. 
 

2) Cracks above or below the direct belt area 
If cracks occur radially during operation in this area, then air springs of this kind should be 
changed on the next inspection. This surface damage has no functional effect on the air springs, 
or any effect which might prejudice their safety. Due to the structure, there can be neither 
damage to the reinforcement nor peeling of the belt nor any reduction in bursting pressure. 
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Cracks of this kind may after the time at which they occur “grow” radially; with respect to the 
depths however they simply move to the middle of the belt and not in the direction of the 
reinforcement. 
This defect may be triggered by different causes, for example extreme horizontal bellows wall 
deformations, damage by cutting due to external effects (ballast). Possibly, where there is doubt 
it may be necessary to bring in the manufacturer to obtain as assessment. 
 

3) Surface damage in the top shoulder area 
In many cases during inspection intervals or afterwards air springs are changed and released 
from the top air spring plate. If this is not done properly it could lead to surface damage through 
the use of the necessary tool, which could even penetrate as far as the reinforcement. Due to the 
structure there is no immediate safety-reducing damage, only if several threads of the 
individuals layers (4/6) are pierced, may there under certain circumstances be an immediate 
functional failure. Immediate changing is necessary.   
 
 

 
4) Chafing or damage by cutting 

 
 
Points of chafing or damage by cuts, caused by design attachment elements, hose connections 
or ballast accelerated with an unusually high intensity may be experience occur in this area (or 
also in the area 5 given below). Abrasion or short cracks on the top cover layer may be 
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tolerated. If however the reinforcing materials are exposed, pierced and/or unravelled (a), then 
this air spring must be change at once. 
 

5) Foreign bodies, chafing or damage by cuts 
 

For this area the same procedure applies to chafing and damage by cuts as in above area (4). 

 
If foreign bodies have got between air spring plate and bellows wall and have ended up 
jammed, these must be removed. If fabric is already exposed or damaged (see point4), this air 
spring must be changed. The same effect may also be produced by what are called “pieces of 
pigment”, which may occur when the surface protection is applied. Uneven ness of this kind on 
the air spring plate or indeed on any other points of contact between the bellows wall and the 
metal part must be removed at once. 
 

6) Peeling of the outer rubber (outer cover layer) 
 
 
 

 

 
 
 
 
During the time of utilization if any unevenness of the surface occurs in the form of a partial 
raising, this is to be attributed in most cases to incorrect storage or interim storage together with 
long-term contact with oil. Changing is necessary. 
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4.9 ASSEMBLY OF AIR SPRING (CONTITECH) 
Tools and components: 
 

 
 
 
Installation: 
1.  Clean the upper bead (a) and upper rim (b) using a cloth. The upper air spring plate is 

already in the illustrated (reversed position).  

 
 
 

2.  Locate any point of the air spring upper bead on the rim and press the bead behind 
(underneath) upper lip (fig.2a)  
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3.  Place a suitably sized place of wood (3a) on the surface of the bead and, using a 
hammer tap the wire bead into position (3b). 

 
 

 
Note: Working away from the starting point radially, tap evenly at increasing distances to 
the left and right (1) until the bead has slipped under the holding lip around its entire 
circumference (b)  
The air spring is now properly connected to its air spring plate. 
 

4.   The final step is to now fit the air spring to the lower rim (4). 
To do so, it is sufficient to place the air spring on the rim so that the bead area is 
positioned parallel to the rim. 
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o Clean both the bead area of the Air Spring (a) and the sealing areas of the rim (b) 
before hand. It is recommended that this area is moistened with water or soap suds 
to make installation easier. 

 
 

o If the Air Spring is to be mounted directly onto the bogie, the bolster or transom 
can now be applied. If the rail car body is to be fitted afterwards or if technical 
approval of the bogie under load is to be conducted, the bead area of the Air 
Spring is brought into position (c) to guarantee a tight seal. 

The sealing area (a) and (b) must however be cleaned beforehand. 

 
 

o If you are intending to fit the whole Air Spring System as a unit later into the 
bogie, this can be done by means of a suitable device. The device shown in fig. “ 
Air tightness testing device”.  

 
 

o After cleaning and moistening the sealing area (a & b) the air spring can be 
inflated at a spring internal pressure of Pi = 6 bar. 
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5.  The Air Spring is now fully installed 

 
Note: All Air Springs undergo a 100% air tightness test at the manufacturer’s. However 
for early detection of any errors or irregularities during installation which may lead to 
leakages, it is recommend conducting an air tightness test once installation has been 
completed. 
 

 
Fig. Air tightness testing device 
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4.10 FIRESTONE AIR SPRING 
 

 Constructional details of Firestone air spring 
This Firestone Airail spring is a cylindrically shaped bellow that rolls over a custom contoured 
pedestal. This Airail spring has nine major parts. 

1. The Airail Spring (or Elastomeric Rubber Part) 
2. The Bead Skirt 
3. The Upper Mounting Plate 
4. The Bead Ring 

 
Fig. 5 Constructional details of Firestone make air spring 

 
 

5. The Pedestal Assembly (or Piston)  
6. Emergency Spring 
7. Bumper Support Plate 
8. Spacer Plate 
9. Base Plate 

 
The brief description of each part of the total assembly follows: 
 
Airail spring (Elastomeric Rubber Part) 
The Airail Spring is a highly engineered pneumatic cylinder. It is made of elastomeric material 
and is nearly cylindrical in shape. It contains nylon cords that are laminated with elastomeric 
rubber and cured together for an airtight seal. At each end of the Airail Spring there is a bead 
wire for reinforcement and sealing purposes.  
 
Bead skirt 
The bead skirt is made of aluminum and a bead groove is machined for a precision 
circumferential fit to assure the bead wire seats properly to seat with the top or upper mounting 
plate. This aluminum is high grade and more than strong enough to be used in any application, 
since the air spring carries the load. Yet it is very lightweight for ease of handling, as well as 
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overall weight reduction. This bead skirt will help provide the horizontal or lateral 
characteristics the Firestone customers require. 
 
Upper mounting plate 
Upper mounting plate is made of steel or aluminum. The upper plate is to be placed upon the 
bead skirt with the elastomeric rubber part bead wire seating in the bead skirt and to be bolted 
together to form the upper seal. This is engineered with a specific mounting arrangement as 
specified by our customer. The mounting plate is fitted with an air entrance for inflating the 
parts to your desired pressure. The air passage is designed as such that an orifice could be 
added to attain additional air damping if so desired. The upper plate, further more, acts as a 
shield to keep foreign material, oil and grease off the rubber part. 
 
Bead ring 
The bead ring is also made of aluminum and is located at the bottom of the assembly and 
serves the same purposes as a bead skirt, it forms the lower seal. The bead ring is bolted to the 
pedestal. 
 
Pedestal assembly (or piston) 
The pedestal (or piston) serves the purpose, as a component is the lower sealing procedure and 
support member. This steel parts act as a lower mounting surface. The pedestal (piston) is tall 
enough to let the air spring oscillate with the given load conditions placed upon the spring. 
Vertical dynamic stiffness is obtained with either a contoured pedestal or a reservoir. 
Emergency spring 
The emergency spring (on bumper) provides an auxiliary spring system in the event of an air 
system failure. It is an integral feature of the air spring assembly and is secured to the upper 
mounting place with four bolts. It also has a rulon pad bounded to its contact surface to help 
facilitate lateral motion in the zero pressure condition. 
 
Bumper support plate and spacer plate 
The bumper support plate is a steel plate (with two grooves and a hole in the center) which 
goes on top of the spacer plate (with two grooves and NO hole in center). These two plates are 
bolted to the top of the pedestal assembly with four bolts. The bumper support plate is 
provided smooth surface for the emergency spring with rulon pad to slide on laterally in the 
zero pressure condition. In zero pressure condition, the grooves allow for the introduction of 
air to the assembly. 
 
Base plate 
The base plate is a steel plate, which is bolted to the bottom of the pedestal assembly with 6 
bolts. This plate has three counter bore holes, which allows for the attachment of the assembly. 
 

4.11 CLEANING OF AIR SPRING 
Recommended cleaning media are soap and water, methyl alcohol, isopropyl alcohol. The 
rubber products can be cleaned with soap and water. 
All organic solvent, open flames, abrasives and direct pressurized steam cleaning are not 
recommended for air spring cleaning. 
 

4.12 ASSEMBLY OF FIRESTONE AIR SPRING  
 

Procedure: 
 
STEP-1 

Obtain bead skirt and 18 –M10 x 33mm long flat head ribbed neck bolts and install ribbed 
neck bolts in bead skirt, being sure that head of the bolts are flush with skirt surface (Bolts 
for the bead skirt are ribbed neck and should be swedged in. An arbor press is the best 
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method for this. Have something to backup the bead skirt, so you will not crack the bead 
skirt, as you install the bolts). 
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STEP-2 
Obtain bead ring and 24 – M10 x 45 mm long flat head ribbed neck bolts and install ribbed 
neck bolts in bead ring. Being sure that head of the bolts are flush with skirt surface. (Bolts for 
the bead ring are ribbed neck and should be wedged in. An arbor press is the best method for 
this. Have something to backup the bead ring, so you will not crack the bead ring, so you will 
not crack the bead ring, as you install the bolts.) 
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STEP-3  
Obtain 12.7 mm thick bumper support plate (with two grooves and a hole in the center). 15 
mm thick spacer plate (with two grooves and NO hole in center) and pedestal assembly. Bolt 
these two plates, with grooves up and bumper support plate on top of spacer plate, to pedestal 
assembly, using 4 – 3/8” – 16 UNC x 1.75” long flat head socket screws with loctite # 277 
applied to the threads. Tighten and torque bolts to 30 ± 3 Nm. (Use Allen wrenches). 
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STEP-4  
Apply bead ring with bolts, to small bead of bellow using soap and water on bead ring of 
bellow. Bellows bead must be seated in bead ring. Obtain pedestal assembly with steel plates 
attached, in upright position, lineup bolt in bead ring with holes in pedestal assembly and 
attach using 6-M10 x 1.5 hex nuts and M10 lock washers. This allows the assembly to stay 
together while being turned over. Carefully turn assembly over setting it on a protected 
support. Attach the rest of the 24 hex nuts and lock washers. Tighten and torque in star pattern 
all bolts to 40 ± 3 Nm. (Soap and water mixture for lubricant on bellows bead area. Flex 
bellows bead in on its self in order to snap it in the bead ring. Pedestal assembly should be 
placed on support at suitable working height. Start nuts on by hand first. Be careful not to over 
torque nuts).  
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STEP-5  
Obtain base plate and attach to pedestal assembly using 5 – M14 x 2.0 x 40 mm long hex head 
bolts and M14 lock washers. Tighten and torque bolts to 60 ± 4 Nm. turn assembly over 
setting it on its base plate. (Start nuts on by hand first.) 
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STEP- 6  
Obtain upper mounting plate and bumper with rulon pad. Bolt bumper in place using 4-5/16” –
24 UNF x 3/4" long hex head cap screws with Loctite #277 applied to the threads and 4-5/16” 
lock washers. Tighten and torque bolts to 30 ± 3 Nm. (Use hand wrenches only). 
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STEP-7  
Assemble bead skirt with rib neck bolts to bellows using soap and water on bead ring of 
bellow. Bellow bead must be seated in bead ring. (Soap and water mixture for lubricant on 
bellows bead area. Flex bellows bead in on its self in order to snap it in the bead skirt). 
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STEP-8  
Obtain upper mounting plate with bumper attached. Align holes in upper mounting plate and 
install. Using 18-M10 hex nuts and M10 lock washers. Tighten and torque in star pattern all 
nuts to 40 ± 3 Nm. (Start nuts on by hand first. Be careful not to over torque nuts.) 
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STEP-9  
Install orifice plate in spigot on upper mounting plate using retaining ring (IF REQUIRED).  
 
STEP-10  
Lubricate two O- rings 2-234 with Parker O-ring lube and place in groves in mounting plate. 
Place assembly in test frame and inflate to 7.3 bars. After 30 minutes, reset pressure to 7.0 
bars. Hold on test for 3 hours. Pressure loss of less than 0.3 bars will constitute a satisfactorily 
test. Test height to be 255mm to 305 mm. 
 
STEP-11 
Install cap plug and place warning label on top of upper mounting plate. 
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4.13 INSPECTION AND OVERHAULING OF LOWER SPRING BEAM: 
• Inspect all welding joints of the lower spring beam (cradle) and repair if required. 
• Inspect air spring fixing holes of lower spring beam for elongation. If elongated 

reclaim them to dia. 13 mm.  
• Inspect the top surface of lower spring beam for corrosion; remove the corrosion paint 

with primer and black paint. 
 AIR SUSPENSION PIPELINES: 

• The air spring piping may be checked for any leakage/ damage by soap test and repair 
if required. 

 
4.14 MOUNTING OF AIR SPRING ON LOWER SPRING BEAM AND BOLSTER: 

• “O” rings provided on air spring spigot must be changed. 
• Mount air spring on lower spring beam and match the holes of bottom plate of air 

spring and holes of lower spring beam. 
• Tight all 6 nuts and bolts with the help of M12 Allen key and M12 spanner. 
• Place the bolster on air spring ensuring no damage to spigot of air spring. 
• Connect leveling valve arm with installation lever 
• Mount vertical and lateral shock absorber. 
• Connect all flexible /fixed pipe connections of bogie. 
• All the threaded joints of afar spring be sealed with thread sealing tape to avoid air 

leakage. 
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4.15 CONTROL EUIPMENTS FOR AIR SUSPENSION SYSTEM 
 
4.16  LEVELLING VALVE  

 
 Introduction 

The air suspension-leveling valve is fitted to DEMU coaches to regulate the coach body level. 
Irrespective of the load condition of the vehicle, by charging or venting the air suspension 
bellows. Two types of levelling valves used for coaches that are KNORR BREMSE and SAB 
WABCO. 
 

 Levelling Valve (KNORR-BREMSE) 
The relative vertical motion between running gear and coach body as caused by loading or 
unloading of the vehicle is communicated via the actuating linkage to the operating lever and 
is transmitted to the carrier with eccentric supported in the housing of the air suspension 
leveling valve. The eccentric engages in an oblong hole of the piston and upon rotation of the 
carrier causes upward and downward movement of the piston.  
 
 

 
 
 
 
FIG.    THROTTLED AIR SUSPENSION LEVELLING VALVE (Lap Position) 
 
The valve disc acts as check valve to prevent back flow of the compressed air from the air 
suspension bellows in the event of the pressure of the auxiliary air reservoir decreasing. With 
the rail vehicle in the level position, the air suspension leveling valve and thus also the air 
spring is in the so-called lap position where compressed air is neither admitted (charging) nor 
discharged (venting). In this position, both the inlet valve and the exhaust valve are seated. 
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 Charging of the Air suspension Bellows 
Upon loading of the vehicle, the coach body will first lower to the air suspension bellows 
being compressed as a result of the higher load applied. The compression causes the carrier to 
be rotated, via the actuating mechanism, in such a manner that the eccentric moves the piston 
upwards, thus unseating the inlet valve the compressed air supplied from the auxiliary air 
reservoir is applied to the upper valve disc and causes the check valve to open. In the case of 
the throttle air suspension-levelling valve, compressed air passes first through the narrow fit 
between piston neck and housing bore in a throttle manner to and to the air suspension. 
 
 

 
 
 
FIG.    CHARGINGN OF THE AIR SUSPENTION BELLOWS 
 
 

As the deflection of the operating lever in creases, the piston is shifted further upwards and 
being approximately shaped- serves to clear an increasing cross-section of the housing bore. In 
case of the unthrottled air suspension-levelling valve the full charging cross-section is cleared 
immediately once free travel has been covered. The car body is raised. Once the level as 
originally set has been reached, the operating lever is in its lap position again, and the inlet 
valve is closed. 
 

 Venting of the Air Suspension Bellows 
Upon unloading of the vehicle, the coach body will first raise due to the air suspension 
bellows extending as a result of the decreasing load. The decompression causes the carrier to 
be rotated, via the actuating mechanism, in such a manner that the eccentric moves the piston 
downwards so that the exhaust valve is unseated. The inlet valve is kept closed by the force of 
the compression spring and the pressure from the auxiliary air reservoir acting on the valve 
disc. Communication from the auxiliary air reservoir to the air suspension bellows is thus cut 
off.  
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FIG.    VANTING OF THE AIR SUSPENTION BELLOWS 
 

In the case of the throttle air suspension levelling valve, compressed air is now able to travel 
from the air suspension bellows by the way of the narrow fit between piston neck and housing 
bore in a throttle manner through the exhaust bore of the piston to the exhaust port. When the 
piston is moved further down, it serves to clear an increasing cross-section of the housing 
bore. In the case of the unthrottled air suspension-levelling valve, the full venting cross-
section is cleared immediately once free travel has been covered. In this way, the car body is 
lowered until the original level has been reached, the operating lever is restored to its lap 
position, and the exhaust valve is closed. 

 
 Removal From Bogie 

• Exhaust the air pipe coming from the auxiliary reservoir. 
• Unscrew the hinged joint with the vehicle from actuating lever. 
• Turn the actuating lever of levelling valves in the direction of exhausting, and allow 

the air pipe from the air spring bellows to exhaust through exhaust port. 
• Unscrew the pipe unions and detach the levelling valve from the vehicle. 

  
 Overhauling Levelling Valve 
 

Tools  
All tools are standard except for a precision torque wrench, and a sleeve for assembling the piston 
rod assembly.  

 
 Disassembly levelling valve (See Fig. Exploded view of levelling valve) 

• Clamp the levelling valve in vice with soft jaws lining. 
• Open hex. Head screw of the actuating lever and remove actuating lever and its rings. 
• Remove driver and sealing ring from the body. 
• Unscrew the filter screw and remove filter. 
• Remove sealing ring and needle roller from the body. Remove piston rod and its rings. 
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• Drive out the two pins into the cavity inside body, this will expose the parts  still left 
inside. 

• Unscrew the screw plug and remove sealing ring, wire strainer. 
• Unplug the adapter nipple remove wire strainer, sealing ring, valve head compression 

ring. 
 
 

 
 
 

FIG.      EXPLODED VIEW OF LEVELLING VALVE 
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 Cleaning of parts 
• Use a soft wire brush to remove traces of corrosion and severe dirt deposits. 
• Using lukewarm soapy water, wash valve head as a rubber-bonded metal component, 

and piston, roller and washer as plastic parts. Then rinse them off immediately with 
clear water and blow dry with compressed air. 

• Clean wire strainers with light grade petrol. 
• Clean all metal parts (no rubber-bonded metal components) with a chemical cleaning 

agent in a bath at 70ºC to 80ºC and then blow dry with compressed air.  
•  

 Inspection of Components 
Having cleaned all components, give them a careful visual inspection. Replace any part 
showing damage such as cracking, distortion corrosion or thread. Inspection of the parts as 
given in table below.  
 

Part Remarks 
Body Visually check minor scratching at valve seat on the body.  

Minor scratches removed by polishing. If scratches not removed by 
polishing, replace the body. 
If bushing is scored, a new bushing must be fitted. 

Valve head Examine the rubber valve seat for damage.  
If the vulcanized rubber is intended by 0.2 mm or swollen in excess of 
0.1 mm, the valve head must be replaced.  

Compression 
spring 

The spring force must be at least 0.53 N at a clamped length of 10 mm, 
otherwise replace the compression spring. 

Adapter nipple Visually check minor scratching at valve seat this can be corrected by 
polishing. The surface finish must be observed. 
The total piston rod length must be at least 56.5 mm, otherwise replace 
the piston rod. 

Washer The diameter of the hole in the washer is not to exceed 8.6 mm, 
otherwise replace the washer. 

Roller Roller must be replaced if it is deformed one-sidedly.  
Driver Visually check minor scratching in the surface of the driver can be 

corrected by polish. 
Piston rod Visually check minor scratching at valve seat on the piston rod. 

Minor scratches can be removed by polishing. The total piston rod length 
must be at least 56.5 mm, otherwise replace the piston rod.     

Compression 
spring 

The spring force must be at least 89 N at a clamp length of 11 mm, 
otherwise replace the compression spring.  

Piston Traces of wear in the piston shank must be smoothed out by polishing, 
otherwise replace the piston. 

 
 Greasing the components 
 Grease the following parts before assembling the levelling valves: 

• The sliding and guide surfaces of the moving parts, the sealing ring and the O-ring 
must be lubricated with a thin coat of Fuchs Renolit HLT2

• The cavities in front of and behind the sealing lips of sealing ring in body must be 
packed with 

 universal grease or 
equivalent. 

Fuchs Renolit HLT2
• The sealing rings and the left ring need oiling. 

 universal grease. 

  
 Assembling of the valve 

• In order to assemble piston rod and piston, you must depress compression spring with 
the help of sleeve and then install needle roller.   
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• Having been placed in the interior of body, the O-ring, the spiral jaw ring and the 
washer need anchoring in position with the two pins.  

• The driver must turn easily through 360º, all other moving parts must also move freely 
in their guides.  

• In the lap condition, actuating lever might, when swung by 180º degree inadmissibly 
from its center position owing to the manufacturing tolerances of the valve 
components.  

• The detected deviation from the centre position must be allotted evenly to the starting 
point of the lever and its opposite position; this is accomplished by relocating the 
lever relative to the driver. The maximum permissible deviation from the centre 
position is ± 2.5 degree.      

• Torque hex. head screw  to between 35 and 40 Nm on levelling valve. Apply a 17 mm 
wrench to driver as a counter support for torque the screw. 

 
TESTING OF LEVELLING VALVE 

For testing and adjustment the levelling valve. An instrument require measuring the angle of 
the lever position. 
 
Test Setup  
Install the levelling valve in a test setup according to Fig. given below. 
• The line between port L and reservoir R2 must be 0.35 m long and have an inside bore 

of 13 mm. 
• Close all cocks. 
• Set pressure-reducing valve DMV to 8 bar (pressure gauge M1). 

 
 

FIG. TEST SETUP 



CHAPTER-4 Air Suspension                                      Page 35 of 46                                                                                                    

Maintenance Manual for 1400 HPDEMU 

Calculating the dead stroke 
• Open cocks H1 & H4, turn Actuating lever (23) towards charging and observe 

pressure gauge M2. As soon as the pressure gauge reads 4 bar, move the lever to the 0 
position on the graduated scale. 

• Turn Actuating lever (23) slowly towards charging and observe pressure gauge M2.  
As soon as the pressure begins to rise, mark the position of the lever on the graduated 
scale ((valve lap position). 

• Turn Actuating lever (23) slowly towards exhausting and observe pressure gauge M2. 
As soon as the pressure begins to fall, mark the position of the lever on the graduated 
scale ((valve lap position). 

 
Leakage test 
Cary out the leakage test using a leakage testing agent such as Nekal, Erkantol, Gupoflex 
or equivalent, if no special leakage testing agents are available, the test may alternatively 
be performed with a soap solution. All traces of soap must be removed immediately after 
the test. 
Pressure gauge M1 must read 8 bar, M2 0 bar. All cocks are closed. Move Actuating lever 
(23) to the 0 position. 
 
Charging  
• Open cocks H1 & H4 
• Turn Actuating lever (23) towards charging and observe pressure gauge M2. 
As soon as the pressure gauge reads 0.5 bar, close cocks H1. 
• Open cock H2. 
• Test for leakage at E and at cock H2. No air is allowed to escape. The reading on 

pressure gauge M2 must remain constant at 0.5 bar. 
Exhausting 
• Turn Actuating lever (23) towards exhausting.  

  The reading on pressure gauge M2 shows must fall to 0 bar. 
• Close cocks H2 & H4. 
• Open cock H1 and H3. 
• Check for leakage at E end at cock H3. No air is allowed to escape. 
 
Function Test 
Pressure gauge M1 must read 8 bar, M2 0 bar. Al cocks are closed. 
 
Charging 
• Open cock H4. 
• Turn Actuating lever (23) to an angle of 4º towards charging. 
• Open cock H1 and observe pressure gauge M2. 
• Using a stopwatch, record the time taken by the pressure to rise from 2 bar to 6 bar. 

The time must be within the tolerances specified in Table 5. 
• Repeat the time recording at a lever angle of 10º. 
 
Exhausting 
• Set Actuating lever (23) to charging.  
As soon as pressure gauge M2 shows 8 bar, close cocks H1 and H4. 
• Set angle of actuating lever (23) to an angle of 4ºtowards exhausting. 
• Open cock H1 and observe pressure gauge M2. 
• Using a stopwatch, record the time taken by the pressure to fall from 6 bar to 2 bar. 

The time must be within the tolerances. 
• Repeat the time recording at lever angles of 10º and 8º. 
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Terminating the tests 
• Close cock H1. 
• Exhaust the test setup by opening cocks H2, H3 and H4. 
• Remove the levelling valve from the test setup. 
• Affix a durable test mark to the levelling valve if it has successfully passed the tests 

 
  Installation And Checking 

• Screw the pipe unions and attach the levelling valve to the vehicle. 
• Connect the air pipe coming from the auxiliary reservoir. 
• Screw the hinged joint with the vehicle to actuating lever. 
• Connect all pipes to the levelling valve  
• Charge the leveling valve after completing installation. 
• Upon reaching the maximum working pressure in the valve and the vehicles air spring 

bellows. Check the pipefittings for leakage. 
• Apply a leakage-testing agent, no air is allowed to escape. If no special leakage testing 

agents are available, the test may alternatively be performed with a soap solution. All 
traces of soap must be removed immediately after the test. 

• Upon reaching the maximum working pressure in the valve and the coach air spring 
bellows. Check the all pipe connections for leakage using a leakage testing agent such 
as Nekal, Erkantol, Guppflex or equivalent. No air bubbles are to form. 

 



CHAPTER-4 Air Suspension                                      Page 37 of 46                                                                                                    

Maintenance Manual for 1400 HPDEMU 

4.17 LEVELLING VALVE (SAB WABCO) 
 

 Construction 
The levelling valve is constructed throughout from corrosion resistant materials. A chamber 
(C) is connected to the compressed air supply which enters the valve via filter (24) and 
passage (P). A chamber (D) is connected to one of the suspension bellows via passage (A). 
Between chambers (C) and (D) is another chamber (E) connected to both chambers (C and D). 
A non return valve (13A) in chamber (C) and an inlet valve (13B) in chamber (D) control the 
inlet and outlet of compressed air into and from chamber (D) respectively. 
 
 

 
 

FIG.    LEVELLING VALVE (SAB WABCO) 
 

The head of moveable hollow valve stem (B) is provided with a slot. A pin (28) complete with a 
cam roller (27), the outside diameter of which may be varied to give a particular ‘dead band’ rang, 
is located in the slot. The drive shaft (29) connects the operating arm (39) and air pressure is 
vented to atmosphere via the hollow valve stem (B, chamber (F), a hole through the head of the 
hollow valve stem and pressure (G). 
 
Overhauling 

Special Tools 
The following tools are to be used during dismantling and assembling. 

a)  Valve seat housing adjusting tool  - RPBT-0503    
b) Test manifold for setting   - RPSK-0485 
c)  Setting plate     - RPSK-0487 
d)  Setting pointer     - RPSK-0487/1 
e)  Clamp plate     - RPSK-0486 

 
Dismantling, Cleaning and Inspection of the valve 
• Disconnect all pipe connection to the valve and remove the valve from coach.  
• To hold it in a suitable vice having soft jaws. 
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• Unscrew the M6 Hex head Screw and dismantle the manifold block. 
• Using the special tool (RPBT-0503) unscrew the valve seat housing.  
• Then remove all the components, which were inside the valve body. 
• Check the seal for any damages/ cut marks, if found pull out the seal.  
• Unscrew the M8 bolt and dismantle the adapter plate.  
• Now remove the inner components of the valve. 
• Remove the valve stem after removing the circlip in the exhaust portion of the valve. 
• Clean all the components using suitable solvent and keep them for examination. 
• Examine all the components and change the components wherever substantial wear is 

noticed. 
 
Assembling of valve 
• The re-assembling of the valve is the reverse of the dismantling procedure but do not 

assemble the manifold block. 
• The seal is to be pressed into the valve body using tool RPBT-0507. 
• Then take the valve for testing. 

  
 Test procedure 

Procedure for initial valve setting 
• Fit the test manifold, clamp plate with o-ring and tighten with M6 bolts. 
• Remove the operating arm. 

 

 
FIG.  TEST SCHEMATIC 
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• Connect the valve as shown in fig.  
• Ensure the air supply is clean and dry and ensure isolating cocks V1 and V2 are 

closed.  
• Fix the setting plate in- between the adaptor plate and the body and tighten with M8 

screws. 
• Ensure that the setting indent is in the correct position. 
• Regulate the supply on gauge ‘p1’ to 100 psi (7 bar). 
• Move the lever 45 deg in the “FEED” direction then 45 deg. past zero in the 

“EXHAUST” direction. There should be negligible resistance to movement 
experienced.  

 
Checking the zero feed zone 
When the lever is moved in “FEED” direction, flow starts at the positive end of this zone. 
When cutting off the feed flow, flow ceases at, or just before, the negative end of this 
zone. 
 
Setting the Zero feed zone 
• Ensure the lever pointer is set to the 0 deg. mark on the plate. Open the isolating cock 

V1. Adjust the seat housing using the special tool until the pressure just begins to rise 
on pressure gauge ‘p2’. 

• Allow the pressure shown on gauge ‘p2’ to rise to between 50 and 60 psi, then move 
the lever towards ‘EXHAUST’ to – 4 deg. maximum. The pressure in ‘P2’ should 
remain static over a 2-minute period. Record as ok in the test record. 

Note: There may be some initial settlement. 
• Carefully bring the lever back toward 0 deg and note the lever position when the 

pressure shown on gauge ‘P2’ ceases to rise. This position should be 0 deg ± 1 deg. 
Record the position in the test record sheet. 

 
Checking the Exhaust zone  
• Move the lever carefully in the direction of the ‘EXHAUST’ zone. Note the lever 

position when the pressure shown on gauge ‘P2’ begins to fall. This position should be 
between –4 deg and – 7.6 deg. Record the acceptance in the test record sheet. 

• Close isolating cock “V1”. Move the lever into the ‘EXHAUST’ zone until the 
pressure shown in gauge ‘P2’ = zero.      

 
Procedure for checking the valve performance 
• Disconnect the flexible hose from port ‘C’ shown in above fig.  
• Remove the test manifold etc. and protect the parts from damage and the 

contaminants. 
• Re-fix the valve manifold using the correct O-ring, bolt and spring washers.  
• Connect supply line flexible hose to part ‘A’ in valve manifold.  
• Open isolating cock ‘V1 and move the lever into the “FEED” zone until the pressure 

shown on ‘P2’ must not leak of over a minute period. Record ‘NO LEAK’ in the test 
record sheet.  

• Move the lever into ‘EXHAUST’ zone until the pressure shown on ‘P2’ falls to zero. 
• Open isolating cock’V2’. 
• Move the lever to +10 deg in the ‘FEED’ direction. Check the time taken for the 

pressure shown on ‘P2’ to fall from 0 to 60 psi. Record the time in the test record 
sheet. Which should be 11 ± 5 sec. 

• Move the lever to -15 deg in the ‘EXHAUST’ direction. Check the time taken for the 
pressure shown on ‘p2’ to fall from 60 to 10 psi. Record the time in the test record 
sheet. Which should be 21 ± 2.5 sec. 
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• Move the lever into the ‘EXHAUST’ zone until ‘P2’ is showing zero. Return the lever 
to the 0 deg position. 

 

 
 
Final leak test 
• Close isolating cock ‘V2’ and remove flexible hose from port ’B’. 
• Check the gauge ‘P1’ is showing a pressure of 100 psi. 
• Immerse valve in clean water and check for leaks. No leakage permitted.  
• Remove the valve from water and close isolating cock ‘V1’. 
• Remove the supply line flexible hose from port ‘A’. 
• Dry the valve and seal all ports to prevent ingress of contaminants. 
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4.18 DUPLEX CHECK VALVE (KNORR BREMSE) 
 
 Introduction 

Duplex check valve is fitted between two air springs of the same bogie. Whenever a burst air 
spring occurs on one side, this valve will ensure that no severe tilt or twist occurs during 
movement of the coach. The pressure differential on duplex check valve has been set at 1.5. 
The presence of duplex check valve also ensures side by side levelling. 
Duplex check valve basically comprises of two-opposite check valves side by sides, arranged 
so that air can flow in either direction when the air pressure differential exceeds the preset 
value. 
 
Operation 
When the air pressure at one input port exceeds, the pressure at the other input port by less 
then the differential limit, the valve spring keep both check valves closed. This allows two air 
suspension bags to have a pressure differential up to this preset value. 

 
 

FIG.    SECTION VIEW OF DUPLEX CHECK VALVE (KNORR BREMSE) 
 
When the air pressure at one input exceeds the air pressure at the other port by more than the 
differential limit, the higher pressure overcomes the spring and opens the valve, allowing 
airflow from high to low pressure. The flow continues until the differential pressure reached 
when the valve closed. In the event of one air spring bag losing pressure completely the 
pressure in the other bag will fall to the preset differential pressure. 
In case of burst air spring, air leaks to atmosphere and thereby causing low-pressure situation. 
The movement pressure differential between burst air spring and intact air spring of the same 
bogie exceeds the predetermined setting of duplex check valve; the air will start flowing from 
intact spring to burst air spring via duplex check valve. Thus, complete coach end will 
gradually come and rest on emergency rubber spring. 
 
Removal from coach 
• Prior or removing the duplex check valve, fully exhaust air pipes to the duplex check 

valve. 
• Unscrew pipe fittings from Port 1 and Port 2. 
• Detach duplex check valve from support bracket.  

 Overhauling 
 

Tools for Disassembly and Assembly. 
For disassembly and assembly of the duplex check valves only standard commercially 
available tools are needed. 
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 Disassembly 
Disassemble duplex check valves according to exploded view of duplex check valve.  
• Open both hex. Head cap screw and disconnect the valve body from support flange. 
• Place valve on the vice and tighten.   

 
 

FIG. EXPLODED VIEW OF DUPLEX CHECK VALVE 
 

• Open both cap screws and remove the inside parts like springs and valves.   
 
Cleaning of parts 

• Clean all metal parts at a temperature of 70 to 80ºC in a suitable cleaning bath or 
washing machine and dry with compressed air. 

• Clean valve in lukewarm soapy water, rinse immediately with clean water and dry 
with compressed air.  

• Do not clean sealing rings during overhaul, but replace these parts.  
 
Inspection of parts  
After cleaning all parts, carried out a careful visual inspection. If severe damages are observed 
like cracking, deformations, heavy signs of rust or thread deformations, which would endager 
the proper function of the respective part, it must be replaced. 

Spring- The spring must have the minimum force at the clamped length of 18 mm, 
otherwise replace the spring. 

   Valve-- Examine valve rubber plate for damage.  If the rubber is intended by more than 
0.4 mm, replace the valve. 
Minor scoring in the sliding surfaces of the valve can be rectified by polishing. 
The specified minimum diameter must be checked. Otherwise replace the valve.    

Body-  Minor scratching in valve seats can be rectified by polishing. 
Minor scoring in bores can be rectified by polishing. The specified tolerances 
must be checked, otherwise replace the body. 
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Assembly of valve 
• Universal grease, e.g. Renolit HLT 2 by Fuchs, or equivalent is required. 
• Prior to assembly, apply a thin coat of universal grease to all O-rings, sealing rings, 

and all sliding and guide surfaces. 
• Assemble duplex valves according to exploded view of duplex check valve in the 

reverse sequence to disassembly.  
• Place valve on the seat and spring in the body. 
• Apply sealing ring in cap screw and tighten with body. 
• Apply O-Rings with the support, Place hex. Screw tighten with star washer and nut. 

 
Testing of duplex check valve  

Test setup  
• Install duplex check valve in a test setup according to Fig. A. Test setup. 

 
Fig. “A”. Test setup 

• Close all cocks  
• Set pressure at pressure reducing valve DMV to 6bar. (pressure gauge M). 

 
Leakage test  

• Open cock H1 
• Using leakage testing agent (Nekal, Erkantol, Gupoflex or equivalent) test for 

leakage at screw caps and at the joint between body and support flange. As 
alternate soapy water can be used for leakage testing should no leakage test agent 
be available. Soap residue must be removed immediately after the test. 

• No air must escape. 
• Close cock H1. 

 
Function test 1 

• Set pressure reducing valve DMV to 0 bar (pressure gauge M). 
• Open cocks H1 and H2. 
• Slowly increase pressure through pressure reducing valve DMV and watch 

pressure gauge M. Air must escape from cock H2 when the pressure reaches the 
opening pressure range as required.   

• Slowly lower the pressure at pressure reducing valve DMV and watch pressure 
gauge M. Air must have stopped escaping from cock H2 when the pressure 
reaches the lower value limit as required.  



CHAPTER-4 Air Suspension                                      Page 44 of 46                                                                                                    

Maintenance Manual for 1400 HPDEMU 

• Close cock H1.  
 
Function test 2 

• To carry out function test 2, install the duplex check valve in the test setup 
according to fig. B(reverse direction of air flow).  

• Set pressure reducing valve DMV and watch pressure gauge M. Air must escape 
from cock H2 when the opening pressure range per table 3 of the individual 
duplex check valve is reached.  

• Slowly lower the pressure at pressure reducing valve DMV and watch pressure 
gauge M. Air must stop escaping from cock H2 when the lower pressure limit per 
table 3 is reached.  

• Close cock H1. 
 

 
 

Fig. “B”. Test setup 
 
Termination of Test  

• Close cock H1 = vent the duplex check valve. 
• Close cock H2 
• Remove duplex check valve from test setup. 
• Affix a test mark to duplex check valves that have passed the tests. 

         
   Installation on coach 

• Place the duplex check valve to support bracket.  
• Screw the pipe fittings from Port 1 and Port 2. 
• After installation of the duplex check valve, recharge the air pipes and perform a 

leakage test at fittings in P1 and P2 when the maximum system pressure is 
reached. 

 
 

4.19 DUPLEX CHECK VALVE( SAB WABCO) 
 
Maintenance 
This valve requires no routine maintenance between overhauls, which should be carried out at 
the intervals specified by the RDSO in maintenance schedule. In the absence of such a 
schedule the valve should be over hauled every three years. 
 
Removal from coach 
• For removal of the duplex check valve, air pipes connected with duplex check valve must 

be exhausted. 
• Uncouple pipe fittings from Ports. 
• Detach duplex check valve from support bracket.  



CHAPTER-4 Air Suspension                                      Page 45 of 46                                                                                                    

Maintenance Manual for 1400 HPDEMU 

 
Disassembly 

• Tighten the valve in a vice. 
• Unscrew the cap nuts and remove all the parts inside it. 

  
 Cleaning and Inspection 

• Clean all the components using suitable solvent, wipe them in clean cloth and keep 
them for inspection. 

• Special attention to be given for valve seat (20 for checking any severe damages in the 
rubber and the spring (3) for checking if any permanent set has taken place.  

• Change/ retain the components wherever necessary and reassemble the valve in the 
reverse manner of dismantling. 

 
 

   
FIG. SECTIONAL VIEW OF DUPLEX CHECK VALVE (SAB WABCO) 

 
 Test procedure 

• Ensure clean, dry air supply to the manifold, as indicated in figure1. Close all isolating 
cocks before starting the test. 

 
 

FIG. TEST EQUEIPMENT 
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• Open cock C1. 
• Regulate the air pressure on gauge ‘A’ to read 3 bar (43.5 psi). 
• Using soap suds check for leaks at joints. No leak permitted. 
• After 30 sec note the air pressure shown in gauge A & B. Gauge B should indicate a 

pressure X bar ± 0.2 bar lower that shown in gauge A. 
• Regulate the air pressure on gauge A to read 8.5 bar (123 psi). 
• After 30 sec note the air pressure shown in gauge A & B. Gauge B should indicate a 

pressure X bar ± 0.2 bar lower than that shown on gauge A. 
• Regulate the air pressure on gauge A to read 4 bar (58 psi). 
• After 30 sec note the air pressure shown in gauge A & B. Gauge B should indicate a 

pressure X bar ± 0.2 bar higher than that shown on gauge A. 
• Wind the regulator down to 0 bar on gauge A.  
• Drain the air from the system and remove the valve from the test apparatus and seal all 

the ports to prevent the entry of any foreign particles. 
 
Note: Where X is the differential pressure of Duplex valve. 
  

 
 
 

********************* 
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Chapter – 5 
 

SHOCK ABSORBERS 
 
 

 
5.0 INTRODUCTION 
 

DEMU’s are fitted with vertical & lateral hydraulic shock absorbers to provide smooth and 
comfortable riding by damping oscillations. The main features are:  
• The double acting independently adjustable forces in tension and compression. 
• Re-conditionable type to provide longer life. 
• Specially designed piston and cylinder valves to match varying load conditions.  
• The valves can be adjusted to vary the capacities to suit the requirements. 
• The hard and ground piston rod is made corrosion free. 
• Special oil used (As recommended in Para 5.9) for consistency in operation even at higher 

temperatures. 
• Phosphor Bronze sealing rings with rubber pressure rings ensure higher life. 
 

5.1 CONSTRUCTION 
 

The shock absorbers can be divided into the following sub-assemblies. 
1. Piston rod sub-assly 
2. Cylinder sub-assly 
3. Casing tube sub-assly 
4. Valve sub-assly 
5. End Mountings 

 
5.2 PRINCIPLE OF WORKNG 

 
When the shock absorbers are extended, the oil above the piston in the cylinder flows through 
the openings in the piston to the valve area and then it is expelled through the openings (holes) 
of the spring discs and the slots of the forwards discs, when the pressure is low. When pressure 
builds up above the piston, i.e. when the piston speed increases, the spring discs resting against 
the valve seat deflect to such an extent that the initial stress of these spring disc is overcome and 
an annular clearance gets created between the lower spring discs and the valve plate allowing 
the oil to flow away. Consequently the size of this clearance adjusts the pressure of conical 
spring and the oil is drawn into the area below the piston into the cylinder from supply area 
between cylinder and casing tube. The amount of oil drawn corresponds to the volume of the 
piston rod emerging out at the top. When the piston moves downwards, the valve works in the 
reverse order. The oil pressure increase in the area below the piston resulting in lifting of the 
piston valve against the tension of the coil pressure spring. Part of the oil flows through the 
piston to the area above it and the rest of the oil (corresponding to the volume of the piston rod 
moving down wards) forces the spring discs of the compression valve to deflect & flow back to 
the supply area through the valve opening. 
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SHOCK ABSORBER FOR LATERAL DAMPING 
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SHOCK ABSORBER FOR VERTICAL DAMPING 
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5.3 STANDARD AND SPECIAL TOOLS/FIXTURES 
 

Standard Tools 
1. Chisel 
2. Mallet 
3. Wrenches  
4. Vices (lined with soft material) 
5. Nose plier 
6.  V-block 
7. Magnifying glass  

 
Special Tools 

1. Condemning gauge for guide disc 
2. Condemning gauge for cylinder 
3. Universal dynamic capacity testing machine. 
4. Fixtures for dismantling  
5. Fixtures for assembly 

 

5.4 OVERHAULING OF SHOCK ABSORBERS 
 
Shock absorber is required to be overhauled in the following conditions. 
• When their capacities go beyond ± 20% of the specified value. 
• After 4 lakh kilometers or alternate POH of coaches whichever is earlier. 
• Whenever there is any sign of visible leak of oil. 
• When there is obvious physical damage to the shock absorber. 
 

5.5 CLEANING 
 
Before dismantling, it is essential to thoroughly remove outside contamination such as dirt, oil 
etc. from the shock absorber. Clean the shock absorber with cleaning solution using suitable 
trays and brass wire brushes. Successful working of the shock absorbers depends on absolute 
cleanliness of the shock absorbers oil and all working parts. Presence of dirt, dust or abrasive 
will impair, if not altogether destroy the efficiency of the shock absorber. If the dismantled parts 
are left as such for a period of a few hours before re-assembling and then they should be kept 
under dust-proof conditions. 
 

5.6 DISMANTLING OF SHOCK ABSORBER 
 

• Before the dismantling it must be ensured that 
the wrenches and the vices are lined with soft 
material to avoid damage to the shock 
absorber components. 

• Prior to dismantling the shock absorber, it 
should be thoroughly cleaned. 

• The dismantling of shock absorber is detailed 
below: 

Removal of Silent Block 
Press out the silent blocks from both the ends of 
the shock absorber, i.e. casing tube end and piston 
rod end using fixture arrangement as shown. 
 
Dismantling of Protection Cover 
The protection cover is separated from tack-
welded portion by use of cut-off grinder, or chisel and mallet. This operation should be done on 
the suitable V-block. 
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Loosening of Lock Ring 
• The shock absorber is placed in the lock ring-loosening machine and initial loosening is 

done on lock ring loosening machine. 
• Now the shock absorber is held in a vice from the casing tube end. Final unscrewing of lock 

ring (big) is done manually using wrench. 
 

Removal of Piston rod Sub Assly/Cylinder sub Assly 
• Remove the lock ring by completely loosening it, also remove the round cord ring big and 

steel pressure ring. 
 

 
• Now the complete piston rod sub assly along with guide disc sub assly. and cylinder sub 

assly can be pulled out from the casing tube sub assly as shown in the figure. 
 
Dismantling of Piston rod sub assly from cylinder sub assly 
• Gently mallet the guide disc out of the cylinder sub assly and pull out the piston rod guide 

disc sub assembly from cylinder sub assly as illustrated. The oil above the piston may be 
allowed to drain. 

• Pull out the guide disc sub assly from piston rod sub assly. 
• The oil inside the cylinder may be drained from the hole in big valve seat by gently lifting 

the compression valve sub assly. 
 
Dismantling of Piston Rod sub assly 
• Hold the piston rod sub assly up side down (Piston 

head upwards) in a vice. 
• Remove the circlip with help of the internal circlip 

pliers. 
• Pull out the tension valve sub assly, small valve seat, 

coil pressure spring, small round cord ring, pressure 
ring, phosphor bronze and sealing ring. 
 

Piston Loosening From Piston rod 
• Place the piston rod in the piston loosening and 

tightening fixture as shown in the figure. Tighten the 
vice and unscrew the piston by rotating the piston 
end held from eye. 

 
Cylinder Sub Assembly Dismantling 
• Gently mallet the big valve seat and take it out of cylinder. 
• Remove cylinder valve sub assly, conical spring and case as shown in fig. 
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Dismantling of Guide Disc Sub Assembly 
• Remove the phosphor bronze sealing ring & pressure ring with the help of pin.  
• Remove the oil seal and check it for damage and wear. 
• If there is any damage or excessive wear. 
• Change oil seal with the help of a puller arrangement. 
NOTE:- While removing the phosphor bronze sealing ring and pressure ring, extreme care 
should be exercised so as not to damage the oil seal. 
 
 

 
Fig.  Guide Disc Sub Assembly 

 
 

5.7 CLEANING AND INSPECTION 
 

Clean the entire component by using suitable cleaning solvent and then dry with compressed 
air. The following parameters should be checked after cleaning 
 
Description Parameters to be  checked Condemning 

limits 
Mode of 
inspection 

Small valve seat The working edge and face 
should not have any dents. 

 Visual (magnified 
if necessary). 

Protection cover No physical damage.  Visual 
Lock ring No physical damage.  Visual 
Piston  There should be no scratch nick 

or dent in the working area. 
 Visual 

Piston rod There should be no scratch, 
nicks or dents on the working 
area. 

Piston Rod-  
24.96 mm dia 

Condemning gauge 
to be used. (CG 
382 01 01). 
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Internal circlip 1. Should not have any 
permanent set. 
2. Neither leg of the circlip 
should be bent inward or 
outward. 

 Visual 

Guide disc  The bore of the guide disc 
should be free from any 
prominent wear mark and 
scratch.  

Bore – 25.10 mm 
dia, guide disc 
cylinder interface 
44.85 mm dia.  

Condemning gauge 
to be used. (CG 
382 02 01) & (CG 
282 02  0301) 

Oil seal The wear of the lips should be 
uniform. There should be no 
nicks or cut on the lips of the 
oils of the oil seal. 

 Visual (magnified 
if necessary). 

Cylinder 1. To be ensured that while 
dismantling no damage has 
been caused to the faces of the 
cylinder. 
2. No scratch nicks or dents on 
the working area of the 
cylinder. 

Bore 45.01 Condemning gauge 
to be used. (CG 
382 04  01). 

Valve seat big The working edge and face 
should not have any dents and 
scratch. 

 Visual 

Casing tube 
welded sub 
assembly 

No physical damage.  Visual 

Silent block No cracking, degeneration of 
the rubber should be observed. 
Pin should be securely moulded 
to the outer face.  

 Visual 

Tension valve & 
Compression 
valve 

Damping forces after overhaul. Damping forces to 
be within specified 
limits. 

Universal dynamic 
capacity testing 
machine. 

 
Suitable components have been identified to be used should be thoroughly cleaned and made 
ready for assembly. 
 

5.8 ASSEMBLY 
 
Guide Disc Sub Assembly 
• Place the pressure ring inside the groove in the bore. 
• Insert the sealing ring with the help of sealing ring-inserting cone. 
• Place the oil seal (slightly greased with Malycot 400
• Press the oil seal carefully by using fixture as shown in fig. 

 grease on the inside of the bore). 
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Fig.   Sealing ring inserting cone and fixture 

 
 
Piston Rod sub assembly 
• Hold the piston rod welded sub assembly upside down in the vice. 
• Place the lock ring, round cord ring pressure ring. 
 
Guide disc insertion in piston rod sub assembly 
• Insert the guide disc on the piston rod sub assly by using inserting cone as shown in fig. 

 
 

 
 
Piston Tightening  
• Screw the piston on the above sub assly initially by hand and then tighten fully by using 

fixture as shown in figure. 
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G -Ring sub assembly 
• Keeping the above piston rod sub assly in drilling jig and drill 2 mm hole in the piston. 
• Thoroughly clean the chips of drill and casing dust. 
• Place the G-ring (with big inside drill hole) in the groove. 
 
Piston Rod Sub Assembly 
• Hold the piston rod sub assly in a vice upside down. 
• Place the helical spring small round cord ring. 
• Place the tension valve sub assly and small valve seat over it as shown in fig. 
• Fasten the sub assly by inserting the circlip by using the nose plier. 
• Mallet the circlip by using fixture so that it sets us its groove properly. 
• Place the pressure ring and the sealing ring phosphor Bronze sealing ring in the groove of 

the piston. 
• Press the piston valve against helical spring. 
• Check for free movement of the valve. 

 

 

 
Fig.  Piston rod assembly 

 
Cylinder Sub Assly  
 
A) Big Valve Seat Cylinder Pressing 
• Place the cylinder on the die of fixture and place cage conical spring compression valve sub 

assly and the big valve seat and copper sealing ring sub assly over it. (Only in case of 
vertical shock absorbers). 

• Press the big valve seat by using fixture. 
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5.9    FINAL ASSEMBLY  
 

• Hold the casing tube sub assly on the vice. 
• Place the base insert in case of vertical shock absorber. 
• Place the cylinder / big valve seat sub assly in the casing tube sub assly. 
• Pour oil in the tube and oil is equally divided inside and outside of the cylinders. 
• Insert the piston rod/ guide sub assly by using clamp. 
• Insert the guide disc sub assly in the cylinder by using guide disc-inserting fixture. 
• Place the round cord ring and the pressure ring over the guide disc and tighten the lock ring 

by using wrench. 
• It is to ensure that piston rod is in its upper most position while tightening. 
• Final tightening is done on lock ring tightening fixture. Torque at 50 Kg-m. 
• Before testing the shock absorber it should be compressed fully and then extended fully to 

prime for checking the soundness of assembly. 
• Fix the silent block in the casing tube eye and piston rod eye. 

 

 
Fig.  Fixing of silent Block 

 
The recommended oils are given below. 
  HP-38    HP  
  Servo Shock AB  IOC 

ELF Shock ab ligth   Total Fina Elf. 
 

5.10 TESTING OF SHOCK ABSORBER 
 
The shock absorber is tested on a special purpose machine, which is called universal dynamic 
testing machine. 
 
The capacity of shock absorber is determined by the resisting force developed in tension and 
compression, at a velocity specified in the respective installation drawing. 
The rpm and stroke of the machine is preset to give desired velocity. 
The test specifications for testing are as follows: 
 
  Test speed    10 cm/s 

Test stroke    20 mm 
M/c rpm    100 

 
Tolerances on the damping forces after overhaul are ± 12%. 
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• The shock absorber is to be mounted on the testing machine using fixture. 
• If the shock absorber found satisfactory after overhaul and testing, the protection cover is 

welded on the disc of piston rod. 
• Now extend the shock absorber on mounting fixture and painted. The nameplate should be 

protected during the paint. 
• After the paint has dried, compress the assembly height by using the same fixture. 
• It must be ensured that date of test /overhaul is stamped on the nameplate in the appropriate 

place for proper reference. 
• Mount the end mountings and make it ready for fitment on the bogie. 

 
 

***************** 
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Chapter- 6 
 

SEMI- PERMANENT COUPLER 
(SCHAKU COUPLER) 

 
6.0 INTRODUCTION 

 
DEMU/EMU stock are provided with the Semi Permanent Couplers manufactured by Messers 
Scharfenburg Kupplung, GmbH, Germany (short formed as “SCHAKU”). When two 
coaches are coupled by Semi Permanent Couplers, one coach is fitted with “Semi Permanent 
Coupler – End ‘A’ & the other one is fitted with “Semi Permanent Coupler–End ‘B’.  
 

6.1 MAIN SUB ASSEMBLIES OF SEMI PERMANENT COUPLER 
 

• Coupler – End ‘A’ consist of: -  
1. Bearing Bracket with Support – Sub Assembly  
2. Draw and Buffer Gear  – Sub Assembly.   
3. Intermediate Tube – Sub Assembly.    
4. Air Pipe Coupling  – Sub Assembly. 
5. Center Adjustment Device – Sub Assembly. 
6. Adjustable Cup sleeve – Sub Assembly  

 
• Coupler- End ‘B’ consist of: -  

1. Bearing Bracket with Support – Sub Assembly. 
2. Draw and Buffer Gear  – Sub Assembly.   
3. Intermediate Tube – Sub Assembly.    
4. Air Pipe Coupling  – Sub Assembly. 
5. Center Adjustment Device – Sub Assembly. 
6. Centering Device – Sub Assembly. 

 
6.2 FEATURES OF SEMI- PERMANENT COUPLERS 

 
• This coupler is designed for taking a maximum tensile load of 70 tons.  
• Due to rigid connection of these Couplers, there exist negligible play between them in   

coupled position and hence no appreciable wear and tear during the train operation.    
• The absorption capacity of the rubber draft gear of the Semi Permanent Couplers is 800 

M-kg. 
• The design and construction of the pivot joint between these Couplers and coaches is 

achieved by using the “Articulation Bearing” and permits a total deflection of ± 75 mm 
and horizontal deflection of 284 mm or 13° on either side. This enables the coaches to 
couple up easily at all track curves and also on points of changing gradient even at the 
maximum height difference between two coaches. 
 

6.3 DESCRIPTION & FUNCTIONAL FEATURES OF SUB ASSEMBLIES 
 

6.3.1 Bearing Bracket (Used both in End ‘A’ & End ‘B’) 
 

It is the part of the semi permanent Coupler which is fixed onto the end part of the coach. 
This sub-assembly is basically fabricated and machined to house two Ferro zell bushes 
with concentric vertical axes and connected to the Articulation Bearing of the draw and 
buffer gear sub-assembly by means of one bearing bolt. One leaf spring holding device 
which is mounted on this bolt by thread engagement. These leaf springs held together 
tightly helps to support the overhung portion of the Draw and buffer gear from under side. 
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FIG.  1  BEARING BRACKET WITH SUPPORT 

 

 
Nomenclature of fig. 1 
 

Description Ref.No. Description Ref.No. 
Bush 3 Pin 32 d 9 x 200 x 180 17 
Bush 4 Unmachined Disc 33 18 
Disc Thrust Piece 5 Split Pin 8 x 50 19 
Slide Plate 6 Fan Disc V10, 5 20 
Plate 7 Spring Washer A8 21 
Plate Disc 8 Bearing Bolt (Sub Assly.) 22 
Hex. Hd Screw A M30 x 90 10 Bearing bracket (sub Assly.) 24 
Hex. Hd Screw A M8 x 15 11 Carrier (Sub Assly.) 32 
Csk Hd Screw M10 x 30 12 Fastening (Sub Assly.) 47 
Hex. Nut M30 13 Leaf Spring Comp. (Sub Assly.) 52 
Split Pin 3/8” dia x 5-1/2” 15 Block  (Sub Assly.) 58 
Grease Nipple A10 16 

 
 

6.3.2 Draw and buffing gear (Used both in End ‘A’ & End ‘B’ 
 

This part of the semi permanent Coupler accommodates the rubber spring (Perforated steel 
plate with rubber moulded on it) and steel plate held alternatively to provide an energy 
absorption capacity of about 80M- Kg and a draft capacity of 34 tonnes.  
 

It comprises of a fabricated yoke which houses the said Rubber springs, plates, one front 
plate and one rear plate, a fork eye which houses the “Articulation Bearing”. This fork eye 
is mounted on the yoke by means of two Socket head screws, which also keep the Rubber- 
spring and plate in position. There is a pin with a polyamide bush, which keeps the fork 
eye in central axis of the yoke. During the train operation the rubber spring along with 
plates are subjected to compression only in both the cases when the coupler is under 
tensile load or compressive load. The draw and buffer gear is connected to bearing bracket 
in one side and rigidly to the intermediate tube on the other side. 
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FIG. 2  DRAW AND BUFFING GEAR 

 
Nomenclature of fig. 2 

 
DESCRIPTION REF.NO DESCRIPTION REF.NO 

Bolt 5 Socket Head Screw M42 x 300 16 
Bush 6 Split Pin 10 x 70 17 
Upper Part of the Cup Sleeve 7 Clamping Pin 5 x 40 18 
Spencer Moulton Rubber 
Springs 

 
8 

Pivoting Bearing – Const’n. 
Type-A 

 
19 

Spencer Mild Steel lates3/16” 9 Lower Part of Cup Sleeve  22 
Hex. Head Screw M16 x 180 11 Front Plate (Sub Assly.) 26 
Hex. Nut M16 12 Rear Plate (Sub Assly.) 33 
Spring Washer A16 13 Yoke (Sub Assly.) 38 
Clamping Pin 8 x 80 14 Eye (Sub Assly.) 44 

 
 
6.3.3 Intermediate Tube (Used both in End ‘A’ & End ‘B’) 

 
The intermediate tube is fabricated by welding two forged rings on both side of a seamless 
(heavy) tube piece. Then subsequent stress relieving and machining is done on it. 
Intermediate tube being rigidly connected to the draw and buffer gear assembly, become 
one single solid stock extending from the pivot center (i.e. articulation bearing) up to its 
other free end. 
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FIG. 3  INTERMEDIATE TUBE ASSLY. 

Nomenclature of fig. 3 
DESCRIPTION REF.NO. DESCRIPTION REF.NO. 

Tube  1 Spring Sleeve 10 x 20 10 
Ring 2 Lug 5 
Plate 3   

 
6.3.4 Air Pipe Coupling (Used both in End ’A’ & End ‘B’) 
    

This is bracket type fabricated structure which houses two male thread mountings for main 
reservoir pipe and brake pipe and two conical rubber washers fitted inside hex. head 
sockets which form the coupling face. When both the Semi Permanent Couplers  (End ’A’ 
& End ‘B’) are manually coupled. These rubber washers projected outwards coupled 
simultaneously to ensure leak proof air passages for MR& BP. 

 
FIG. 4  AIR PIPE COUPLING 
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6.3.5 Centering Device (Used only in End ‘B’) 
 

This is machined from a circular disc type forging with guide pins welded in it. It forms 
the coupling face of the Intermediate tube (End ’B’). 

 

 
 

6.3.6 Adjustable Cup Sleeve (Used only in End ’A’  
 

This subassembly is mounted on the outer part of the Intermediate tube of Semi-permanent 
Coupler (End ’A’). This comprises of two-semi circular sleeve with tapered slot inside. 
These sleeves are adjusted and bought in position by means of a spindle with both left 
hand and right hand thread formed on it. Closing of these two sleeves grips firmly two 
outer ends of Intermediate Tubes of Semi-permanent Couplers (End ’A’ & End ‘B’) thus 
forming one rigid connection. The exact centering is done by two guide pins welded onto 
the centering devices, one housed in the Adjustable Cup sleeve  and another fitted at the 
end of Intermediate Tube (End ’B’). 

 
FIG. 5  ADJUSTABLE CUP SLEEVE 

FIG . 6  CENTERING DEVICE 



CHAPTER -6 Semi Permanent Coupler                                                                               Page 6 of 9 

Maintenance Manual for 1400 HPDEMU 
 

6.3.7 Center Adjustment Device  (Used both in End ‘A’ & End ‘B’) 
 
This consists of two concentric helical compression springs housed in a barrel with clevis 
end fitting to facilitate mounting onto the underside of the frame. This combination of 
springs fitted with a push rod always exert are storing force to keep the coupler end in 
central position which often gets moved sidewise due to relative lateral displacement of 
two compartments during the train operation. 

 
 
 
 

 
 
 

 
 
 
 
Nomenclature of fig. 7 

DESCRIPTION REF.NO. 
Compression Spring 1 
Compression Spring 2 
Disc Spring 4 
M24 x Hex. Nut 6 
Hook Spring Nut 7 
Bolt, B22, h11 x 65 x 58.5 8 
M23 washer 9 
Split Pin 5 x36 10 
Plug (Sub Assly.) Complete Comprising 12 
Eye 30 
Spring Casing (Sub Assly.) Comp. Comprising 16 
Spring Casing (Sub Assly.) Comp. Comprising 21 
Fork Head  25 
Clamping Screw 29 

 

FIG. 7  CENTER ADJUSTMENT DEVICE 
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6.4 SPECIAL TOOLS & FIXTURES 
 

 
 

FIG. 8   SCISSORS TYPE HYDRAULIC LIFTING PLATFORM 
 
 
 

 
 

FIG. 9  HYDRAULICALLY POWERED PRESS 
 
 

 
 

FIG. 10  FIXTURE FOR DISMANTLING & ASSEMBLY OF MAIN  
SOCKET HEAD CAP SCREW OF DRAFT GEAR 
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FIG.11  BATH FOR SOFTENING OF POLYMIDE BUSH 

 
 
 
 

6.5 MAINTENANCE SCHEDULES 
Following maintenance schedules are carry out in the DEMU car shed and workshop.  
 
Trip schedule to “C” schedule  

• Check slackness by coupler play inspection gauge between two couplers, which 
should not more than 4 mm.  

• Check slackness by coupler play inspection gauge in individual coupler, which 
should not more than 2 mm. 

• Visually check for physical damage/ missing components and replace them. 
 

6.6 PERIODICALLY OVERHAULING  
 
 Overhauling Procedure 

The Semi-Permanent Couplers are to be dismounted for the major overhauling  
• In every POH schedule. 
• In case of physical damage, deformation or accidents. 

 
The overhauling process involves: 

• Dismount the coupler from the DEMU car. 
• Completely dismantle the coupler and clean all components. 
• Check all individual stress bearing components with their respective condemning 

gauges.    
• The rubber parts of the air-pipe coupling (MR & BP) must be replaced irrespective 

of their conditions.  
 

• Polyamide bushes 
Polyamide bushes of the rear plate should also be replaced at the time of the POH of 
the coach. Replacement of polyamide bush is essential to protect excessive wear on 
the yoke assembly and socket head screws of draw and buffer gear. The new bush 
should be softened by heating it for 20 minutes in boiling water in a specially designed 
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bath shown in fig. 11.   It is done when the new one is kept in a container, which 
receives heat from boiling water for about 20 minutes. Then it becomes easier to slide 
the polyamide bush it should not be fitted by hammering in cold condition. 
 

 Bearing Bracket with Support 
Inspection and replacement of components of Bearing Bracket with Support involves 
checking of cracks, damaged shapes etc. found on Bearing bolt, Bearing bracket & 
Ferro zell bushes. 
Bearing bolt should be checked for its wear by the condemning gauge. The grease 
passages should be cleansed properly clogged grease should be removed by Kerosene/ 
steel rods also easy grease flow through all passages it to be removed. 
 

 Draw and Buffer gear 
The rubber spring and steel plate combination should be checked for: - 
• Total height of 7 steel plates + rubber spring + front plate + rear plate = Minimum 

256.8 mm in unstressed condition. 
• Energy absorption capacity to be compared with the graph, plotted by the standard 

one as given in SCHAKU Drg. No. 40-586.06(2). 
• External condition and appearance of the rubber springs are to be checked for 

aging and should be replaced by new one if found not satisfactory. 
 
 Lower & upper Cup-sleeves 

The pair of lower & upper Cup-sleeves should be checked by the condemning gauges. 
These Cup-sleeves along with socket head screws are to be replaced by new ones if 
found excessively worn out. Lubrication of Articulation bearing is to be ensured. The 
gap between the inner race and the ball should not exceed 0.3 mm. In case this gap is 
bigger one new articulation bearing is to be fitted. NDT and Die- penetration test on 
yoke structure should be carried out and if found with any cracks etc. it is to be 
replaced by new yoke. 

 
 Spring sleeves 

The spring sleeves used in all the sub assemblies are to be checked for proper shape 
and appearance. They should be replaced if not found in satisfactory condition. 

 
 Intermediate tube sub assembly 

Component of Intermediate tube sub assembly of Semi Permanent Coupler (End ‘A’ 
& End ‘B’) should be replaced if found not satisfactory to withstand the service 
conditions. Welded joints should be checked for cracks etc. by NDT & Die- 
penetration test. Use of hammer to open Adjustable Cup- sleeves is to be avoided as 
far as possible. 

 
• Painting & Assembly 

After complete overhauling of the Semi-Permanent Coupler. One coat of black 
Enamel should be applied all over to protect the main body from rusting. Grease must 
be applied to all moving parts. Date of overhaul should be punched/ stamped on the 
Intermediate tube to maintain the overhauling records.  
After complete overhauling, the Semi-Permanent Coupler should be assembled again 
and kept in a clean & dry place till the time of fitment on the coaches.   

 
 

*****************  
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SHELL/ BODY 
 

The shell of 1400 HP DEMUs is identical to ICF coaches and is to be maintained as per  
Coaching maintenance manual issued by CAMTECH, Gwalior. 
 
The layout drawings of DPC, TC and DTC are as follows: 
 
Layout of DPC  - Drawing no. DMU/DPC5 – 9 -0 - 501 
Layout of TC  - Drawing no. DMU/ TC6  –  9 -0 - 601  
Layout of DTC  - Drawing no. DMU/DTC4 – 9 -0 - 401 
 
These Layout drawings are enclosed as annexure. 
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BOGIE 
 

 
BOGIE OF 1400 HP DEMU 
Bogies of Driving Power Car (DPC) and Trailer Coaches (TC)  to ICF drg. No. 
DMU/DPC5-0-0-501 and. DMU/TC4-0-0-401 are of all welded, light weight 
construction. The axles, with self-aligning roller bearings mounted inside cast steel 
axle boxes, are rigidly guided by telescopic dashpot and axle box guide arrangement. 
Helical springs working in parallel with dashpots are used for primary suspension. 
Coach body is supported on two side bearers located at 1600 mm (TC) and 1200 mm 
(DPC) apart on a floating bogie bolster which in turn rests on two air springs 
supported on lower spring beam (cradle). Vertical and lateral shock absorbers are 
provided to damp the oscillation. No weight is transferred through the bogie pivot, 
which is located in the centre of the bolster. The pivot acts merely as a centre of 
rotation and serves to transmit acceleration and retardation forces. The floating bolster 
in TC bogie is secured in the longitudinal direction with the bogie frame by means of two 
anchor links with silent block bushes, located diagonally opposite to each other. The DPC 
bogie bolster is located between bogie transoms through rubbing plates fixed at the bolster 
ends. 
RDSO/ Lucknow and CAMTECH/ Gwalior have issued following document pertaining to 

Maintenance of Bogie of 1400 HP DEMU’s:  

1. Bogie- 

Maintenance manual of Bogie, Brake, Brake Gear and coupler for DMU stock (1400 

HP) fitted with Air suspension, RDSO document no. CMI-K- 401, Rev. 0 issued on 

Oct. 2004  

2. Air Suspension- 

Maintenance instruction on Air Suspension for DC, AC & AC- DC EMU/ HHP 

DMU coaches, RDSO document no. CMI-9802, Rev. 2 issued on Feb. 2008.  

3. Wheel sets-  

RDSO document CMI-K-401 (Para 10.0) and maintenance manual of BG coaches of 

ICF design issued by CAMTECH, Gwalior. 

4. Roller Bearings- 

Maintenance manual of BG coaches of ICF design issued by CAMTECH, Gwalior 

(Chapter 10). 

 

 

A copy of the RDSO document no. CMI-K- 401, Rev. 0 issued on Oct. 2004 is enclosed as 

Annexure. 
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MUST CHANGE ITEMS OF BOGIE- 

The list of ‘Must Change Items of HHP DEMU bogie during POH is given below - 

S.NO. 
MUST CHANGE ITEMS DURING POH IN HHP DEMU BOGIE WITH AIR SUSPENSION 

ITEMS DRAWING NO. 

1. Locking plates 

ICF Drg. No. DMU/DPC5-0-5-509, item 1 for bent web 
bolster (for DPC), 
ICF Drg. No. ICF/SK3-0-5-005, item 1 for straight web 
bolster (for DPC), 
ICF Drg. No. T -0-2-637(for TC) 

2. Rubber sealing ring of axle box 
front and rear cover 

ICF Drg. No. EMU/M-0-2-012 (for DPC), 
ICF Drg. No. T -0-2-625 (for TC) 

3. Rubber packing ring ICF Drg. No. T-0-1-632, item 1 
4. Guide ring ICF Drg. No. T-0-1-640 

5. Guide bush ICF Drg. No. EMU/M-0-I-023 (for DPC), 
ICF Drg. No. T -0-1-634, item 2 (for TC) 

6. Circ1ip for dashpot guide bush ICF Drg. No. DHMU/DPC-0-I-00l, item 14(for DPC), 
ICF Drg. No. WTAC3-0-1-303, item 16 (for TC) 

7. Brake ear bushes RDSO Drg. No. SKETCH -81039, alt. 11 

8. Brake block adjuster ICF Drg. No. EMU/M-3-2-027 (for DPC), 
ICF Drg. No. T-3-1-804 (for TC) 

9. Brake shoe key ICF Drg. No. EMU-3-1-005 
10. Brake beam bush ICF Drg. No. EMU/M-3-2-042 

11. Sealing washer for air vent screw ICF Drg. No. EMU/M-0-I-034, item 5 (for DPC), 
ICF Drg. No. T-0-1-629, item 1 (for TC) 

12. Lateral rubber stop for air spring 
suspension ICF Drg. No. DMU/DPC5-0-5-502, item 1 

13. Center pivot locking plate ICF Drg. No. T-0-6-612 
14. Center pivot bolts ICF Drg. No. T -0-6-601 
15. Center pivot bushing sleeve ICF Drg. No. T-0-6-610 
16. Silent block for anchor link RDSO Drg. SK-94101, alt 1 

17. Wearing piece ICF Drg. No. EMU/M-0-5-01O, item 1 (for DPC), 
ICF Drg. No. T -0-5-649 (for TC) 

18. Wearing plate ICF Drg. No. EMU/M-0-5-047, item 1 (for DPC), 
ICF Drg. No. T -0-5-648, col-II (for TC) 

19. Side bearer oil 2 Its. per side bearer 
20. Dash pot oil 1. 75 Its. per approx. per guide 

21. Felt sealing ring of rear cover of 
axle box 

ICF Drg. No. EMU/M-0-2-009 (for DPC), 
ICF Dr. No. T -0-2-005, item 1 (for TC) 

22. Lower rubber washer ICF Drg. No. EMU/M-0-I-008, item l(for DPC), 
ICF Drg. No. T-0-1-601, item 1 (for TC) 

23. Upper rubber washer ICF Drg. No. T-0-1-609, item 1 (for TC) 
24. Buffer bolts ICF Dr. No. T -2-2-503 
25. Wiper blades RDSO Drg. SKETCH-K3031 
26. Split cotter ICF Drg. No. T -3-2-632 & EMU-3-2-048 
27. Roller bearing grease Quantity as per ICF Drg. No. ICF/SK-0-2-015 
28. Hose pipe ICF Drg. No. EMU/M-3-5-079 

29. Dirt collector filter RDSO Drg. SK-97005, sheet 2, item 3&4 (two way) & 
other type filters (if provided) 

30. All rubber item of brake equipment  
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AIR BRAKE SYSTEM 

 
9.0 DESCRIPTION OF DEMU BRAKE SYSTEM. 

Brake System fitted to the Multiple Unit consists of pneumatically controlled straight Air 
Brake for normal service application together with the Automatic Brake providing a ‘Stand by’ 
brake for normal service stops, if required. The Automatic Brake also provides for emergency 
application of the brake initiated either by the driver, or by a breakaway. 

 
 The important characteristics of Air brakes are: 

1. The self-lapping pneumatic brake gives flexibility and sensitivity of control to enable the 
car brakes to be governed accurately to any desired pressure between the maximum and 
minimum. The pressure will be automatically maintained in the car air brake cylinders 
against normal leakage from them and regardless of variation in piston travel until released 
by the Driver's Brake Valve. 

2. The Car brakes can be graduated on or off with either the automatic or the independent 
brake valve which can be used for service stops when necessary. 

3. Maximum brake force in emergency brake application ensures shortest possible stopping 
distance. The provision of Emergency Brake Application is available on both brake valves. 

4. Traction Power / EP Contactor cut off during emergency braking as well as train parting 
off in run. 

5. The automatic brake is always available for emergency stops initiated either by the Driver 
or Guard. 

6. The automatic emergency brake is rapidly applied on all cars of a train in case of train 
parting. 

 
9.1 COMPONENTS OF THE AIR BRAKE SYSTEM 

 
CAB FITINGS: 
The system ensures Pneumatic Straight Air Brake either independently or in conjunction with 
car air brakes equipped with Graduated Release Automatic Air Brake Equipment. The System 
is a composite one and distinctly comprises of the following elementary Braking features: 
 
i) Independent Straight Air Brakes with multiple unit operation. 
ii) Twin Pipe (Feed Pipe & Brake Pipe) Graduated Release Automatic Air Brakes operating air 
brake train with break-in-two feature. 
 
Each driving compartment is fitted with gauges for registering Main Reservoir/Feed Pipe & 
Brake Pipe by Duplex Pressure Gauge MR/BP, Brake Cylinder by BC Gauge, Parking Brake 
Cylinder by PB Cylinder Pressure Gauge etc. 
 
Driving Power Car system also supplies compressed air for operation of the following 
auxiliary equipment: 
1. Driving Power Car Controls  
2. Pneuphonic Horns 
3. Pneumatic Wipers 
4. Dead man’s Control 
5. Parking Brake Control 
6. Other components in use. 
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In addition, each driving compartment is provided with an indication lamp, batteries, battery 
charging equipment, switches and fuses by the car builders for each Driving Power Car. 
 

9.2 OPERATION: 
The general working/working principles of this brake system are as follows: 
 

9.3 COMPRESSOR & MAIN AIR SYSTEM: 
Diagram for DMU/DPC, DTC & TC indicates the Schematic arrangement of Air Brake 
System. 
Atmospheric air passes through a Suction Strainer as provided with each compressor to ensure 
that the intake air to the compressor inlet-port is clean. Compressed air as stored in Main 
Reservoir on the Driver Power Car (DPC) and supplementary Main Reservoirs’ on the trailer 
cars are fed directly into Main Reservoir Pipe. This main air supply passes through "After 
cooler" for reduction of temperature to reasonable level after being generated by the 
compressor. Check valve is mounted between compressor and Main Reservoir to prevent any 
development of back pressure to the compressor and also to retain main air reservoir pressure 
stored for subsequent utilization for brake application and other respective uses in the system. 
Safety Valve set at 8.5 ± 0.1 kg/sq cm is provided in the supply line to the Main Reservoir. 
Feed Valve is mounted on the main Feed Pipe via 1" Centrifugal Dirt Collector with Drain 
Cock and the feed pipe is also provided with a gauge for registering the feed pipe pressure.  
Main Reservoir fitted with Auto Drain Valve type D-I satisfying automatic draining facilities 
from MR with respective pressure differential & ultimately connected to Compressor 
Governor (pressure Switch) set at 8 ± 0.1 kg/sq.cm closed and 7 ± 0.1 kg/sq.cm open  via 3 
way Magnet Valve (Normally Close type) to maintain the MR pressure between the suitable 
limits. All compressor governors on a train of combination of cars are synchronized so that all 
compressors should start and stop together. Cooling pipes or after coolers to precipitate water 
vapour are provided by the car builders in this case. 
 

9.4 STRAIGHT AIR BRAKE SYSTEM: 
The Straight Air Brake of Driving Power Car is controlled by the operation of SA-9 
Independent Brake Valve provided at the single end Cab Control MR/ Feed pipe air pressure is 
piped to port 30 of SA-9 Independent Brake Valve and Duplex Pressure Gauge in the Cab. As 
the SA-9 Brake Valve handle from the brake control is moved towards Application Zone, the 
Feed Pipe Air, in accordance with the degree of handle movement, will flow through the Port 
20 of SA-9 Independent Brake Valve and charge the Brake Cylinders. In the event of further 
increase in the braking demand through SA-9 Brake Valve handle movement towards Full 
Service, the Feed Pipe air will further build up pressure in the Brake Cylinders. The release of 
Straight Air Brakes in steps or in full will follow with SA-9 Brake Valve handle being moved 
towards Release position, which will result in withdrawing the pneumatic braking demand 
accordingly and the air from the brake cylinder release through the exhaust port of SA-9 
Independent Brake Valve to the atmosphere. Since SA-9 Independent Brake Valve is self 
lapping and pressure maintaining type, the brake cylinder pressure will hold, irrespective of 
the normal leakage from them or the length of the brake cylinder piston travel. 
 

9.5 GRADUATED RELEASE AUTOMATIC AIR BRAKE: 
The Graduated Release Automatic Air Brake features in DMU/DPC Brake System are 
controlled through the operation of A-9 Automatic Brake Valve provided at the single end cab 
control. MR/Feed pipe air pressure is piped to port 30 of A-9 Automatic Brake Valve which in 
turn is also piped to the Duplex Pressure (FP-BP) gauge. Feed pipe/ MR air is also piped to the 
supply port-1 of C2W Relay Valve will charge the entire Brake pipe (BP) line to 5 kg/sq.cm 
and maintain the pressure against leakage. Port 5 of A-9 Automatic Brake Valve is piped to E-
3 Emergency Application Valve & Magnet Valve (Normally Open) through a pressure switch 
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set to cut-out at 3.2 kg/sq.cm & cut-in at 4.2 kg/sq.cm for Deadman's Control. 
 
BP air piped to C3W Distributor Valve activates the distributor to assume brake release 
condition by recharging its Control Reservoir (CR) to 5 kg/sq.cm and connecting Brake 
Cylinder line to exhaust. BP air is also piped to Port 1 of A-9 Automatic Brake Valve. As the 
A-9 Brake Valve handle is moved towards the Application Zone the ER pressure according to 
the degree of handle movement will be destroyed. The C2W Relay in turn, will destroy the BP 
air. The C3W Distributor Valve will quickly sense the destruction of BP air and sets itself to 
application position by first disconnecting BC from exhaust and then connecting MR air to BC 
line. However, the distributor will automatically lap as soon as the pressure build up in BC is 
in proportion to the BP air drop. The C3W distributor valve is designed to produce an out-put 
of 3.8 ± 0.1 kg/sq.cm against a BP air depletion of 1.5 kg/sq.cm or more. This output pressure 
is again controlled by N1 Reducing Valve set at 1.6 kg/sq.cm to the BC line for corresponding 
brake application. In this context BC line is set to 1.6 kg/sq cm for composite brake block 
being used in place of conventional C.I. brake block. 
 
The BC outlet will now act as a pneumatic braking signal which should not exceed more than 
1.6 kg/sq cm and N1 Reducing Valve set at 1.6 kg/sq.cm is used in this brake-circuit as a 
precaution in the unlikely event of over braking. All the brake cylinders under the bogies will 
be charged during this course of brake application as explained under the Straight Air Brake 
System. During release of Automatic air brake BP pressure is raised in steps or full to its 
regime pressure of 5 kg/sq.cm by bringing A-9 Automatic Brake Valve Handle to Release 
position in steps or abruptly, and in turn C3W Distributor Valve will allow the BC air to flow 
to exhaust either in steps or in full. The A-9 Automatic Brake Valve is also provided with 
emergency venting of BP air. As the handle is moved to the Emergency position the BP air 
quickly drops to zero and thereby emergency brakes are applied at much faster rate through 
C3W Distributor Valve. Stand by Guard's Emergency Brake Valve is also provided in the 
brake control cab which when operated will directly vent the BP air to atmosphere and ensure 
Emergency braking throughout the air brake train in combination of cars. 
 

9.6 OTHER COMPONENTS 
 

9.6.1 PARKING BRAKE: 
 
Working Principle: 
Parking brake control circuit is provided with Magnet Valve 3-way NC type along with a 
pressure switch cut-out at 2 kg/sq.cm and cut-in at 3 kg/sq.cm in order to operate Parking 
Brake Actuators 2 Nos. per bogie i.e. 4 Nos. per coach. These PB Actuators are installed at 
cross mounting locations one at each side of the Bogie for use in conjunction with brake 
cylinder type JSL as per the SIL/Schematic Drg No. 08000301 in case of DMU/DPC & 
Schematic Drg No.08002201 in case of DMU/DPC under slung coach. 4 Nos. JSL type brake 
cylinders are mounted per bogie i.e. total 8 Nos. brake cylinder per coach. 
 
PB Actuators are coupled with JSL type brake cylinders by way of mechanical levers 
arrangement as per SIL Drg No. 08001301. This mechanical lever arrangement enables PB 
Actuator to operate in conjunction with JSL brake cylinders. 
 
When PB Actuator energieses means apply position, JSL brake cylinders are brought back to 
release position ensuring brake release condition. Similarly when PB Actuator de-energises 
means in 'release' position then JSL brake cylinders in conjunction with Actuators are brought 
to 'apply' position in order to ensure brake application.  
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Thus when PB Actuator gauge indicates zero means parking brake is in 'applied' position & 
when the same gauge indicates full pressure of 3.5 kg/sq.cm means parking brake is in 'release' 
position. 
 
A pressure gauge is provided with the underframe of the coach and with the underframe of 
each Non-driving Trailer car as well which registers Brake Cylinder pressure in addition to the 
gauge in the Cab. A release valve is also fitted on the underframe of each car to release the 
Brake Cylinder pressure independently from the rail level. 
 
Suitable Dirt collectors, strainers and isolating cocks are fitted in appropriate positions 
throughout the brake system. 
 
The Main Reservoir and brake pipes which are continuous throughout the train are connected 
between the cars in the rake formation by means of flexible connections. Coupling cocks with 
long handles arranged for operation and are provided with each end of the connections of MR 
and BP. Suitable flexible couplings and coupling cocks are fitted to the train pipe at each car 
end as well as at the ends of the rake. 
 

9.6.2 ANCILLARY FITTINGS: 
Ancillary fittings are the pneuphonic horns with accessories, wind-screen wiper operating 
devices, all accessories to Deadman's Control, fittings and equipment for parking brake control 
etc. 
A duplex check valve is mounted in the ancillary supply line to the horn reservoir. Duplex 
Check Valve not only ensures a steady controlled air supply for subsequent operation of the 
aforesaid ancillary fitting all the time but also protects MR pressure for repeated brake 
applications, if so required, in the unlikely event of MR pressure being severely reduced due to 
the situation beyond control. 
 

9.6.3 GOVERNORS: 
A control governor is provided for interrupting the traction control circuit when an emergency 
brake application is made. A low pressure switch is also fitted to interrupt the traction controls, 
should main reservoir pressure fall below a specified value. 
These two governors also prevent the train from being moved when the brake pipe is not 
charged or the main reservoir pressure is inadequate to operate the traction equipment. 
 

9.6.4 EMERGENCY APPLICATION: 
Movement of the Driver’s brake valve handle in the operative cab of the rake to Emergency 
position causes an emergency application. Excessive brake cylinder pressure is released by the 
brake cylinder safety valve. 
Emergency application of the Automatic brake can be made also by opening Guard's 
Emergency valve or by a breakaway. In each case the brake pipe is quickly vented to 
atmosphere and brake cylinder pressure increases at the highest possible rate causing 
emergency braking. This is commonly known as brake in-two feature. 
If an emergency application is initiated by opening guard's emergency valve or a breakaway, 
the driver must move the break valve handle to Emergency Position to assist reduction of 
brake pipe pressure and prevent loss of main reservoir air to the brake pipe through Driver's 
Brake Valve. The train must be allowed to stop before an emergency application is released. 
 

9.6.5 EMERGENCY APPLICATION BY RELEASE OF THE DEADMAN'S VALVE: 
Each Traction Controller is fitted with a pilot valve that opens when the traction controller 
handle is released in an operative position. Thus, should the driver became incapacitated and 
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release the controller handle, the pilot valve incase of BHEL Master Controller or Magnet 
Valve in case of NGEF Master Controller will open the emergency application valve, which in 
turn vents the Brake Pipe and makes an emergency application of the Automatic Brake. If the 
deadman's valve is inadvertently released while running, the driver must allow the train to stop 
before attempting to release the brakes. 

 

9.7 MAINTENANCE OF AIR BRAKE SYSTEM: 

• Air Brake System shall be maintained as per chapter 4 (Except para 409 & 413) of 

Maintenance Manual of BG Coaches of ICF design issued by CAMTECH. Gwalior. 

• Brake cylinder shall be maintained as per chapter 6 of Maintenance Manual of BG 

Coaches of ICF design issued by CAMTECH. Gwalior. 

• Piston stroke for DPC and TC shall be maintained as 40 mm and 32 mm respectively 

as shown in RDSO drg. No. SK-81057. 

• Maintain setting of pressure limiting valve at 1.6 Kg/cm2 and safety valve at 1.8 

Kg/cm2 . 
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Chapter- 10   

 
ESCORTS MODULAR BRAKE CONTROLLER (Esbc-III M) 

 
 

10.0 INTRODUCTION 
 

Brake Controller (Esbc IIIM) in conjunction with Electro pneumatic brake unit constitute an 
Air Brake in which two brake systems (electrically controlled air brake & pneumatically 
controlled air brakes) are combined & work independently of each other. 
The complete range of handle movement has been divided into five distinct positions of brake 
controller (Ref. Schematic diagrams in Fig. No.:-1 & 1a. ) 
 

i) Release and running 
ii) Full E.P. 
iii) Lap. 
iv) Auto 
v) Emergency. 
 

The service brake is the electrically controlled air brake. In service brake, Brake Cylinder 
pressure depends upon the position of handle in the range between position I & II. This brake 
allows very finely adjusted, simultaneous application of the brakes in all the coaches of the 
train. Both application and release can be graduated and 6 to 8 brake steps can be achieved in 
application as well as in release in cast iron brake blocks and 2- 3 steps in Composition brake 
blocks. The second independent brake system is pneumatic air brake which can be used 
independently as in case of power supply failure. In pneumatic brake application, steps can be 
achieved by taking the handle to auto position thereby discharging equalizing reservoir 
pressure and B.P. pressure and then bringing the handle back to lap position. Thus gradual 
application can be achieved. The release of air brake is direct. 
 

As the brake controller Esbc-III M is of modular construction, trouble shooting and 
maintenance is easy. It can be mounted on the same mounting plate which at present is being 
used for other types of brake controllers.  

 

10.1 DESIGN 
 

The Modular Brake controller Esbc III M consists of: 
1. Electro- pneumatic feed back unit (A) with fixed and moving contact sub assly and self 

lapping mechanism. 
2. Auto Valve Unit (B) with equalizing charging valve (B1), equalizing exhaust valve 

(B2), emergency valve (B3) and isolating valve (B4). 
3. Equalizing discharge valve (C) 
4. Pressure reducing valve (D) 
5. Feed back cylinder isolating valve (F) 
6. MR isolating valve (G) 
7. Hand operated Isolating valve with Drum type contacts (E) 
8. Mounting bracket (H) 
9. Handle (J) 
10. Rear Cover 
11. Front Cover 

 

10.2 WORKING PRINCIPLE 
 

The operation of the Modular Brake Controller Esbc-III (M) is explained with the help of 
Sectional schematic diagram in fig no. 1& 1a.  
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a) RELEASE AND RUNNING 
 

The whole train is controlled from one driver’s compartment. In the driver’s compartment the 
hand operated isolating valve of the brake controller must be opened with the detachable 
handle. This establishes the electrical connections required for operation of electrically 
controlled air brake and connects brake controller with Main Reservoir pipe, brake pipe and 
brake cylinder pipe.  
 

In the unmanned driver’s compartment the hand operated Isolating Valve on the Brake 
controller must be closed. Only one handle for hand operated isolating valve should be 
available in each train. This handle is required for the brake controller, which is in operation, 
and it can only be removed when isolating valve is closed. On opening the hand operated 
isolating valve (E) Brake controller gets connected to the main reservoir pipe, brake pipe and 
brake cylinder pipe. Through the open MR isolating valve (G), MR pressure enters on the top 
chamber of pressure reducing valve (D) which is then regulated to the desired equalizing 
pressure of 5kg/cm2. Equalizing reservoir is then charged through the Auto Valve unit (B). 
This equalizing pressure then enters bottom chamber of equalizing discharge valve (C). MR 
pressure on top chamber of the equalizing discharge valve then passes from L2 to L1 through 
the open isolating valve (B4) of auto valve unit and hand operated isolating valve (E), and acts 
on the upper side of piston sub assembly of equalizing discharge valve. The piston of 
equalizing discharge valve comes to lap position as soon as BP pressure is equal to equalizing 
reservoir pressure, and further charging of BP is stopped. Any leakage in BP is automatically 
compensated through equalizing discharge valve 
 

10.3 FULL EP 
 
ELECTRO-PNEUMATIC BRAKE – (Ref. Fig. ‘3a & 3b’) 
 

When the handle is moved to position II the EP brake is applied to the maximum brake 
cylinder pressure, which is usually determined by the pressure-limiting valve on the EP unit or 
additional PRV provided in the B.C. line after the E.P. UNIT, for Composition brake blocks 
operation. The direct acting contacts, connected in parallel with the self lapping contacts, close 
and keep the   application & holding magnet valves operated. Self lapping does not have any 
affect on the full EP position Figure ‘’3a” indicates the contact arrangement and fig. “3b” 
indicates the sequence of contacts during the operation. 
 
HOLDING POSITION (between position I & II) –( Ref. Fig. ‘2’) 
 

When the handle is moved out of position (I) in the direction of position (II) the movement of 
the handle is transmitted to the moving contact arm by cam (D) fixed to the handle shaft & 
three pin joint link E,H & K.  
 

The moving contact travels towards holding contact (F) because pin (J) is held stationary for 
the time being by springs (Q) and (R) which act on piston (T) and input shaft (N) in the self-
lapping cylinder. 
 

The movement continues until; first’ the upper moving contact reaches the fixed holding 
contact (F) , and second the lower moving contact reaches the fixed application contact the 
supply contact always remain in contact with moving contact. All the holding magnet valves 
are thus energized to close the brake cylinder exhaust and all the application magnet valves are 
energized to admit compressed air to the brake cylinders. 
 

SELF LAPPING 
 

The travel of moving contact arm is limited by stop screw (M) so that further movement of the 
handle will withdraw input shaft (N) from piston (T) in the self –lapping cylinder, against 
compression spring (Q). The self lapping cylinder is connected to the brake cylinder line and 
as such brake cylinder pressure is also admitted behind piston (T). When the handle is left 
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between positions I and II to effect a partial brake application; the admission of brake cylinder 
air pressure to the self lapping cylinder will move piston (T), allowing spring to extend back 
until retaining ring (P) reaches the adjusting sleeve on the input shaft. Thus shoulder on inside 
of the piston reaches retaining ring (S) & at the same time input shaft (N) will push pin (J). 
Cam (D) can now be assumed to be fixed because the handle is stationary. Movement of input 
shaft (N) will pivot link (H) about pin (G) and traverse the moving contact towards the supply 
contact until the lower moving contact separates from the application contact. These de- 
energies the application magnet valves and the admission of compressed air to the brake 
cylinder is stopped. The upper moving contact remains in contact with the holding contact and 
the holding magnet valves retain the air pressure in the brake cylinders. Brake cylinder 
pressure may be increased by moving the controller handle further towards position II, then the 
same sequence will be repeated. 

 
FIG: 1a   SCHEMATIC DIAGRAM OF MODULAR BRAKE CONTROLLER (Esbc-III M) 
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FIG: 1   SCHEMATIC DIAGRAM OF MODULAR BRAKE CONTROLLER (Esbc-III M) 
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FIG:  2.     SELF LAPPING MECHANISM 
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FIG: 3a & 3b 
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The self –lapping cylinder, piston and springs are a variable balance mechanism. Further the 
handle is turned towards position II, the greater will be extent to which spring R is compressed 
and consequently, the higher the air pressure necessary to impart movement to the moving 
contacts. The position of the handle, through the self-lapping mechanism, governs the brake 
cylinder pressure at which the application contacts open and the mechanism is said to be in 
lap. 
 
RELEASE 
 

Movement of the handle towards position I (Release) allows the moving contacts to travel 
towards the supply contact because pivot pin (J) is held stationary for the time being be the 
balanced air and spring pressure in the self-lapping cylinder. The movement of the moving 
contact opens the holding circuit and release air from the brake cylinder. If the handle 
movement towards position I is continued after stop screw (L) has reached the end of its 
travel, the input shaft (N) is pushed into the piston compressing spring (Q). As brake cylinder 
pressure falls, spring (R) moves piston (T) and allows spring (Q) to extend until retaining ring 
(S) reaches the head of the input shaft. On moving further in the same direction, piston (T) will 
draw input shaft (N) with it by compressing spring (Q) slightly; this force acts upon pivot (J) 
cam (D) is stationary when the handle is not being turned and the moving contacts are carried 
toward the holding contacts until the holding contacts are closed and the release of brake 
cylinder air stops. 
Further movement of the handle towards position I causes the whole sequence to be repeated. 
 
LAP POSITION 
 

The auto control valve cuts off the connection between K1 and K2 in the lap position (position 
III). While no further charging of equalizing reservoir takes place, the K2 pressure (and hence 
the BP) is maintained because the exhaust port in the auto valve unit (B) is also closed (valves 
B1 & B2 closed). The application contact of feed back unit is broken, while the holding 
contact remains closed. 
 

10.4 AUTO POSITION 
 
PNEUMATIC BRAKE 
 

In auto position of the handle, the valve seat with valve shaft sub assy of Eq. Exhaust valve 
(B2) of the auto valve unit (B) moves further to the left and connects the equalizing reservoir 
(K2) to the exhaust through a choke. This causes gradual discharge of equalizing reservoir 
pressure K2 resulting into gradual reduction of brake pipe pressure. In auto position of the 
handle, the valve seat with valve shaft sub assy of Eq. Exhaust valve (B2) of the auto valve 
unit (B) moves further to the left and connects the equalizing reservoir (K2) to the exhaust 
through a choke. This causes gradual discharge of equalizing reservoir pressure K2 resulting 
into gradual reduction of brake pipe pressure through equalizing discharge valve (C) as 
explained below When the equalizing pressure (K2) drops, the piston in the equalizing 
discharge valve (C) moves down because of pressure differential across the piston. Passage 
from L1 to exhaust through the hollow piston rod opens and BP gets exhausted via open hand 
operated isolating valve (E) and Isolating valve (B4) of Auto Valve Unit. The discharge of K2 
and brake pipe pressure continues until the handle is brought to LAP position. The pressure K2 
stabilizes to a reduced value, as auto valve unit disconnects equalizing reservoir from exhaust 
(Eq. Exhaust valve (B2) closed). With the drop in BP during auto application, a balance is 
restored between K2 and BP thus bringing the equalizing discharge valve piston to lap position 
which maintains the brake pipe pressure to a reduced value equal to K2. Thus an auto 
application step is effected. Movement of the handle to auto & back to lap results into gradual 
application steps of the auto brakes. The brakes are released by moving the handle to release & 
running position when the pressure K2 and BP are restored to the original values. During 
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pneumatic brake application, the triple valve of EP brake unit acts under influence of pressure 
changes in the brake pipe. 
 
EMERGENCY 
 

In this position of the handle, both EP as well as auto brakes are operational. B.P. is also 
directly exhausted to atmosphere by opening the Emergency valve (B3) for rapid application 
of auto brakes as well E.P. brakes comes in normal way as explained earlier. 
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FIG:- 4a 
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FIG:- 4b 
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 CONSTRUCTION AND WORKING OF SUB ASSEMBLY 
 

10.5 AUTO VALVE UNIT (B) Part No.:-6320 / 6355 (Ref. Figs. No. 5a, 5b, 6, 7a, 7b, 7c, 8 & 9) 
 

Design 
 

Auto valve unit consists of following sub-assays. 
B1.  Eq. Charging Valve 
B2.  Eq. Exhaust Valve. 
B3.  Emergency Valve. 
B4.  Isolating Valve (BP) 
 

All the above valves are assembled in a common housing .The operation of these valves is 
controlled by spindle cam. The pressure tightness of the different valves is ensured by means 
of rubber components such as grooved rings, K-rings and rubber bonded valve plates. These 
valves contain no ground- in parts such as slides or rotary valves. 
 
OPERATION 
 
a) Release & running position. 
 

In release and running position, the Eq. Charging valve (B1) is kept open by spindle cam and 
thus equalizing reservoir is charged on right side the Eq. Exhaust valve B2 is kept closed by 
spindle cam. Isolating valve B4 is kept open by spindle cam for charging of BP through 
equalizing discharge valve. Emergency valve is kept closed so as to prevent BP pressure being 
exhausted to atmosphere. 
 
b) Full E.P 
 

All the four valves remain in the same position as in release and running position. 
 
c) Lap Position 
 

On taking handle to lap position, spindle cam closes the Eq. charging valve B1 so that 
equalizing reservoir is cut off from pressure reducing valve. Eq. Exhaust valve B2 and 
Emergency valve B3 is kept closed. While Isolating Valve ( B4) is maintained open. “Open” 
Isolating valve will compensate B.P. pressure losses due to leakage and will help in 
maintaining the constant B.C. pressure in "“Auto lap" position. 
 
d) Auto Position 
 

When the handle is moved to auto position, spindle cam pushes valve seat with valve shaft sub 
assy of Equalizing Exhaust valve (B2) of Auto Valve unit B1, By this, equalizing reservoir is 
connected to atmosphere through choke resulting in gradual discharge of equalizing reservoir 
pressure. Isolating valve is open and allows BP pressure to flow to atmosphere through the 
equalizing discharge valve. Emergency valve is kept closed in this position. 
 
E) Emergency Position 
 

When the handle is moved to emergency position, spindle cam opens the emergency valve, 
which exhausts the BP to atmosphere directly. Spindle cam also pushes valve seat with valve 
shaft sub assy of Eq. exhaust valve B2 of auto control valve B to left so that equalizing 
reservoir is also exhausted to atmosphere through choke. This ensure fast BP drop through the 
emergency valve and the equalizing discharge valve. 
 
TESTING 
 

After overhauling and assembly of auto valve unit, It must be tested carefully individually on 
separate test bench or on the Esbc IIIM Brake Controller. 
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FIG:- 5a  AUTO VALVE UNIT (4X) ASSEMBLY (ROLLER TYPE) 
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FIG:- 5b  AUTO VALVE UNIT (4X) ASSEMBLY (BALL TYPE) 
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FIG:- 6  AUTO VALVE UNIT (4X) 
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10.6 MR ISOLATING VALVE (G) Part No.  6400 (Refer Fig. No. 10) 
 

GENERAL 
 

MR Isolating valve is used to isolate MR pressure from pressure reducing valve and equalizing 
discharge valve. It is mounted on mounting bracket and is operated by eccentric cam fixed to 
hand operated isolating valve spindle. 
 

DESIGN AND OPERATION 
 

It consists of valve head with rubber facing and valve rod sub- assy: which moves in lower and 
upper guide and is fitted with .K-type air seal. The valve head is kept pressed against the valve 
seat by compression spring. The compression of the spring can be regulated by means of set 
screw with a hex. socket head. 
 

When the handle of hand operated isolating valve is brought to open position the eccentric cam 
fixed to hand operated isolating valve spindle lifts the valve head through valve rod and opens 
the passage between A& B and thus connects MR to pressure reducing valve and equalizing 
discharge valve. 
 
TESTING 
 

After overhauling and assembly of MR isolating valve, it must be tested individually on test 
stand or on Brake Controller. 
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10.7 HAND OPERATED ISOLATING VALVE (E) Part No.:-6500 (Refer Fig. No. 11) 

 

GENERAL 
 

Hand operated isolating valve is used to isolate brake pipe from equalizing discharge valve. It 
is mounted on the lower bracket and is operated manually by means of a handle which can be 
removed, when the valve is in closed position connected to the valve are three drum type, 
Insulating sleeve (6532) for electrical connection for traction and Driver’s indication lamp. 
 
DESIGN 
 

Three eccentric cams are fitted on the spindle which in-turn is guided in the housing by two 
bushes. When the spindle is turned by a handle, first cam actuates left valve of hand operated 
isolating valve second cam actuates MR isolating valve and third cam actuates BC isolating 
valve. A drum type contact is mounted at the end of the camshaft. 
 
OPERATION 
 

In the closed position the cams on spindle do not affect the valves .The valve shaft of hand 
operated isolating valve is pressed against its seat by the spring and air passage is closed. In 
this position, the handle for operation of the isolating valve can be removed. The electrical 
contacts are open. In the open position, the cam lifts the respective valve rod against the force 
of the springs. The air passage is then opened. The electrical contacts are thus closed. 
 
TESTING 
 

After overhauling and assembly of hand operated isolating valve, it must be tested individually 
on test stand or on Brake Controller. 
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10.8 EQUALISING DISCHARGE VALVE(C) Part No.:-6600 (Refer Fig. No.:-12 &13) 
 

DESIGN 
 

Equalizing discharge valve consists of four chambers. The top chamber is connected to Main 
reservoir. Middle second & third chambers are connected to brake pipe and the bottom 
chamber is connected to equalizing reservoir. The pressure tightness between the chambers is 
ensured by rubber faced valve plate and K-type air seals. These components ensure not only 
pressure tightness but also guarantee the working of the different elements in operation. 
 

OPERATION 
 

Function of equalizing discharge valve is to charge BP pressure equal to equalizing pressure, 
from MR pressure. Also it discharges BP to atmosphere during auto and emergency 
application. 
 

CHARGING, RELEASE & RUNNING POSITION. 
 

By opening the hand operated isolating valve, Brake controller is connected to MR, BC & BP. 
Equalizing reservoir is charged through pressure reducing valve and auto valve to 5 
kg/cm2.The equalizing reservoir pressure lifts up the piston sub-assembly ’B’ and thus 
connects MR pressure to BP till BP pressure is equal to 5 kg/cm2.At this moment the piston 
sub-assy: comes to lap position & valve seat ‘A’ is closed 
 
AUTO APPLICATION POSITION 
In auto application position, equalizing reservoir is connected to exhaust through a choke. 
With the drop in equalizing reservoir pressure, the piston sub- assy : ‘B’ moves downwards 
due to the pressure differential across the piston and connects BP to exhaust through the 
hollow piston rod till BP becomes equal to equalizing reservoir pressure. 
 
TESTING 
After overhauling and assembly of equalizing valve, it must be tested individually on separate 
test bench or on Brake Controller. 
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FIG. No.:- 12 
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10.9 PRESSURE REDUCING VALVE (D)-Part No.:-6700 (Refer Fig. No.:-14&15) 
 

OPERATION 
 

The air pressure which is to be regulated flows through the primary pipe (1) and the open 
valve seat ( 13 ) into the secondary pipe (2). Simultaneously it flows through the port (15) into 
the chamber (4) and acts on the upper surface of the piston (3). Through the equalizing 
port(14), the air pressure also passes into the chamber(11) above the valve disc(10). As soon as 
the force resulting from secondary pressure above valve disc (10) and on piston (3), overcome 
the pre-set tension of the springs ( 6+7), the piston(3) is pushed down. When the set secondary 
pressure is exceeded, the arrangement for protection against over-pressure comes into action. 
Piston (3) is lifted from the tappet of the valve disc (10) thus opening the exhaust port (5) 
where upon the excess secondary pressure blows off to atmosphere. The valve remains in this 
position until the secondary pressure has diminished to the desired, set value. There upon 
piston (3) is raised again until the tappet closes exhaust port (5) without however lifting the 
valve disc (10) off its seat (13). 
 
REFEEDING 
 

During normal air consumption or in the case of leakage from the secondary pipe, the pressure 
in the latter falls. This disturbs the prevailing equilibrium and allows the piston (3) to be 
pushed upward by the force of the springs (6 + 7). The tappet of the valve disc (10) is pushed 
up and consequently opens the valve seat (13). This remains open until sufficient air pressure 
has been referred through the primary pipe (1) to re- establish equilibrium with the force of the 
springs (6+7). 
 

The pressure deviations required to initiate the referring process or that of eliminating an over 
pressure are extremely small. 
 
TESTING 
 

After overhauling and assembly of pressure reducing valve, it must be tested individually on 
separate test bench or on Brake Controller. 
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FIG No. 14  PRESSURE REDUCING VALVE 
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10.10 FEED BACK CYLINDER ISOLATING VALVE (F) Part No.:-6800 (Refer Fig. No. 16) 
 

GENERAL 
 

Feed back cylinder isolating valve is used to isolate BC pressure between feed back cylinder 
and brake cylinder and to exhaust BC pressure trapped between the feed back cylinder 
isolating valve and feed cylinder, in valve’s closed position. 
 
DESIGN 
 

It consists of housing with three chambers. A piston with longitudinal passage and K type are 
seals moves in the housing. A compression spring keeps double seat valve plate against its 
seat. 
 
OPERATION 
 

The valve is opened by the eccentric cam fixed to hand operated isolating valve spindle which 
pushes the piston in downward direction thereby lifting the valve head from its seat against the 
force of the spring. This establishes the communication between chamber 1 and 2. When the 
handle of hand operated isolating valve is brought to closed position eccentric cam of hand 
operated isolating valve no longer pushes the piston and compression spring presses the valve 
head on to its seat, thus isolating chamber 1 and 2. Air pressure chamber 2 and 3 (exhaust) and 
exhausts the air trapped between this valve and feed back cylinder of electro - pneumatic feed 
back unit 
 
TESTING 
 

After overhauling and assembly of feed back cylinder isolating valve, it must be tested 
individually on separate test bench. 
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FIG. No. 17 ELECTRO PNEUMATIC FEED BACK UNIT 
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FIG.:- 18 
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FIG. No. 19
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FIG. No. 20 MOUNTING BRACKET 
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FIG. No. 21 ELECTRO PNEUMATIC FEED BACK UNIT (Version 2000 & 2006) 
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10.11 MAINTENANCE INSTRUCTIONS FOR MODULAR BRAKE CONTROLLER (Esbc 
III M) SELF LAPPING MECHANISM: 

 
1. During the periodical inspection, fixed and moving contact fingers should be cleaned to 

have good electrical contact. 
2. It is better to replace defective / worn-out contacts and their parts completely rather than to 

repair / reclaim them. 
3. Slightly burnt or pitted contacts and contact finger heads can usually be reconditioned by 

careful use of fine glass paper. 
In case any fixed or moving contact assy. is found to be slacked, same should be attended to 
properly. 

4. During aligning and adjusting the fixed contact assly with moving contact’s the lift of fixed 
contacts should be checked correctly. The lift should be approximately 1/16” when 
correctly adjusted. 

5. The fulcrum pins and links of the moving arms of self-lapping mechanism assy. should be 
replaced in case of play of more than 50 micron is observed. 

6. The compression springs and the piston packing of lap cylinder should be checked and in 
case found to be broken or worn-out, same should be replaced. 

7. During the fitment of operating piston assly, ensure that there is a slight clearance between 
the self –lapping cylinder face and the lock nut. 

8. If it is necessary to fit a new piston felt, it should be soaked in oil before fitment. 
9. Excessive greasing should be avoided inside the feedback cylinder. 
10. Care must be taken not to over lubricate the valves or to allow oil to drip on the electrical 

contacts or connecting wires at the time of lubricating / oiling the pins and moving arms of 
self lapping mechanism. 

11. For proper working of self-lapping mechanism during the partial application of EP brakes, 
it should be ensured that there is no leakage in the brake cylinders, brake cylinder pipe line 
and its joints. EP brake unit and the pipe line which is connected to the feed back cylinder 
of self lapping mechanism. 

 
HAND OPERATED ISOLATING VALVE 
 

1. Maintenance of fixed and moving contacts is same as point nos. 1 to 4 of self lapping 
mechanism. 

2. During the aligning / adjusting the fixed contact assembly on insulating pieces, the contact 
head of fixed contacts should touch the surface of drum type contacts. 

3. The locking nut should not be tightened strongly on the ICS shaft to avoid damage to drum 
type contacts. 

 
AUTO VALVE HOUSING 
 

1. During the periodic maintenance if the bearings of the spindle cam is found to be dried up, 
then the same should be greased / oiled to facilitate the free movement of DBV Handle and 
the spindle cam. 

2. The auto valve’s valve shaft assembles should be cleaned and greased properly during 
periodic maintenance. The roller/ ball free movement of valve shaft assemblies should be 
ensured. In case any 

 
MR.ISOLATING VALVE /B.C. ISOLATING VALVE /HAND OPERATED ICS : 
 

1. The lift of the piston assly when ICS handle is switched on / off should be checked properly. 
In case lift is inadequate the piston assly should be replaced. 

2. In case any leakage is noticed in the MR valve the same should be attended to by replacing 
the defective parts with new ones. 

3. Over greasing on any of the parts of these valves should be avoided for smooth operation.  
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EQUALIZING DISCHARGE VALVE 
 

1. The design of this valve is such that it does not require any maintenance. However, in case it 
is found to be operating sluggishly or any leakage is noticed from any of the parts, then this 
valve should be removed and overhauled and refitted. 

2. It should be ensured that there is no leakage in the pipe line connected in between 
equalizing discharge valve and the equalizing reservoir. The leakage in this line should be 
checked by using the soap water solution. 

 
PRESSURE REDUCING VALVE 
 

1. Since this valve is directly connected to the MR pipe it should be overhauled regularly 
during the periodic maintenance. 

2. The rubber valve seat on piston should be checked carefully and in case any abnormal wear 
or deep indent or groove is noticed the same should be attended to properly before fitment 
of this valve. 

 
GENERAL 
 
1. While mounting the Modular Brake Controller on the coach, it should be ensured that there 

is no leakage from any of the packing rings used in between the bracket and the particular 
sub assly . The leakage should always be checked by using soap water solution during the 
fitment. 

2. Excessive worn out sealing rings or packing rings should not be used during the fitment of 
subassemblies of modular brake controller during the fitment. 

3. Springs fitted in various sub assays; of Modular Brake Controller should be replaced on 
condition basis. 
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1012    PART LIST OF MODULAR BRAKE CONTROLLER Esbc III M Part No. 6055 & 6070 Fig. 4a & 4b 
 

S:No. Description Part No. Cat. Quantity 
2000* 2006* 

1. Mounting Bracket Sub assy 6050  1 1 
2. Equalizing Discharge valve Assy. 6600  1 1 
3. Hex. Nut M12 6005  7 7 
4. Feed Back Cylinder Isolating Valve Assy. 6800  1 1 
5. Hex. Nut M8 6002  8 8 
6. Hand Operating Isolating Valve Assys. 6500  1 1 
7. Hex Nut M8 6003  3 3 
8. Hex. Nut M1 0 6004  2 2 
9. Handle (H.O.LV) 6032  1 1 
10. M.R. Isolating valve 6400  1 1 
11. Hex. Nut M8 6002  8 8 
12. Isolating Valve Sub. Assly. 6120  1 1 
13. Washer (Brass) 6948  36 36 
14. Choke 6051 C 1 1 
15. Spring Washer B8 6045 C 2 2 
16. Hex. Hd. Screw M8x20 6047 C 2 2 
17. Nipple 6968  2 2 
18. LC / BC Hose assy. 6969 B 1 1 
19. Electro-pneumatic Feed Back Unit Assy. 6976  - 1 
20. Handle Sub assy. 6931  1 1 
21. Washer (Main handle) 6971  1 1 
22 Bolt Main Handle 6972    
23. Spring washer B10 6044 C 4 4 
24. Hex. Hd. Screw (M10 x 20) 6069 C - 3 
25 Emergency valve Sub. Assy. 6220  - 1 
26 Auto Valve Unit Assy. 6355  - 1 
27 Insulating Piece 6006 C 1 1 
28 Insulating Piece 6007 C 1 1 
29 Insulating Plate 6008 C 1 1 
30. Contact Bolt 6009  3 3 
31. Insulating Sleeve SA 6532 C 3 3 
32. Contact Bolt 6010  3 3 
33. Hex. Nut M5 6011 C 36 36 
34. Spring Plate (big) 6012 C 3 3 
35. Contact support 6013 C 6 6 
36. Fixed contact S/A (BIG) 6014 C 3 3 
37. CSK. Head Screw 6015 C 6 6 
38. Fixed Contact S/A (small) 6048 C 3 3 
39. Spring Plate (Small) 6049  6 6 
40. Slotted Cheese Head Screw 6928  4 4 
41. Pressure Reducing Valve assy. 6700  1 1 
42. M.R. Socket 6021  1 1 
43. B.C. Socket 6022  1 1 
44. B.P. Socket 6020  1 1 
45. Front cover assy. 6092  1 1 
46. Washer 6937  7 7 
47. Hex. Hd. Screw M10x45 6039  7 7 
48. Brake Hose1/2" x600 6619 B 1 1 
49. Insulating plate 6053 B 1 1 
50. Electro pneumatic feed back unit assy. 6975  1 - 
51. Hex. Hd. Screw (M10x35) 6046  4 - 
52. Emergency valve.Sub. Assy. 6200  1 - 
53. Auto valve Unit Assy. 6320  1 - 
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10.13 PART LIST OF AUTO VALVE UNIT (4X) ASSY. (Part No.-6320 & 6355) Fig. 7a& 7b 

 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Auto Valve Housing SA 6326 - 1 - 
2. Isolating Valve SA 6100  1 - 
3. Emergency Valve SA 6200  1 - 
4. Hex. Nut M1 0 6004  6 6 
5. a-ring 6102 B 4 4 
6. Grooved Ring 6105 B 2 2 
7. Retaining ring 6106  2 2 
8. Compression spring 6110 C 2 2 
9. Cover assembly 6304  1 - 

10. Hex. Head Bolt M10x30 6315  2 2 
11. a-ring 6317 B 4 4 
12. Valve Shaft SA 6321 C 2 - 
13. Valve Plate 6322 C 2 2 
14. Sealing ring A36x42 6323 A 2 2 
15. Locking screw 6324  2 2 
16. Spindle cam 6325  1 - 
17. Spindle Cam 6357  - 1 
18. Cover Plate 6358  -- 1 
19. Auto Valve Housing SA 6356 - - 1 
20. Bottom bush 6348  - 1 
21. Hex. Nut M16 6349  - 1 
22. Slotted counter sunk head screw M1 Ox25 6354  - 3 
23. Valve shaft assembly 6359 C - 2 
24. Taper roller bearing (32005 X) 6347  - 1 
25. Needle roller bearing (NA 4905, 2RS) 6350  - 1 
26. Isolating Valve 6120  - 1 
27. Emergency Valve 6220  - 1 

 
 
 
  

10.14 PART LIST OF ISOLATING VALVE (Part No.6100 & 6120) Fig. 8 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Housing SA 6101  1 - 
2. Valve Shaft SA 6104 C 1 - 
3. Grooved ring 6105 B 1 1 
4. Retaining Ring 6106  1 1 
5. Valve Plate 6107 C 1 1 
6. Compression spring 6110 C 1 1 
7. Filter 6103 B 1 1 
8. Sealing Washer A35x41 6108 A 1 1 
9. Locking Screw 6109  1 1 
10. K-ring 6111 B 1 1 
11. a-ring 6102 B 2 2 
12. Name Plate 6112  1 1 
13. Self Tapping Screw 6113  2 2 
14. Housing SA 6121  - 1 
15. Valve Shaft SA 6122 C - 1 
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10.15 PART LIST OF EMERGENCY VALVE (Part No.6200 & 6220) Fig. 9 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Housing SA 6101  1 - 
2. Valve Shaft SA 6104 C 1 - 
3. Grooved ring 6105 B 1 1 
4. Retaining ring 6106  1 1 
5. Valve plate 6203 C 1 1 
6. Compression spring 6206 C 1 1 
7. Sealing washer A35x41 6108 A 1 1 
8. Locking Screw 6204  1 1 
9. O-ring 6102 B 2 2 
10. Name Plate 6202  1 1 
11. Self Tapping Screw 6113  2 2 
12. Housing SA 6121  - 1 
13. Valve Shaft SA 6122 C - 1 

 
 
 
 
10.16 PART LIST OF M.R. ISOLATING VAL VE(Part No.6400) Fig. 10 

 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Housing SA 6402  1 1 
2. Piston SA 6405 B 1 1 
3. Compression spring 6409 C 1 1 
4. Guide screw 6412  1 1 
5. Round cord ring 6407 B 2 2 
6. K-ring 6406 B 2 2 
7. Sealing ring A30x36 6408 A 1 1 
8. Name Plate 6404  1 1 
9. Self Tapping Screw 6113  1 1 
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10.17 PART LIST OF HAND OPERATED ISOLATING VALVE (Part No.6500) Fig. 11 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Housing Sub Assy. 6504  1 1 
2. Valve Rod 6505 C 1 1 
3. Spring Dowel Sleeve 4x16 6506 C 3 3 
4. Cam 6507  1 1 
5. Cam 6508  2 2 
6. Spindle 6509 C 1 1 
7. Spring Dowel Sleeve 6x28 6510 C 1 1 
8. Locating Bush 6511 C 1 1 
9. .Spring Washer A8 6512  3 3 
10. Cheese Head Screw AM 8x22 6513  3 3 
11. Operating Bush 6514 C 1 1 
12. Stop Plate 6515  1 1 
13. Hex. Lock Nut M18x1.5 6516  1 1 
14. Locking Screw 6517  1 1 
15. Pin 6519 C 1 1 
16. Circlip 32x1.2 6520 B 1 1 
17. Cover 6522 C 1 1 
18. O-ring 6523 B 1 1 
19. Compression spring 6524 C 1 1 
20. Name Plate 6530  1 1 
21. Groove Dowel Pin 2x4 6531 C 2 2 
22. Insulating Sleeve SA 6532 C 3 3 
23. Spring Dowel Sleeve 6x44 6535 C 1 1 
24. Grooved Ring 49 B 2 2 
25. Compression spring 152 C 1 1 
26. Round Cord Ring 6407 B 2 2 
27. Hex. Nut M10 6537  1 1 
28. Washer 6937  1 1 
29. Split Pin (2} 3x20 6961 C 1 1 

 
10.18 PART LIST OF EQUALIZING DISCHARGE VALVE (Part No.6600) Fig.13 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Sealing Ring 6602 A 1 1 
2. Name Plate 6605 - 1 1 
3. Piston SA 6606 C 1 1 
4. Valve Plate 6607 B 1 1 
5. Round Cord Ring 6608 B 1 1 
6. Compression spring 6609 C 1 1 
7. O-ring 6610 B 1 1 
8. Locking Screw 6611 - 1 1 
9. Filter 6612 B 1 1 
10. K-ring 6615 B 1 1 
11. Housing SA 6616 - 1 1 
12. Sealing Washer 6617 B 1 1 
13. Housing Cover SA 6618 - 1 1 
14. Brake Hose  1/2" BSP 6619 C 1 1 
15. Guide Screw 6620 - 1 1 
16. K-ring 6621 B 2 2 
17. Hex. Nut M10 6004 - 4 4 
18. Sealing Washer A35x41 6108 A 1 1 
19. Self Tapping Screw 6113 - 2 2 
20. Hex. Hd. Bolt M10x35 6601 - 4 4 
21. Round Cord Ring 6407 B 3 3 
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10.19 PART LIST OF PRESSURE REDUCING VALVE (Part No.6700) Fig.15 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Housing SA 6701  1 1 
2. Round Cord ring 6702 B 2 2 
3. Locking Screw 6703  1 1 
4. Compression spring 6704 C 1 1 
5. K-ring 6705 8 1 1 
6. Valve Plate SA 6706 C 1 1 
7. Filter 6707 8 1 1 
8. Hex. Hd. Bolt M8x45 6710  4 4 
9. Self Tapping Screw 6711  2 2 
10. Name Plate 6712  1 1 
11. Spring Washer B12 6713  1 1 
12. Hex. Nut M12x1.5 6714  1 1 
13. Adjusting Screw 6715  1 1 
14. Spring Housing 6716  1 1 
15. Spring Plate 6717 C 1 1 
16. Compression spring 6718 C 1 1 
17. Compression spring 6719 C 1 1 
18. Piston SA 6720 8 1 1 
19. K-rings 6721 8 1 1 
20. Sealing Washer 6722 8 4 4 
21. PRV Adapter SA 6723  1 1 
22. Hex. Nut M8 6003  4 4 
23. Spring Washer B8 6045  4 4 

 
 

10.20 PART LIST OF ISOLATING VALVE FEED BACK CYLINDER [Part No. 6800] Fig. 16 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Valve Head 6801 B 1 1 
2. K-ring 6802 B 1 1 
3. Compression spring 6803 C 1 1 
4. Valve Piston 6804 C 1 1 
5. Locking Screw 6805  1 1 
6. Tappet 6806 C 1 1 
7. Housing 6807 C 1 1 
8. Round Cord Ring 6808 B 2 2 
9. Filter 6809 B 1 1 
10. Compression spring 6810 C 1 1 
11. Sealing ring (A30x36) 6811 A 1 1 
12. Locking Screw 6812  1 1 
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10.21 PART LIST of FEED BACK UNIT HOUSING [Part No. 6976] Fig. 17 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Feed Back Unit Hsg. SA 6901 - 1 1 
2. Balancing Arm 6902 - 1 1 
3. Washer for adjusting fork 6903 - 1 1 
4. Pin for adjusting fork 6904 - 1 1 
5. Split pin 0 1.5x20 6905 C 1 1 
6. Adjusting fork 6906 - 1 1 
7. Hex. Nut M8 6907 - 1 1 
8. Adjusting Sleeve 6908 - 1 1 
9. Counter Sunk Head Screw M16x1.5 6909 - 1 1 
10. Cover Nut 6910 - 1 1 
11. Lock Nut 6911 - 2 2 
12. Input Shaft 6912 - 1 1 
13. Out put Spring 6913 C 1 1 
14. Input spring 6914 C 1 1 
15. Felt 6915 B 1 1 
16. Grooved ring 6916 B 1 1 
17. Retaining ring 6917 B 2 2 
18. Sealing washer 6918 A 1 1 
19. Locking Screw 6919 - 1 1 
20. Piston 6920 C 1 1 
21. Split Pin 02x15 6921 C 4 4 
22. Washer for arms 6922 - 4 4 
23. Control arms 6923 - 1 1 
24. Pin for arms 6924 - 4 4 
25. Locating pin 6925 - 1 1 
26. Insulating piece 6926 C 4 4 
27. Insulating plate 6927 C 4 4 
28. Slotted cheese head screw M6x20 6928 - 8 8 
29. Pressure piece 6929 - 1 1 
30. Compression spring 6930 C 1 1 
31. Handle SA 6931 - 1 1 
32. Self Tapping Screw 6932 - 6 6 
33. Indicating Plate 6933 - 1 1 
34. Locking Screw 6934 - 1 1 
35. Parallel key 6x6x20 6336 - 1 1 
36. Emergency contact 6938 C 1 1 
37. Contact bolt 6939 - 6 6 
38. Support strip 6941 C 6 6 
39. Fixed contact assembly 6942 C 6 6 
40. Spring plate 6943 B 6 6 
41 Contact bolt 6944 - 6 6 
42. Hex. Nut M5 6945 - 18 18 
43. Cable 6946 - 1 1 
44. Cable 6947 - 1 1 
45. Washer 5.3 6948 - 18 18 
46. Cable 6950 - 1 1 
47. Input arm 6951 - 2 2 
48. Spindle contact bolt 6954 - 2 2 
49. Insulating bush 6955 B 2 2 
50. Moving contact arm SA 6956 - 1 1 
51. Insulating support for emergency contact 6957 C 1 1 
52. Support washer 6958 - 1 1 
53. Contact support 6959 - 6 6 
54. Adjusting screw 6960 C 2 2 
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55. Split Pin 03x20 6961 C 3 3 
56. Spring dowel sleeve 01.5x12 6965 C 1 1 
57 Star wheel 6966 C 1 1 
58. Nipple 6968 - 2 2 
59. LC/BC Hose Assembly 6969 C 1 1 
60. Spindle 6910 - 1 - 
61. Washer (main handle) 6971 - 1 1 
62. Bolt (main handle) 6972 - 1 1 
63. Locking Cap 6973 - 1 1 
64. Cam SA 6974 C 1 1 
65. Compression spring 6996 C 1 1 
66. Pin (6x24) type A2 302 - 2 2 
67 Spindle 6977 - - 1 

 
 
 

10.22 PART LIST of MOUNTING BRACKET SA WITH STUDS [Part No. 6050] Fig. 20 
 

S.No. Description Part No. Cat. Quantity 
2000 2006 

1. Mounting Bracket M/c SA 6050/1  1 1 
2. Nipple (R1') 6050/2  1 1 
3. Duplex Nipple (R3/8") 6050/3  2 2 
4. Nipple (R3/4") 6050/4  1 1 
5. Stud M10x38 6050/5  2 2 
6. Stud M8x22 6050/6  2 2 
7. Stud M12x20 6050/7  2 - 
8. Stud M6x15 6050/8  4 4 
9. Stud M8x60 6050/9  1 1 
10. Stud M6x60 6050/10  2 2 
11. Stud M12x28 6050/11  4 6 
12. Stud M6x45 6050/12  2 2 
13. Rear Cover 6050/13  1 1 
14. Washer (B10) 6050/14  4 4 
15. Hex. Hd. Screw M10x15 6050/15  4 4 
16. Nipple R3/8" 6050/16  1 1 
17. Locating Pin 6050/17  2 2 
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Chapter 11 
 

ELECTRO-PNEUMATIC BRAKE UNIT (Kbr VIIIc) – ESCORTS 
 

11.0 INTRODUCTION 
 

1. General 
 

The electro-pneumatic brake unit Kbr VIIIc acting in conjunction with the modular brake 
controller Esbc IIIM is a system in which two brake systems, working independently, are 
combined. These are the electrically controlled and the automatic air brakes.  
 

The EP brake unit type Kbr VIIIc comprises all the controller sub-assy’s of the electrically 
controlled and the automatic air brake, which are mounted on a common valve bracket. In 
order to facilitate installation, the unit is of the smallest possible dimensions. 
 

All the required pipe connections and electrical connections are also combined in the valve 
bracket. This makes it possible to remove any piece of sub-assy. separately, without having to 
break or remove any pipe connections. 
 
2. Design  
 

The EP brake unit comprises the sub-assemblies listed below: 
a) Application magnet valve (item a) EV 208 3Vt. 
b) Holding magnet valve (item b) EV 207 3Vt. 
c) Safety valve type AKL (item c) 
d) Triple valve Fe 114 So (item d) direct release. 
e) Pressure limiting valve (item e) Hdb 3/3.6. 
f) Stabilizing valve (item f) 
g) Check Valve (item g) 
h) Valve bracket (item h). 
 

3. Operation 
 

The Modular brake controller Esbc IIIM controls the apparatus of both the electrically 
controlled and the automatic air brakes.  
 

Through the contacts actuated in the brake controller, in accordance with the position of the 
main handle, the circuit excited the magnet valves, items ‘a’ and ‘b’, is opened or closed. 
During application with the automatic air brake, auto valve unit in the modular brake 
controller regulates the pressure in the brake pipe. 
 

The connections provided in the Valve bracket as well as the connection between the different 
sub-assly’s of the EP brake unit may be seen from the annexed diagram. 
 
Application Magnet Valve  
 

The application magnet valve, item ‘a’, is excited and hence open in the application and 
emergency application positions, compressed air flows from the main reservoir pipe via the 
application magnet valve, item ‘a’, the pressure limiting valve, item ‘e’ and the check valve 
item ‘g’, into the brake cylinders. The brake cylinder pressure is determined by the duration of 
the excitation of the magnet valve, item ‘b’.  
 
Holding Magnet Valve  
 

The holding magnet valve, item ‘b’, is excited and hence closed in the holding, application, 
self-lapping and emergency application positions. The brake cylinders are then isolated from 
the atmosphere.  
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Safety Valve  
 

During a purely pneumatic application initiated through the triple valve, item ‘e’, the safety 
valve, item ‘c’ limits the brake cylinder pressure to a maximum of 4 kg/cm2 (57 psi).  
 
Triple Valve 
 

The triple valve for direct release, item ‘d’, serves for application and release on operation of 
the automatic air brake, in accordance with pressure changes in the brake pipe. In addition, the 
release of the electrically controlled air brake is effected via the triple valve in release position.   
 
Pressure Limiting Valve  
 

During electrically controlled application the pressure limiting valve, item ‘e’, limits the brake 
cylinder pressure to a maximum of 3.6 kg/cm2 (51 psi). 
 
Stabilizing Valve 
 

The stabilizing valve, item ‘f’, in the release position connects the auxiliary reservoir with a 
bulb, whereby the pressure in the auxiliary reservoir is reduced by about 0.2 kg/cm2 (3 psi) 
lower than that in the brake pipe. This pressure reduction is necessary in order to avoid the 
possibility that pressure fluctuations in the brake pipe might cause the triple valve, item ‘d’, to 
move from release position into lap position. The stabilizing valve is controlled by the brake 
cylinder pipe. On brake application, the bulb previously mentioned is exhausted through the 
stabilizing valve. 
 
Check Valve 
 

During purely pneumatic application, the check valve, item ‘g’, prevents the escape of air from 
the brake cylinders through the open holding magnet valve. 
 

 
EP BRAKE 

Application 
 

During application, the holding magnet valve, item ‘b’, is excited and cuts off communication 
between the brake cylinders and the atmosphere. The application magnet valve, item ‘a’, is 
also excited and allows air from the main reservoir pipe to flow through the pressure limiting 
valve, item ‘e’ and the check valve, item ‘g’, into the brake cylinders, where the pressure is 
limited to 3.6 kg/cm2 by the limiting valve. The pressure in the brake cylinder acts on the 
piston of the stabilizing valve, item ‘f’, pressing it towards the left against the force of a 
spring, by which means the bulb which was connected to the auxiliary reservoir during release 
is exhausted. 
 
Holding position 
 

In the holding position only the holding magnet valve item ‘b’ is excited. Both magnet valves 
are closed, so that compressed air is neither supplied nor released from, the brake cylinders. 
 
Release 
 

During release neither magnet valve is excited. The air in the brake cylinders flows through 
the triple valve in the release position and the open holding magnet valve, item ‘b’, to 
atmosphere. The stabilizing valve, item ‘f’, connects the auxiliary reservoir to a bulb in the 
valve bracket. 
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SCHEMATIC DIAGRAMS OF E.P. UNIT AT DIFFERENT POSITIONS 
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ELECTRO PNEUMATIC BRAKE UNIT 
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11.1 MAGNET VALVE (EV 207-3Vt) 
 

The Magnet valve EV 207-3Vt drawing no. 3 A 82337 is used as both application and release 
valve for the electrically controlled brake. The valve is mounted on the valve bracket of the EP 
brake unit. When the electrically controlled brake is operated by means of the driver’s brake 
valve, depending on the brake handle position selected, the magnet valve acts as a braking 
valve by allowing compressed air from the filling pipe to pass via a maximum pressure limiter 
into the pipe leading to the brake cylinders, or as release valve by connecting the brake 
cylinders to atmosphere.  
 

The magnet, type G-21, used in this valve is designed for a 100% load period and voltage 
fluctuations of ±30%. 
 

The valve is supplied for DC. The rated voltage is marked on the indication plate, together 
with the power input, valve type and serial number and manufacturing year etc.  
 

Design and Operation  
 

The magnet valve consists of two main parts, the magnet and, flanged to it, the valve body 
containing the air passages. In the body, which contains pressed-in valve seating bushes, a 
valve head with a rubber-facing insert moves in upper and lower guides and is fitted with K 
type air seals. The guides are so designed as to relieve the valve head from air-pressure so that 
the armature of the magnet need only work against the spring. The tension of the spring can be 
regulated by means of the set screw with a Hex: socket head. The principal parts of the 
magnetic element are the armature with pull rod, the coil, casing core flange, armature stop, 
terminal board and protective cover.  
 

When the circuit is broken and there is no current in the magnet, the armature is held up by the 
spring. The air passage is closed. When the magnet is excited, the magnet core lifts the spring 
loaded valve head from its seat. 
 
Installation 
The valve should be installed upright, with the magnet at the top. It is built for attachment to 
the valve bracket of the brake unit. 
 

Maintenance 
 

No routine maintenance is required. Should any fault occur in the magnetic component, the 
whole valve magnet can be exchanged without taking down the air pressure component.  
During general inspections or in the event of failure it is expedient to take down the magnet 
valves for disassembly. The individual parts of the air pressure component should be carefully 
cleaned. Defective sealing members should be replaced.  
 

If the valve magnet has been functioning perfectly upto that time, it should not be 
disassembled but only cleaned externally. The protective cover must be removed in order to 
check and clean the cable connections. The easy motion of the armature must be verified. One 
or two drops of acid-free oil may introduce between the draw rod and the sintered bearing 
through which it passes.   
 

If a field coil has to be exchanged, the screws in the casing of the magnet must be opened to 
make it possible to remove the flange from the casing and thus gain access to the field coil, 
when a coil is exchanged, all parts of the valve magnet should be carefully cleaned, and 
defective parts replaced.  
 

Before re-assembly, the armature and working surfaces in the magnet should be wiped over 
with a rag dipped in acid-free oil. Any accumulation of lubricant should be avoided.  
 

The K-type air seals in the air pressure component must be also lightly greased on re-
assembly, as well as their sealing and guide surfaces and the spring. No lubricant should touch 
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the valve seat and the rubber-facing insert. When inserting the K air seals care must be taken 
not to bend back and damage the sealing edges.  

 
MAGNET VALVE (EV 207- 3Vt) 
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11.2 HOLDING MAGNET VALVE (EV 208) 
 

1. General 
 

The magnet valve EV 208K-3Vt drawing no. 3A 82330 is used as holding and release valve 
for the electrically controlled air brake. The valve is mounted on the valve bracket of the EP 
brake unit and serves to disconnect the brake cylinders from the atmosphere during electrically 
controlled application and to allow the air in the brake cylinders to escape to atmosphere 
during electrically controlled release.  
 

The magnet valve is supplied for DC. The rated voltage is marked on the indication plate, as 
well as the power input, valve type and serial number. 
The magnet type G-21 used in this valve is designed for a 100% load period and voltage 
fluctuations of ±30%. 
 
2. Design 
 

The magnet valve consists of two main parts, the magnet and, flanged to it, the valve body 
containing the air passages. The body contains a valve which is guided above and below and 
fitted with K type air seals. The upper and lower valve guides are so designed that the valve 
disc is relieved of air pressure so that the armature of the valve magnet need only work against 
the spring. The tension of the spring can be adjusted by means of a set screw with a Hex. 
socket head. The principal parts of the valve magnet are the armature with pull rod, the magnet 
coil, casing, core flange, armature stop, terminal board and protective cover. The valve should 
be installed upright, with the magnet at the top. 
 
3. Operation 
 

When the magnet is not under current the force of the spring presses the armature upwards, 
lifting the valve off its seat. The air passage is then open. When the magnet is excited the 
armature presses the valve onto its seat, against the force of the spring. The air passage is then 
closed. 
 

i. Holding magnet valve (EV-208): (DRG. NO. 3A 82339.) 
ii. Application magnet valve (EV-207)  (DRG. NO. 3A 82337) 

 
CONSTRUCTION, OVERHAULING & MAINTENANCE 
 

Construction wise, both valve, i.e. holding and application, are almost identical with most of 
the components common. They have a common coil (items 24 & 25), which is mounted on to 
the respective housings (item 1) by hex screws (item 18 & 21). The housing contains a piston 
sub-assy. (item 4- 6 and 5-7) which moves inside it and closes or opens the passage when the 
magnet coil is energized. The other parts of the valves are adjusting screw (item 9 & 10) by 
which tension of the spring (item 8 & 9) can be regulated. The piston sub-assy. also contains 
two K rings (item 14 & 15) for sealing different chambers. A filter (item 10 & 11) is provided 
in the adjusting screw to protect the valves from dust. 
 

No routine maintenance is required. However, should any fault occur in the magnetic 
components, the whole valve magnet can be replaced without taking down the pneumatic sub-
assly.  
 

During POH, the valves should be completely dismantled and the various parts should be 
cleaned as already mentioned. Rubber parts, such as K-rings, O-rings, etc. should be replaced 
after 2 years of service. Piston sub-assy. should be checked for wear and tear and must be 
replaced if the sealing marks on the rubber exceeds 0.2 mm in depth, otherwise the pistons are 
to be replaced after 3 years of service as a matter of principle. Magnet coil should be checked 
for their movement of spindle at 110V±30% DC. In case of sluggish movement or jamming, 
replace the coil. Other parts as and when found worn out or damaged must be replaced.  
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During assembly, care must be taken that all parts are clean. Rubber parts and other moving 
parts are to be greased lightly. After assembling the pneumatic portion, check for the piston 
movement which should not be less than 1.3 mm. After complete assembly, the valves are to 
be tested individually on a test bench for their function. 
 
TESTING 
 

Holding magnet valve EV-208 and application magnet valve EV-207 are tested according to 
Pruf 1055 and Pruf 1042 respectively on a common test bench to drg. no. KB 1101. The 
testing generally includes measuring of valve lift, sealing and function, sensitivity and steps 
(application and release). It is very important to check these valves on a separate test bench 
before they are fitted on the EP unit bracket.  
 
ADJUSTMENT 
 

Generally in electrical application and release, application and release timings are controlled 
by mean of chokes provided in the EP bracket under these valves. Unless any major changes 
are required in the brake and release timings of a coach some minor adjustments in timings can 
be done by tightening or loosening the adjusting screw (item 9 & 10). In case of increasing or 
decreasing release timings, it can be done by the regulating screw of holding magnet valve and 
similarly for application timings by regulating screw of application magnet valve. Tightening 
the screw in holding magnet valve will decrease the release timings and vice versa. Similarly 
tightening of the screw in the application magnet valve will increase the application timings 
and vice versa. 
 
OPERATIONAL CHECKS 
 

During routine operational checks, the valves should be checked for their proper functioning. 
From the exhaust port of the EP bracket, no air should leak either during release or application 
position. Also check the valves for quick and smooth movement of the piston. Any minor 
adjustments of the timings (application & release) can also be done by these valves as 
explained earlier. Also check for any defective wiring, if found, it should be replaced. As a 
matter of principle the valve should be cleaned after every two months. 
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MAGNET VALVE (EV 208- 3Vt) 
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11.3 SAFETY VALVE, TYPE AKL (DRG. NO. 4A 11422) 
 

The safety valve AKL protects the brake cylinders from over pressure. When the pressure 
reaches its permissible maximum limit, the safety valve discharges air into the open. The 
blow-off capacity is 78 chf/min. at 145 psi (2600 ltrs./min. at 10 kg/cm2). The valve assembly 
comprises a valve cone, and the screw plug with adjusting screw in the upper part of the body, 
the spring and tightening screw in the lower part, and the connecting nipple.  
 

Compressed air enters through the connecting nipple, passes through holes in the bottom of the 
lower part into the spring chamber and lifts the valve cone up as soon as the pressure 
overcomes the set tension of the spring. After the piston has been lifted air flows across the 
total bottom area of the valve cone and forces same against the screw plug in the upper part. 
The air escapes through the exhaust holes leading into the open and passes through the slack 
piston wall of the valve cone and through a small hole in the piston wall into the upper part of 
the valve cone. Due to the influence of the resulting pressure distribution, the valve cone 
closes again. The closing pressure can be adjusted by the adjusting screw. 
 

INSTALLATION 
 

The valve unit should be installed vertically between or immediately behind the brake cylinder 
line. The removal of the actual valve from the firmly inserted connecting nipple should not be 
impeded. 
 

CONSTRUCTION, OVERHAULING & MAINTENANCE 
 

The safety valve consists of a housing sub-assy. (item 6) comprising of upper part (made out 
of brass) and lower part (made out of steel) which are screwed and machined together. The 
valve cone (item 7) is lapped for sealing against the housing with grinding powder, brasso and 
a special tool. To the valve cone, through a link (item 13) is attached a tension spring (item 5), 
spring tightening screw (item 3) and nut (item 2). This complete assembly is placed inside the 
housing and the blow-off pressure is adjusted by the nut (item 2). On the top of valve cone is a 
locking cap (item 9) with a hex nut (item 8), a regulating screw (item 11) and hex nut (item 
10). The closing pressure is adjusted by this regulating screw.  
 

Generally, safety valve type AKL requires very little maintenance in day to day working. 
During POH the safety valve is to be completely dismantled and all the parts cleaned and 
washed with kerosene or petrol. The major components which need attention during 
overhauling are tension spring and valve cone. Tension spring of the safety valve must be 
replaced after every two years of service. In case it is found rusty or damaged, it must be 
replaced immediately. Every time, safety valve is opened the sealing ring (item 4) should be 
changed. Other parts, such as joining piece, spring tightening screw, links, locking cap, hex 
nut, and regulating screw should be replaced if found damaged. Every time a valve cone is 
replaced it is to be lapped with the housing with lapping powder and brasso. It is always 
recommended that in case of replacement of valve cone, the housing sub-assy. should also be 
replaced for proper lapping and matching to give perfect sealing.  
 

In order to use safety valves in conjunction with the synthetic brake blocks, the tension spring 
to drg. no. 4A 37074 is to be replaced with tension spring to drg. no. 4A 37074/2 and adjusted 
to 2.2 kg/cm2 blow off pressure. 
 

ADJUSTMENTS 
The safety valve is adjusted for two pressures: 
a) Working pressure (blow off pressure) 
b) Closing pressure (shut off pressure) 
 

Working Pressure (blow off pressure) 
 

Safety valves used in EP brake units for use in conjunction with cast iron brake blocks are set 
at 4.0±0.1 kg/cm2 blow off pressure where those in conjunction with the synthetic brake 
blocks EP installed after additional pressure limiting valve and before brake cylinder and set at 



Chapter 11 ELECTRO-PNEUMATIC BRAKE UNIT (Kbr VIIIc) – ESCORT             Page 13 of 32 
 

Maintenance Manual for 1400 HPDEMU 
 

2.2 kg/cm2 pressure. The blow off pressure is adjusted by tightening or loosening of the nut 
for spring tightening screw (item 2). For increasing the blow off pressure the nut is tightened. 
After the set adjusted pressure is reached the nut is locked by a split pin.  
 

Closing pressure (shut off pressure) 
 

When safety valve blows at 4.0 kg/cm2 it automatically closes at 3.7 ± 0.1 kg/cm2 i.e. after a 
drop of 0.3 kg/cm2 maximum. This closing pressure is adjusted by the movement of regulating 
screw (item 11). Initially, locking cap (item 9) is screwed in fully to touch the valve cone and 
is then rotated back by one revolution and locked by hex nut (item 8). Fine regulations in the 
pressure drop are then controlled by this regulating screw (item 11). After getting the set 
pressure drop, this screw is locked by hex. nut (item 10). It is recommended that the setting of 
the safety valve should always be done on the test bench. 
 
TESTING 
 

The safety valves (type AKL) are tested on a test bench to drg. pruf 1274 and are also tested in 
accordance with pruf 1274 for adjustment, leakage, sensitivity, blow off capacity and proper 
functioning. Safety valves thus tested and adjusted will give satisfactory service and will not 
change their set values in running operations. 
 
OPERATION CHECKS 
 

During operational checks safety valves are to be tested for their blow off pressure once every 
month. This is so because during normal running operations such conditions may not arise. It 
should be opened in case the blow off pressure and shut off pressures vary. In case of 
continuous blowing off of the shut off pressure, check for the free movement of the valve 
cone. Clean all the parts and apply a little grease in all the moving parts. If a safety valve starts 
leaking at low pressures, lap the valve cone with the housing as explained earlier. 
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11.4 PRESSURE LIMITING VALVE 
 

1. General 
 

The function of the pressure limiting valve drawing no. 2A 81335 is to limit the air pressure in 
the brake cylinders to a specified value. For installation in pipe lines, the valve is supplied with 
a supporting bracket from which it can be removed for maintenance work without 
necessitating the breaking of pipe of pipe connections or removal of pipes. In the case of EP 
brake equipment the model without a bracket is used, the HdB valve being mounted on the 
valve bracket of the EP brake unit.  
 

The spring in the pressure limiting valve is selected and adjusted to correspond to the 
maximum pressure desired. 
 

2. Design 
 

The pressure limiting valve consists of a body with 2 chambers, ‘a’ and ‘b’ in which a piston is 
fitted. Between the two chambers is a valve seat which is opened and closed by the piston. A 
spring ‘c’ holds the piston in its lower end position and keeps the passage between chambers 
‘a’ and ‘b’ open. At the lower end of the piston are a diaphragm plate and diaphragm. 
 

3. Operation 
 

The piston is normally held down by the force of the spring (8) so that the passage between the 
chambers remains open.  
 

The air entering the valve flows through chamber ‘a’ and the open valve seat into chamber ‘b’ 
and the pipe downstream of the valve. A certain pressure builds up in chamber ‘a’ and via the 
seat, as well as in chamber ‘b’, and this acts on the diaphragm. As soon as the pressure in 
chamber ‘b’ reaches the value for which the spring 8 is adjusted, the piston is pressed upwards 
against the force of the spring and the valve seat closed. Communication between chamber ‘ 
‘a’ and b’ is interrupted when the pressure in chamber ‘b’ drops against the spring ‘c’ reopens 
the passage, allowing air to pass once more.  
 

The inlet valve is balanced so that the closing pressure remains independent of the incoming 
pressure; this also ensures high re-feeding sensitivity.  
 

Construction, Overhauling & Maintenance 
 

Taking into consideration the functional importance and operation of the pressure limiting 
valve in the working of EP unit, it is very important to overhaul the valve during every POH. 
Basically the valve consists of a grey cast iron housing (item 1) into which a valve head (item 
2) moves against the force of a comp. spring (item 8). A rubber diaphragm (item 10) is pressed 
in the groove 2 of the housing and rests on a diaphragm plate (item 9). A supporting ring (item 
14) is screwed in for adjusting the max. pressure. The valve head moves inside a locking screw 
(item 13) which is securely tightened by a special spanner 4A 47440. 
 

To overhaul the pressure limiting valve it should be dismantled completely. The locking screw 
(item 13) must never be opened by ordinary screw driver or by chisel and hammer, but a 
special spanner to escort drg. 4A 47440 should be used. After complete dismantling of the 
valve, the cast iron housing should be washed with petrol. The rubber parts and valve head are 
to be washed with soap water solution. Examine the condition of these parts and replace in 
case of damage or wear and tear. In any case all the rubber parts including to valve head must 
be replaced after a period of two years.  
 

The compression spring (item 8) which also controls the adjustment of BC pressure should be 
inspected for any rust or wear. This spring must be replaced after a period of 3 years or earlier 
if found rusty or damaged. Filter (item 6) should be washed in petrol and before re-assembling 
should be dried thoroughly. Before assembling the valve all the components should be 
cleaned. A light grease should be applied on the valve head and inside the locking screw 
(item4) locking screw should be free and smooth. Flat sealing ring (item 12) should be 
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replaced every time the valve is opened for overhauling. Cable compound ‘B’ is to be applied 
in hot condition on the threading of the supporting ring (item 14). After cooling down the 
supporting ring, it is then to be screwed in by special spanner 4A 59318. The use of cable 
compound is only as an additional precaution against disturbance of maximum adjusted 
pressure. Sealing lip of rubber diaphragm (item 10) is to be seated properly on to its groove in 
the valve housing. The exhaust plug if found missing must be replaced. Mounting sealing rings 
(item 11) should always be replaced when the pressure limiting valve is opened for 
overhauling. The free movement of the diaphragm against the force of the spring should be 
checked with hand before mounting the valve on to the test bench for testing. 

 
PRESSURE LIMITING VALVE 

 
 

TESTING ADJUSTMENT 
 

The pressure limiting valve is individually tested on a separate test bench to drg. no. 4A 82436 
according to pruf 3089 for setting of max. brake cylinder pressure of 3.6±0.1 kg/cm2. 
Adjustment of pressure is done by the supporting ring (item 14). The clockwise rotation of the 
supporting ring decrease the pressure, whereas anti-clockwise rotation will increase the 
pressure. Once the pressure limiting valve is adjusted and tested as per pruf 3089, the pressure 
is not likely to vary from the desired adjusted pressure. Also the testing includes the leakage 
from the exhaust port and the leakage from the main reservoir to brake cylinder when the 
valve head is in closed position. The release timings of BC can also be recorded in the test 
bench to check for the open passage of PLVs valve head.  
 

The maximum range of adjustment of BC pressure from 3.2 to 3.8 kg/cm2 may be possible 
with maximum and minimum tightening of supporting ring. 
 

OPERATION CHECKS 
 

Normally the adjustment of pressure limiting valve does not get disturbed. As and when it is 
observed that the adjustment has been disturbed, against it as explained above for correct 
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functioning. Any leakage from exhaust port or anywhere else will also cause disturbance in the 
pre-adjusted pressure. In the case of leakage from exhaust port, change the flat sealing ring 
(item 12) and O-ring (item 7). Press the diaphragm (item 10) on to its groove if it is not 
properly pressed in. Scratches, dent marks or wear and tear of the polished surface of the valve 
head could also be the cause of leakage from the exhaust port (which later on affects the 
adjusting pressure). This valve head must be replaced in case of such defects. Choking of the 
filter (item 6) may cause slow charging of the BC pressure, it is, therefore, advisable to clean 
the filter after regular intervals. Period to be decided by the user Railways based on field 
experience. 
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Recommended method of diaphragm installation & fixing of sub assembly. 

 
PRESSURE LIMITING VALVE ON EP UNIT BRACKET 
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11.5 TRIPLE VALVE (Type Fe114) 
 

1. General 
[ 

The function of the triple valve Fe 114 drawing no. 1A 68053 is to admit compressed air to the 
brake cylinders or to exhaust them in accordance with the pressure conditions prevailing in the 
brake pipe. When the pressure in the brake pipe is reduced the brake cylinders are charged; 
when the brake pipe pressure is increased, they are exhausted. It is possible by gradually 
reducing the pressure in the brake pipe to obtain a gradual increase of brake cylinder pressure. 
It is not possible, however, to obtain gradual decrease of brake cylinder pressure by gradually 
increasing the brake pipe pressure. Increasing the brake pipe pressure results in full release and 
hence exhausting of the brake cylinders, i.e. the triple valve only provides for direct release.  
The triple valve is provided with a valve bracket to which the necessary pipes can be 
connected.  
 

When this triple valve is used with EP brake equipment it is mounted on the Valve bracket of 
the EP brake unit. In this system the triple valve is used for operation of the brake purely by air 
pressure. 
 
2. Design 
 

The Fe 114 triple valve is designed on modern lines. It contains no ground-in parts such as 
slide valve or piston rings, but only rubber-sealed valves and K-type air seals. A piston in the 
body of the triple valve divides it into 5 chambers. 
Leakage between the piston and the body is prevented by K type air seals. One end of the 
piston rod is pierced by a longitudinal passage and forms a valve seat. The brake cylinders are 
exhausted through this valve seat. Another valve seat serves for charging the brake cylinders. 
Both valve seats are opened and closed by means of a spring loaded double seated valve. 
 
3. Operation 
 

1. Charging and release position. 
 

The charging of the auxiliary reservoir takes place through the triple valve in release position. 
Compressed air flows from the brake pipe L to the right  hand side of the piston L/R. The 
piston is urged to the left and opens the  passage from L to R. The auxiliary reservoir is 
filled. The passage from R  to C is closed and the brake cylinder C connected to atmosphere. 
 

2. Application position 
 

On application, the pressure in the brake pipe L is reduced. The pressure  in the auxiliary 
reservoir, which is as high as the original brake pipe pressure, urges the piston L/R to the right. 
This first cuts communication  from C to atmosphere, and also interrupts communication 
between L and R. Further motion of the piston towards the right lifts the double seated valve 
from its seat, against the force of the spring, and establishes communication between R and C. 
Thereupon air pressure flows from the auxiliary reservoir into the brake cylinders. 
 

3. Lap position 
 

As soon as the pressure in the auxiliary reservoir has fallen to the same  value as the 
brake pipe pressure, the piston L/R is moved to the left and the triple valve goes into lap 
position. In this position the connection from R to C and from C to atmosphere is closed. 
  
4. Release 
 

During release the triple valve takes up the same position as in the charging position. As soon 
as the pressure in the brake pipe L is increased and exceeds the pressure in the auxiliary 
reservoir, the piston L/R is moved to the left again and communication established between C 
and the atmosphere. air escapes from the brake cylinders to atmosphere and the brakes 
released. The auxiliary reservoir is simultaneously recharged with air. 
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TRIPLE VALVE (Fe 114 So) 

 
 

Construction, Overhauling & Maintenance 
 

The triple valve consists of a housing sub-assembly (item 1) made out of grey cast iron. A 
cover (item 2) is fixed at the lower end of the housing by 4 nos. hex head bolts and nuts (items 
22 & 23). A screw bush (item 9) is screwed in to the housing sub assly. The piston (item 4) 
actuates inside the cover and the screw bush which is duly supported by K rings (item 15). The 
top chamber valve plate (item 6) seals the R and C chambers. The valve plate is forced to rest 
on its seat by a compression spring (item 11). A filter (item 14) is provided at exist of the aux. 
reservoir to filter the air going into the brake cylinders.  
 

The triple valve 12” and 16” differ from each other in the following respects :  
 
S. No.                 Triple Valve                  16” CI / Syn BB           
1.   Bush with filling  8 orifices   6 orifices 

12” CI / Syn BB 

       choke (item 30) 
2.   Release choke (item 31)   Nil    1 no. 
3.  O-ring (item 26)   Nil / 1 no.    1 no. 
4.   Housing (item 1)   Bigger choke         Smaller choke 
5.   Brake application   Nil / 1 no   1 no. 
  choke (item 3) 
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Triple valves, in general, should be opened after every 3 months, for cleaning purposes. 
During the POH, the valve should be completely dismantled and the parts cleaned for visual 
inspection. Triple valve contains maximum number of K-rings / O-rings hence all the rubber 
parts must be replaced after 2 years of service. Whenever the piston assy. shows marks of wear 
& tear/scratches on the ground surface, it should be replaced. Similarly, if the valve plate (item 
6) shows marks on the sealing surface which are more than 0.4 mm deep or wear and tear on 
the ground surface, it should be replaced. Before assembling the valve, all the parts must be 
cleaned. Rubber parts should be washed in soap water solution. All the moving and rubber 
parts should be lightly greased. The inner surface of the bush with filling choke should be 
polished with brasso for perfect sealing. The comp. spring (item 11) should be replaced after 
every 3 years of service. The filter should be washed and cleaned in petrol before assembling. 
The dust filter (item 7) should also be cleaned with petrol and checked for any damage before 
assembly. After the triple valve is assembled, it should be tested on a separate test bench.  
 

TESTING 
 

Triple valve is tested separately on a test bench to drg. KB 1102 in accordance to pruf 3107. 
This testing will include overall and internal leakage between the various chambers, auto 
application and release timings, application steps, initial filling of aux. reservoir sensitivity and 
insensitivity tests etc. Functionally, the triple valve plays a very important role in the operation 
of auto brakes, therefore, it is important to check each valve after the overhauling according to 
the pruf 3107 for the above mentioned tests.  
 

ADJUSTMENTS 
 

No adjustments are required to be made on the triple valve. However, the only precaution that 
needs to be observed is that triple valve for motor coaches (16”) and driving trailer/plain 
trailers (12’) do not mix-up with each other. Respective name plates must be there to identify 
these valves. 
 
OPERATIONAL CHECKS 
 

For slow charging of aux. reservoir triple valve should be cleaned especially bush with filling 
choke and piston. Also check should be made for easy and free movement of piston. In case of 
any leakage from the exhaust port of the EP bracket, clean or replace the rubber parts of the 
triple valve. In case of any variation into auto application or release timings the valve should 
be overhauled and checked on the test bench for correct timings. The mounting seal on the 
EP bracket for triple valve must be replaced after 3 years. In case of any leakage from the 
mounting, replace this seal. 
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PART LIST OF TRIPLE VALVE 
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11.6 STABILIZING VALVE 
 

1. General 
 

The stabilizing valve drawing no. 3A 47492/1 is used in conjunction with the electrically 
controlled air brake. It is mounted on the Valve bracket of the EP brake unit. The purpose of 
this valve is to reduce the pressure in the auxiliary reservoir to about 0.2 kg/cm2 (3 psi) below 
the pressure reigning in the automatic brake pipe. This reduction is necessary in order to 
prevent the direct release triple valve connected to the EP brake unit from being moved out of 
release position into lap position by pressure fluctuations which may occur. The stabilizing 
valve reduces the pressure in the auxiliary reservoir by connecting it with a bulb in the Valve 
bracket. The stabilizing valve is controlled by the pressure in the brake cylinder. 
 

2. Design 
 

The stabilizing valve consists of a body with 3 chambers, containing a stepped piston. These 
chambers are connected by ports to the respective pipe connections in the Valve bracket. The 
piston is fitted in the body with K type air seals and contains a longitudinal air passage. The 
body has an exhaust port at one side, protected by a filter. Next to the exhaust port is fitted a 
spring ‘a’ which holds the piston in its left hand end position. On the other side of the piston is 
a double seated valve which is held against its seat by a spring ‘b’. 
 

3. Operation 
 

In release position, i.e. when the brake cylinders are exhausted the piston is pushed to the left 
by spring ‘a’ upto the stop, lifting the double seated valve from its seat ‘c’ against the force of 
the spring ‘b’. This establishes communication between chambers 1 and 2. The valve seat ‘d’ 
remains closed so that the exhaust port is shut off. When air is admitted to the brake cylinder 
on application of the brake the air pressure also acts in chamber 2 and on the piston. The latter 
is pressed to the right against the force of the spring ‘a’. Spring ‘b’ presses the double seated 
valve onto its seat ‘c’, isolating chamber 1. The valve seat ‘d’ is opened, thus establishing 
communication between chamber ‘2’ and the exhaust. As soon as the brake is released again 
and the cylinders exhausted, the stabilizing valve returns to its initial position. 

 

 
STABILISING VALVE  
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CONSTRUCTION, OVERHAULING AND MAINTENANCE 
 

The stabilizing valve at the time of POH should be stripped off completely. The valve consists 
of a housing (item 1) made out of bronze. Inside the housing is a valve piston (item 2), which 
divides the housing into three different chambers, namely aux. reservoir (R.), bulb (K) and 
brake cylinder (C). During application of the brakes, the valve piston moves to the left against 
the force of a spring (item 10) and the bulb is exhausted to the atmosphere. Two K rings (item 
3 & 4) are provided in the valve piston for dividing K and C chambers. The valve head (item 
5) rests on its sealing surface against of the spring (item 8). During release operation, the valve 
piston lifts this valve head against the force of the spring (item 8) thereby connecting chambers 
R and K. An exhaust plug (item 13) is provided on to the locking screw (item 11). A filter 
(item 14) is provided in chamber R passage for filtering the air going into the bulb. To 
overhaul the stabilizing valve, it is dismantled from the unit bracket and is completely stripped 
open. All the rubber parts are cleaned in soap water solution. K rings (item 3 & 4) must be 
replaced during every POH. The valve head (item 5) is to be checked for the seat depression. 
Replace it if the depression is more than 0.2 mm. Since the valve piston moves inside the 
polished surface of the housing every time the brakes are applied or released, the housing to be 
especially checked for wear and tear. Also check for the finish of the surface on which the two 
K rings move. The housing must be replaced if such defects are observed on its sealing 
surface. Both the compression springs (item 8 & 10), which are constantly under compression 
and tension, must be replaced after a period of 3 years, but rusty or damaged springs must be 
replaced as and when found with such defects. Every time the locking screw (item 6) is 
opened, sealing ring (item 7) must be replaced. Before assembling the valve, all the parts must 
be cleaned thoroughly. Light grease be applied on the K-rings and inside the housing. Filter 
(item 14) should be cleaned with petrol and dried before fitting it back. Special care should be 
taken while tightening locking screw (item 6) so as to protect the valve head (item 5) for any 
damage. Generally, this locking screw should be tightened fully by hand and finally with a 
ring spanner. The round cord rings (item 9) must be replaced every time the valve comes for 
POH. 
 

TESTING 
 

The stabilizing valve after overhauling is to be tested on a separate test bench to drg. no. 4A 
80570 and to pruf 3044. This testing will indicate leakage in general as well as leakage in 
between any of the three chambers. The testing will also indicate proper functioning of the 
valve and the timings for exhausting or charging the bulb K, which will ensure an easy 
movement of the valve piston and also proper valve lift. 
 

ADJUSTMENT 
 

No adjustments are required to be made in the stabilizing valve after it has been thoroughly 
inspected on the test bench. 
 

OPERATIONAL CHECKS 
 

Due to constant application and release in the brake system on the running trains, chances of 
moisture condensate in the bulb of EP unit bracket are there. 
 

The water condensate may cause brake binding and, hence, it should be drained out after 
every 3 months or so. Provision for draining the water in the bulb has been provided in the 
fabricated EP bracket ( a plug at the lower reservoir). Hex. Allen key of 10mm A/F (across 
flat) to be used and its sealing ring should be replaced. Also in our casted aluminium bracket, a 
plug, almost at the same position is located for draining out water condensate. For draining out 
water, stabilizing valve has to be taken out from the EP unit. The bulb is further cleaned with 
air pressure and the plug is then again screwed in. In case of any leakage from the mounting of 
the stabilizing valve, the mounting round cord rings should be replaced. Also check the 
exhaust port with soap water and in case of any leakages, the valve is to be dismantled and 
overhauled. 
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CHECK VALVE (DRG. NO. OA 68051) 
 

The check valve in the EP unit works as a one way valve. During electric application the air 
from the application magnet valve and limiting valve goes to the brake cylinder through this 
check valve. During the full application, air pressure from the limiting valve strikes the valve 
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plate (item 31), lifts it against the force of the spring (item 32) and goes to the brake cylinder. 
When the pressure under and above the valve plate equalizes, it automatically closes the 
passage and it rests on its seat. In case of any leakages from the exhaust port of the EP bracket 
open the locking screw (item 33) and clean / replace the valve plate. Complete EP units are to 
be tested in the accordance with pruf 3108, respectively on the main test bench to drg. no. 3A 
83149. EP units thus tested and passed will give absolutely trouble-free service in the day to 
day operation of the trains. It is always recommended to use genuine spare parts for longer 
life and better service. 
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11.7 OVERHAULING OF ESCORTS EP UNIT  

 
TOOLS: 
 

The tools need for disassembly and assembly of the sub-assemblies of EP units are listed here 
assly-wise. 
                 

1. Application/Holding Magnet Valve 
 

Double end spanner – A/F sizes in mm – 10, 17, 19, 32 & 36. 
Special tools – Tightening wrench for small valve guide 4A 83776 of holding magnet valve – 
RBT317. 
 

2. Triple Valve 
 

Hexagon Sockets ½” Sq. drive with suitable handle/ wrench -A/F in mm- 19 & 27. 
 

3. Safety Valve (AKL Type) 
 

Double end spanner – A/F sizes in mm 17, 19, 36 & 46. 
 

4. Stabilizing Valve 
 

Double end ring spanner- A/F size in mm - 24. Socket spanner- A/F size in mm 10 
 

4. Pressure Limiting Valve 
 

Hexagon sockets ½” sq. drive with suitable handle / wrench – A/F size in mm 17. 
Hexagon Allen key A/F size in mm – 10. 
Special tools – 
a) Wrench to drg. No. 4A 47440 (for locking screw). 
b) Adjusting tool to drg. No. 4A 59318 (for Adjusting ring) 
 

5. Check Valve 
 

Hexagon sockets ½’ sq. drive with suitable handle / wrench – A/F sizes in mm – 22 & 46. 
 

6. Pressure Reducing Valve 
 

Double end spanners or ring spanners – A/F in mm – 13, 19 & 36. 
NOTE: If severe dirt deposits are found on outsides of the sub assembly they should be 
removed before work is started. 
 

DISASSEMBLY 
 

Perform disassembly carefully and be sure not to damage sealing surfaces on valve seats etc. 
 

CLEANING 
 

The cleaning agent/cleaner shall be used in a dip process and shall have a high cleaning and 
degreasing effect at room temperature. It shall also be effectively usable for steel and cast iron 
parts for economic cleaning and mixed charges. 
• Lukewarm soap water. 
• Petrol 
 

PROCEDURE: 
 

a) Cleaning all metal parts – with the exception of rubber bonded parts – in a suitable cleaning 
bath or a cleaning machine at room temperature or at a temperature of 70 to 80°C and dry with 
compressed air. The direction for use issued by the manufacturer of the cleaner must be 
observed. 
b) Remove signs of rust or corrosion with a soft wire brush. Parts must be dry for this 
operation. 
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c) Clean rubber bonded metal parts in lukewarm soap water. Rinse off with water and then dry 
immediately with compressed air. 
d) Rinse out filter and strainers in petrol and blow through with compressed air. 
e) All rubber parts are replaced, not cleaned during overhaul. 
 

CAUTION 
 

After cleaning place the component in portable trays and protect from damage. When the parts 
are clamped in vice, no damage shall be made to the parts. Examine filter / strainer for damage 
and choking after through cleaning. Defective filter must be replaced entirely. 
 

LUBRICATION 
 

Universal grease should be used for lubrication of rubber parts and sliding members etc. 
The recommended grease is FUCHS branded as – FUCHS – RENOLIT – HLT-2. 
 

INSPECTION 
 

VISUAL INSPECTION 
 

After cleaning the parts must be subjected to a careful visual inspection. If severe damage are 
observed, like cracking, deformation, heavy signs and rust or thread deformation the respective 
parts must be normally be replaced. 
 

If no major damages have been found, inspect the sealing, sliding and guide surface for 
scoring, scratched and excessive wear. Check valve seats for scores, scratches and 
indentations. 
 
RUBBER BONDED PARTS e. g. VALVE HEAD / VALVE PLATES ETC. 
 

• Visual Inspection 
• Examination rubber valve seat for damage, if the rubber is dented by more that 0.3 mm, 

the valve will have to be replaced. 
 
Assembly  
 

During re-assembly of components care should be taken to replace the parts as specified / 
indicated in various categories. 
 
Various categories of parts 
 

Category A  
Mostly fiber sealing rings etc. should be replaced whenever assembly is opened and re-
assembled.  
 

Category B 
Mostly rubber parts and filters should be replaced during overhauling 
 

Category C 
Valve heads, Valve plates, springs etc. should be replaced on condition basis like sealing face 
with high depth of indent, worn out, rusty and damages etc.  
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11.8 PROCEDURE FOR REMOVAL AND INSTALLATION OF K—RING 
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11.9 SPECIAL TOOLS 
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Chapter-12 

 
PARKING BRAKE SYSTEM (ESCORTS) 

 
12.0 INTRODUCTION 

 

Spring Applied Parking Brakes: 
 

In Spring Applied Parking Brakes, the spring applied parking brake cylinders applies the 
brakes as soon as air supply to the same gets interrupted and exhausted. This makes the 
application independent of availability of compressed air and parking brakes can be kept 
applied on a rake standing on a slope for extended duration without running the compressor. 
 

12.1 WORKING 
 

Release:  
 

Parking brake cylinders (A7) are connected to the main reservoir (MR) line through a 5/2-way 
Solenoid valve (A1). For released position, the released button is actuated. The spool shifts to 
a position such that the compressed air is admitted, reduced at 5 kg/cm2 by pressure reducing 
valve (A2) to the parking brake cylinders (A7) acting on the piston and pushing it forward and 
held on. This will make the main IRS8” service brake cylinder free to operate independently 
by means of service brakes. Under this condition, the coach brakes are in fully released 
condition. 
 

Application:  
 

For parking brake application, the application button is actuated which shifts the spool of the 
solenoid valve (A1) to a position such that the compressed air of Parking Brake cylinder (A7) 
is exhausted to the atmosphere. This causes the piston rod of the parking brake cylinder to be 
‘pulled-in” under spring force. Then lever assembly (A9), in turn pulls out the hand brake 
trunion of the service brake cylinder forcing the rigging out and thereby causing parking 
brakes to be applied by spring force. Now the coach is under braked condition by parking 
brakes. For releasing the parking brakes, the release button is actuated, allowing compressed 
air to the cylinders. 
 

A pressure switch (A3) connected in the circuit gives visual indication to the motor man that 
the parking brakes are fully released, while the pressure gauge (A6) reads the pressure 
available to the parking brake cylinders during release. 
 

Manual Release:  
 

In case of MR pressure not being available for release of parking brakes, or if they are 
required to be isolated for any other reason, the parking brake cylinder is detached manually 
from the service brake cylinder with the help of manual release (A10) mechanism by pulling 
the operating tool “towards” the operator. Thus the parking brakes get detached from the 
service brake cylinder by spring force of parking brake cylinders. 
 

For re-connecting the parking brakes once again after resumption of compressed air, slowly 
admit the compressed air to parking brake cylinders (A7) and the piston moves forward and 
engages with the Parking Brake release lever (A9) mechanism by self-aligning. However, the 
Manual operating release tool (A10) must be allowed to move “away” from the operator for 
ensuring proper fixing of the manual release system to the piston rod of parking brake 
cylinders. 
 

Installation:  
 
 

The Parking Brake Cylinder is fitted near and parallel to the service brake cylinder with hand 
brake trunion and the piston rod of the parking brake cylinder connected to the hand brake 
trunion through lever and links & manual release mechanism. 
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Fig. Installation of Parking Brake Cylinder 
 

1. Ensure that 2 nos. IRS brake cylinders on each bogie are provided with hand brake 
trunions. These brake cylinders should be diagonally opposite, each on the side where 
Traction Motor is not fitted. 

2. Install the Parking Brake cylinder (A7) Mounting Bracket as per drawing 
3. Install the parking brake cylinder (A7) on the bracket with the help of 3 nos. hex. head 

screws M16x25. 

2KB 4327 

4. Admit compressed air to the parking brake cylinder (A7) so that the piston rod moves out 
fully. It is the released position for parking brake cylinder. 

5. Screw on the coupler of parking brake release Lever (A8) on to the piston rod end of the 
parking brake cylinder. Check its fitment as per drg. 2KB 4327

6. Fix lever assembly (A9) to the Parking Brake release lever (A8), cylinder mounting 
Bracket and to the hand brake trunion of the service brake cylinder and use the required 
amount of washers and pins, keeping both the parking brake cylinder (A7) and the service 
brake cylinder (IRS8”) in fully released position. 

. Tight the grub screws 
provided on the coupler and lock-nut provided on the piston rod. 

7. Install the Manual operating release tool (A10). 
8. Now the parking brake system is installed. Exhaust the compressed air of the parking 

brake cylinder to atmosphere. The parking brakes will be applied. 
9. Items like the pressure reducing valve (A2), solenoid valve (A1), isolating cock (A4), 

check valve (A12), Pressure switch (A3) and pressure gauge (A6) etc. are installed in the 
cab, accessible to the motor man. 
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Fig. Parking Brake Cylinder (Istallation) 
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12.2 CONSTRUCTION AND WORKING OF EQUIPMENTS 

 

12.3 MAGNET VALVE, 5/2 DOUBLE SOLENOID, 110V DC.  
 

Introduction 
 

Basically magnet valve has 2 parts; valve body and base. Valve body has moving spool inside 
it, movement of which determines the application / release position. Base is used for making 
the pneumatic connections. The valve body and base both are of aluminum. 
 

Working 
 

Parking brake cylinders are pneumatically connected to MR through the solenoid valve. The 
solenoid valve is electrically controlled through the “apply” and “release” buttons connected 
to the solenoid valve. 
Parking brake application / release is controlled by this solenoid valve through the application 
of “apply” and “release” buttons. 

 
 

MAGNET VALVE, 5/2 DOUBLE SOLENOID, 110V DC. 
 
 
Operation 
 

The valve has a spool, which shifts moves as result of solenoid application. When the 
“Apply” button is pressed, the spool shifts, such that the inlet port and outlet ports get 
connected and the air flows to the parking brake cylinders. When the “Release” button is 
pressed, the spool shifts, such that the air supply from inlet port is disconnected and outlet 
ports get connected to the exhaust port, thereby exhausting the air from parking brake 
cylinders to the atmosphere. Both the solenoids are provided with mechanical override 
buttons on the top of each of the solenoids for actuating them as required. 
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Installation 
 

For installation of the solenoid valve, both the pneumatic and electric connections are 
provided. Electrically, both the solenoids of the valve are connected to the source of electrical 
supply (110 V DC); one routed through the “apply” button and the other is through the 
“release” button. The pneumatic connections are provided on the base. The port ‘P’ is 
connection to the inlet pressure line. Port ‘A1’ is connected to the output. Port ‘R1’ is exhaust 
and provided with silencer. Port ‘A2’ and ‘R2’ are not used in the circuit and hence blocked. 
 

Maintenance 
The solenoid valve does not require any specific maintenance; it is therefore, sufficient to 
perform a check during the scheduled general inspection. 

 

12.4 PRESSURE REDUCING VALVE SET AT 5.0 Kg/Cm2  
 

Introduction 
 

Pressure reducing valve consists of outer body, which is of aluminum and contains the entire 
assembly, plastic cap for pressure adjustment; a spring for pressure balancing and valve plate 
on which the pressure acts. 
 

Working 
 

Pressure reducing valve is installed between solenoid valve and the 9 liters reservoir. The 
objective of the Pressure Reducing valve is to provide pressure at constant valve to the 
parking brake cylinders, which is sufficient to release the parking brakes. 
 

Installation & operation 
 

Inlet port is connected to the source of pressure supply and the output port is connected to the 
point, where reduced pressure is required. Set the regulator while verifying the outlet pressure 
value. Turning the knob excessively can cause damage to the internal parts. Do not use tools 
on the pressure regulator knob as this may cause damage. It must be operated manually. 
 

Be sure to unlock the knob before adjusting the pressure and lock it after setting the pressure. 
Failure to follow this procedure can cause damage to the knob and the outlet pressure may 
fluctuate. Pull the pressure regulator knob to unlock. (You can visually verify this with the 
“orange mark” that appears in the gap.) 
 

Push the pressure regulator knob to lock. When the knob is not easily locked, turn it left and 
right a little and then push it (when the knob is locked, the “orange mark”, i.e., the gap will 
disappear). A knob cover is available to prevent careless operation of the knob. 
 
Maintenance 
 

The pressure-reducing valve does not require any specific maintenance; it is therefore, 
sufficient to perform a check during the scheduled general inspection. 

 

12.5 PRESSURE SWITCH (CUT-IN 4 Kg/Cm2, CUT-OUT 2 Kg/Cm2)  
 

Introduction 
 

Pressure switch consists of connector for pressure input, lever mechanism for pressure setting 
with scale and 2 set of NO / NC connectors for electrical connections for electrical signal. 
 

Working 
 

A pressure switch connected in the circuit gives visual indication to the motorman that the 
parking brakes are fully released. 
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Installation & operation 
 

It has a 3/8” male connection for pressure inlet, with installed in the parking brake circuit 
after the solenoid valve. Electrical terminal thread type is M4, which is used for electrical 
connection for giving signal for visual indication to the motorman. Mounting is possible in 
either horizontal or vertical orientations. 
 

Set the pressure by adjusting the setting pressure adjusting bolt to the right to increase and to 
the left to decrease. Adjust the hysteresis with hysteresis adjusting bolt. In case of switch with 
scale plate, adjust the hysteresis with a flat head screwdriver tightening the adjusting bolt in 
the thread cap. Turn to the right to increase and to the left to decrease. . Scale plate is only for 
reference. Use the gauge to get the correct pressure value. Set pressure scale at the value of 
the pressure increase. 
 

Maintenance 
 

The pressure switch valve does not require any specific maintenance; it is therefore, sufficient 
to perform a check during the scheduled general inspection. 

 

 
 

PRESSURE SWITCH 
 
 

12.6 ISOLATING COCK WITH VENT R ½”  
 

Introduction 
 

All the isolating cocks consist of housing, cock bolt, sealing rings and an operating handle. 
 

Working 
 

They are installed in between the solenoid valve and the parking brake cylinders. They serve 
for opening or shutting off the main line pressure to the parking brake cylinders in case of 
malfunctioning of the solenoid valve.  
 

Installation 
 

For installation of the isolating cocks, they are provided with an internal thread, on which 
they are screwed. The angle cock is ready for service after it has been properly installed and 
secured. The handle position parallel to the line indicates an “open position”, whereas the 
handle position perpendicular to line indicates a “closed position”. 
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ISOLATING COCK 

 
 
Mode of operation 
 

By means of the operating handle, the cock bolt is moved to the open or shut off position. In 
the open position, the hollow section of cock bolt flushes with the direction of flow thereby 
permitting an unobstructed air passage. The crowned section of the cock bolt rests against the 
sealing rings, thereby closing the exhaust port. In shut-off position, the crowned section of the 
cock bolt rests against the sealing rings whereby the passage is closed. The exhaust hole is 
connected to the output, thereby exhausting it. 
 

Schedule Maintenance 
 

The isolating cocks do not require any specific maintenance; it is therefore, sufficient to 
perform a check during the scheduled general inspection. 

 

12.7 FLEXIBLE HOSE CONNECTION ½” X 700 MM 
 

Introduction 
 

All hose connections consist of threaded sockets, rubber hose and sealing ring. 

 
FLEXIBLE HOSE 
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Working 
 

They serve as conduits to supply air pressure to the parking brake cylinders. They are 
installed between the isolating cocks and the parking brake cylinders. 

 

Installation 
 

For installation of the hose connection, the socket is provided with an internal thread, which is 
screwed on to the equipments. The installation of hose connection should be an airtight joint 
with no leakage permitted. The hose coupling is ready for service after it has been properly 
installed and secured. 
 

Schedule Maintenance 
The flexible hose connection does not require any specific maintenance; it is therefore, 
sufficient to perform a check during the scheduled general inspection. 

 

12.8 4” PRESSURE GAUGE (WITH ILLUMINIOUS DIAL)  
 

Introduction 
 

4” pressure gauge is consists of cage, which houses bourdon tube, dial and pointer needle. 
The dial has markings to indicate the pressure through pointer needle. The bottom / back of 
the gauge is provided with 3/8” male connection for pressure input. The gauge is provided 
with 8 nos. LEDs (110 V DC).  
 

 

 
4” PRESSURE GAUGE 

 
Workings 
 

Pressure gauge reads the pressure available to the parking brake cylinders during application 
and release. 
 

Installation 
 

The pressure is installed in the parking brake circuit after the solenoid valve. It has 3/8” male 
connection for pressure input. It has 3 holes on the gauge periphery for mounting. 
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Maintenance 
 

The pressure gauge does not require any specific maintenance; however it is important to 
calibrate the gauge periodically to ensure that it shows correct pressure reading. 

 

12.9 PARKING BRAKE CYLINDER  
 

Introduction 
 

The brake cylinder consists of a cylinder body (1), fitted in the cylinder is the piston (3) with 
guide tube (4) and piston rod (11), the compression springs (5, 6 & 8). The piston packing (2) 
of the brake cylinder also seals off the working chamber against the cylinder chamber, which 
is not under pressure 
 

Working 
 

The working parking brake cylinder is opposite to that of service brake cylinder. When the air 
is admitted inside the cylinder, it pushes the piston sub-assembly, along with guide tube and 
piston rod out, causing the compression spring to get compressed. This causes the parking to 
be released. As the compressed air of Parking Brake cylinder is exhausted to the atmosphere, 
the piston rod of the parking brake cylinder to be ‘pulled-in” under spring force. Then the 
lever assembly, in turn pulls out the hand brake trunion of the service brake cylinder, forcing 
the rigging out and thereby causing parking brakes to be applied by spring force. Now the 
coach is under braked condition by parking brakes. 
 

Installation 
 

• Parking brake cylinder is installed on the mounting bracket as per drawing 2KB 4327.  
• It is installed on the bracket with the help of 3 nos. Hex. Head screws M16x25.  
• The coupler of parking brake release lever is screwed on to the front end of the piston rod 

and secured by lock nut and grub screw. 
• The protection cap protecting the air pipe connection should only be removed directly 

before connecting the brake hose, in order to prevent the ingress of dirt.  
• When the air pipe and the brake rigging have been connected the brake cylinder is ready 

for service. 
 

MAINTENANCE 
 

Disassembly  
 

NOTE: The cylinder has heavy spring force and hence it should not be opened without 
proper fixturing. It is recommended that opening and closing fixture as per Escorts drawing 
no. 3KB 4958 be used. 
 

• Remove the hex. lock nut (16), clip (10) and bellow (22).  
• After properly securing the parking brake cylinder inside the fixture, unscrew and remove 

4 nos. nylock nut M12 & hex. head screw M12.  
• Now the cover (7) is free from the body (1).  
• Remove the cover (7). After removing the cover, pull out the compression springs (5, 6 & 

8). 
• Next pullout the piston (3) and guide tube sub-assembly (4) with piston rubber packing 

(2).  
• Examine the components for damage / wear & tear. Change the components on 

conditional basis.  
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 Cleaning Aids 
 

The cleaning agent / cleaner shall be used in a dip process & shall have a high cleaning & 
degreasing effect at room temp. It shall also be effectively usable for steel & cast Iron parts. 
• Lukewarm soap water.  
• Petrol. 
 

 

 
 

EXPLODED VIEW OF PARKING BRAKE CYLINDER 
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Cleaning Procedure 
 

• Cleaning all metal parts in a suitable cleaning bath or a cleaning m/c at room temp or at a 
temp of 70 to 80°C & dry with compressed air. The direction for use issued by the 
manufacturer of the cleaner must be observed. 

• Remove signs of rust or corrosion with a soft wire brush. Parts must be dry for this 
operation  

• Clean rubber bonded metal parts in lukewarm soap water. Rinse off with water & then 
dry immediately with compressed air. 

• Rinse out filter & strainers in petrol & blow through with compressed air. 
• All rubber parts are replaced not cleaned during overhaul. 
 

Caution 
 

• If severe dirt deposit are found on outsides of the assembly that should be removed before 
work is started. 

• The cylinder has heavy spring force and hence it should not be opened without proper 
fixturing.  

• After cleaning place the component in portable trays & protect from damage. 
• When the parts are clamped in vice, no damage shall be made to the parts. 
• Examine filter / strainer for damage & chocking after through cleaning. 
• Defective filter must be either carefully cleaned or replaced entirely 

 

Lubrication 
 

MOBIL’s Mobilux EP2 universal grease should be used for lubrication of rubber parts & 
sliding members etc.  
 

Inspection 
 

After cleaning the parts must be subjected to a careful visual inspection. If severe damage are 
observed, like cracking, deformation, heavy signs of wear, rust or thread deformation, the 
respective parts must be normally be replaced. If no major damages have been found, inspect 
the sealing, sliding, & guide surface for scoring, scratched & excessive wear or indentations. 
If found, these should be replaced. 
 

Rubber Parts 
 

All rubber parts are replaced, not cleaned during overhaul. 
 

Assembly 
 

• Similarly while assembling, put the piston rubber packing (2) on the piston (3).  
• Put the piston subassembly inside the cylinder body (1).  
• Place the compression springs (5, 6 & 8) on the piston (3).  
• Place the cover on the springs and properly adjust the same, so that the holes on the cover 

(7) and body (1). 
• Place the assembly on the fixture, guide it properly under the fixture and secure it.  
• Press the cover (7), till it sits on the body (1).  
• Tie the both together by Hex. Bolt and nylock nut.  
• Put the bellow with clip on the guide tube. Screw in the lock nut on the piston rod. 

 

12.10 PARKING BRAKE RELEASE LEVER 
 

Introduction 
 

Parking brake release lever consists of coupler, fork end, locking ring, steel balls, spring etc. 
 

Working 
 

Parking brake release lever is used for manually connecting and disconnecting of parking 
brake cylinder. 
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For connecting the parking brakes, slowly admit the compressed air to parking brake 
cylinders and the piston moves forward and engages with the Parking Brake release lever fork 
assembly by self-aligning mechanism. However, the manual operating release tool must be 
pulled “towards” the operator for ensuring proper fixing of the release lever assembly to the 
piston rod of parking brake cylinders. After engagement of the fork end and coupler of release 
lever, the manual operating tool is “release” away from the operator for locking of release 
lever. 
 

For release of parking brakes, if they are required to be isolated for some reason, the parking 
brake cylinder is detached manually from the service brake cylinder with the help of release 
lever by pulling the operating tool “towards” the operator. The coupler and the fork end assly 
of the release lever gets detached, thus the parking brakes get detached from the service brake 
cylinder. 
 

Installation 
 

The coupler is tightened on the M20 male threads on the piston rod of parking brake cylinder 
and is secured by grub screw and lock nut. The fork end assy. is put on the connecting lever 
assy. through pin, washer and split pin. 
 

Disassembly  
 

For disassembly of parking brake release lever, no special tools are required.  
• Remove the external circlip (9) with the help of circlip plier.  
• Remove the nameplate (5) from the locking ring (3) with the help of screwdriver. 
• Remove the spring (8) from the locking screw (3) and fork end (2) with the help of 

screwdriver.  
• Slide out the locking ring (3) from the fork end (2).  
• This will free the steel balls (4) and coupler (1) from fork end (2).  
• Examine the components for damage / wear & tear. Change the components on 

conditional basis. 
 

Cleaning 
 

Cleaning Aids 
 

The cleaning agent / cleaner shall be used in a dip process & shall have a high cleaning & 
degreasing effect at room temp. It shall also be effectively usable for steel & cast Iron parts. 
• Lukewarm soap water. 
• Petrol. 

 

 Procedure 
 

• Cleaning all metal parts in a suitable cleaning bath or a cleaning m/c at room temp or at a 
temp of 70 to 80°C & dry with compressed air. The direction for use issued by the 
manufacturer of the cleaner must be observed. 

• Remove signs of rust or corrosion with a soft wire brush. Parts must be dry for this 
operation 

 

Inspection 
 

After cleaning the parts must be subjected to a careful visual inspection. If severe damage are 
observed, like cracking, deformation, heavy signs of wear, rust or thread deformation, the 
respective parts must be normally be replaced. 

 

 Assembly  
 

• While assembling, put the steel balls (4) (4 nos.) onto the slots in the fork end (2).  
• Slide the locking ring (3) onto the fork end (2) over the steel balls.  
• Put the circlip (9) with the help of circlip plier on the fork end (2).  
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• Assembly the spring (8) and nameplate (5) on the locking ring (3) with the help of 
screwdriver.  

• Rotate the locking ring against the fork end (2) to free the steel balls (4).  
• Now slide the coupler (1) in side the fork end (2). 
• Release the locking ring (3) to lock the coupler (1).  
• Parking brake release lever is ready to be put into service. 

 

Schedule Maintenance 
The parking brake release lever does not require any specific maintenance; it is therefore, 
sufficient to perform a check during the scheduled general inspection. 

 

 
 
 

12.11 CONNECTING LEVER ASSEMBLY  
 

Introduction 
 

Connecting lever assembly consists of lever, lever arm, link and pin with washer and split pin. 
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Installation 
 

The lever arm is mounted on the parking brake cylinder-mounting bracket through pin, 
washer and split pin. The lever mounted on the fork end assy. of release lever through pin, 
washer and split pin. Links are connected to the hand brake trunion on the service cylinder. 
 

Working 
 

It is used to connect parking brake cylinder with service brake cylinder through a fulcrum 
point on parking brake cylinder mounting bracket in ration of 1: 1. When the parking brake 
cylinders are exhausted, the piston rod of parking brake cylinder along with release lever is 
pulled in under spring force of compressions springs, this in turn pulls out the piston sub-assy 
of the service brake cylinders causing brakes to be applied. 
 

Disassembly / Assembly 
 

• Remove split pins (5) with the help of screwdriver and plier.  
• Slide the pin (3) out to disassemble the lever (1) and lever arm (2).  
• Slide the links (4) out from the lever arms (2).  
• Connecting lever assy. is completely disassembled. 
• Examine the components for damage / wear & tear. Change the components on 

conditional basis. Follow the reverse order for assembly. 
 

Cleaning 
 

The cleaning agent / cleaner shall be used in a dip process & shall have a high cleaning & 
degreasing effect at room temp. It shall also be effectively usable for steel & cast Iron parts.  
• Lukewarm soap water. 
• Petrol. 

 

 Procedure 
 

• Cleaning all metal parts in a suitable cleaning bath or a cleaning m/c at room temp or at a 
temp of 70 to 80°C & dry with compressed air. The direction for use issued by the 
manufacturer of the cleaner must be observed. 

• Remove signs of rust or corrosion with a soft wire brush. Parts must be dry for this 
operation 
 

Inspection 
 

After cleaning the parts must be subjected to a careful visual inspection. If severe damage are 
observed, like cracking, deformation, heavy signs of wear, rust or thread deformation, the 
respective parts must be normally be replaced. 
 

Maintenance 
 

The parking brake connecting lever assy. does not require any specific maintenance; it is 
therefore, sufficient to perform a check during the scheduled general inspection. 

 

12.12 MANUAL RELEASE SYSTEM OPERATING TOOL  
 

Introduction 
 

It consists of steel wire rope, wire clamps, handle hooks, etc. 
 

Installation 
• The steel wire is put on the handle of the parking brake release lever through the wire 

clamps.  
• 2 nos. hooks are welded on the coach under frame.  
• The handle attached to the steel wire is hung on these hooks. 
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Working 
 

Manual release system operating tool facilitates the manual connecting and disconnecting of 
parking brakes through manual release lever. 
 

The Manual operating release tool must be pulled “towards” the operator for disengaging the 
fork end and the coupler, when the parking brakes are applied for manually releasing the 
parking brakes. 
 

For connecting the parking brakes, the Manual operating release tool again must be pulled 
“towards” the operator for ensuring proper fixing of the release lever by self-aligning 
mechanism. After engagement of the fork end and coupler of release lever, the manual 
operating tool is “release” away from the operator for locking of release lever. 

 

Maintenance 
 

The parking brake manual release system operating tool does not require any specific 
maintenance; it is therefore, sufficient to perform a check during the scheduled general 
inspection. 

 

12.13 AIR RESERVOIR 9 LITERS  
 

Introduction 
 

Reservoir consists of threaded sockets for connections, dish ends and barrel. 
 

Working 
 

The reservoir stores the air required for releasing of parking brakes. It is installed after the 
check valve and before the PRV. 
 

Installation 
 

For installation of the reservoir, the socket is provided with an internal thread, which is 
screwed with reducers and nipples to the pipe connections. The installation of reservoir 
should be an airtight joint with no leakage permitted. The reservoir is ready for service after it 
has been properly installed and secured. 
 

Maintenance 
 

The air reservoir do not require any specific maintenance; it is therefore, sufficient to perform 
a check during the scheduled general inspection. 

 

12.14 CHECK VALVE ½”  
 

Introduction 
 

Check valve consists of aluminum body, which houses valve, valve seat and a spring. 
 

Working 
 

A check valve provided in the circuit prevents the back flow of air pressure to MR line, once 
the air pressure has entered in to the parking brake circuit. 
 

Installation & operation 
 

The inlet port is connected to the MR line and the output port is connected to the parking 
brake circuit. The air from the MR line is allowed to enter into the parking brake circuit, 
however the reverse flow of air back into the MR line is prevented by the valve. 
 

Maintenance 
 

The check valve does not require any specific maintenance; it is therefore, sufficient to 
perform a check during the scheduled general inspection. 
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12.15 FLEXIBLE HOSE CONNECTION 3/8” X 4500 
 

Introduction 
 

All hose connections consist of threaded sockets, rubber hose and sealing ring. 
 
Working 
 

They serve as conduits to supply air pressure to the parking brake gauge. They are installed 
between the isolating cocks and the parking brake gauge. 
 
Installation 
 

For installation of the hose connection, the socket is provided with an internal thread, which is 
screwed on to the equipments. The installation of hose connection should be an airtight joint 
with no leakage permitted. The hose coupling is ready for service after it has been properly 
installed and secured. 
 
Maintenance 
 

The hose coupling do not require any specific maintenance; it is therefore, sufficient to 
perform a check during the scheduled general inspection. 
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Chapter- 13 
 

ELECTRO-PNEUMATIC BRAKE CONTROLLER TYPE E.D.6  
(WESTINGHOUSE) 

 
 

13.0 INTRODUCTION 
 

Electro-pneumatic brake controller is installed in the driving cabs of trains fitted with electro-
Pneumatic brake equipments, to control the application and release of both the E.P. and 
Automatic brakes. 
 

Type E.D.6 controllers are suitable for controlling E.P. brake equipments in which the holding 
magnet valves are wound with one coil. The automatic brake is controlled by a group of 
poppet valves, which together with the self-lapping electro-pneumatic mechanism and 
equalizing discharge valve is housed in the brake valve unit. 
 
HANDLE POSITIONS:- Both the E.P. and Automatic air brakes are controlled by one 
handle (fig. B) selection between the two brakes is by handle position. The E.P. brake is 
controlled in positions I and II and the automatic brake in positions I, III and IV. Both brakes 
are applied in position V (Emergency position). 
 

The three sub-assemblies of the E.D.6 controller-the BRAKE VALVE UNIT, the REDUCING 
VALVE Type c6F and the ISOLATING VALVE SWITCH are mounted on the controller pipe 
bracket. Pneumatic connections between the valves and the pipe brackets are made through 
ports in the fixing flanges and bolting faces; the connections are sealed by synthetic rubber 
gaskets. The external pipe work is permanent connected to the pipe bracket and the 
compressed air is distributed within the controller by passages in the pipe bracket casting. 
 

13.1 E.P. BRAKE OPERATION 
The E.P. brake is an electrically controlled ‘straight air’ brake which admits compressed air to 
the brake cylinders under the control of two magnet valves on each of the vehicles of a train. 
 

All the magnet valves and brake controllers are connected by train wires (usually with 
contactors included in the circuit). Movement of the brake controller handle between positions 
I and II switches the electrical supply onto the train wires to energize the magnet valves in 
sequence. One of the two magnet valves- the ‘Holding magnet valve-closes the brake cylinder 
exhaust when it is energized and the other –the ‘Application’ magnet valve- admits 
compressed air from the main reservoir supply to the brake cylinders, when energized, the 
degree of braking is determined by the amount of handle movement from position I. Maximum 
E.P. service braking is obtained with the handle in position II. 
 

Positions I, II, V (Emergency) 
 

Position I – Release and running (Fig C) 
When the brake controller handle is in position I the self-lapping mechanism is in the position 
shown diagrammatically in fig C.  and – 
 

• The holding circuit is open (All holding magnet valves open; brake cylinders vented). 
• The application circuit is open (All application magnet valves closed to prevent 

compressed air from entering the brake cylinders). 
• The Direct Acting Contacts are open – Fig. ‘D’ 
 

Both the E.P. and Automatic brakes are released; the brake pipe and equalizing reservoir are 
maintained charged to the pressure to which the reducing valve has been set.  

 

13.2 PARTIAL APPLICATION AND “SELF LAPPING” 
 

 (Handle moved to a position between positions I and II Fig. C) 
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ADMISSION 
 

Holding Phase 
 

When the handle is moved out of position I in the direction of position II the movement of the 
handle is transmitted to the moving contact arm A by crank D fixed to the handle shaft and the 
three pin jointed links E, H and K. The moving contacts travel towards Holding contact finger 
F because pin J is held stationary for the time being by springs Q and R which act on position 
T and plunger N in the self-lapping cylinder.  

 

 
 
 

 
FIG. ‘A’ & ‘B’ OF BRAKE CONTROLLER E. D. 6 
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Operation of the Controller- E.P. Braking  
 

The movement continuous until:- first the upper (fig D (i) ) moving contact reaches the fixed 
holding contact finger F and, second, the lower moving contact reaches the fixed application 
contact finger, the supply contact finger remaining in contact with the moving contact all the 
time. All the holding magnet valves are energized to close the brake cylinder exhausts and all 
the application magnet valves are energized to admit compressed air to the brake cylinders.  
 

Self-Lapping Phase 
 

The travel of moving contact arm A is limited by stop screw M so that further movement of 
the handle will withdraw plunger N from piston T in the self-lapping cylinder, compressing 
spring Q. The self lapping cylinder is connected pneumatically to the brake cylinder system on 
the car on which the controller is installed and brake cylinder air pressure is admitted behind 
piston T when the handle is left between positions I and II to effect a Partial brake application, 
the admission of brake cylinder air pressure to the self-lapping cylinder will move piston T 
allowing spring Q to extend until collar P reaches the shoulder on the plunger. The shoulder on 
the inside of the piston reaches collar S at the same time. When plunger N will push against 
pin J. Crank D can now be assumed to be fixed because the handle is stationary, so that the 
movement of plunger N will pivot link H about pin G and traverse the moving contacts 
towards the supply contact until the lower moving contacts separates from the application 
contact finger. This de-energies the application magnet valves and the admission of 
compressed air to the brake cylinders ceases. The upper moving contact remains in contact 
with the HOLDING contact finger and the holding magnet valves retain the air pressure in the 
brake cylinders. 

 

 
FIG. ‘C’, SELF LAPPING MECHANISM 
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Brake cylinder pressure may be increased by moving the controller handle further towards 
position II when the sequence will be repeated. 
 

The self-lapping cylinder, piston and springs (shown in fig.) are a variable balance mechanism. 
The further the handle is turned towards position II, the greater will be the extent to which 
spring R must be compressed and consequently. The higher the air pressure necessary to 
impart movement to the moving contacts. The position of the handle through the self-lapping 
mechanism, governs the brake cylinder pressure at which the application contacts open and the 
mechanism is said to ‘Lap’. 

 

Partial release 
 

Movement of the handle towards position I (release) causes the moving contacts to travel 
towards the supply contact because pivot pin J is held stationary for the time being by the 
balanced air and spring pressure in the self-lapping cylinder. The movement of the moving 
contacts opens the holding circuit and releases air from the brake cylinders. IF the handle 
movement towards position I is continued after stop screw L has released the end of its travel. 
The plunger N is pushed into the piston, compressing spring Q. As brake cylinder pressure 
falls, spring R moves piston T and allows spring Q to extend until collar S reaches the head of 
the plunger. On moving further in the same direction, piston T will draw plunger N with it by 
compressing spring Q slightly; this force acts upon pivot J (crank D is stationary when the 
handle is not being turned) and the moving contacts are carried towards the holding contacts 
until the holding contacts are closed and the release of brake cylinder air ceases. 

 
 

FIG. ‘D’ 
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 Further movement of the handle towards position I causes the whole sequence to the repeated; 
the reduced brake cylinder pressure at which the application contacts open depending again on 
the handle position. 
 

Position II – Full Service E.P. 
 

When the controller handle is moved to position II the E.P. brake is applied to the maximum 
brake cylinder pressure-usually determined by the limiting valve on the brake unit. The direct 
acting contacts, connected in parallel with the self-lapping contacts, close and keep the 
Application and Holding magnet valves energized until the handle is moved back into the 
release position or self-lapping range. Self-lapping does not have any effect in position II.  
 

Position V –Emergency 
 

In position V, the self-lapping and direct acting contacts are closed in exactly the same way as 
in position II and the Automatic brake is also applied pneumatic. See  
Mechanical Locking in Release Position 
 

When the brake controller handle is moved to the ‘Release’ position, the cam (in fig.) mounted 
on the handle shaft, engages with the roller and holds moving contacts arm A at the rear of its 
travel. 

 

13.3 AUTOMATIC BRAKE OPERATION 
 

Handle Positions I, III, IV and V (Emergency) 
 

The Automatic brake is controlled by varying the air pressure in the brake pipe, which is a 
continuous pipe carried throughout the length of the train. The brake pipe is charged with the 
compressed air delivered at constant pressure by the Reducing Valve mounted on the 
controller pipe bracket. The high pressure air supply to the Reducing Valve is obtained from 
the Main Reservoir System. 
 

 

The Automatic Brake is Applied by Discharging air from the brake pipe and Released by 
restoring the air pressure in the brake pipe . 

A triple valve on each vehicle is connected to the brake pipe and applies or releases the 
automatic brake in response to the brake pipe pressure variations. The automatic brake can be 
applied in stages but Type ED.6 controllers and conventional triple valves DO NOT graduate 
release. 
 

Movement of the brake controller handle into position I, III, IV and V operates the poppet type 
charging and exhaust valve group through cam and rocker assemblies as shown in fig. E, F, G 
and H. 
 

NOTE: Service Application Only   Air is not released from the brake pipe directly by the 
poppet valves for SERVICE applications Instead the controller reduces the pressure in a small 
Equalizing Reservoir 

 

charged to brake pipe pressure. The reduction of pressure in the 
equalizing Reservoir is reproduced in the brake pipe by the Equalizing Discharge Valve (see 
page) which closes slowly and prevents pressure surges from being set up in the brake pipe. 
The equalizing reservoirs are all of the same standard capacity; so that the driving technique is 
not affected by the length of the train – the time required to reduce the equalizing reservoir 
pressure by a given amount being fixed. The equalizing Discharge Valve will however remain 
open for a longer time on long trains because of the greater volume of air to be discharged 
from the greater length of brake pipe. 

Position 1. Release and Running (fig. E) 
 

The Automatic (and E.P.) brake is released. 
As shown in fig. E compressed air at constant reduced pressure passes from the reducing valve 
through valve B to charge the brake pipe and also to the lower chamber of the equalizing 
Discharge Valve. The upper chamber of the Equalizing Discharge Valve and the Equalizing 
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Reservoir are charged through valve A. The Equalizing Reservoir connection is taken through 
the Isolating Valve to isolate the reservoir from the brake pipe at non-operative cabs. 
 

The Reducing Valve automatically maintains constant pressure in the brake pipe and 
Equalizing Reservoir in released and when the E.P. brake is being used. 

 
 
 
 

 
FIG. ‘E’ RELEASE and RUNNING 

 
 

Position III ‘Lap’ (fig. F) 
 

Fig. F shows valves A, B, C, and D closed to retain the pressure in the equalizing reservoir and 
brake pipe.  
 

The brake controller handle is moved quickly through the self-lapping sector in to the ‘Lap’ 
position in preparation for an automatic brake application. ‘Lap’ position is also selected after 
a partial automatic brake application, to keep the brake cylinder pressure constant. 
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FIG. ‘F’  LAP POSITION 

 
 
 

Position IV Automatic Service Application (fig. G)  
 

Valve C is open and all the other valves are closed. Air from the Equalizing Reservoir 
discharge to exhaust at a controlled rate through the Isolating valve, the open valve C, the 
choke and the exhaust passage. The brake pipe pressure is reduced to the same extent by the 
equalizing discharge valve (page) the reduction in brake pipe pressure operates the triple 
valves to apply the brakes. 
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FIG. ‘G’  

 
SERVICE AUTOMATIC 

 
 
 

 
Position V Emergency 
 

Valve D is opened in addition to Valve C. The brake pipe exhausts directly to atmosphere, 
giving a very rapid reduction in brake pipe pressure and consequent rapid operation of the 
triple valves. Simultaneously a service E.P. application is made (position V Emergency, page). 
 

NOTE: An emergency application of the brakes may also be made from a non-operative cab 
by moving the brake controller handle from position I to position V, but in this case the E.P. 
brake will not be applied. 
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FIG. ‘H’  
 

EMERGENCY 

Equalizing Discharge Valve 
 

The equalizing discharge valve reproduced in the brake pipe the pressure reduction made in 
the equalizing reservoir during service applications of the automatic brake. 
 

Space A, above the diaphragm, is connected to the equalizing reservoir; space B, below the 
diaphragm, is connected to the brake pipe. When the equalizing reservoir pressure (above the 
diaphragm) is reduced, the brake pipe pressure in space B lifts the diaphragm, opens valve C 
and releases air from the brake pipe. 
 

As the diminishing brake pipe pressure approaches the (reduced) equalizing reservoir pressure, 
the pressure difference above and below the diaphragm diminishes also, the diaphragm moves 
downwards and gradually closes valve C. The tapered shape of the valve assists in preventing 
abrupt closure, which might set up undesirable pressure surges in the brake pipe. 
 

If the equalizing reservoir pressure exceeds the pressure in the brake pipe, as may occur during 
an emergency application, the diaphragm and follower will be forced downwards against 
spring F until space A and B are connected by passages D and E. Compressed air from the 
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equalizing reservoir and space A flows through passage D and E to space B until equal 
pressures obtain in spaces A and B when spring F will return the diaphragm to the balanced 
position as shown in fig J. 

 
 
 

 
 
 

FIG ‘J’ 
 

EQUALISING DISCHARGE VALVE 

 
 
 

13.4    AIR PRESSURE REDUCING VALVE, TYPE – ‘F’ 
 

The reducing Valve delivers compressed air from the Main Supply, at a constant reduced 
pressure, to the brake pipe. 
 

It consists of a diaphragm operated pivot valve and Relay valve. The pivot valve is of small 
capacity and provides the control pressure for the relay valve, whilst this relay valve regulates 
the opening of a spring loaded Cone valve and then flow of air from the main supply to the 
reduced pressure outlet. The outlet pressure can be accurately set by means of a adjustable 
spring cover. 
 

Air at supply pressure enters the valve through port ‘A’ and flows by the filter through the 
open inlet valve to chamber ‘C’ of the relay valve, and also passes the spherical end of the 
pivot valve diaphragm guide to resister in chamber ‘B’ on the upper surfaces of the pivot valve 
diaphragm, the diaphragm assembly is deflected downwards permitting the inlet valve to move 
with it under the influence of small spring until the inlet valve closes when the air pressure 
above chamber ‘B’ and the spring pressure below the diaphragm are equal. 
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FIG ‘K’
 

  AIR PRESSURE REDUCING VALVE, Type – ‘F’ 

The control pressure admitted by the pilot valve to chamber ‘C’ below the relay diaphragm, 
initially moves the diaphragm upwards to its full extent and the diaphragm stem unseats the 
cone valve. Air flow rapidly from the main supply, through the open valve to the outlet port 
‘D’ and at the same time registered on the upper surface of the relay diaphragm through hole 
’E’. As this pressure builds up, the diaphragm assembly moves back against the control 
pressure until the pressure above and below the diaphragm are equal. When this occurs, the tip 
of the diaphragm stem is just clear of the Cone valve, which is closed on its seat by the higher 
supply pressure above it. 
 

These sequences will be repeated whenever the brake pipe pressure admitted to chamber ‘B’ 
become less the pre-set valve. 

 

13.5  ISOLATING VALVE SWITCH FIG. ‘ L’ 
 

The Isolating Valve switch isolates controllers both electrically and pneumatically at non-
pneumatically at non-operative cabs. 

1. The pneumatic valve assembly contains three spring-loaded poppet valves operated by 
a cam and rocker mechanism turned by the operating spindle. 

2. The electrical switch consists of three contact drums, also turned by the operating 
spindle, and contact fingers arranged in three banks. There are also two junction 
terminals. 

 

The operating crank fitted to the spindle where it protrudes through the controller casings, Is 
shaped to receive a key. In the ‘Open’ position the valve sets up the pneumatic and electrical 
connections to make the controller operative and in the ‘closed’ position it isolates the 
controller. 
 

A spring loaded plunger locates in recesses in the cam to give a positive stop in the ‘open and 
closed’ position. 
NOTE: the term ‘open’ and ‘closed’ refers to the air connections. 
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FIG ‘L’  ISOLATING VALVE SWITCH 

 
Valve in ‘OPEN’ position (controller operative)  

Valve ER open  Equalizing Reservoir connected to equalizing Discharge    
Valve and poppet Valve Group on the brake valve unit. 

Pneumatic        

Valve MR open  Main reservoir connected to Reducing Valve. 
Valve SL open  Brake cylinder connected to “Self-Lapping” operating 

cylinder. The exhaust passage through the hollow valve 
stem is closed. 

Drum A  ‘E.P. return’ train wire connected to ‘supply negative’. 
Electrical 

Drum B  Indication train wire connected to indication lamp. 
Drum C  ‘Supply Positive’ connected to controller contacts. 
 
Valve in ‘CLOSED’ position (controller Isolated)  
 

Valve ER closed  Equalizing Reservoir isolated from equalizing Discharge    
Valve and poppet Valve Group. 

Pneumatic        

Valve MR closed  Main reservoir isolated from Reducing Valve. 
Valve SL closed  Brake cylinder isolated from “Self-Lapping” operating 

cylinder. “Self Lapping” operating cylinder vented to 
atmosphere through hollow valve stem. 

Drum A  ‘E.P. return’ train wire disconnected from ‘supply 
negative’. 

Electrical 

Drum B  Indication train disconnected from indication train wire. 
Front and rear parts of indication train wire connected 
together. 

Drum C  ‘Supply Positive’ disconnected from controller contacts. 
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13.6 MAINTNANCE for E.D.6 CONTROLLER 
 

Lubrication: Recommended Lubricants 
General - H.P.CHASSIS Grease 
Handle Spindle - Light Machine Oil 
 
Daily: Any malfunctioning disclosed by pre-service tests must be 

corrected before vehicles enter service. 
PERIODICAL  Oil handle spindle through oil hole closed by handle retaining 

screw.  
Examine the contact fingers and drums of the self-lapping 
mechanism and isolating valve switch. Recondition with very fine 
abrasive paper or cloth (not emery paper or cloth) if necessary. 
Contact surfaces damages beyond reclamation in this way should 
be renewed. Adjust in accordance with separate instructions if the 
operation is not correct. 
Check the setting and performance of the reducing valve. Service / 
adjust only if necessary. Repack the strainer with new or 
reclaimed filling.  

RECONDITIONING at 
vehicle overhaul 

Remove all components from the pipe bracket which will be left in 
situ on the vehicle.  
Dismantle the components, clean and inspect all parts, discarding 
any found worn or damaged. 

Re-use of wearing parts It is recommended that parts subject to wear or deterioration 
should not be re-used at reconditioning unless experience under 
working conditions indicates that they are serviceable for a further 
inter-overhauls period.  
It is not advisable to re-use the smaller synthetic rubber gaskets, 
seals, ‘O’ rings, circlips and moulded valves after they have been 
disturbed. Corrosion-resistant springs must be replaced by correct 
spares when renewal is necessary. 

Bushes sealed by ‘O’ 
rings. 

Subsequent removal of valve bushes sealed by ‘O’ rings is 
facilitated if the bore of the housing is sprayed with an aerosol 
dispersion of molybdenum disulphide on reassembly. 

 
13.7 REASSEMBLY OF COMPONENTS 

 

 Self-Lapping Mechanism 
 

• Recondition contacts as per periodical maintenance. 
• Eliminate slackness at pivots and rollers by renewing or reclaiming worn parts. 
• Eliminate stiffness at pivots and rollers. 
• Replace defective wiring. 
• Re-oil the piston felt. If the felt is renewed, stick it in position with shellac and oil freely 

before replacing in cylinder. 
• Renew the piston packing. Grease before reassembly. 
• Renew piston spring and plunger spring if defective. 
• Free height of springs when new: - 

Piston spring 2.031” (51.6 mm) 
Plunger spring 3-3/4” (95 mm). 

• Lubricate all pivots etc. with H.P.CHASSIS: grease, which must not contaminate electrical 
wiring or contact surfaces. 

 

 Poppet Valve Group 
 

• Renew friction plates if necessary. 
• Free height of spring when new  3.5/16” (84 mm). 
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• The fulcrum bushes in the rocker arms are ‘oil retaining’. Use correct spares if 
replacement necessary. 

• Eliminate slackness and stiffness if present in the mechanism.  
• Fit new ‘O’ rings, synthetic rubber valves and valve springs as necessary. 
• Use new sealing ‘O’ rings if it is necessary to disturb or replace the valve bushes. 
• Free height of spring when new:- 

In valve cabs - 1.3/64” (27 mm). 
Intermediate - 1.5/8” (41 mm). 

• Valve caps 1.468” – 1.48” across flats (37.3 mm –37.6 mm). Use 1” B.S. spanner. 
 

 Equalizing Discharge Valve 
 

• Renew diaphragm and ‘O’ rings. 
• The synthetic rubber valve should be cleaned without removing it from the body or using 

solvents. Replace only if deteriorated an unlikely occurrence. 
• Free height of spring when new: - 1.19/64” (33 mm). 

 

 Reducing Valve 
 

• Test for leakage at slide valve and pilot valve. 
• Re-surface valves if necessity indicated by test. 
• If pilot valve is reground to its seat reduce length of pilot valve stem to clear diaphragms 

when diaphragm spring is not compressed and valve is seated. A special purpose tool is 
recommended for this operation. 

• Fit new diaphragms and renew strainer filling. 
• Excessive clearance between piston and bore is indicated by slow charging as the setting 

pressure is approached. 
• Free height of springs when new: 

Diaphragm spring - 4.1/16” (103 mm). 
Inlet valve spring  - 2.19/32” (66 mm) 
Pilot valve spring - 0.593” (15mm). 

• Lubricate with H.P.CHASSIS grease. 
 

 Isolating Valve Switch. 
 

• Recondition contacts as per periodical maintenance. 
• Renew valve and ‘O’ ring seals on valve stems. 
• Free height of springs when new: 

Large spring  - 1.3/64” (27 mm) 
Small spring  - 31/32” (25 mm) 
External return Spring - 0.804”  (20 mm) 

• Renew plunger and spring if worn. 
• Free height of plunger spring when new:- 21/32” (17 mm). 
• Eliminate slackness or tightness in rocker mechanism. 
• The bushes in the rocker mechanism are ‘Oil-retaining’: Correct spares must be used if 

replacement necessary. 
• Adjust contact keepers to give 1/16” (1.5 mm) clearance between contact surfaces and non 

metallic surfaces of drums. 
• Valve Caps Large     1.468” – 1.48” (37.29 mm – 37.59 mm) 

 Across flats. Use 1” B.S. Spanner. 
• Valve Caps Small (mm) 1.000” – 1.010” (25.4 mm – 25.65 mm)  

 Across flats. Use 1” B.S. Spanner. 
 Verify correct operation of the complete controller after reassembling the reconditioned 

components on the pipe bracket. Check internal wiring and external connections to the 
Isolating valve switch. 
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Chapter-14 
 

ELECTRO-PNEUMATIC BRAKE UNIT (MODIFIED TYPE)  
WESTINGHOUSE 

 
 

14.0 ELECTRO-PNEUMATIC BRAKE UNIT 
 

A Brake Unit - mounted on each car of an E.P. braked train contains the control components 
for the Electro-Pneumatic Brake and The Triple valve to control the Automatic Brake. The 
Triple valve on L.D. series Units is actuated by a diaphragm which opens and closes poppet 
valves in response to variations in Brake pipe pressure. 

 
 
 

 
 
 

FIG-1 EP BRAKE UNIT (MODIFIED TYPE) 
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The operation of this modified E.P. Brake Unit (Modified type) is similar to the earlier version 
LD-2 Type Brake Unit and is not affected by the variation in the design of E.P. Magnet valve 
arrangement to suit particular requirements. These variations are indicated as follows:  
 

The Magnet valves are 'Direct acting type' instead of 'Relayed type' used in earlier type LD-2. 
This has been done in order to reduce the number of passages within the castings and thus 
minimise the possibility of moisture deposition in various 'pockets. The larger port connections 
provided further eliminates possibility of trapping of moisture within the valves and ensure 
easy exit of moisture through the outlet, if deposited any. This adoption of 'Direct acting type' 
Magnet valves also eliminates the alignment problem between the components and body 
sections to the great extent as found time to time in the earlier version of Unit type LD-2. The 
reduced number of rubber components used in this 'Direct acting type' Magnet valves 
minimises also the defects due to failure of rubber components.  
 

The magnet coils are mounted on top of the pneumatic valve portion instead at the bottom 
which eliminates the possibility of water seepage within the coils due to gravity. All the air 
passages to the Magnet valves, within the adopter bracket casting slopped upward to the valves 
so that any moisture collected within the passages can come down and does not enter the 
valves. 
 

The 'Positive acting check valve' has been designed as a separate unit, mounted on the adopter 
bracket, for easy maintenance and removal. 
The encapsulated coils are enclosed within a metal casing for better protection from shock and 
humid weather. 
 

14.1 MAJOR SUB-ASSEMBLIES 
 

Brake Unit (Modified Type) Fig. 1, contains seven major sub-assemblies: 
 

a) PIPE BRACKET 
 

The vehicle piping and wiring are permanently connected to the Brake Unit pipe bracket and 
the Magnet valve coil leads are connected to the relevant train wire at a junction terminal 
block mounted on the pipe bracket. Neither the vehicle piping nor wiring need be disturbed 
when components are removed for maintenance. 
 

b) MAGNET VALVE UNIT - Fig. 2 
 

The Magnet valve unit includes the Application Magnet valve, Fig. 2A and Holding Magnet 
valve, Fig. 2B, Adopter bracket and the Application check valve (Positive acting check valve).  
The Magnet valve unit controls the application and release of the E.P. Brake as determined by 
the operation of switches in the driver's brake controller. The Magnet valves are connected to 
train wires which are energised in sequence by the switches in the driver's brake controller. 
The Application check valve (Positive acting check valve) retains the compressed air in the 
Brake cylinders while the brake is 'Held' at constant pressure during the Automatic brake 
application, if holding Magnet valve is de-energised and open due to any reason. 
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FIG-2 EP MAGNET VALVE UNIT ASSEMBLY (DIRECT ACTING TYPE) 
 

 
FIG-2A & 2B 

 
Comp. part No. Application Chock Release Chock Remarks 

ID 70233/ 1 A 70205/ 102 
(3.8 mm) 

A 70205/ 100 
(5.8 mm) 

Motor Coach 

ID 70233/ 2 IA 70858/ 3 
(2.0 mm) 

IA 70858/ 2 
(3.2 mm) 

Trailer Coach 
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c) TRIPLE VALVE Fig. 3  
 

The diaphragm operated Triple valve is part of the automatic brake equipment and controls the 
application and release of the brakes in conjunction with the auxiliary reservoir when the air 
pressure in the brake pipe is varied, The automatic brake is applied by reducing the pressure in 
the brake pipe and an application can be initiated by the driver, guard, breakaway or by any 
other occurrence which reduces the pressure in the brake pipe. An auxiliary reservoir (which is 
not part of the brake unit) is charged from the brake pipe when the automatic brake is released 
and provides a local supply of compressed air on each car for applying the brake. The Triple 
valve operates only when the automatic brake is in use; it remains in "Release" position during 
Electro-Pneumatic brake application and release. 
 
 

 
 
 
 
 
 

FIG. 3        TRIPLE VALVE 
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d) CHECK VALVE Fig. 4 

 
 
 
 

FIG. 4  CHECK VALVE  
 
 

e) LIMITING VALVE Fig. 5  
 

The maximum Brake cylinder pressure which can be obtained during E.P. service brake 
application is determined by the setting of the limiting valve. 
 

 
 

FIG. 5  LIMITING VALVE 
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f) TRIPLE VALVE STABILISING VALVE –Fig. 6  
 

The Triple valve stabilizing valve and its associated Bulb ensures that the Triple valve is 
always in the "Release" position when the E.P. brake is being used. 

 
 

 
 
 
 
 

FIG. 6  TRIPLE VALVE STABILISING VALVE 
 
 
 

g) RECTIFIERS 
 

Rectifiers may be attached to the Brake Unit for convenience of mounting. They may be used 
for delaying Magnet valve drop away, indicator lamp protection or other purpose as the 
general characteristics of the equipment may require. 

 

14.2 THE ELECTRO-PNEUMATIC BRAKE 
 

Fig. 7 shows the diagrammatic arrangement of the Brake Unit with the brake released and 
Fig.8 shows the Brake Unit while the E.P. brake is being applied. 
  

The operation of the Magnet valves on the Brake Unit is governed by switches in the E.P. 
brake controller to which the magnets are connected by train wires. The switches in the brake 
controller energies and de-energies the holding and application on Magnet valves in the correct 
sequence for "application", "holding" and "release" of the E.P. Brake. 
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14.3 OPERATION OF THE E.P. BRAKE 
 

1. Release:- Fig. 7. 
 

Magnet Valves Application - closed 
Holding - open } 

 

both magnets de-energised 

 
14.4 OPERATION OF THE MAGNET VALVES 

 

Application Magnet Valves: - Supply air is permanently applied to space "M" where it acts 
on the piston valve assembly "R" which held closed on its seat by the action of the spring "S", 
disconnecting the supply from the delivery, as the Magnet valve is in de-energised condition 
and virtually no downward force acts on the piston valve "R”. 
 

Holding Magnet Valves :- When the Magnet valve is de-energised the piston valve assembly 
T .' held open from its seat by the upward force of spring "S", connecting the Brake cylinder 
air at space "K" to exhaust connection in the pipe bracket. 

 
 
2. Application:- Fig, 8 

 
Magnet Valves Application - open  

Holding - closed } 
 

both magnets energised 

 
 

Application Magnet Valve:- When the application magnet is energised the piston valve 
assembly “R” is forced downward from it's seat against the action of the spring "S", 
connecting the space "M" to space "Q". Air at supply pressure from space "M" passes to space 
"Q" through the open piston valve and finally to Brake cylinder via the valve "PM in the 
limiting valve, application choke, positive acting check valve and the Brake cylinder 
connection in the pipe bracket. 

 

FOR PARTIAL APPLICATION: the brake controller de-energised application magnet 
when the appropriate Brake cylinder pressure has been developed, resulting piston valve "R. to 
close on its seat by the action of spring "S", which prevents supply air from flowing further to 
the limiting valve. 
 

Holding Magnet Valve:- When the holding Magnet valve is energised, the magnet forced the 
piston valve "T" downward to return to it's seat against the action of spring "S", closing the 
Brake cylinder exhaust connection through Brake cylinder exhaust valve "G" in the Triple 
valve. 
 

FOR PARTIAL APPLICATION: cylinder exhaust the holding magnet remains energised 
and closes the brake 
 

3. Partial Release (After application) 
 

The holding magnet is de-energised (by the brake controller) and the holding Magnet valve 
opens until Brake cylinder pressure has been reduced to an extent determined by the controller. 
The holding magnet is then re-energised by the controller, the holding Magnet valve is moved 
to the closed position and further reduction in the Brake cylinder pressure is prevented. 
 

The application Magnet valve remains de-energised and, therefore, closed during partial 
release. 
 

During energisation and de-energisation of the Magnet valves the forces acting due to air 
pressure on the Piston valve assembly "R" and "T" are perfectly balanced as the effective areas 
of the upper piston, lower piston and the valve of piston valve assembly, where it acts, are 
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virtually equal, leaving only the downward force of the magnet when energised and upward 
reaction of the spring "S” which is mainly responsible for the correct operation of the Magnet 
valves. 

 

14.5 TRIPLE VALVE STABILISING VALVE. 
 

It will be clear from the diagrams - Fig. 7 & 8 that RELEASE of EP brake depends on exhaust 
valve "G" in the Triple valve being open. Closure or partial closure of this valve (which may 
arise from random fluctuations in brake pipe pressure under service conditions) will prevent 
correct release of EP brake. The Triple valve stabilising valve senses the absence of Brake 
cylinder pressure in the passage between valve "G" in the Triple valve and valve "T" in the 
holding valve if valve 'G" is closed during E.P. Brake release with holding Magnet valve open. 
If absence of pressure occurs the Triple valve stabilising valve opens and bleeds a small fixed 
quantity of compressed air from the auxiliary reservoir to it's Bulb. The Bulb capacity is 
proportioned to the capacity of the auxiliary reservoir to reduce auxiliary reservoir pressure 
(acting on space “F" under the Triple valve diaphragm) by approximately 2-3lbs/sq.in. So That 
the brake pipe pressure in space "C" above the Triple valve diaphragm positively depresses the 
diaphragm to the "Release" position. 
 

 
 
 FIG. 7  OPERATION OF THE EP BRAKE (Release Position) 
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14.6 OPERATION - Fig. 7 and 8. 
 

The Triple valve stabilising valve BULB is vented through the hollow stem of the lower piston 
of the Triple valve stabilising valve at the inception of an E.P. brake application, when the 
upper piston is moved downward by brake application pressure applied above it from the 
limiting valve outlet and pushes the lower piston downward at its lower most position. This 
pressure will be released through holding Magnet valve during brake release.  

 
  FIG. 8  OPERATION OF THE EP BRAKE (Application Position) 
 

If the valve "G" is NOT open during release of E.P. brake when holding Magnet valve is de-
energised to open and the air in passage between valve "G" and 'I is vented through it, the 
Brake cylinder pressure cannot reach the top of the Triple valve stabilising valve upper piston 
and : 

 

1) The upper and lower pistons moved upwards by the piston spring underneath it, unseating 
valve "H" and closing the Triple valve stabilising valve Bulb exhaust. 

2) Auxiliary reservoir pressure is bled to the Triple valve stabilising valve Bulb through 
(open) valve "H". 

3) Brake pipe pressure acting in space "C" above the Triple valve diaphragm overcomes the 
reduced auxiliary reservoir pressure acting in space "F" and moves the Triple valve 
diaphragm downwards, opening exhaust valve "G".   
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14.7 THE AUTOMATIC BRAKE 
 

NOTE: The diaphragm Triple valves on LD. series Brake Units perform the same function as 
the piston type Triple valves fitted on precious brake units. The multiple "functions of the slide 
Valve are exactly reproduced by a group of poppet valves actuated by a diaphragm and 
follower which moves in response to variation in Brake Pipe Pressure.  
 

Application: 
 

The Triple valve controls the admission of air from the auxiliary reservoir to the Brake 
cylinders when brake pipe pressure is reduced.  
 

At the same time the Triple valve connects the brake pipe to the Triple valve Bulb and causes 
a local reduction in brake pipe pressure. This decreases the time required for the brake pipe 
pressure to be reduced sufficiently to causes the operation of the Triple valve on the next 
vehicle to the rear, when a similar local brake pipe pressure reduction occurs. The action of 
successive Triple valves in increasing the rate of brake pipe pressure reduction ensure an even 
and nearly simultaneous response of the brakes throughout the train. 
 
Release: 
 

The Triple valve releases compressed air from the Brake cylinder and Triple valve Bulb to 
atmosphere on the recharge of the brake pipe. 
 

Under running conditions the brake pipe is maintained charged to a pre-set pressure by the 
brake controller and the auxiliary reservoir is charged from the brake pipe through a valve in 
the Triple valve. 

 

14.8 OPERATION OF THE AUTOMATIC BRAKE 
 

1) Release - See Diagram of Unit Fig.7. 
 

The brake pipe is connected to space 'C' above the Triple valve diaphragm at all times. When 
the brake is released air enters space 'C' causing a net downward force on the diaphragm which 
moves downwards and opens:-  

 

 BULB VENTED 
 

a)  Bulb exhaust valve 'A' releasing any compressed air remaining in the Bulb from the 
previous application. 

 

 EXHAUST OPEN 
 

b)  Brake cylinder exhaust valve 'G' to vent the Brake cylinder through the release choke, 
valve 'K' of the holding valve and the & exhaust connection in the pipe bracket 

 

 AUXIUARY RESERVOIR CHARGED 
 

c)  Auxiliary Reservoir charging valve 'B' to re-charge the auxiliary reservoir through the 
charging choke in readiness for further brake applications. 

 

 NOTE:  Graduating valve 'D' remains closed during 'Release' 
 

2) Graduated Brake Application - Fig, 9 
 

When the brake pipe pressure is reduced by the brake controller to apply the automatic brake 
the pressure in space 'C' above the Triple valve diaphragm is also reduced, Auxiliary reservoir 
air pressure in space 'F' below the diaphragm remains unchanged, so that the diaphragm moves 
upwards and – 
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FIG .9  TRIPLE VALVE (During Application) 

 
 

 
CHARGING CEASES 
 

i) Auxiliary reservoir charging valve 'B' is closed by its spring. 
 

 EXHAUST CLOSED 
 

ii) Brake cylinder exhaust valve 'G' is dosed by its spring. 
 

 BULB EXHAUST CLOSED 
 

iii) Bulb exhaust 'valve 'A' is closed by its spring 
 

BULB CHARGED 
 

iv) Quick Service valve 'E' opens and admits compressed air from the brake pipe to fill the 
Triple valve Bulb. The volume of the Bulb is proportioned to the volume of the brake 
pipe on the vehicle, so that a small controlled reduction of brake pipe pressure occurs 
and accelerates propagation of the brake pipe pressure reduction to the next Triple valve 
towards the rear of the train. 

 

GRADUATING VALVE OPENS. 
 

v) Graduating valve 'D' is lifted off its seat and air from the auxiliary reservoir flows to the 
Brake cylinder through the regulating choke. The size of regulating choke matches the 
rate of increase in Brake cylinder pressure on all vehicles in a train, irrespective of 
different sizes of Brake cylinders fitted to different vehicles. 
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 BRAKE CYLINDER CHARGED / GRADUATING VALVE CLOSES. 
 

Air pressure in the Brake cylinder increases as air flows into it from the auxiliary reservoir and 
pressure in the auxiliary reservoir (which is connected to space 'F) decreases until it is 
approximately equal to the (reduced) brake pipe pressure, when the diaphragm moves 
downwards - fig. 6. Graduating valve 'D' is closed by its spring.  

 

 SUCCESSIVE PARTIAL APPLICATION 
 

If the brake pipe pressure is reduced further, the pressure in space 'C' will again be less than 
auxiliary reservoir pressure acting in space 'F'. The diaphragm will rise, opening graduating 
valve 'D' to allow air to flow from the auxiliary reservoir to the Brake cylinder until the 
diaphragm moves down as described in the proceeding paragraph. 

 

3) Full Service Pneumatic Application 
 

The size of the auxiliary reservoir is chosen to give the designed maximum Brake cylinder 
pressure when freely connected to the Brake cylinder through the Triple valve. As air flows 
from the auxiliary reservoir to the Brake cylinder, auxiliary reservoir pressure falls and Brake 
cylinder pressure rises until equal pressures are obtained in both. No further increase in Brake 
cylinder pressure can then be obtained. 

 

 
 

FIG .10 TRIPLE VALVE (Application- Graduating Valve Closed) 
 

4) Emergency Application. 
 

If an emergency brake application is made the diaphragm moves to its highest position and 
remains there because the brake pipe pressure is completely released. Air flows 
uninterruptedly from the auxiliary reservoir to the Brake cylinder through graduating valve 'D' 
and the regulating choke to achieve maximum Brake cylinder pressure (equalisation pressure) 
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in the shortest possible time. 
 

In an emergency brake application initiated from the brake controller, the E.P. brake is 
normally applied in addition to the automatic application described above. A slightly higher 
Brake cylinder pressure may result and the Brake cylinder safety valve may blow. 

 

14.9 MAINTENANCE OF E.P BRAKE UNIT (MODIFIED TYPE) 
 

Daily Attention: 
 

The operation of the train brakes are to be tested daily in accordance with the RDSO 
Instructions. Any irregularity in the working of a Brake Unit must receive immediate attention. 
 

Attention at Overhaul Periods: 
 

When overhauling the brake unit, detach the electrical leads from the terminals, remove the 
individual fittings from the pipe bracket and thoroughly clean and examine each fitting paying 
particular attention to the points listed below. 
 

Cleanliness is of the utmost importance, and the assembly should be carried out in surroundings 
which ensure that dirt and foreign matter are excluded. 
 

1) Gaskets: 
 

All gaskets should be carefully inspected and renewed If defective any way. Particular care 
should be paid to flange face gaskets between the fittings, since faulty joints could result in 
erratic operation of the brake unit. Jointing compound should not be used. 
 

 
FIG. 11   MAGNET VALVE UNIT
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2) Electro-Pneumatic Magnet Valve Unit:- Figs. 11, 12.13 & 14 
 

The Magnet valve unit consists of Application Magnet valve (fig.12) and Holding Magnet valve 
(fig. 13) with Adopter Bracket and Positive Acting Check Valve (fig. 14). 
 

 
 
a) Application Magnet Valve 
 

Remove Hex. Hd. Screw 57 with Washer 58 to separate the Coil & Casing Sub-Assly. from the 
Application Valve Sub-Assly. 
 

Application Valve Sub-Assly:- Unscrew the Hex. Lock Nut 47, Adjusting Screw 48 Cap Nut 
46 complete with Strainer 49, Spring 50, Washer 51 to remove the Piston Valve Assembly 40 
comprising of 1 no. Piston Valve 1 no. Valve Piston 1 no. Valve Pin and 2 nos 'O' Rings. 
Replace the Items found defective. 
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Ensure that valve moves freely on re-"Assembly. Check that valve Seat is smooth and 
undamaged. A new Sealing Washer 51 should be preferably be fitted between Valve Body 39 
and Cap Nut 46 on re-assembly. 
 

In case it is decided to utilize the existing washer, this should be first annealed, 
Ensure all parts of the Valve Body are clean and free from obstruction after withdrawal of piston 
Valve 40. 
 

Renew 'O' Rings on piston Valve 40. Particular care should be taken during re-assembly of the 
piston in order to prevent damage to the high finish bushes during assembly. The bushes should 
be lightly greased with 'H.P. CHASSIS' grease, but avoid over greasing. 
 

 
b) 
 

Holding Magnet Valve 
Detach Holding valve sub-assly. from coil & casing sub assly. 
Holding Valve sub-Assly:- Detach Lock Nut 68 and Adjusting Screw 69 complete with Strainer 
70, Spring 71, Packing Washer 72 to dismantle Piston Valve Compo 61 comprising of Piston 
Valve, Valve Piston, Valve Pin and 'O' Rings.   

Renew Packing Washer 72 & 'O' Rings fitted to Piston Valve & Valve Piston. Ensure all Port 
and passages are cleaned and free from dirt and obstruction.  Piston Bush should be lightly 
greased using 'H.P. CHASSIS' 'before re-assembly of Piston Valve Assembly. Renew 'O' Rings 
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fitted to piston, if necessary, check valve Seat for correct seating surface of Piston Valve to be 
ensured. Renew in case of excess wear out. 
 

c) Coil & Casing sub Assly 
 

Magnet Coils:- Magnet Coils are mounted on the casing on top of the Application & Holding 
Valve Body. Ensure all parts are cleaned after dismantling the Top & Bottom Cover from the 
Coil Casing by removing Screws. Renew all worn out parts are removed and replaced. Brass 
Washer item 53 & 76 for Application & Holding Magnet Valves respectively are to be renewed 
'or reused after annealing otherwise if it is in good condition. Magnet Coils are tested to desired 
Current I Resistance rating of 500 ohms. See all Terminal Block components are in good 
condition.  
 

d) Positive Acting Check Valve: 
 

Dismantle Check Valve 33 by removing Screws with Washers 35 to separate it from Adaptor 
Bracket 34. Unscrew Bolts and Washers 90 to remove Cover 85 complete with Gasket 86 and 
Bush 87 from the Valve Body 84. Examine Stainless Steel Ball 11/16" dia. 89 and Lower & 
Upper Ball Valve Seat 88 Bush 87. Renew these items in case they are defective or worn out. 
Clean all ports and passages in the body and see the passages are unobstructed. 
Renew the Gasket 86 between Cover 85 and Valve Body 84 before assembly. 
 

Triple valve - Fig. 15 
 

Dismantle the Triple valve, but it is not necessary to disturb the bushes 95.101 and 136. 
When new the valve guides 116 and 128 are a loose fit in their housings and care should be 
taken that they do not fall out of their housings and become damaged. 
 

Thoroughly clean all parts including the cored passages of the body and Bulb but exercise great 
care not to damage the surfaces of the following parts which have a high finish to ensure air 
tightness during operation of the Triple valve. 

Bushes : 95, 101, 114, 130 and 136 
Pistons : 112. 129 and 135  
Valves :  102 and 120 

 

If the surfaces of these bushes pistons and valves ere scratched or defective in any way it is 
recommended that they are renewed. 
 

Inspect the rubber seat of valve 120 and if defective, a complete new valve should be fitted. The 
valve seat bush 125 should be renewed if defective in any way. 
 

Fit new 'O' rings 104, 113, 121 and 134 to the pistons and valves and when assembling, fight 
grease the pistons, valves 'O' rings and bushes into which they fit, with H.P. CHASSIS. The 'O' 
rings 115 should also be renewed and greased with H.P. CHASSIS. 
 

Renew the rubber valves 117 if they are worn or otherwise defective. They should be assembled 
without lubricant. The seats against which they close should have no defects and if they are 
faulty in any way, new bushes 114 and 130 should be fitted. 
 

Any springs which show signs of corrosion or appear to be weak when compared with new 
springs should be renewed. 
 

Renew the diaphragm 97 ensuring that it is central on its followers. A new nyloc nut 109 should 
be fitted and it is important not to over tighten the nut which would distort the diaphragm. 
The rubber valve seats 105 and 137 should be replaced with new ones. 
 

Fit new gaskets 111, 127 and 132. When taking out the old gaskets it is important to clean their 
housings. New gaskets may be held in their housings with an adhesive but the sealing faces of 
the gaskets should be assembled dry or alternatively a very light smear of H.P. CHASSIS grease 
may be used. 
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Limiting Valve - Fig. 16 
Dismantle, thoroughly clean and inspect the Limiting valve paying particular attention to the 
following points. 
 

Inspect the inlet valve 146 and spring 145, renewing these if in any way defective. On 
assembling the valve to cap 144 see that the valve has full and free movement. Copper washer 
143 should be annealed or a new one fitted. 
 

Check that the valve seat bush 142 and valve guide bush 141 are undamaged and renew felt 
washer 152. Valve guide bush 141 should be lightly greased with 'H.P. CHASSIS' grease on 
assembly. Examine the diaphragm 153 for deterioration, and renew if defective. The surface of 
the valve guide 149 which slides in bush 141 should be examined for undue wear, and the valve 
guide renewed if necessary.  
 

Renew spring 157 if defective in any way and check that the self-locking adjusting screw 159 
functions satisfactorily. Renew the circular gaskets 161 if necessary. 

 
NOTE: The sensitivity of the limiting valve has been improved in the latest design shown in 
Fig. 7 by fitting a prod on the upper end of the valve stem 149. The prod tilts the valve 146 at 
the time of opening and reduces the force necessary to open the valve. 
 

Triple valve Stabilising Valve - Fig. 17 
 

Unscrew the cap 170, remove the retaining ring 173. Inspect valve 172 and spring 171 and 
renew if defective in any way. Check that the rounded face of valve seat 167 is smooth and 
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undamaged. Renew or anneal washer 169 before replacing. Remove the cover 162 and spring 
178 taking care to relieve the tension of the springs as the securing nuts are unscrewed. Take out 
the piston assembly 175 A 'O' rings 176 and 177 should be renewed. 
 

Check that the valve seat at the end of the piston stem is smooth and undamaged and that the 
exhaust passage through the piston stem is unobstructed. 
 

Check that the exhaust hole in cover 162 is unobstructed and renew spring 178 if defective. 
 

On reassembling the pistons lightly grease bushes 165,166 and the bearing surfaces of the piston 
assembly 175A including the 'O' rings with 'H.P. CHASSIS' grease. The valve should be 
assembled carefully taking care not to mar the high finish on the bushes and piston stem. 
 

Triple valve Stabilising Valve Bulb  
 

Remove the plug and thoroughly clean the Bulb. Ensure that the plug is screwed in tightly on 
reassembly. 
 

Rectifiers 
 

Certain E.P. Brake Units are fitted with Rectifiers. These must be tested and renewed if 
defective. 
 

TESTING 
 

It is recommended that test racks are installed so that precise adjustment and testing can be 
carried out after overhaul.  
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14.10 E.P BRAKE EQUIPMENT (WESTINGHOUSE) 
 

1. STRAINER TYPE –T (SINTERED BRONZE) 
  

Type T Strainers are fitted in compressed air pipe lines to arrest dirt. The sintered Bronze 
Cartridge is removable for cleaning.  
Standard Strainer are supplied with connections screwed ¼”, 3/8 “ or 1/2" B.S.P. female; other 
screwing systems can be supplied to special order. 

 
 

1. Body 
2. Strainer Head 

(Modified) 
3. Filter element 
4. Long Screw 
5. Sealing Gasket 
6. Plain Washer 
7. Gasket 
8. Ring Gasket 
9. Name Plate 

 
 
 
 
 
 
 
 

 
INSTALLATION  

 

Vertical Pipe Run  
 

When installed vertical pipes Strainers must be mounted with the cap of the Strainer cartridge 
inclined downwards as shown in the figure. 
 

Horizontal Pipe Runs 
 

When installed horizontal pipes the cap of the Strainer cartridge must be underneath the pipe 
line, the inlet being taken to the connection adjacent to the cartridge cap. These arrangements 
ensure efficient drainage. 
 

MAINTENANCE 
 

Air pressure must be blown down before removing the Strainer cartridge. The Strainer 
cartridge must be removed and taken apart. The Strainer cartridge should be washed in a 
suitable solvent, if suitable for re-use, and must be thoroughly dried before the cartridge is r-
placed. If the cartridge is chocked completely or damaged the same should be re-placed. 

 

PROCEDURE FOR CLEANING THE FILTER ELEMENT 
 

Monthly Cleaning 
i) Run pressurized water 3-4 kg/ sq.cm through inside of element. 
ii) Let compressed air 3-4 kg/sq.cm through inside of element. 
iii) Dry 

 

Six Monthly Cleaning 
i) Acid dip for 30 second in water solution of HNO3  10% and H2SO4 35%. 
ii) Run pressurized water 3-4 kg/sq.cm through inside of element. 
iii) Run compressed air 3-4 kg/sq.cm through inside of element. 
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iv) Dip for surface treatment in water solution of K2CR2O2 10% and H2SO4 5% for 10 to 
15 second.       

v) Flush out acid ion with pressurized water (3-4 kg/sq.cm). 
vi) Run compressed air through and drain water. 
vii) Dry with compressed air. 

 

2. BRAKE CYLINDER AND SLACK ADJUSTER TYPE JSL 
 

INTRODUCTION 
 

For accurate brake application & release timings and also for obtaining the designed Brake 
cylinder (equalization) pressure consistently from auxiliary reservoirs of fixed volume, the 
working stroke of Brake cylinders used with automatic brake equipment must be kept 
approximately constant, so that the swept volume of the Brake cylinders is maintained 
reasonably constant, independent of the brake block wear. 
The type J.S.L. Brake cylinder and slack adjuster unit is a totally enclosed and very compact 
unit, especially suitable for bogie mounting. The piston packings are made of synthetic rubber 
and no expanders or followers are required in this design. 
Standard ‘J.S.L.’ Brake cylinder units have 12” maximum automatic ‘take up’ and the 
mounting brackets are in the position shown in fig.2. Unit having alternative ‘take up’ ranges 
and alternative mounting brackets can be supplied to suit customers’ requirements.  
 

INSTALLATION  
 

Handbrake Arrangement 
 

Handbrake trunnions are fitted on the piston trunk of cylinder if required. The trunnions does 
not move when service brake applications are made, so the hand brake linkage need not be 
slotted. The maximum hand-brake stroke required at the trunnion corresponds to the maximum 
Brake cylinder stroke. 
 

Access for Maintenance 
 

Sufficient access must be provided for re-setting and to enable units to be removed at vehicle 
overhaul periods. 
 

Return springs 
 

The units incorporate piston return springs, but additional springs are usually required to 
retract external brake rigging.  
Note: -All references to direction of rotation are as seen from the crosshead end of the unit as 
shown in fig1.  
 

Brake cylinder 
 

The type J.S.L. units consist of a trunk piston type of Brake cylinder incorporating a slack 
adjuster mechanism. When the brake is applied, compressed air admitted to the Brake cylinder 
through the inlet moves the piston and piston trunk assembly ‘A’ and ‘J’ outwards, 
compressing the piston return spring. 
 

The piston trunk ‘J’ is constrained to move axially. The piston rod assembly pivots laterally 
within the piston trunk on the hollow trunnions of the ratchet housing ‘C’. This permits the 
crosshead to move in a curved path to suit the brake rigging.  
The thrust on the piston is transmitted to the crossheads through the ratchet housing, the thrust 
washer (see in fig.2), the ratchet and adjusting screw ‘D’ and ‘H’ and the piston rod ‘K’. 
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FIG. 1  BRAKE CYLINDER AND SLACK ADJUSTER TYPE JSL 
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FIG. 2   SECTIONAL VIEW OF BRAKE CYLINDER 
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Slack Adjuster 
 

The slack adjuster mechanism automatically increases the effective length of the piston rod 
when the piston stroke exceeds a predetermined value by turning the adjusting screw ‘H’ out 
of the hollow piston rod. The adjusting movement takes place on the return

 
 stroke. 

Brake Application –Piston Moving Out 
 

Lugs on the piston trunk carry the pivot ‘R’ of rocker ‘O’. During outward piston strokes the 
rollers at the end of rocker ‘O’ ride up the ramps ‘P’ and the rockers turns about pivot ‘R’. 
This permits the spring loaded plunger ‘E’ to move down, turning the take up ring ‘F’ anti 
clockwise about pin ‘G’ (eccentric from ratchet ‘D’) which is secured to the ratchet housing 
‘C’. Take up pawl ’T’, carried in ring ‘F’, moves downwards across the inclined surface of the 
tooth on the ratchet ‘D’ with which it is in contact. 
 

If the piston stroke is excessive pawl ‘T’ will ride over the crest of the ratchet tooth with which 
it is in contact and engage with it. 
 

The ratchet and adjusting screw is prevented from rotating in the same direction as pawl ‘T’ by 
locking pawl ‘B’ ; a guide bar ‘N’ on the piston trunk engages in a slot in the front cover to 
prevent rotation of the piston and trunk.  
 

Brake Release- Piston moving in 
 

During return piston strokes, the roller attached to rocker ‘O’ return along ramps ‘P’. The 
rocker pivots about ‘R’ and moves push rod ‘S’ upwards; take-up pawl ‘T’ is returned to its 
initial position. 
 

If the outward stroke has been excessive, pawl ‘T’ will have engaged with a tooth of the 
ratchet ‘D’ and will turn the ratchet clockwise. Fig. Shows the pawl starting to turn the ratchet. 
The adjusting screws (integral with the ratchet) rotates clockwise and retracts from the piston 
rod to increase the distance from piston to the piston rod ‘K’. The piston rod is prevented from 
turning by the re-setting latch ‘M’.  
 

The sequence will be repeated each time the Brake cylinder stroke increases to an extent which 
will allow the operating pawl to engage with the next ratchet tooth. 
 

Re-setting 
 

A band of red paint on the piston rod appears beside the dust excluder when the unit has 
extended over its full “take up” range as an indication that re-setting is required. 
The usual design of brake rigging arranges for the take up range of the slack adjuster to cover 
the effective life of the brake blocks replacement will be necessary at the same time. The 
distance from piston to crosshead is reduced to the minimum by turning the piston rod 
clockwise while keeping the adjusting screw stationary, so that the piston rod advanced 
towards the piston. 
 

Units are always reset when in the release position. A projection the take-up ring ‘F’ is in close 
proximity to one of the teeth on the ratchet ‘D’ and, during re-setting, any tendency for the 
adjusting screw to turn with the piston rod is prevented by this projection which wear on the 
inclined surface of the ratchet tooth. 

[  
Re-setting procedure 

1. Hold re-setting latch ‘M’ out of engagement with the re-setting lug ‘L’. 
2.    Turn the piston rod clockwise by means of the lugs until it reaches the inner end of    its 

travel. 
3. Re-engage the re-setting latch in the re-setting lug. 

 

MAINTENANCE 
 

Daily Operation Check 
Operation of the Brake cylinder unit will be checked during the daily brake tests required. 
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If the bend of the red paint on the piston rod is visible this indicates that maximum take-up has 
been reached. This will usually indicate the need for brake block replacement, after which the 
unit must be re-set. 
 

Rectification or adjustment must be carried out when necessary before the vehicle concerned 
re-enters service. 
 

Vehicle Overhaul Periods 
 

The Brake cylinder and slack adjuster unit should be removed complete from the vehicle for 
workshop attention at vehicle overhaul period.  
The unit should be completely dismantled and all parts cleaned and inspected. All working 
parts must be lubricated with Arctic Paragon grease on re-assembly. 
 

Dismantling  
 

For convenience, the collar carrying the dust cover should be removed first. The collar is 
locked by a grub screw and should be unscrewed by using a ‘C’ spanner to suit the ¼” square 
X 1/8” deep slot in the 4” outside diameter of the collar. The piston trunks of cylinders fitted 
with hard brake trunnions must be pulled out approximately 1” to give access to the grub 
screw. The ratchet and adjusting screw ‘D’ and ‘H’ is retained in the ratchet housing ‘C’ by 
collars and circlip at the extreme left hand end (as shown in fig. 2 ). 
 

Warning 
 

The piston return spring exerts a force of approximately 120 lb so care must be taken when 
removing the front cover . Two diametrically opposite fixing bolts should be replaced by set 
bolts at least 6” long so that the piston return spring may be decompressed gradually. 
 

Inspection 
 

All components must be inspected, defective parts being renewed or reclaimed. It is 
recommended that the rubber piston packing should be renewed to ensure continuous 
satisfactory service between overhauls. 
 

Note:- The diametrical clearance when new between the ratchet housing ‘C’ and the extension 
of ratchet and adjusting screw ‘D’ and ‘H’ is 0065/.0105”, and between housing ‘C’ trunnions 
and the piston ‘A’ .     

Reassembly 
 

When as assembling the front cover to the Brake cylinder body the lever and roller ‘O’ must 
be rotated against the force of plunger ‘E’ to ensure that the rollers enter the space between 
ramps ‘P’ and the front cover correctly. The moving parts should be lightly greased with 
“Arctic Paragon” grease but over-greasing should be avoided.  
 

ADJUSTEMENT AND TESTING    
 

The thickness of shimming inserted in the push rod ‘S’ must be adjusted and the unit tested for 
correct operation before being returned to service. 
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3. D-1 AUTOMATIC DRAIN VALVE 
 

The D-1 Automatic Drain Valve automatically discharges precipitated moisture from a 
reservoir with each operating cycle of the compressor loading/unloading governor. The Drain 
valve may be installed on main reservoirs, after coolers, or with a sump. 
 

Referring to the assembly view, body (1) contains ball valve (15), ball housing (6), valve stem 
(4), diaphragm (3) and spring (23). Gasket (18) forms a seal between the flanged face of the 
Drain valve and the reservoir. A flange provides for a pipe connection to the governor or 
Magnet valve and there are two pipe taps for connection to drain water away from the valve. 

 

 
 

FIG.  D-1 AUTOMATIC DRAIN VALVE 
 

Ref.  Name of parts Ref.  Name of parts 
1 BODY 17 ADJUSTING SCREW 
2 BOTTOM COVER  18 SEALING RING 
3 DIAPHRAGM 19 VALVE SEAT 
4 VALVE STEM 20 SPACER 
5 DIAPHRAGM FOLLOWER 21 'O' RING  
6 PIN 01.5 x 20 Lg. (M.S.) 22 'O' RING 
7 SEAL WASHER 23 SPRING 
8 SEALING RING  24 HEX. HD. BOLT- 3/8" UNC X 25 LG. (M.S) 
9 SIDE FLANGE 25 HEX. HD. BOLT- 3/8" UNC X 25 LG. (M.S) 
10 CHOKE  26 CAPACITY RESERVOIR 
11 BUSH 27 1/2" SPRING WASHER (Sp.Steel)  
12 HEX.110. BOLT - 1/2" UNC X 40 LG.(M.S) 28 3/8" SPRING WASHER (Sp.Steel) 
13 HEX NUT - 1/2" UNC. (M.S) 29 3/8" SPRING WASHER (Sp.Steel) 
14 BALL HOUSING 30 VALVE STEM COMP. (Ref: Item No4, 5,6&22)  
15 BALL V ALVE 1 /2"DIA. (Stainless Steel) 31 NAME PLATE 
16 TOP FLANCE 

 
32 HAMMER DRIVE SCREW. (No.2 x 3mm.Lg. 

Steel) 
 
 
 

OPERATION 
 

The Drain valve is operated by external pilot air pressure and Drains condensates from air 
reservoirs till the valve closes due to balance of pressure across the diaphragm. When there is 
no air pressure beneath the diaphragm (3), reservoir air pressure holds ball valve (15) seated 
on valve seat (19) so that the opening past the ball valve is normally closed, preventing any 
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discharge of reservoir air. Spring (23) holds diaphragm follower (5) and valve stem (4) away 
from contact with the lower side of ball valve (15). 

 

As the air compressor operates, moisture is precipitated and collected in the bottom of the 
reservoir and above ball valve (15). When the compressor governor functions to stop or unload 
the compressor, air flows through the governor connection or a Magnet valve directly to the 
underside of diaphragm (3) and through the choke in plug (10) to the upper-side of diaphragm 
(3). The air pressure under the diaphragm deflects it upward, moving diaphragm follower (5) 
and valve stem (4) upward and unseating ball valve (15) from valve seat (19). During this 
movement of ball valve (I5), a passage is opened from the reservoir to atmosphere, permitting 
reservoir air to quickly discharge the water accumulated in the reservoir and the Drain valve to 
atmosphere. Ball valve (15) is held off it’s seat (19) until the air pressure supplied through the 
choke in plug (10) to the chamber above diaphragm (3) equals the pressure beneath the 
diaphragm. Spring (23) moves the diaphragm and follower down and air pressure from above 
seat ball valve (15), cutting off the reservoir passage to atmosphere.  
 

When the compressor governor functions to start or load the compressor, it quickly vents the 
air from the underside of diaphragm (3), while the air from above the diaphragm escapes at a 
slower rate due to the choke in plug (10). Thus the spring (23) holds diaphragm (3) and 
follower (5) in their lower position and ball valve (15) remains seated. 
 

It is possible to specify within limits the length of time ball valve (15) is open by changing the 
size of the timing choke in plug (10). The D-1 Automatic Drain Valve also provides for the 
installation of a heating element, if required. 
 

INSTALLATION 
 

The D -1 Automatic Drain valve must be mounted in vertically with the Top Flange thread 
connection connected to the drain boss at the bottom of air reservoir directly or on the pipe 
connection taken from the drain boss of the reservoir by using suitable nipple. There must be 
adequate access for maintenance and for substituting a re-conditioned unit.  
 

MAINTENANCE 
 

Routine Maintenance
 

: 
Test the operation of the automatic Drain valve regularly for each operating cycle of the 
compressor governor. If the discharge does not occur or there is a continuous leakage from the 
valve, fit an overhauled and tested unit.  
 

Periodical Maintenance
 

: 

Every 9 months
 

: 
The Drain valves should be removed from the vehicle and for overhauling. To dismantle the 
valve unscrews the 4 hex. head bolts (24) from the bottom cover by unscrewing 4 hex. head 
bolts (24) and remove the bottom cover. Then take out the diaphragm assembly comprising of 
diaphragm (3), follower (5) and valve stem (4) with 'O' rings (22) by slowly pulling the 
assembly out of the bush (11). Take out the spring (23). Separate the diaphragm from the 
follower and the 'O' rings from the valve stem. The valve stem (4) is attached to the diaphragm 
follower (5) and it is not necessary to separate them unless they are damaged and replacement 
is required. Remove the seal washer (7) from it's groove on the body and dismantle the side 
flange (9) by un screwing two hex. head bolt (25). Remove the gasket (8) from the flange and 
unscrew the choke plug (10) by using suitable spanner. Then, remove the two nuts & boIts 
(13) & (12) from the top flange (16) and take away the top flange. Now, remove the gasket 
(18) from it's groove on the valve body flange and unscrew the socket head adjusting screw 
(17). Take out the ball housing (14), valve seat (19), spacer (20) and 'O' ring (21) carefully 
from the bore of the valve body using hooked wire, if necessary, without damaging the parts. 
Unscrew and remove the capacity reservoir (26) from the valve body. 
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After dismantling the valve, clean and inspect all metal parts. Check that the diaphragm spring 
(23) is in good condition and compare it’s free height with a new one. Replace it, if it is 
defective or damaged. Ensure all ports and drilling in the valve body and bottom cover 
castings are clear and free from obstruction. The ball valve (15) is made of stainless steel and 
having high surface finish. Check that the surface of the ball is not scratched, dented or 
otherwise damaged. Renew it, if necessary. See that the narrow choke hole and choke plug 
(10) is clear and free from dirt and foreign matters. If necessary, clean it with the help of soft 
thin wire. Do not use hard wire which may increase the choke hole size. It is recommended 
that following parts should be replaced during overhauling of the valve. 

 
Descriptions Ref. Nos. Quantity / valve Part nos. 
Diaphragm 3 1 IA 71214 

'O' ring 21 1 IA 71221/1 
'O' ring 22 2 IA 71221/2 
Valve seat 19 1 IA 71220 
Seal washer 7 1 IA 71222 
Gasket 18 1 IA 71250/2 
Gasket 8 1 IA 71250/1 

 
The Drain valve may be re-assembled in reverse order of dismantling procedure. During 
assembly, care should be taken to fit the 'O' rings (21) & (22) in the grooves of the valve stem 
(4) so that they are to cut or damaged. Lightly lubricate the 'O' rings and the inside bore of the 
bush (11) by ‘HP Chasis Grease’. Avoid over greasing. Don’t apply grease on the valve seat 
(19), the ball (15) and other rubber parts. Assemble them in clean and dry condition. Tighten 
the adjusting screw (17) fully. Before fitting the bottom cover (2), ensure that the diaphragm 
assembly and valve stem (4) is moving smoothly within the bush (11). 

 
TESTING 
 

After assembly the valve should be tested for operation and leakage as per the test procedure.  
 
A trouble Shooting Guide for D-1 Auto Drain Valve 
 
Operation Failures Probable Cause of Failure Suggested Remedial Action 

Continuous leakage 
through exhaust port. 

• Rubber valve seat (Ref no. 19) 
is damaged. 

• 'O' Ring (Ref no. 21) is 
damaged. 

• Replace the defective valve 
seat (Ref. no. 19). 

• Replace the defective 'O' 
Ring (Ref. no. 21) 

Not Discharging. • Diaphragm (Ref. no. 3) burst. • Replace the defective 
Diaphragm (Ref. no. 3). 

Discharging not 
stopping Within 
specified time. 

• 'O' Ring (Ref. no: 22) Worn or 
damaged. 

• Choke Plug hole (Ref. no. 10) 
is blocked. 

• Replace the defective ’O' 
Ring (Ref. no. 22). 

• Clean and re-fit the choke 
plug (Ref. no. 10). 
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14.11 List of E.P. Brake equipments for DPC coaches fitted with air spring suspension, air 
dryer, stainless steel pipes and pipe fittings 

 
 
 

COMPRESSOR EQUIPMENT 

• 2" Suction Strainer 
• D-I Automatic Drain Valve For After cooler, (Magnetically Operated) 
• 1/2" Drain Cock for After Cooler 
• Main Compressor Governor (2 NO + 2 NC)  
• Cut in 8kg/sq.cm. Cut out 7.4 kgf sq.cm. 
• 3/8" Isolating Cock with Vent 
• 1" Isolating Cock without Vent 
• 1-1/4" x 250mm. Hose Connection (SAE-100R1)  
• 1 /2" Isolating Cock without vent (for After Cooler)  
• 3 ways Magnet Valve with Pipe Bracket 110 V.D.C  (N.C) for Compressor Governor. 

 
MAIN RESERVOIR FITTINGS 

• 40 cm. x 104 cm. Main Reservoir (125 ltrs.)  
With Bushing - 1-1/2" x 1-1/4" 
With Bushing - 1-1/2" x 1" 

• D-I Automatic Drain Valve For Main Reservoir, ( Magnetically Operated) 
• 3/4" MR. Safety Valve, type E-1, with Lock Nut Set at 8.5 kg/sq.cm. 
• 1" 'J' Air Filter with Drain Cock (Two way)  
• 1" Isolating Cock without vent 
• 1-1/4" Tubular Check Valve 
• 1/2" Isolating Cock without Vent 
• 1/2" Drain Cock 
• 325 cm. dia. x 15 cm. Equalising Reservoir (6 Ltrs ) for Air Dryer. 
• 1-1/2" x 3/8" Bushing 
• 1-1/2" BSP Plug 
• 1/2" BSP Plug 

 
DRIVER'S CAB FITTINGS 

 
• Self Lapping E.P. Brake Controller type- ED6, (with Modified Spring to part no. IA 

70857) 
• 6" Duplex Pressure Gauge MR - BP. with LED With Scale Range 0-14 and Red 

Marking at 5 Kg/Sq.cm for BP & 7.4 & 8 Kg/Sq.cm. for MR. 
• 6" Single Pressure Gauge BC With LED, Red Marking at 1.6 Kg/Sq.cm. Scale Range 

at 0-5 Kg/Sq.cm 
• 25 cm. x 25 cm. Equalising Reservoir (11 Ltrs.) With Bushing - 1-1/2" x 3/8"  

1-1/2" BSP Plug 
1/2" BSP Plug 

• Control Circuit Governor, Cut in 4.2 kg/sq.cm Cut out 3.4 kg/sq.cm. (2NO+2NC ) 
 

AIR OPERATED HORN & WIPER FITTINGS 
 

• Air Operated Horn, type B7-30 
• 23/8" Isolating Cock with vent 
• Foot Operated Horn Valve, type - 'FS' 
• 3/8" Air Strainer, type – “T”  ( With Sintered Bronze Filter Element) 
• Lever Operated Horn Valve 
• 1/2" Duplex Check Valve Set at 5 kg/sq.cm. 
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• 30 cm. x 60 mm. Horn Reservoir (39 ltrs.) 
• with Bushing - 1-1/2" x 1/2"   
• Bushing -1-1/2" x 3/8" 
• 1/2" Drain Cock 
• 3/8" Double Check Valve, type 24-A 
• 1/2” Three Way Cock With Handle 
• 1/2"x 3/8 "- BSP. Reducing Bush (Corresponding to ICF mg. no. EMU/M-3-5-053, 

Item no. 2 ) 
 

UNDERFRAME FITTINGS 
 

• E.P. Brake Unit, Modified Type 
• (Fitted with chokes suitable for composition brake block) 
• 1/2" Isolating Cock with Vent 
• 1/2" x 1/2" Two way Filter with Drain Cock (With Sintered Bronze Filter Element) 
• 1/2" Air Strainer, type-T 
• ( With Sintered Bronze Filter Element) 
• 1/2" Release Valve, type 'H'  
• 1/2" Drain Cock 
• 40 cm. x 90 cm. Aux. Reservoir (105 ltrs) with Bushing -1-1/2" x 1/2", 

1-1/2" BSP. Plug and  
1/2" BSP. Plug 

• 1/2" x 700 mm. Hose Connection 
• 3/8" x 500 mm. Hose Connection 
• 3/8" x 1000 mm. Hose Connection 
• 3/8" x 1600 mm. Hose Connection 
• 3/8" x 2000 mm. Hose Connection 
• 3/8" x 3000 mm. Hose Connection 
• 1/2" Limiting Valve with Pipe Bracket Set at 1.6 kg/sq.cm. 
• 1/2" Safety Valve, type –E1, Set at 1.8 kg/sq.cm 
• 20 Bore x 550 mm. Hose Connection 
• 20 Bore x 450 mm. Hose Connection 
• Air Brake Hose Coupling (B.P.) 
• Air Brake Hose Coupling ( F.P..) 

 
BRAKE PIPE END FITTINGS 

 
• 1" Coupling Cock with Bent Handle - LH 
• 1" Coupling Cock With Bent Handle - RH 
• 1" x 46-1/2" Hose Connection - SMUSM. 
• 1" x 3/4" BSP Reducing Bush 

 
MAIN RESERVOIR PIPE END FTITINGS 

 
• 3/4" Coupling Cock With Bent Handle - LH. 
• 3/4" Coupling Cock With Bent Handle - RH.  
• 3/4" x 46-1/2" Hose Connection. SMUSM 

 
BOGIE FITTINGS 

 
• 8" x 3-3/4" Brake cylinder 'JSL' with Handbrake Trunnion (Stroke - 40 mm.), 

Mounting - 'B' and Pipe' Connection Bosses at 180o apart. 
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• 1/2" x 600 mm. Hose Connection 
 

DEADMAN'S FITTINGS 
 

• 1" Isolating Cock with Sealing Arrangement 
• Emergency Application Valve 

 
GUARD'S EMERGENCY FITTINGS 

 
• 1" Guard's Emergency Brake Valve 
• 4” Single Pressure Gauge, LED, (with Scale Range of 0- 7 and Red Marking at 5 

Kg/Sq.cm.) 
 

E. P. CONTACTOR UNIT FITTINGS 
 

• 1/2" x 1/2 “ - Two Way Filter With Drain Cock ( With Sintered Bronze Filter 
Element)   

• 1/2" Drain Cock 
• 1/2" Isolating Cock With vent 
• 1/2 Limiting Valve With Pipe Bracket Set at 5 Kg/sq. cm. 
• Control Circuit Governor( 2 NO +2 NC ) Cut in 4.2 Kg,Cm.2  and Cut out 3.4 Kg/Cm2 
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14.12 List of E.P. Brake equipments with stainless steel pipes and pipe fittings (Double ferrule 
type) with air spring suspension, for HHP DEMU/ TC coaches 

 
MAIN RESERVOIR FITTINGS  

 
• 40 cm, x 104 cm. Main Reservoir (125 Ltrs.) 

Bushing - 1-1/2" x 3/4" 
Bushing - 1-1/2" x 1/2" 

• 1/2" Drain Cock  
• 1/2" BSP. Plug 

 
UNDERFRAME FITTINGS 

 
• E.P. Brake Unit, Modified Type (With Chokes Suitable For Composite Brake Block) 
• 1/2" Isolating Cock with Vent 
• 1/2" X 1/2" Tow Way Air Filter With Drain Cock (With Sintered Bronze Filter Element) 
• 1/2" Drain Cock 
• 1/2" Air Strainer, type-T(With Sintered Bronze Filter Element) 
• 1/2" Release Valve, type - H 
• 30 cm. x 90 cm. Aux. Reservoir (60 Ltrs. Capacity) with Bushing-1-1/2"x 1/2" 
• 1-1/2" BSP Plug 
• 1/2" BSP. Plug 
• 1/2" x 700 mm. Flexible Hose Connection 
• 4" Single Pressure Gauge: with 'LED' (BC) 
• Shield for Pressure Gauge  
• Gasket for Pressure Gauge 
• 1/2" Limiting Valve with 
• Pipe Bracket (P.R. V.) Set at 3.8 Kg/Sq.cm. 
• 1/2” Safety valve Set at 3.8 Kg/Sq.cm.  

 
BOGIE FITTINGS 

 
• 8" x 3-3/4" Brake cylinder 'JSL'  with Handbrake Trunnion (Stroke- 32.mm).Mounting-'C'. 
• 1/2" x 600 mm. Hose Connection 
• 20 mm bore x 550 mm Hose Connection 

 
BRAKE PIPE END FITTINGS 

 
• 1" Coupling Cock with Bent Handle - LH.  
• 1" Coupling Cock With Bent Handle - RH. 
• 1” x 46-1/2” Hose Connection - SMUSM. 
• 1" x 3/4" Reducing Bush 
MAIN RESERVOIR PIPE END FITTINGS 

 
• 3/4" Coupling Cock With Bent Handle - LH. 
• 3/4" Coupling Cock With Bent Handle - RH. 
• 3/4"x 46-1/2" Hose Connection, SMU 

 
 
 

******************** 
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Chapter-15 

SYSTEM DETAILS 

15.0 OPERATING PARAMETERS OF 1400 HP DEMU 
 

 i) Track Gauge      = 1676 mm 
 ii) Composition of Unit     = 1 DPC+2 TC+1 DTC 
 iii) Effective traction power output of diesel engine  = 1320HP 
 iv) Power transmission     = Electric AC/DC 
 v) Input to traction at 1800 RPM     = 1320HP 

under specified site condition at 8th notch   
 vi) Maximum operating speed      =100KMPH 
              (with Capacity to run up to 110 KMPH) 
 vii) Reference site condition     * Ambient temp.       = 55 deg. C 

• Temp. inside engine room  = 55-60 deg. C 
viii)  Altitude = 0-600 m above mean sea level 
ix) Humidity = 100% saturation during rainy season 

15.1 SYSTEM DESCRIPTION 

15.1.1 Propulsion System 

A single power-pack, consisting of diesel engine of Cummins India make type KTA3067-L 
complete with brushless traction alternator type TA-7003-BX or C and matching exciter 
rotating rectifier set. Power unit is capable of developing 1320 HP input to traction at 1800 
RPM of the diesel engine under specified site conditions. 

A 3-Ф-bridge rectifier to get DC output rectified from three phases AC output obtained from 
the alternator. This main rectifier is modular in construction and under frame mounted feeding 
DC supply to the traction motors. 

Four axles mounted self-ventilated traction motors are mounted on two bogies of the DPC. 
The motors are permanently connected in 4-parallel combination utilizing the full capability of 
the alternator output thus eliminating combination change and field weakening operation. 
There exists a provision of isolation of up-to two traction motors in the event the traction 
motors becoming faulty. 

15.1.2 Control System 

The control equipment mainly consists of master controller, electro-pneumatic (EP) contactor, 
Electro-magnetic (EM) contactors, reversers, electro-pneumatic relays and MCBs. 

Various protection features are incorporated to indicate the fault occurred and take the 
corrective action. 

EP line contactors, reversers, shunt etc. are mounted in Motor switch Group Box and motor 
overload relays, general purpose relays, excitation contactor, blocking diode panel etc. are 
mounted in Electrical Control Switch Group Box for under frame mounting. 

Excitation and load control module (ELCM) system is designed to operate in conjunction with 
brush-less alternator and GAC fuel actuator mounted on the diesel engine. Excitation control 
regulate the alternator excitation on a particular speed notch in such a way so as to maintain 
constant KW output from the alternator thus constant HP is obtained from the diesel engine 
even with varying current output fed to traction motors. 

In addition, ELCM also controls the diesel engine speed and maintains it constant on a 
particular notch from full unloading to full loading. 
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15.1.3 Auxiliary Supply 

18.5 KW auxiliary brush-less alternator, self cooled, belt driven from traction alternator shaft 
with its rectifier and regulator is provided to supply 135/110V DC ± 5% regulated supply over 
the entire speed range of the engine speed from no load to full load. However, 110 V battery is 
also provided to supply lighting and control loads during emergency when diesel engine is not 
in operation. 

15.2 DESCRIPTION OF CIRCUITS 

15.2.1 Power Circuits 

The power connections of DEMU power car are shown in power circuit (Fig.15.1). DC power 
is supplied to four traction motors from diesel engine driven brush-less alternator and under-
frame mounted main rectifier. The 04 traction motors are connected across the traction 
alternator in fixed 4-P full field combination utilizing the full capability of the traction 
alternator & thus eliminating combination change and field shunting operation. From rectifier 
the supply is taken to the motors via line breakers (L1-L4). A reverser (REV1 or REV2) to 
change the polarity of the series field of traction motors is provided in the circuit. Motor 
overload relay coil is also provided in series with each motor to detect the overload, if any.  

One ground relay is provided on the negative side of the power circuit to detect traction motor 
earth-fault during motoring. In case of earth-fault the line contactor in power circuit will get 
open out in order to isolate traction motors & simultaneously, alternator excitation is also cut 
off. The isolating switch, which is provided along with ground relay, is opened out to isolate 
earth-fault initially. After detection of particular defective traction motor circuit, operating 
motor cut out switch in positive position isolates the same. Ground relay isolating switch shall 
be closed to run the DEMU with other healthy traction motor. 

15.2.2 Control Circuits 

Control circuits are provided for the remote control and acceleration and deceleration of the 
unit according to the position of the master controller. 

The master controller is connected to the control equipment by means of trains of train line 
wire. The power car can be coupled to operate in multiple modes with the help of these train 
line wires. The description of train line wires is as follows: 
 

Wire No. Name of Wire Function 
1 
2 

Forward 
Reverse 

Energizes according to direction of travel. 
Forward or Reverse. 

3,4,5,6,7 Engine Run Wires Energizes according to the notch position 1 to 8. 
1608 Fault Indication Energizes by closing FAULT INDICATION MCB while 

driver puts the control switch in ON position. This wires 
gives supply to various indication circuits & also 
energizes safety relay through respective contacts to 
disconnect excitation and open line contactors and bring 
the engine to IDLE speed for the fault like Hot Water 
temp, Second Rectifier fuse failure and blower motor 
failure via air flow relay contacts. 

1612 ALT. EXEC.ON Energizes by closing ALT MCB & while driver puts the 
control switch in ON position through TSS/1, ECS 
(RUN), EXC (ON/OFF) switch and control switch. 
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Wire No. Name of Wire Function 
1632 MOTOR OVER-

LOAD RESET 
Energizes by pressing motor overload reset switch in the 
OFF position of master controller and control switch. 

1633 Motor Over-Load Trip 
Indication  

Gets feed in case motor gets overloaded and the 
overloaded relay operates.  

1654 to 56 
1758 

ENGINE ON Energizes when engine ON switch is activated 

1657 ENGINE OFF Energizes when engine OFF switch is activated 
1668 DIR Energizes when DIR MCB is put ON after Drivers 

control switch is in ON position. 
1666 DIR Energizes when guard is in position, GCS is operated and 

Governor switches BPCG & PBG are closed when 
sufficient air pressure is available and parking brake is 
released. 
Pressure setting of BPCG; 
                Cut in Pressure          :   6.0 Kg/cm2 

                Cut Out Pressure       :   7.0 Kg/cm2            

Pressure setting of PBG; 
                Cut in Pressure          :    3.0 Kg/cm2 

                Cut Out Pressure       :    2.0 Kg/cm2 
1673 ENGINE TRIP 

INDICATION 
Energizes when any engine trips 

1675 COMMON 
ANNUNCIATION 

Energizes when unit faults relays operates to indicate unit 
faults, which are not train lined. 

1677,1721 PARKING BRAKE 
APPLIED 

TL1721 energizes when parking brake is applied WITH 
DCS ON;  
TL 1677 energizes to indicate parking brake ON 
indication when parking brake is applied. 

1801,1803, 
1805 1818 

ALT. EXCITATION 
ON INDICATION 

Energizes through Aux. Contacts of Excitation contactor 
when it is ON in individual DPCs of 9-car formation. 

1807,1809 
1811, 1833 

ENGINE ON 
INDICATION 

Energizes through Aux. Contacts of Engine ON relays of 
individuals DPCs. 

1813 DRIVE FUNCTION 
RELEASED 

Energizes when DIR/2 is closed i.e. when driver and 
guard are in position & governor switches are closed. 

G1 Battery Negative  
In addition, following unit wires are also provided. 
1602A CONTROL Energizes when control MCB control supply ON position 

switch & Drivers control switch are “ON” 
1616 LAMP TEST & 

INSTRUMENT 
LIGHTS 

Energizes through lamp test MCB. 

1651  Energizes through engine control. 
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15.2.2.1 Master Controller Circuit ( Refer Drg No. 15.5 & 15.14) 

 1.  Master controller for operating 

a) Forward and Reverse contacts 
b) Deadman’s Contacts 
c) Engine at different speeds depending on notch position 

2.  Driver’s control switch box 

a) Driver’s control switch  
b) Spring Return lever operated cam switches for  

i. Engine ON 
ii. Engine OFF 
iii. Motor O/L RESET 
iv. Alternator O/L RESET 
v. LAMP TEST 

c) Lever operated cam switches for  
i. Excitation ON/OFF instrument Lamp 
ii. Control Switch 
iii. Parking Brake ON/OFF 
iv. Test Sequence 

3.  MCB panel 

 Various MCB’s are provided on the MCB panel. 

4.  Sealed Switch Box. 

 The sealed switches are provided across various governors and airflow relay so that in 
case of malfunctioning of respective equipments switches can be operated by the driver 
and the particular governor interlock can be bypassed.  

5. Following rotary switches are also provided in the cab. 

a. Engine control switch   To select IDLE or RUN position. 
b. Motor cutout switch    To isolate the particular motor in case of fault. 

 c. Ammeter selector switch.   To connects load Ammeter shunt to meter. 
 d. Head Lamp switch        To put ON & OFF head lights. 

15.2.2.2 Control Sequence (Refer Drg No.15.6 & 15.15) 

The control feed is taken from wire No.16. When the driver puts ON the entire MCB's and 
Driver's control rotary switch (DCS), the following circuits can be energized. 

• Wire No. 1654 can be energized through Engine start push button PB1. This is possible 
only when Engine control switch is in: "IDLE". 

• Wire Nos. 1632 through Motor overload relay-reset push button. This energizes motor 
overload reset coil in electric control cubicle. This is only possible when master controller 
and control switch on DCS is in "OFF" position. 

• Supply to parking brake is available through DCS contact and hence same can be either 
released or applied as required. 

• Wire 1663 is energized through DCS/4, which energizes Driver's interlock relay (DIR). 
This is possible only if there is enough air pressure in brake pipe so that BPCG is closed 
and parking brakes have not been applied ie the parking brake governor (PBG) is closed & 
the guard is in position(GCS/1) is closed. Wire 1612 can be energized through DCS/3, 
ECS (RUN) & EXC ON/OFF switch available on DCS. This energizes the Excitation 
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contactor coil when test sequence switch is OFF. 
• When control switch S1 is "ON", DIR/1 closed & ECS is in RUN position, if the driver 

presses the Deadman’s handle & moves the master controller to position 1, following 
sequence takes place (refer Drawing Sheet -15.6 ): 
a)  Wire 1 or 2 is energized according to the reverse position via DIR/1, Deadman's 

contacts, IL 1, IL2 
b)    Wire 3 gets energized through ERR & the diesel Engine runs in 1st notch. 
c)  Excitation contactor EC is energized from wire 1612, governor supply control MCB 

and alternator overload relay of ELCM 
d)   Line contactor L 1 to L4 gets supply as follows: 
 If forward direction is selected, wire 1 is energized. Rev-1 is thrown to forward 

position & contactors are energized via 1-101-102– 102A. 
 GR/1-SR/1-MOL (1/3)/1-MOL (2/4)/1& motor cutout switches (MCS1 or 

MCS2).  
 If Reverse direction is selected, wire 2 is energized. Rev.1 is thrown to Reverse 

position and contactors are energized via 2 - 201 - 102 - 102A GR/1 - SR/1- MOL 
(I/3)/1 - MOL (2/4)/1 & motor cutout switches (MCS1 or MCS2. 

15.2.2.3 Motoring ( Refer Drg 15.7 & 15.16) 

The driver can move the coach if the following conditions are fulfilled 
 The driver's control switch has been put to ON position. 
 Parking brakes have been released. 
 There is enough pressure in brake pipe i.e. brake pipe control governor and equipment 

governor are closed at 4 Kg/cm2) 
 Test sequence switch & Engine control position. 
 Control switch and Exciter ON/OFF switch in DCS are in ON position. 

 The function of various interlocks in line contactor circuit is as under. 

EG-This is a pressure governor contact and ensures that sufficient air    pressure is 
available for satisfactory operation of control equipment.  

GR/1- ensures that there is no earth fault in the Power circuit.  
SR/1-Ensures that safety relay has not operated which means that Alternator winding' 

temp & water temperatures are normal and main rectifier with blower motor is 
healthy. 

MOL (1/3)/1, MOL (2/4)/1 - Ensures that motor overload relays are reset. 

Similarly function of various interlocks in Excitation contactor circuit is as under.  

• TSS/1 --Ensures that test sequence switch is in "OFF" position. 
• ECS (RUN)-- Ensures that Engine control switch is in 'RUN' position. 
• ALT O/L --Alternator overload relay inside ELCM is not energized. 

15.2.2.4 Indication Lights Schematic for Controls with ELCM and 14 LED Panel (Refer Drg 
 15.8 and 15.9) 

  The following LED indications have been provided in the Driver's cab; 

 1. TRACTION. CONTROL SUPPLY ON     (GREEN) 
 2 ENGINE ON        (GREEN) 
  3  ALT EXCITATION ON       (GREEN) 
  4. RECTIFIER FUSE FAILURE      (AMBER) 
  5. AUX ALT FAILURE       (RED) 
  6. TRACTION MOTOR O/L       (AMBER) 



CHAPTER- 15 System Details              Page 6 of 30 

Maintenance Manual of 1400 HP DEMU   

 7. SPARE  (AMBER) 
 8. GOV SUPPLY FAILURE  (RED) 
 9. ENGINE TRIP  (RED) 
 10 DRIVE FUNCTION RELEASED      (GREEN) 
 11 RECTIFIER COOLING FAN FAILURE      (RED) 
 12 TRACTION MOTOR E/F       (AMBER) 
 13 PARKING BRAKE APPLIED      (RED) 
 14 COMMON ANNUNCIATION       (AMBER) 

15.2.2.5 Indication Lights Schematic for controls with LCC & 24 LED Panel (Refer drg 15.17, 
  15.18 and  15.19). 

  The following LED indications have been provided in the Driver's cab; 
 1 TRACTION CONTROL SUPPLY ON (GREEN) 
 2 ENGINE ON (GREEN) 
 3    ALT EXCITATION ON (GREEN) 
 4.   RECTIFIER FUSE FAILURE (AMBER) 
 5.   AUX ALT FAILURE (RED) 
 6.   TRACTION MOTOR O/L (AMBER) 
 7.   BRAKE SUPPLY ON (GREEN) 
 8.   SPARE (AMBER) 
 9.   SPARE (GREEN) 
 10. ENGINE -2 ON        (GREEN) 
 11. ENGINE -3 ON (GREEN) 
 12. ENGINE -4 ON (GREEN) 
 13. ALT EXC -2 ON (GREEN) 
 14. ALT EXC -3 ON (GREEN) 
 15. ALT EXC -4 ON (GREEN) 
 16. AIR SPRING FAILURE (RED) 
 17. ALARM PULL (RED) 
 18. GOV SUPPLY FAILURE (RED) 
 19. ENGINE TRIP (RED) 
 20 DRIVE FUNCTION RELEASED (GREEN) 
 21 RECTIFIER COOLING FAN FAILURE (RED) 
 22 TRACTION MOTOR E/F (AMBER) 
 23 PARKING BRAKE APPLIED (RED) 
 24 COMMON'ANNUNCIATION (AMBER) 

15.2.2.6 Unit Fault Indication 

 Apart from indication in the driver's cab, unit fault indications have also been provided. 
 Yellow lamp is provided on both sides of driving cab and is energized via UFR/2 contact 
 (1671-1672) when unit fault relay operates. In case unit fault and common annunciation 
 indication come simultaneously, driver has to check, the particular motor coach in 
 which unit fault indication is ON and has to go to that power car and identify the nature of 
 the fault by observing LED panel in cab. 

15.2.2.7 Motor Cut Out Operation 
 
 In case one or a pair of motors is defective, operating the motor cut out switch can cut the 
 same out. This isolates the corresponding Line contactors. 
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Chapter-16 
 
16.0 DATA FOR CONTROL APPARATUS 
 

BASIC DATA NOMINAL 110 V DC MIN. 55 V DC 
AIR PRESSURE NOMINAL 4.92Kg/sq cm (70 psi) 

MINIMUM 3.16 Kg/sq cm (45 psi) 
MOTOR CONTACTOR - M2PC6 (L 1-L4) 
( Negative Isolation Contactors NC1-NC4 provided only on a few DEMU,s 
Main contact gap 22.2 ± 1.6 mm 
MAGNET VALVE M23MV8E1 
Coil Electrical Spec. No. ES851131 
Resistance at 20deg 957 ohms ± 8% 
Air gap de-energized 20.03/1.93 mm 
Air gap energized 1.22/1.12 mm 
Knuckling pressure 1 .8 to 3.0 Kg 
AUXILIARY CONTACTS: 19 N 
Contact gap 2.4 to 3.2 mm 
Cam to roller gap 0.8 mm (min) 
Contact pressure 110 to 170 gms 
REVERSER                  : 30 RPS 
Main contact gap 17.45 to 20.65 mm 
Contact over travel. 4.75 to 7.95 mm 
Main contact pressure 18.1 to 20.4 kg 
MAGNET VALVE 30MV 
Coil Electrical Spec. No. ES51137 
Resistance at 20 °C 919 ohms ± 8% 
Contact gap 31.75 mm (min) 
Contact over travel 2.4 to 6.35 mm 
Contact pressure 0.68 Kg (min). 
DOUBLE ELEMENT DC OVERLOAD RELAY ( MOL1&3 ,MOL2&4)     M19STR25 
Trip coil 1 turn 
Trip coil setting 700-900-1100 Amps. Setting at 900 A 
Reset coil Spec. No. ES851 023 (Short time rated) 
Resistance at 20 ° C 193 ohms± 8% 
AUXILIARY CONTACTS: 28N 
Contact gap 1.6 mm (min) 
Contact over travel 0.8 mm (min) 
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Striker gap 0.8 mm (min) 
Contact pressure 70 to 140 gms 
AMMETER SHUNT 
Rating 1000 Amps, 75 mV 
EXCITATION CONTACTOR U M67 J 
Main contact gap 14 to 16 mm 
Main contact pressure 4 to 6 Kg 
Operating coil spec. No ES853221 
Resistance at 20 ° C 386ohms ± 8% 
Auxiliary contact gap 3 to 5 mm 
Auxiliary contact pressure 300 to 500 gms 
DOUBLE POLE LATCHED CONTACTOR FOR LIGHTS & FANS: 
Contact gap 10.3 mm min 
Contact Pressure 0.9 to 1.8 kg 
Operating Coil Spec. No. ES851019 (short time rated) 
Resistance at 20° C 102 Ohm ± 8% 
Trip Coil Spec. No. ES851016 (short time rated) 
Resistance at 20° C 105 Ohm ± 8% 
CONTROL RELAY TYPE M21 ER2: 
Excitation Control Relay (ECR) , Safety Relay (SR), Unit fault relay, (UFR), Rectifier          
Fan failure relay (RFAR), Cutout Relay (COR), Aux. Alternator failure relay (AAFR), 
Driver's Interlock relay (DIR) 
Coil Spec. No. ES851161 
Resistance at 20° C 609.5 ohms 
Contact Gap 2.78 mm min. 
Contact Pressure 100-250 gms. 
Armature gap 4.7 to 6.6 mm 
NOTCH RELAYS (AVR, BVR, CVR, DVR Siemens / L&T Make 
GROUND RELAY    : TYPE M22ER 
Coil Spec. No. ES851040 
Resistance at 20° C 66.5 ohms ± 8% 
Armature gap 4.7 to 6.55 mm 
AUXILIARY CONTACTS  
Contact Gap 2.78 mm min. 
Contact Pressure 100-200 gms. 
MASTER CONTROLLER  M26 C 
Contact Gap 2.55 to 3.2 mm 
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Contact Pressure 280-400 gms. 
Cam to roller gap 0.79 mm 
RESISTORS  Load Ammeter resistors LAR1, 2 
Resistance Value  2 ohms ± 5% 
Dropper Resistor  
Resistance Value  2 ohms ± 5%, 250 W 
BLOCKING DIODES 
Rated Average forward current 10 Amps min.  
Peak Inverse Voltage 800 V min. 
SEALED SWITCHES 
Rating of contacts of toggle switches  15 Amps, 250 VDC switches 

 

16.1  MAINTENANCE OF CONTROL APPARATUS 
16.1.1   SERVICE MAINTENANCE 

Service Maintenance of control apparatus is carried out in the running shed to maintain the 
equipments in sound condition and to prevent service failures and comprises of `examination, 
cleaning, lubrication, any necessary adjustments for wear, and the renewal of worn 
consumable parts such as carbon brushes, contacts, arc chutes etc. by new re-conditioned 
parts. 

16.1.2  Cleanliness 

Cleanliness is essential to good maintenance and trouble-free service, and the work of 
cleaning must be thoroughly carried out at the specified intervals. 

Metal dust can cause electrical failure. This dust, when dry, is usually easy to remove, but if it 
becomes bound with water or oil, its removal is more difficult. Hence avoid leaving deposits, 
which have this binding action. 

If apparatus is enclosed in dust-proof cases compartments or cupboards, and the rubber or felt 
jointing of the covers or doors must be maintained in good condition. The devices for keeping 
covers and doors closed must also be well maintained and lubricated, when necessary. 

Compartments - which cannot be sealed easily, should be cleaned with pressurized and filtered 
air. Ensure that any failure of the air supply is restored without delay, and that the filter is 
cleaned regularly, or replaced when necessary. 

Apparatus (resistors, rectifiers etc) which have to dissipate heat, are either freely ventilated or 
forced ventilated with unfiltered air and require frequent cleaning, as they become readily 
contaminated with dirt and brake-shoe dust. 

On electric equipment, roof equipment is provided with large porcelain insulators, which may 
collect much falling dirt and therefore must be kept clean. Rubber hose for the pantograph air 
supply must also be cleaned and kept free of oil and grease. All roof equipment should be 
examined for mechanical damage, and debris that may have lodged on the roof must be 
removed immediately. 

16.1.3 Lubrication 

Lubricants should be used sparingly to avoid contaminating insulation and other parts of 
apparatus. Electrical sliding contacts of knife switches, drum switches & reversers etc should 



CHAPTER 16 Control Apparatus                                                                                                        Page 4 of 42 

Maintenance Manual of 1400 HP DEMU                                                  

be cleaned periodically and then lightly smear with specified grease. Pivots for contactors and 
hinged contact fingers, etc., are lubricated during assembly, chiefly as a rust inhibitor prior to 
being placed in service. No lubricant should be added at periodical maintenance because the 
pivots have extremely long life, even when operating dry, and if lubricants were; added it 
would tend to contaminate other parts of the apparatus thus forming a dirt-collecting surface. 
Pivots should be lubricated only at overhaul with grade SAE 30 oil. 

Cylinders, pistons, piston rods, sliding parts, and solid (not oil-impregnated) rollers etc, should 
be lubricated periodically with grade SAE 30 oil. Grease should not be added to ball bearings 
between overhaul occasions, unless otherwise specified in the Maintenance Manual, but they 
should be cleaned and repacked at overhaul with Shell Alvania 3 or other approved grease.  

This grease should also be used for smearing the teeth of racks and pinions, and also for 
lubricating sleeve bearings. Oil-impregnated rollers and bearings bushes should be lubricated -
with grade SAE 30 oil only at overhaul. . 

Hinges on pantograph current collectors should be lubricated with non-water soluble grease or 
oil. 

16.1.4 Tightness of Bolts, Screws and Nuts 

All bolts, screws and nuts must be kept tight, because any loosening can cause failure as well 
as damage to adjacent or associated apparatus. There is also the possibility of fire being 
caused by arcing at loose terminals. 

16.1.5 Electrical Insulation 

Insulation can fail either by punching through the body of the material, or by surface 
breakdown. Surface breakdown depends upon the quality of the surface of the material, its 
cleanliness and freedom from moisture, the surface length, and the voltage across it. If the 
surface is contaminated by dirt and/or moisture, it becomes slightly conducting and a minute 
current will flow along a very narrow track. This current will produce heat, along the track, 
which may cause the dirt and/or the surface of the insulation to carbonize, and the "tracking" 
current to increase. The action, then becomes cumulative and if the surface is not cleaned, a 
flashover of power current will occur sooner of later. 

The insulation surface between two points at different voltage levels is known as the 
"creepage distance" while "tracking" is the term applied to the visible evidence of the passage 
of minute currents along irregular tracks on the insulation surface. 

The top surfaces of horizontal insulation are, of course, more prone to contamination by dirt 
and moisture, and require more frequent cleaning than, vertical surfaces. When insulation 
surfaces become damaged by tracking or have deteriorated with age, they can be re-
conditioned by painting with a good anti-tracking enamel, such as Grey Insulating Enamel, 
which can be applied by brush and is air drying. 
When apparatus is being overhauled, the opportunity should be taken to renew the insulation 
surface, if this appears to be necessary. If porcelain insulation suffers surface damage, new 
porcelain must be fitted, while the surface of insulation or resin-bonded asbestos can be 
renewed, by cleaning it with fine glass paper. 
Porcelain insulators, which are exposed to the weather, may become encrusted with a hard 
surface of carbon, copper & brake shoe dust etc that is difficult to remove. By coating the 
surface with grade MS4 silicone grease or equivalent, the contaminants may be removed 
easily at suitable intervals. The porcelains should then be regreased. 
The grease should first be applied thinly on the hands, and the hands then run lightly over the 
porcelain surface. 
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16.2  GENERAL MAINTENANCE OF SUBASSEMBLIES OF CONTROL APPARATUS. 

16.2.1  ARC CHUTES 

16.2.1.1 General Maintenance 

Maintenance work of Arc chute is rarely necessary but it is important to examine the arc chute 
interior for unusual charring or an unusual extent of copper splatter on the arc horns or 
splatters, which would indicate a fault on the contactor or its associated equipment. 

If an arc chute is removed for inspection, it should be replaced in its original position so that 
the pattern of its characteristic wear can continue. To achieve this, arc chutes should be 
marked to correspond with their contactors. When an arc chutes has reached its safe limit of 
working life on a heavy duty contactor it may be economic to extend its life by interchanging 
it with the chute from a lightly loaded contactor. Any such interchanges should be recorded so 
that the equipment inspectors understand the reason for wear on the lightly loaded contactor, 
the arc chute of which may normally remain almost as new. 

After fitting an arc chute, ensure that the chute is securely in position and provided that the 
contactor is not live, manually operate the contactor and observe that the moving contact does 
not foul the chute.  

Ensure that spare arc chutes are always available in the running sheds, safely stacked and kept 
clean and dry to enable any damaged or badly eroded chute to be removed. 

16.2.1.2 Overhaul 

Asbestos develops a skin, which should not be disturbed by rough filing. Use a fine file or 
glass paper to remove loose dirt and any copper globules, which may foul the moving contact. 
Examine the arc chute mounting arrangement. Renew the starting threads on mounting blocks 
and screws. 

Examine the arc chute interior for signs of rubbing or transferred paint due to fouling by the 
piston insulator – or the blow out coil. 

Scrape any soot from the joints between side plate, splitters & spreaders and look for 
penetration by the arc into the joints. Use arc resisting cement to coat the joints during re-
assembly of any arc chute components, which are prone to severe penetration. 

Ensure that any copper inserts in the arc chute body are securely fixed.  

Ensure that wear or incorrect re-assembly does not allow the arc to strike any metal fixing 
especially any which pass through the arc chute. 

16.2.2 ARCING HORNS 

Contactors with upswept top arcing horns depend upon a good fit between the horn and the 
chute to produce a gasproof joint for the protection of the blow out coil. This close fit must be 
preserved when a new arc chute or horn is fitted. This fit should be equivalent to a total 
clearance not greater than 0.25 mm between horn and chute. 

 When arcing horns become badly eroded at their tips and become appreciably shortened, new 
 horns should be fitted. 

 When upswept top arcing horns become eroded to half their original thickness, new ones 
 should refitted. 
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16.2.3  CONTACTS 

Copper and silver are in most general use as contact materials. Although the resistance values 
are similar, silver is an inferior arcing material due to its rapid erosion and is used only for low 
voltage control circuits, with light arcing duty and for heavy current contacts with no arcing 
duty. 

Silver forms on its surface a low resistance sulphide, which is brown to black in colour and 
need not be disturbed. 

Copper forms an oxide, dark in colour, which has a high resistance. This would cause 
overheating if it were left on a contact face. 

For contactors (which interrupt current frequently as distinct from a switch or an isolator) 
copper is used. Each contact is formed in the, shape of a foot, with a distinct heel and toe and 
the moving contact is spring mounted on a pivot. As the contactor closes, initial contact is 
made at the toes of the contacts and, as closure proceeds, the moving contact rolls and slides 
over the fixed contact until final contact is made at the heels. This action is reversed when the 
contactor opens the area of contact travels to the toes where the contacts separate so that the 
arcing on current rupture has its roots at the toes of the contacts. By this means the transfer, of 
current can take place across well-mated surfaces free from arcing. The action of the moving 
contact is termed KNUCKLING and is a combined rolling and sliding motion. 

Copper contacts (for light duty contactors and for switches) do not always have a distinct toe 
and heel with a knuckling action but they are always given a sliding action or WIPE which 
promotes a self-cleaning action of any copper oxide that may have formed. 

In general silver contacts close with a simple butting action and such contacts are termed 
BUTT contacts. 

In some applications, a contactor may combine the properties of copper and silver by having a 
pair of copper contacts with silver inserts at the current carrying areas. On other contactors 
separate pairs of contracts in parallel are used, one pair of copper and one pair of silver, with 
the silver contacts closed only in the fully closed position of the contactor and the copper 
contacts making and breaking the current. 

Do not use emery or glass paper to clean contacts, as particles of these materials, which might 
adhere to the surfaces, would cause faulty contact. 

Do not use wire wool to clean contacts or any other electrical apparatus. 

When contact tips are being fitted they should first be lightly tightened and then finally 
tightened with the contactor energized or firmly held in its closed position. This will give the 
best possible bedding of the contacts. 

Some contact carriers have a ledge on which the contact locates so that no movement can take 
place during the repeated closing of the contactor and such contacts must be seated fully with 
the fixing screw hand tightened before finally tightening with the contactor fully closed. 

If the contact tips are discolored by overheating they should be examined for dirt or a coating 
of copper oxide on both the front and rear conducting surfaces, also the tightness and bedding 
of the contacts with each other and with their holders should be examined. Overheating may 
also be caused by low contact pressure due to worn contacts, lack of overtravel, or a weak-
knuckling spring. 

Knuckling or contact springs should be examined periodically to ensure that no stiffness has 
developed in the hinge, and that the spring has not weakened. An experienced inspector will 
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quickly discover any abnormality of the hinge or the spring pressure by manipulating the 
device. 

Fit new contact in place of any which have worn to half their original thickness of copper or 
silver. New contacts should be fitted in pairs since it is not practical to bed a new contact with 
a worn one. Except on small contactors and interlocks hand filing of badly worn contacts, to 
produce a true surface capable of being correctly mated, is a highly skilled operation and is 
rarely successful. If it is attempted, the filing should be carried out with the contacts in a vice 
so that no strain is placed on pivots or pistons, and no metal particles fall on the apparatus. 

Transference of metal from one contact to the other occasionally occurs in inductive circuits. 
When this occurs the contacts should be filed to their normal contour in a vice, or if the 
transference is appreciable new contacts should be fitted. Filing in situ should be restricted to 
the use of a fine file to remove copper oxide and small high spots on current carrying surfaces. 
Also to remove copper beads from contact edges and arc rupturing areas, since these may foul 
the arc chute or may eventually drop into the moving parts of the contactor. 

16.2.3.1 COPPER CONTACTS 

A dull surface indicates of contact tips that the mating of contacts is not occurring and such a 
surface on the heel of a contact would indicate that the knuckling action is incomplete or that 
the contacts are misaligned. A regular inspection will appreciate the condition to be expected 
from the contacts since each pair will develop contact wear and copper splatter on the arc 
horns and arc chutes characteristic of their position in the circuit. It should be at first learn 
whether each pair of contacts breaks or makes current or both or is simply used for isolation, 
as a guide to what wear to expect. Note that the contact wears on some contactors with light 
duty, or infrequent heavy duty under fault conditions, may be largely due to mechanical 
hammering and knuckling. It should be able to recognize unusual wear, which may indicate a 
fault on the contactor or on its associated equipment. Current carrying areas, which have a 
bright appearance, but have become rough and pitted, indicate good contact and need not be 
disturbed. 

16.2.3.2 SILVER CONTACTS 

Normally a visual inspection is necessary between overhauls. The silver used for all contact 
must be 99.9% pure, since any impurities might lead to contact failure. 

On control circuits with inductance, arcing will cause a transfer of metal but the resulting pip 
and trough will not normally warrant attention until the overhaul stage. When appreciable 
erosion has occurred the surfaces should be smoothed off with a fine file and the contact gap 
and overtravel readjusted. 

The contact pressures of contract and interlock contract are not critical, but it is necessary to 
ensure that they have adequate overtravel, so that they will be effective even after some wear 
has taken place. 

On power circuits there will be no arcing unless there is a fault condition such as an incorrect 
notching-sequence. The contact pressures of heavy current contacts are important and they 
must be within the tolerances as specified for the device. 

16.2.4 CONTRACT AND INTERLOCK FINGERS 

The operation of all fingers should be checked periodically to ensure that there is freedom of 
movement and that the pressure spring has not weakened. The overtravel of the moving 
contact should also be checked and, if it has decreased appreciably due to wear, it should be 
readjusted. 



CHAPTER 16 Control Apparatus                                                                                                        Page 8 of 42 

Maintenance Manual of 1400 HP DEMU                                                  

For checking, air-operated apparatus may be actuated by operating the magnet valve 
manually; electromagnetic apparatus by applying a closing force at the point where it is 
applied during normal operation, for example, at the armature or plunger. 

The cams and rollers of cam-operated fingers should be checked for wear, and new ones must 
be fitted if the wear is appreciable. When fingers are making contact there should be a gap of 
0.8 mm between cam and roller. If a flat develops on a roller: new complete contact finger 
should be fitted, otherwise there will be rapid wear of the cam. Cam -operated fingers with oil-
impregnated rollers should not be lubricated during servicing but both roller and pivot should 
be oil lubricated at overhaul. 

16.2.5 COPPER BRAID 

Copper braid is used to carry a current from a moving contact to a fixed part of the apparatus 
in order to avoid current passing through a hinge or spring which would cause them to 
overheat and fail. it is also used as a fixed connection where flexibility is considered to be 
desirable, for example, on account of vibration. Braids should be free of kinks and should lie 
naturally and clear of all projections during operation of the apparatus, they should be 
examined periodically and any loose strands cut off. If badly frayed, new ones should be 
fitted. Braids, which are becoming discolored at their ends, are probably overheating due to 
faulty contact at their terminal ends, & the fixing bolts should be checked for tightness. 

16.2.6 PNEUMATIC PISTONS AND CYLINDERS 

16.2.6.1 Lubrication 

The cylinders and piston rods of E.P. contactors should be lubricated periodically with grade 
SAE-30 oil, otherwise their operation will become sluggish, and this will be detrimental to the 
general operation of the equipment, particularly to arc rupture. Lack of lubricant will also 
cause rapid wear, and may result in scoring of the cylinder wall, piston rod and guide. 

 

 
 

 
 

 

Fig 16.1 
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To lubricate the piston rod of an E.P. Contactor, the piston should be raised in its cylinder (by 
pressing the magnet valve button) and then a small quantity of oil to be applied to the 
countersink, which surrounds the rod at the top of the cylinder. To lubricate the cylinder, a 
small quantity of oil should be injected through the special oil hole in the cylinder wall. 

E.P Contactors with horizontally placed cylinders do not require lubrication of the piston rod, 
because the rod passes through a clearance hole in the end of the cylinder. 

Lubricate the cylinders of reversers & changeover switches with grade SAE 30 oil, through 
nipples provided in the cylinder walls. Before applying the lubricant, the piston should be 
coincident with its nipple; and when one piston has been lubricated, the piston assembly 
should be moved to the other end of its stroke (by pressing the relevant magnet valve button). 

 Before reassembling pistons in cylinders, the cylinder wall should be thoroughly smeared with 
 oil. The rack, pinions and levers of reversers and changeover switches should be  lubricated 
 with Shell Alvania 3 grease or 4X grease or equivalent. 
 

16.2.6.2 DISMANTLING AND REASSEMBLY 

Cylinder walls have a very fine & smooth finish to avoid wearing out the rubber piston seal. 
Care must be taken, therefore, to ensure that no damage is done to the surface. 

When dismantling the pistons of pneumatic contactors, it should be borne in mind that the 
return spring is under compression, and when the nut holding the piston to the rod is released, 
it will tend to fly out of the cylinder and might be damaged or cause damage to neighboring 
apparatus; so great care should be exercised. 

Rubber seal should be carefully examined at overhaul, and should be renewed if they show 
appreciable wear. They are slightly elastic, and must be stretched and forced over the lip on 
the piston into the groove. 

When fitting a piston to a piston rod, the copper washer seal should be annealed in order to 
ensure an airtight joint. When replacing a cylinder cover a new jointing gasket should be used 
because these gaskets are invariably damaged, during the removal of covers, by pieces of the 
old gasket adhering to the cylinder and cover. 

Pneumatic cylinders for contactors are sometimes provided with a loose tube on the piston 
rod, which acts as a piston stop to protect the return spring against over compression. During 
reassembly work, this tube must not be omitted. 
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16.3     MAINTENANCE OF CONTROL APPARATUS MAIN ASSEMBLIES  

16.3.1 MAINTENANCE OF MAGNET VALVE TYPE 23 MV8 

16.3.1.1 Construction Detail 

This is an electro-magnetically operated valve used to control the flow of compressed air to 
and from pneumatically operated apparatus. It consists of an inlet valve and exhaust valves, 
which are operated by a solenoid, controlled armature. The valve poppet and the lower face of 
the exhaust valve stem are provided with rubber insert seats to form resilient seating faces for 
the inlet and exhaust valves. When the solenoid is energized, the armature is pulled down 
causing the exhaust valve to close & the inlet valve to open. This admits compressed air to the 
apparatus. When the solenoid is de-energized, the valves & armature are pushed up by the 
spring, closing the inlet valve & opening the exhaust valve. 

16.3.1.2 Rating and Application 
Type Operating 

Coil 
Resistance 
at 20°C 

Nominal 
operating 
Voltage 

Min 
Operating 

 Voltage 

Nominal 
Operating 
Pressure 

Min   
Operating 
Pressure 

3MV8EI ES851131 957 Ω 110V 55V 4.9Kg/cm2 3.15Kg/cm2 
16.3.1.3 Maintenance Data 

Valve Travel  0.92/0.71 

   Height of Valve stem above core 

Magnet valve de- energized  2.03/1.93 

Magnet valve energized  1.32/1.22 

 Terminal size : M5 series for AC,  DC EMUs, DC and  AC/DC locos. M5 for MTP. 

16.3.1.4 Maintenance and Inspection 
Check the valves for smooth operation. 

Check the valves that there is no audible air leakage past the inlet valve seat. Depress the pin 
and ensure that there is no air leaks past the exhaust valve seat. 

In case any of the two valve seats are observed to be leaking, adjust the inlet / exhaust valves 
with the help of gauges. 

During the initial operation a certain amount of air leakage may occur due to dirt in the air 
supply pipes folding the valve seats. Blowout the dirt from valve faces by repeated manual 
operation of valve if there is no, improvement change valve. 

16.3.1.5 Overhaul and Cleaning 

Thoroughly clean the upper and lower fixed metal seating using a clean, soft, no fluffy, cloth 
on the pointed end of a piece of hardwood. Clean the upper and lower rubber seating using a 
stiff brush and blow through with filtered compressed air. Thoroughly clean the body of the 
upper valve & also the hole through the magnet core in which it operates. Ensure that no grit is 
present on the brass armature bush. 

16.3.1.6 Adjustment/Replacement 
To remove a defective coil, remove the magnet cap, the armature, the exhaust valve and the 
magnet case and then unscrew the steel core from the adapter. Coil can be removed. Fit a new 
coil and follow the sequence in reverse way. Note that the coil is located on the adapter plate 
by means of a pin. 
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To replace an inlet valve, remove the valve bolt, then the spring and inlet valve can be 
removed. Replace the same with new one. Before removing the valve bolt, it is to be ensured 
that the air supply is off. 

While replacing the inlet valve or Exhaust valve stem ensure that the valve travel is 
maintained as given in data and no air leaks are present. 

The life of the exhaust valve stem is determined by the size of the final gap between the 
armature and the magnet core. If the gap is too small, the valve will leak.  

Condemning of valve stem 

Depress the valve stem with NOT LEAK end of the valve stem adjusting gauge and observe 
that the magnet valve is not leaking. If the magnet valve is leaking, it is an indication that the 
valve stem has worn out and is to be replaced with a fresh one. 

 Replacement of valve Stem 

Assemble a new valve stem in the magnet valve. Depress the valve stem with the LEAK END 
of the valve stem-adjusting gauge; with the new stem, in the 'as received' condition, the 
magnet valve will not be leaking. File the top of the valve slightly to just make the magnet 
valve leak when depressed as above. Care should be taken to see that the stem is not filed 
excessively. Now depress the valve stem with the NOT LEAK end of the valve stem adjusting 
gauge, to see that the magnet valve is not leaking. 

Check the magnet valve with the LEAK and NOT LEAK ends of the valve adjusting gauge 
and see that the valve is matching with the new valve stem and if necessary, change the valve, 
as explained below. 

 Replacement of valve 

Assemble a new valve in the magnet valve. When the valve stem is depressed with the NOT 
LEAK end of the 'valve adjusting gauge' with a new valve, the magnet valve will be leaking. 
File the top of the valve slightly to just make the magnet valve not to leak. Care should be 
taken to avoid excessive filling. Now depress the valve stem with the LEAK end of the 'valve 
adjusting gauge' and ensure that the magnet valve leaks. 

Check with the LEAK and NOT LEAK ends of the valve stem-adjusting gauge and ensure 
that the requirements are met. 

16.3.1.7 Dismantling and Reassembling 

The exhaust valve stem may be removed without shutting off the air supply. This can remove 
by unscrewing the magnet cap removing the armature cup. The stem with its seat can now be 
lifted out. 

Unscrew the screws fixing the adaptor with the magnet case. After the magnet case is 
removed, unscrew the core from the adaptor to remove the coil. 

The inlet valve and return spring may be removed by unscrewing the valve belt from the valve 
body. Ensure that the air supply is off while removing the valve bolt. 

To reassemble the exhaust valve, refit: the exhaust valve stem and armature cup and tighten 
partially the magnet cap. Depress the pin to ensure that the valve is located correctly and 
tighten down the magnet cap. Then screw back the magnet cap until the spring-loaded peg 
engages in a notch in the top of the magnet case. 

Care should be taken to avoid damaging the slender stem of the valve poppet particularly 
when locating the item in the hole in the end of the exhaust valve stem on re-assembly.
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 Ensure that the magnet valve parts are not interchanged during overhaul because this may 
 result incorrect valve stem lengths, which will fail to give the specified operational test values 

16.3.1.8 Testing Of Valve after Re-Assembly 

Check the valve travel is as per specified. 
Check the air gaps as prescribed in DATA, when energized & de-energized..  
Check air leaks by applying soap water. 

16.3.1.9  Installation 

 Magnet valve is a part of the electro-pneumatic apparatus. 

 
 
 
 
 

 Fig 16.3 Sectional View of Magnet Valve 
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16.3.2  MAINTENANCE OF AUXILIARY CONTACT TYPE 19N 

16.3.2.1 Constructional Detail 

 This type of auxiliary contact assembly is used with electro-pneumatically operated apparatus, 
 namely contactors, reverser, relays etc. 

This assembly mainly comprises of cam carrier assembly moulded box assembly, fixed 
contact assembly and moving contact assembly. Both the fixed and moving contacts are fitted 
with silver tips. These silver tipped butt type contacts are operated by moulded cams through 
rollers on the contact fingers. The fixed contacts are mounted on pillars and can be adjusted to 
compensate for wear. 

There are two types of cams with different profiles and each type is capable of performing two 
different functions, depending on the way it is mounted on the operating spindle. One cam 
bears the letter 'X' at one end and 'Y' at the other end, while the other cam bears the letters 'V' 
and 'W'. The 'X' and 'V' cams denote a normally open and a normally close aux. contacts. 
Similarly 'V' and 'W' cams denote normally open and normally close contacts with early 
closing and late opening features respectively. Operating levers vary in length and shape 
depending on the use on the associated apparatus. 

16.3.2.2 Maintenance Data 

Contact gap 2.4 to 3.2 mm 

Contact pressure. 110 to 170 grams 

Cam to roller gap 0.8 mm. Min. 

16.3.2.3 Maintenance and Inspection 

Check the operation of all fingers periodically to ensure its free movement. 
Check the spring pressure. Change the spring if the pressure is not as specified. Check the 
cams and rollers for wear. Fit new parts if the wear is appreciable. If a flat develops on a 
roller, fit a new contact finger complete otherwise there will be rapid wear on the cam. 

16.3.2.4 Adjustment I Replacement 

Contact gap can be adjusted by loosening the 2BA/M5 Nut on the fixed contact screw. 
Tighten the nut securely after gap adjustment.  

To replace the cam, unscrew the nut fixed to the cam earlier. Fit new cam in the slot provided 
in the cam carrier in position and tightens with the nut. 

To replace the finger, unscrew the screw securing the finger with the moulded bracket and not 
on the stud of the finger. Replace with the new finger and secure it to the moulded bracket. 

16.3.2.5 Dismantling and Reassembling 

The complete interlock box unit can be removed by unscrewing two screws securing it to the 
magnet valve body. 

Unscrewing the nut fitted on the bolt and taking the bolt out can remove operating lever. Cam 
carrier can also be removed after taking out the bolt. 

For removal of finger assembly refer para for Adjustments/Replacements.  

Reassemble in the reverse order 
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Figure16.4 Finger Assembly 
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16.3.2.6 TESTING OF INTERLOCK 

Check the finger assembly for free movement. 
Check that the contact gap and contact pressure are in line with DATA. 
When interlocks are mounted on equipment, ensure that the operating lever moves through 
equal angles above and below horizontal. 

 

 
 
 
 
 
 

Figure16.5 Auxiliary Interlock for E.P. Contactors  
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16.3.3 MAINTENANCE OF AUXILIARY CONTACT TYPE 28N 

16.3.3.1 Construction 

This type of auxiliary contact is used with electromagnetic apparatus, namely contactors and 
relays. 

The auxiliary contact assembly mainly comprises of a finger assembly of two types; short 
fingers meant for normally open type contacts and long fingers for normally closed type 
contacts. Fixed contact for long finger is mounted on the finger block itself and for the short 
finger, the circuit is made through a contact strip fitted on the striker board mounted on the 
armature of the apparatus. 

16.3.3.2 Maintenance Data 

Contact gap   1.6 mm min. 
Contact over travel    0.8 mm min. 

16.3.3.3 Maintenance and Inspection 

Check the fingers free movement on their pins. 
Check the contact gap and over travel as per specified. 
Check the proper tightness of all nuts bolts and screws 

16.3.3.4 Adjustment / Replacement 

The contacts must be set in the following order: 

1. When the relay COIL is in the ENERGISED position, the fingers of the normally open 
contacts must be vertical and parallel with their supports (Fig  A of  Fig 16.7)  

2. In the COIL DE-ENERGISED position, adjust the contact carrier so that the fingers of the 
normally closed contacts are vertical and parallel with their supports. (Fig B of  Fig 16.7). 

3.  In the COIL ENERGISED position, the adjusting screw of the fingers for normally closed 
 contacts should be set to give a minimum contact gap of 1.6 mm ( Fig  C of  Fig 16.7). 
4.  In the COIL DE-ENERGISED position, the armature adjusting screw should be set so that 

the striker gaps of the normally closed contacts are greater than 0.8 mm and the contact 
gaps greater than 1.6 mm ( Fig D of  Fig 16.7). 

 To replace the fixed contact, unscrew the holding screw with inset. Fixed contact can then be 
 removed. While replacing the fixed contact, adjust the contact to maintain the proper contact 
 gap.  

 Replacement of finger assembly; Finger assemblies are mounted on a backing plate 
 which is fixed to the finger block. Unscrew the screws holding the backing plate with finger 
 block to remove finger assemblies.  
 Replace & reassemble. 

16.3.3.5 Dismantling and Reassembling 

 Complete assembly is mounted on the frame of the reset element. Unscrew the 02 screws 
 holding the finger block to the interlock support block on the reset element frame. Complete 
 assembly is then removable. 
16.3.3.6 TESTING OF AUXILIARY CONTACTS 

 Check the finger assemblies are free for movement. Check that the contact gap and over 
 travel are in line with data. After assembly on apparatus, check  that the adjustments are 
 made properly as specified (in MI 85020). 
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 Fig 16.6 Exploded View of Auxiliary Contact Assembly 
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Fig 16.7Auxiliry Contacts Setting 



CHAPTER 16 Control Apparatus                                                                                                        Page 20 of 42 

Maintenance Manual of 1400 HP DEMU                                                  

16.3.4 MAINTENANCE OF MAGNET VALVE TYPE 30 MV 

16.3.4.1 Constructional details 
This type (30 MV) magnet valve is an electro-pneumatically operated valve, which controls 
the flow of compressed air to and from electro-pneumatic apparatus. 

The magnet valve consists of the following main parts: Pole piece (1) Coil (2) Armature (3) 
Valve body (4) Valve stem (5) Valve (6) Valve plug (7) spring (8) Core (9) Armature stop 
(10) and valve bolt (11). (Refer fig 16.8) 

The valve and the lower face of the valve stem are provided with rubber inserts to form 
resilient seating faces. When the coil is energized, the armature is pulled down towards the 
core causing the valve stem to close the exhaust port and the valve to open the inlet port. Thus 
admitting compressed air to the apparatus (see fig. A of fig.16.9). 

When the coil is de-energized, the valve, valve stem and armature are pushed up by the spring, 
thereby closing the inlet port and opening the exhaust port enabling the compressed air from 
the apparatus to escape as shown in fig. B of fig.16.9   
An enlarged view of valve and valve stem is shown in fig C of fig.16.9. 

 Mounting 
The magnet valve is mounted on the apparatus with the help of 02 holes provided in the valve 
body at a center distance of 27 mm. The overall dimensions of the magnet valve are 8x8x128 
mm & the weight is 1.5 Kg.  

16.3.4.2 Maintenance Data and Rating 
Normal operating Air pressure 4.9 Kg/cm2 
Normal control Voltage 110 Volts DC 
Minimum operating Voltage 55 Volts DC 
Resistance of Operating Coil at 20° C 919± 8%  Ohms 
Valve travel 0.91/0.71 mm 

 Height of valve stem above core when 
i) Magnet valve de-energized 2.03/1.93 mm 
ii) Magnet valve energized 1.32/1.22 mm 

Terminal  details : The control cables should be M5 terminals 

16.3.4.3 Inspection and Maintenance 

1.  Check magnet valve operation by depressing the armature. If the valve sticks, it must be 
cleaned. 

 2.  Check for leaks by applying soap water to the pipe connections and exhaust port, tighten 
  all leaky connections; Small amount of leakage through the exhaust port is acceptable if 
  the  locomotive leakage test can still remain within limits. If excessive leakage is found, 
  disassemble the valve for cleaning as indicated below. 
16.3.4.4 Disassembly 

a. Remove the valve bolt (11) to release the valve (6) and springs (8). 
b. Remove the armature stop (10) & armature (3) to release the valve stem (5) 
c. Remove the core (9) and coil (2) from the valve body (4) using a suitable spanner.  
d. Thoroughly clean the upper and lower fixed metal sealings with a clean,   soft and non-

fluffy cloth. Clean the rubber seating by using a stiff brush and blow through filtered 
compressed air. 

e. Thoroughly clean the body of the valve stem and also the hole in the core through which 
the valve stem operates. 
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Fig 16.8 Major Parts of Magnet Valve 
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Fig 16.9 Operation of Magnet Valve  
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16.3.4.5 Re-Assembly 

Reassemble the valve as follows: 

a. Install the valve, spring and valve bolt. 
b. Install the valve body and coil. 
c. Install the valve stem, the armature and armature stop. 

The valve travel should be checked with the gauges. 

Observe the condemning limits of valves & valve stems & replace the same. 
Mount the magnet valve on bench vice and block the air outlet hole of the magnet valve with a 
gasket and gasket holding bracket. Take out armature stop (10) by unscrewing screws (12) and 
remove the armature (3) also. Connect compressed air supply of 4.9 Kg/Sq cm (70 PSI) to the 
magnet valve condemning of valve stem. 

Depress the valve stem with the NOT LEAK section of the valve stem adjusting gauge and see 
that the magnet valve is not leaking. If the magnet valve is leaking in the above position it is 
an indication that the valve stem has worn out and it is to be replaced with a fresh valve stem. 

Condemning of valve 

Depress the valve stem with LEAK section of the valve-adjusting gauge and check magnet 
valve for leakage. If the magnet valve is not leaking it indicates that the valve is worn out and 
it is to be replaced with a fresh one. 

Replacement of valve stem 

Assemble a new valve stem in the magnet valve. Depress the valve stem with LEAK section 
of the valve stem-adjusting gauge. With a new valve stem, in the as received condition, when 
depressed as above the magnet valve will not be leaking. File the top of the valve stem valve 
slightly to make the magnet valve leak when depressed as above.  

Care should be taken that the valve stem is not filed excessively.  

Now depress the valve stem with the NOT LEAK SECTION of the valve stem adjusting 
gauge and see that the magnet valve is not leaking. Check the magnet valve with the LEAK 
and NOT LEAK sections of the valve adjusting gauges and see that the valve is matching with 
the new valve stem and if necessary change the valve also as follows. 

Replacement of Valve 

Assemble a new valve in the magnet valve. When the valve stem is depressed with the NOT 
LEAK section of the valve adjusting gauge with a new valve in the as received condition the 
magnet valve will be leaking. File the top of the valve slightly to make the magnet valve not 
leak. Care should be taken that the valve should not be filed excessively. Now depress the 
valve stem with the LEAK section of the valve adjusting gauge & ensure that the magnet 
valve leaks. Check with the LEAK and not LEAK section of the valve stem-adjusting gauge 
and ensure that the magnet valve is working satisfactorily. 

Jumping out of valve stem from its seat 

Ensure that the valve stem will not jump out of its seat and cause obstruction-to the normal 
working of the magnet valve as follows. Remove screws (12) and take out armature stop (10) 
and armature (3) from the magnet valve. Fit back the armature stop without the armature and 
slide the gauge shown in fig.16.10 between the bottom of the armature stop and the top of the 
core. . After fitting the gauge as shown in fig..16.10 if there is a gap between the armature top 
and the gauge, bend the armature stop suitably to remove the gap. Take out the gauge and fit 
back the armature in the reverse order as explained above. 
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16.3.4.6 Testing of valve after re-assembly 

1. Check that the valve travel is in line with the Data. 
2. Check that the projection of valve stem above the core when energized and de-energized is 

in line with the DATA. 
3. By applying soap water check that there are no air leaks. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 16.10   
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16.3.5 MAINTENANCE OF ROTARY SWITCH TYPE 29 RPS 

16.3.5.1 Description 

Rotary switch or reverser is an off load operated which is used for selection of the direction of 
the vehicle by reversing the direction of current in the traction motor fields through its power 
contacts. 

16.3.5.2 Constructional details 

It mainly comprises of cylinder assembly, main shaft assembly main power contacts, and 
Finger assemblies interlock assembly and magnet valves. These main parts along with other 
components are mounted on an end frame. Cylinder and end frame are provided with fixing 
holes for mounting. 
i)  Cylinder assembly 
 It comprises of a cylinder end bracket, rack, auxiliary shaft and pinion. An operating lever, 

which is fitted on the main shaft, is given movement by the 2 rollers of the pinion on 
energisation of either of the magnet valves & the power contacts close or open.  

ii)  Main shaft assembly 
 The finger blocks are fitted on the main shaft. The power finger assemblies are fitted on 

the finger blocks. Main shaft is supported at the ends on iolite bearings. Fixed contact 
assemblies are fitted on terminal bars. 

iii)  Interlock assembly 
 This assembly is mounted on cylinder bracket, and on the operating lever. 

16.3.5.3 Rating and Maintenance data  

Type  Rated current  Rated Voltage 
Control Voltage Operating Pressure 
Nom.  Min.  Nom.  Min. 

29RPS  600A  1500V 110 V  55 V  70 PSI  45 PSI 

Main contacts 

Contact gap      19.05+/- 1.6 mm   
Contact over travel     4.75 to 7.95 mm 

  Contact pressure     7.7 Kg to 17.2 Kg, 

  Aux. changeover contacts 

  Contact gap      31.75 mm Min. 
Contact over travel      2.4 mm to 6.35 mm 
Contact pressure     0.68 Kg Min. 

Aux. Bridge contacts 

 Contact gap    28.6 mm Min , 
 Contact over travel     3.2 mm to 6.35 mm 
 Contact pressure     0.34 Kg Min 

Over all size      333 W x 435 Ig x 365 ht. 

Fixing Centers      327x203.2 x 266.7 
Fixing holes      4 holes of 16.0 mm dia 
Terminal size      M 10 screw 
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16.3.5.4 Inspection and Maintenance  
• Remove the cylinder end caps and lubricate the cylinder with specified lubricant. 
• At the time of overhauls, immerse the piston packing in specified oil (delvac 930 oil). 

Remove the packings from the oil and insert them in the cylinder. Operate the reverser 
manually to distribute the oil over the cylinder walls. 

• Replace the contact tips if found excessively worn. Dress the tip with a fine file if pitted 
less than 0.8 mm. Ensure that filing does not destroy the curvature. 

• Check for air leaks through piston sealing ring. Replace the sealing ring if it shows any 
signs of wear and deterioration. 

• Check main and aux. contact gaps and pressures as per specified limit.  
• Check that a 0.05 mm feeler gauge can not be inserted more than 25% of contact width.  
• Check that all the main contacts should close in such a manner that no contact closes in 

advance of any other- by more than 1.2 mm. 
• Check that the edges of the rating contacts should not be more than 1.6 mm out of 

alignment when the contacts are closed. 
• Check that the auxiliary changeover contacts and the auxiliary bridge contacts make after 

and break before the first closing of main. 

16.3.5.5 Replacement 

Power finger 
• Remove the nut holding the shunt end of the finger to the terminal bar. 
• Remove the two screws holding the spring strap in the support block. 
• Insert a 1/4" BSF/M6 x 41.3 lg. screw in the hole on the top of the spring strap and tighten 

the screw to compress the spring. 
• Turn the spring strap 90° and remove the power finger. Replace the finger and reassemble 

in reverse order. 
Out side contact 
• Remove the nut holding the contact to the 'terminal bar. 
• Slide the bolt out of the contact. 
• Lift the contact, turn it towards the center of the reverser and remove the contact. Replace 
 the contact and reassemble. 
Inside contact 
• Remove  02 bolts holding the terminal bar to the reverser end frame and cylinder bracket. 
• Remove the bar and contacts. 
• Remove the bolt from the contact. 
• Replace the contact and reassemble. 
Finger Blocks 
Remove the screws holding of the end frame to terminal bars. Slide the end frame of the shaft. 
Don't damage the insulated spacers between the end frame & finger blocks. Remove the 
power fingers from the block. Refer power finger replacement. 
Replace the block and reassemble in reverse order. 
Manual operating lever assembly 
Remove the springs from the pawls. 
Remove the bolts holding the support bracket with the cylinder bracket. Remove the pinion 
from the reverser. 
Dismantle the pinion by removing Circlip & cotter pin-press the shaft out of the casting. 
Reassemble in reverse order. 
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Piston Sealing Ring 

Shut off air supply 
Remove the screws holding the end caps with cylinder to remove the cylinder end caps. In 
doing this, care should be taken not to damage the gaskets. 
Move the piston to one of the extreme ends. Unscrew the Nylock nut by means of box spanner 
& remove the washers. Remove the piston-sealing ring. 
Move the piston to the other end and remove the sealing ring as described above. Replace the 
seals and reassemble in reverser order. 

16.3.5.6 Measurements and Adjustments 

Measurement of contact pressure 

Use a spring balance and measuring arm (as shown in Fig 16.13 given below.). Operate the 
reverser to one position. Ensure that the contact gap and over travel are in line with Data. 
Place the measuring arm on the contact finger and pull the spring balance until the contact 
fingers first breaks away from the stationery contact. Read the spring balance when the 
contacts just break, on the outside contacts the reading should be 2.3 Kg to 3.6 Kg on the 
inside contacts the reading should be 2.49 to 4.1 Kg. 
 

 
 

 
Measurement of Contact over travel 
Contact over travel is the distance the contact finger travels after just touching the stationary 
contact. Over travel is measured as follows. 

Use a protractor head (as shown in the figure given above). Operate the reverser manually 
until the contact finger first touches with the out side stationary contacts. Check the continuity 
of contacts with an electric bell. 

Keep the protractor head flat face on the horizontal machined surfaces of the operating lever 
and measure the angle of rotation of the shaft. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 16. 13 Measurement of contact pressure 

 



CHAPTER 16 Control Apparatus                                                                                                        Page 30 of 42 

Maintenance Manual of 1400 HP DEMU                                                  

 
 

 
Operate the reverser manually till the finger fully wipes with the out side stationary contact. 
Measure the angle of rotation of the shaft. 

The difference between the angles of rotation of the shaft is the angular over travel & it should 
be between 30 & 50, which is equal to an over travel of 4.75 mm to 7.95mm.  

Interlock adjustment 

The main contacts should close before and open after the interlock fingers. Adjust the 
auxiliary contacts in the following manner. 

Loosen the 2 BA/ M5 locknuts on the contact screws. With air on the reverser and the main 
contact fully wiped, hold the 2BA/M5 nut and turn the-contact screw towards contact finger 
until the contact just touches the finger. Turn the contact screw four more turns towards the 
contact finger to gain the proper over travel. 

Hold the contact screw and tighten the lock nut, Adjust each contact by repeating above steps 
for each interlock finger. 

16.3.5.7 Testing of the reverser after reassembly 

Check that the reverser operates at the min. operating voltage & nominal air pressure. 
Check that the contact gaps, pressures and over travel are in line with data. Check for any air 
leaks at piping joints and magnet valves with soap water. 

16.3.5.8 Installation 

This assembly is mounted on metal structure with four fixing centers. 
 

Fig 16. 14 Contact Pressure measuring arm 
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16.3.6 MAINTENANCE OF ELECTRO-PNEUMATIC CONTACTOR TYPE 5022PC 

16.3.6.1 Description 

This is an electro-pneumatically operated contactor used to open & close power circuits 
carrying comparatively large electric current speedy. Arc quenching by means of blowout coil 
together with effective arc box guarantees safe opening and closing of the circuit. 

16.3.6.2 Constructional Details 

The contactor mainly comprises of three sub assemblies namely (i) cylinder assembly,         
(ii) Blowout assembly and (iii) Arc box assembly (The circuit is closed and opened by 
controlling the supply of compressed air to the cylinder assembly by energizing or de-
energizing the magnet valve). 

Cylinder assembly 

It comprises of a cylinder, piston insulator, contact carrier bracket, moving contact and arcing 
horn etc. moving contact is fitted on the contact carrier which is hinged on carrier bracket. 
Arcing horn is fitted on carrier bracket for the transferring of arc to the arc box. The cylinder 
is fixed in between two insulated support bars and the piston with the nitrile rubber seal and is 
fixed to the bottom end of the piston rod. Main spring is inserted above the piston, which 
ensures opening of the contacts when compressed air supply is removed. 

Blowout assembly 

This assembly is secured to the upper part of the insulated support bars and comprises of the 
blowout coil, blowout checks, top fixed contact cum arcing horn etc. One end of the blowout 
coil is brazed to the contact support on which the top contact is fitted and the other end of the 
coils is taken out through bakelite clap for external connection. Blowout checks along with the 
core form the magnetic circuit for blowing out the arc towards the arc box. 

Arc box assembly 

This assembly is secured at topside to top contactor support and bottom side to arc box 
support by two captive bolts. it comprises of an inner arc box where two arc chutes are 
provided for transfer of arc from top and bottom arcing horns. Arc splatters are provided to 
split the arc for quick arc quenching. 

16.3.6.3 Rating and Maintenance Data 

Type  Continuous current  Voltage  Air pressure  Control voltage 
5022PC6  375A  1500V  4.9 Kg/cm2  110 V DC 

Main contact gap     20.6 - 23.8 mm 
Knuckling pressure (initial)      1.8 to 3.0 Kg. 
Knuckle       11.0 mm. 
Terminal size at B.0 coil     M10 screw 
Terminal size at clamp bracket     M10 screw 
Control Terminal      M5 screw 

16.3.6.4 Inspection and Maintenance 

• Press Magnet valve button and observe the operation of contactor for any abnormality e.g 
sluggishness and slow operation. 

• Inspect the oil hole for free flow of lubrication oil. 
• Lubricate the cylinder, piston rod periodically with few drops of specified grade 
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lubrication (grade SAE 30 or delvec 930 oil), otherwise the operation will may result in 
scoring of the cylinder wall and piston rod. In order to lubricate the piston rod, raise the 
piston by depressing the magnet valve button and add a few drops of oil to the counter-
sink surrounding the rod at the top of the cylinder. To lubricate the cylinder, inject a few 
drops of oil through the special hole in the cylinder wall. 

• Clean the piston insulation thoroughly to ensure no dust is collected on surface,   which 
could cause flash over. 

• Check that all the securing bolts for moving and fixed contacts are tightened firmly. 
• Inspect the shunts for fraying or decolonization caused by heat or stiffness. Replace the 

shunts when any of these conditions are found. Braids, which are becoming discolored at 
their ends, are probably over heated due to faulty contact at their ends and checking of the 
fixing bolts is necessary for their tightness. 

• Examine knuckling periodically and knuckling springs to make sure that the stiffness has 
not developed in the hinge and the spring has not weakened. 

• If the contact tips are discolored by over heating, these are to be examined for any dirt or 
coating of copper oxide on conducting surfaces. A check may also be made for the 
tightness and bedding of contacts with each other and with contact brackets over- heating 
may also be caused by low contact pressure due to worn contacts, lack of over-travel or a 
weak knuckling spring. 

• Fit new contact tips when the total wear top and bottom contact is 3.2 mm. It is always 
advisable to fit new contact tips in pairs since it is not practical to bed new contact with a 
worn one. 

• When new contact tips are being fitted, tighten them lightly. Tighten the contact trips 
further with the contactor in energized position and firmly held in its closed position. 
Operate the contactor for about 150 times for obtaining best possible bedding of contacts . 

• Emery paper should not be used to clean any contact surface, as particles of these 
materials, which might adhere to the surfaces, would cause improper contact. 

• Inspect the blowout core insulation. If the insulation is charred or burnt away, Remove & 
replace the core assembly. 

 When arcing horn become badly eroded at its tip and become appreciably shortened, fit 
new horn. 

• The arc box walls, especially the area adjusted to the contact tips will exhibit charring and 
soot from the arc, and splatter from the contacts dependent upon the severity and duration 
of the arc. Maintenance work is rarely necessary but it is important to examine the arc box 
interior for unusual charring or an unusual extent of copper splatter on the arc horns or 
splitters, which would indicate a fault on the contactor or its associated equipment. 

After fitting an arc box and during any inspection ensure that the same is secured in 
position and manually operate the contactor and observe that the moving contact does not 
foul with the box. 

 
16.3.6.5 Adjustment and Replacements 

Bottom contact 

This can be removed by unscrewing Hex socket S.Screw. Replace the contact and tighten the 
screw firmly. Ensure that the contact sits square on the ledge. 
Top Contact 
Remove top contact by unscrewing Hex. Socket S. Screw Replace the contact and tighten the 
screw firmly. Ensure that the contact sits square on the ledge.  
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Fig 16.15 Sectional side view of Electro –Pneumatic contactor 

 
 
 
 
 
 

Fig 16.15 Cylinder assembly 
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Knuckling spring 
Unscrewing and removing the spring locator screw can remove this. While replacing the 
spring ensure that the spring sits in the seating provided in the contact carrier. 

Replace the spring locator in position & tighten the screw firmly. Improper sitting of spring 
causes damage to the spring besides improper knuckling pressures. 
Piston sealing ring 
Remove the cylinder cap by unscrewing the 04 Hex Hd. Screws. When dismantling the piston, 
it should be remembered that the return spring is under compression. Unscrew piston nut and  
carefully take out the piston otherwise the piston will tend to fly out of the cylinder and might 
be damaged or cause injury to personnel. Seals are slightly elastic & must be stretched and 
forced over the tip on the piston into the groove. 

Ensure the use of annealed copper washer for an airtight joint while fitting piston to the piston 
rod. 

When fitting. the cylinder end cap, use a new jointing gasket because the existing gasket gets 
invariably damaged during the removal of cap. Ensure that all traces of old gasket are 
removed before fitting the new gasket. 
Air Bush 
This bush is fitted between the cylinder and the magnet valve body, un-screw the 02 Screws 
fixing the magnet valve body to the cylinder. Pull the magnet valve, the bush can be taken out 
from its housing. Replace the bush and assemble. To avoid adverse affect on the performance, 
Ensure the use of correct size of bush. 
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 Measuring knuckling pressure ( Refer Fig16.16) 

Measure the knuckling pressure as follows 
1. Insert a thin piece of paper between the contact carrier and contact carrier bracket at the 

backside. 
2. Attach a spring balance to the stud adjacent to the contact carrier. Read initial pressure on 

the sorting balance at that instant when paper can be removed. Low initial pressure 
indicates a defective knuckling, spring, less thick spring seating on  spring locator. 

16.3.6.6 Dismantling and Assembling 

Remove the Arc box by unscrewing the top and bottom captive bolts fitted on top switch 
support and bottom arc box support respectively. 

Remove the shunts from the contact carrier by unscrewing the Hex S.nut. 

Unscrew the four Hex.S bolts fixing the cylinder to the insulated bars. Complete cylinder 
assembly is then removable. 

 
 
 
 Fig 16.17 Exploded View of Arc box assembly 
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Unscrew dog. Point S. Screw to dismantle contact carrier. Take out the hinge pin and the 
contact carrier is removable. 

Contact carrier bracket is removable by unscrewing two unbrako-knurled cap screws fixed on 
top insert of piston insulator. 

Blowout coil assembly can be removed from the support bars by unscrewing the clamp bar 
fixing screws and nuts. 

 
 

Fig 16.18 Blow Out Coil Assembly  
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To remove core assembly, firstly remove the blowout checks by unscrewing 3 nos. of screws 
fixed to the blowout coil support & one no of slotted screw on both the sides. Core is now 
accessible and can be removed a long-with the insulation tube. Reassemble the contactor in 
the reverse order. 

16.3.6.7 Testing of Contactor after Reassembly. 

• Connect the magnet valve to 3.15 Kg/Cm2 air supply. 
• Depress the magnet valve button to close the contactor. The contactor should close 

immediately. 
• Release the MV button to open the contactor. The contactor should fully open. Check the 

contact gaps in line with the data. 
• Check the knuckling pressure inline with the data. 

16.3.6.8 Installation 

These contactors are suitable for mounting on two insulated steel support bars and suitable for 
back connections only. The clearance with the adjacent equipment is for mechanical point of 
view and the equipment being mounted in front of the contactor should a have a clearance of 
300mm min. 
Fixing Centres of contactor: 482.6mm 
Make the following checks before a new or an over hauled contactor is energized. Thoroughly 
inspect the contactor and remove any foreign material. Clean the surfaces of the main and 
auxiliary contacts and of all insulations. 
Operate the contactor by hand to ensure that it moves freely; that the auxiliary contact unit is 
correctly coupled and that it also moves freely. 
Operate the magnet valve several times and listen for air leaks. 

 



CHAPTER 16 Control Apparatus                                                                                                        Page 38 of 42 

Maintenance Manual of 1400 HP DEMU                                                  

16.3.7 MAINTENANCE OF MASTER CONTROLLER TYPE 26MC 

16.3.7.1 Description. 

The master controller is used to select the direction of motion of the vehicle and to control the 
speed to the desired value by energizing the train line wires through the Auxiliary contacts 
provided in the controller. 

16.3.7.2 Constructional Details 

It mainly comprises of Main handle, Reverse key, accelerating shaft, reverse shaft, Deadman 
control device and auxiliary contacts. 

a) Reverse Key 

This key operates the reverse shaft for controlling the direction of motion. It has three 
positions:        

1. FORWARD           
2. OFF                 
3. REVERSE 

The reverse key is removable in the OFF position only. This can only be moved from or to its 
OFF position when the main handle is depressed at it’s OFF position. When the reverse handle 
is at OFF, the main handle is locked at OFF. 

b) Main handle 

This handle is used for energisation of train / unit wires as per the required sequence for 
closing and opening of various equipment in control circuits. It has nine positions 
corresponding to OFF and  notch Nos. 1 to 8. 

This handle during running conditions should always be pressed down. The downward force 
required holding the main hand depressed is less than the force required to depress it. A 
latching device in the handle itself achieves this. 

c) Accelerating shaft 

On the accelerating shaft are fitted the main handle, Bakelite cams with different cut outs and 
other components used for mechanical interlocking are also mounted on the shaft. Whenever 
the main handle is moved from OFF to the other notches, the Bakelite cams operate the 
auxiliary contacts and energize the engine run relays depending on the notch in which the 
handle is moved. 

In order that the driver can feel that he has set the handle to the correct position and notching 
cam is provided on the accelerating shaft with vee notches in the OFF position and in the other 
positions corresponding with the main contacts. A roller is used to engage these vees and 
pressure is applied to the roller by a lever and spring in such a way that when the driver is near 
a notch, the roller will apply a force to help to turn the handle and hold it in the correct 
position. This notching plate does not correspond to the interlocking and no maintenance is 
required from this point of view, but when setting the controller fingers, the controller should 
be set with the notching roller in the correct vee, rather than the markings on the controller top 
plate. 

d) Reverse spindle 

Reverse star wheel & a reverse crank; lever, step quadrant and reverse cap are fitted on the 
 reverse spindle. A link is provided between the reverse spindle & reverse camshaft and when 
 the reverse key operates the spindle, it in turn operates the reverse camshaft and the auxiliary 
 contacts are made for initiating the direction of vehicle. 

 



CHAPTER 16 Control Apparatus                                                                                                        Page 39 of 42 

Maintenance Manual of 1400 HP DEMU                                                  

e) Deadman contacts 
There is a pilot valve inside the controller, which is connected to the emergency valve in the 
brake system. When the main handle is depressed the pilot valve remains closed. If the main 
handle is released hi any position the pilot valve is opened, resulting in an emergency 
application of the brakes. If, however, the main handle is locked down in the OFF position, by 
moving the reverse handle into the OFF position, then releasing the main handle will have no 
effect on the pilot valve or brakes. 

f) Auxiliary contacts 

Auxiliary contacts are cam operated contacts mounted on a terminal bar and these contacts are 
silver tipped. 

g) Reverse interlocking 

A pawl pivoted at the side of the two shafts accomplishes the interlocking between the 
accelerating shaft and reverse shaft. A cam is provided on each of the shafts arranged as 
shown and the pawl is held by a spring against the reverse cam. It will be seen that to turn the 
reverse handle from OFF to FORWARD position the pawl must first move away from the 
reverse shaft and turn towards it to a position much nearer the shaft in the FORWARD (or 
REVERSE) than in the OFF position. 

In the OFF position the pawl interferes with any attempted movement of the cam on the 
accelerating shaft, but in the operating position this interference is removed and the shaft can 
be rotated. 

When the reverse shaft has been set and the accelerating shaft has been turned the pawl is now 
locked in the Vee of the reverse cam and this shaft cannot now be turned. During the overhaul 
check that; 

i) The wear on face A or B has not been such that the interference is inadequate to lock the 
accelerating shaft with the reverse shaft. 

ii)  The wear of cam points or pawl point "D" is not such that the reverse key can be removed 
before the shaft has been fully moved to the OFF position and locked by the pawl. 

iii) With the reverse shaft in forward or reverse the faces have not worn such that there is 
inadequate interference to prevent the reverse shaft being turned to OFF with the 
accelerating shaft in the operating position. 

h) Operation of Deadman contact 

The driver's handle is depressed against a spring to operate the contacts and turned, to operate 
the accelerating cams. 

Deadman contact is operated by a key with an up and down movement in the shaft, and the 
accelerating cams are operated by turning the shaft. 

A lever on the handle depresses the key. 

When the key is fully depressed the latch holds it. If the driver releases the handle it rises and 
a pin trips the latch allowing the key to rise. 

The shaft and key continue through the reverse interlock and the accelerating notching plate 
(not shown) to the Deadman cam drive. 

For this the key depresses a sleeve and a driving dog. A thrust race (not shown) is interposed 
between the key and the sleeve. The sleeve and the driving dog are free to slide up and down 
on the shaft but are prevented from turning. 
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Fig 16.20 Exploded View of Shaft Assembly  
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The sleeve carries a bracket to actuate the pin in the pilot valve and this bracket sliding in the 
pilot valve body prevents the sleeve from turning, the driving dog is prevented from turning 
by a bar, which engages a slot in the periphery of the dog. 

The driven dog is free to turn on the shaft, but cannot be depressed because it about a locating 
bush which is keyed to the shaft. The locating bush in turn abuts a collar, which is pinned to 
the shaft. 

Both driving and driven dogs have inclined faces arranged in such a manner that when the 
driving dog is depressed the pressure causes the driven dog to turn. In turning, the contact cam 
on the driven dog turns, thus operating the deadman contact. A spring surrounding the dog 
does 02 things if the pressure on the controller handle is released. It provides an upward thrust 
on the driving dog, thus lifting it, the sleeve, the key etc. and also provides a turning force on 
the driven dog to turn the deadman contacts back to the OFF position.. 

The OFF position of the driven dog is set by the OFF pin which engages with the locating 
bush keyed to the shaft. This bush has a long sector cutout to enable the pin to move with 
freedom. One face of this cut out acts as a stop for the OFF pin in tire OFF position of the 
controller. 

When the handle is released in the OFF position the driving dog lifts and the driven dog turns 
(under the pull of the spring) and the contacts are broken. The OFF pin returns to its stop and 
the driver's handle may again be depressed. 

If, however, the handle is released from an operating notch the driving dog lifts and the driven 
dog turns and the contacts are broken as before. But the locating bush will now have turned 
and the OFF pin will be able to rotate further. The movement will now be stopped by pin in 
the periphery of the driven dog engaging a stop plate. In this condition, the flat faces of the 
driving and driven dogs engage and the handle cannot be depressed until it has been turned to 
the OFF position and the locating bush has turned the driven dog to the OFF position ready for 
engagement. 

To lock the controller the reverse key is moved to the OFF position. A level on the reverse 
shaft engages the sleeve holding it in the down position with the pilot valve closed and the 
contacts open. In an operating position this lever is clear of the sleeve and the normal 
operation is obtained. 

16.3.7.3 Ratings and  Maintenance Data 

Voltage Air pressure     110 VDC Nominal.  
Air Pressure      70 PSI 
DATA 
Contact gap       2.55 to 3.2mm 
Contact pressure     280 to 400grams 
Pilot valve stem movement    4.75 to 6.35mm  

16.3.7.4 Inspection and Maintenance 

Check that it must not be possible to withdraw or insert the reverse key unless it is in the OFF 
position. 

It must not be possible to move the main handle when depressed to any notch unless the 
reverse key is at FORWARD or REVERSE. 

When the main handle is depressed and at any notch other than OFF, it must not be possible to 
move the Reverse key from FORWARD to REVERSE or vice versa. 
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Ensure that it must not be possible to set the Deadman feature unless the main handle is 
returned to the OFF position. 

Check that the pilot valve stem movement is in line with data. Check that contact gap and 
pressure are in line with Data. 

16.3.7.5 Overhaul 

Check driving and driven dogs for wear. Rounded corners may permit handle depression in 
the operating position. 
Lubricate with grease all moving parts, particularly the face between the driven dog and the 
locating bush. 
Check that the pilot valve movement is in line with Data. 

16.3.7.6 Installation 

This is suitable for wall type mounting. Two mounting plates are welded on side cover with 4 
fixing centers for mounting. 

 
 

 
 
 
 
 

Fig 16.21 Exploded View of Shaft Assembly  
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Chapter-17 

EXCITATION & LOAD CONTROL SYSTEM 

17.0  SYSTEM DESCRIPTION 

Control system regulates the alternator excitation on a particular speed notch, to maintain 
constant KW output from the alternator and thereby, constant HP from engine even with 
varying current output fed to traction motors. Additionally, the diesel engine speed on any 
particular notch is maintained constant from full unloading to full loading. This Control system 
is designed to operate in conjunction with a suitable brushless type alternator and Woodward   
/ GAC make EG3P/EG1 PC or ADB type fuel actuators mounted on diesel engines. 

SCHEMATIC DIAGRAM 

Fig. 17.0 shows the block diagram of complete control system. 
 
 

 
17.1 FUCTIONAL PARTS OF CONTROL CIRCUITS 

• Engine speed control 
• Under speed excitation cutback 
• Alternator voltage, current & KW control 
• Reference signal generation, Ramp & Idle shut off 
• Protection Circuits 
• Power supply Feedback signals 

Note: All control circuits operate from a +12 V generated by a SMPS (switch mode power 
regulator). The input to the SMPS is provided from a 110V DC available from coach battery. 
A ramp circuit has been included and interfaced with the main circuit which operates on ± 15 
V DC supplied by a PCB mountable DC-DC Converter. 

 
 
 
 

Fig 17.0 Block diagram of Complete Control System. 
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17.1.1 Engine Speed Control 

The basic function of this portion of the system is to regulate the speed of the diesel engine and 
maintain it constant under varying load conditions, at the RPM set by the notch selection. 
There are 8 notch speeds. Once a particular notch speed is selected, the regulator will 
command the engine to smoothly accelerate or decelerate (as the case may be) to the selected 
RPM, and the RPM will be maintained constant till notch selection is not changed. . 
As shown in block diagram (Fig 17.1 given below.), this is basically a closed loop speed 
regulation system. The P1 regulators drive a power amplifier which supplies current to the 
engine mounted actuator coils. The engine speed feedback to this closed loop control is 
obtained from a magnetic pick-up (MPU) mounted close to engine flywheel. This feedback 
signal is in the form of a pulsed output (frequency of the pulses being directly proportional to 
the engine speed). This pulsed output is then converted into corresponding DC voltage, which 
is then fed to speed PI regulator. Speed regulator compares speed feedback signal (output of 
frequency/ voltage converter) with speed reference. Output of speed regulator is fed to power 
amplifier, thus forming closed loop control of engine actuator current. 

17.1.2 Under Speed excitation cutback 
In case of engine speed becoming too less (5-10%) than the set reference value bog down 
condition is sensed and the speed regulator increases actuator current. Actuator current limit 
regulator (P1) continuously monitors the actuator current and it reduces load reference value to 
about 40-60% to enable arrest bog down condition. 

17.1.3 Alternator Voltage, current and KW control 

The basic function of the excitation regulator is to ensure output from Alternator plus rectifier 
such that desired no load voltage limit (V Limit ), current limit (I Limit) and constant Power 
(KW Limit) are achieved with variation in loads and as defined by the characteristic curve for 
that notch. For KW control, KW feedback signal is derived internally by multiplication of 
voltage and current feedbacks. 

Refer block diagram (Fig. 17.1 given below), alternator output i.e. voltage & current is 
continuously monitored by the control circuit and it is compared with a selected 
(corresponding to a particular speed / notch) Voltage (V) limit, current (I) limit and KW limit 
reference, by voltage / current and KW (PI) regulators. The 03 regulators operate 
simultaneously, however only the regulator with minimum output comes in control. Refer V/I 
Characteristic. In KW limit zone KW limit regulator overrides other two V limit and I limit 
regulators. 

Outputs of the V limit / I limit / KW limit PI regulators are connected through diodes to a 
common point TP29. The signal at TP29 is EXC Command signal. This excitation command 
signal along with PWM saw tooth signal is used to generate PWM trigger pulses for the 
Excitation Power transistor. The regulated PWM triggering of the power transistor regulates 
the current of the Alternator exciter and in turn regulates the output of the Alternator Rectifier. 

17.1.4 Reference signals, Ramp & Idle Shut-off 

All speed, V Limit, I limit & KW limit references are generated by reference generator circuit. 
This is basically a potential divider network where 32 Nos. different value fixed resistors are 
assigned for speed, V limit, I limit & KW limit references of all 8 notches. All the settings in 
the circuits are done by high stability fixed resistors. A ramp circuit achieves soft start & 
notch-to-notch smooth change over of these references. The ramp circuit is provided with 
potentiometer for adjustment of the 4 different ramp values. 

17.1.5 Protection Circuits 
The system incorporates following protections:. 

i)  Over Voltage/ over Current Protection: 

 Excitation cut-off relay is activated at 115% of normal maximum Voltage/ Current of 8th 
notch, in case of over voltage / over current. 
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Fig 17.1 Block diagram of Complete Control System. 
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ii) Excitation Current Limit 

 Power resistors are added in series of excitation current drive circuit to limit maximum 
operating excitation current. 

iii) Actuator current limit 

 The internal resistance of the actuator limits maximum current. 

iv) Loss of speed Feedback Signal 

 This is a serious condition, as the regulator would drive the fuel actuator to maximum 
position and may cause loss of control or engine to over speed. In the event of loss of speed 
feedback, this protection shall shut-off current to engine. 

v) Low battery Voltage 

 If the battery voltage becomes less than 83 V ± 5%, then the IDL notch LED will start to 
glow and will cut-off excitation by blocking the PWM trigger pulses. 

17.1.6 Power Supply 

All control circuits and actuator circuit operate from a 12V DC-DC converter power supply 
derived from 110V DC available from Loco batteries. Operating voltage matches with both 
full charged & discharged (1.8V/Cell) voltage levels of the battery. For the ramp circuit ±15V 
is made available by a PCB mountable DC-DC Converter. 

17.1.7  Feedback Signal Generation 

Following different feedback circuits for control generate signals. 

• Speed feedback signal 
• Voltage feedback signal 
• Current feedback signal 
• KW feedback signal 

Speed feedback signal 

The speed feedback signal is generated by MPU (magnetic pick up unit) and toothed wheel 
mounted on the engine. The MPU gives a pulsed output with the frequency proportional to 
RPM of the engine. The pulses generated by MPU are fed to the speed feedback circuit of the 
ELCM. The speed feedback circuit converts the pulses into a voltage signal proportional to the 
engine RPM. 

Voltage feedback signal 

The actual voltage feedback signal is generated by a 1: 1 Isolation transformer rectifier unit. 
The-DC voltage thus generated is reduced by a resistor network to the acceptable level & then 
fed to the ELCM. The voltage feedback signal is proportional to the DC output voltage. The 
Isolation Transformer Rectifier and the Voltage feedback PCB are mounted inside the under-
slung mounted Power Rectifier enclosure. 

Current Feedback signal 

Actual value Current feedback signal is generated by 3 nos current Transformers. The 
secondary current signal of the CT's is rectified through a 3 ø bridge rectifier and fed to a load 
resistor. The output of the load resistor is fed to the ELCM and is proportional to the DC load 
current. The CT's are mounted in the Power Rectifier enclosure, whereas the rectifier and load 
resistors are mounted on the dropper resistor board. 

KW feedback signal 

The ELCM KW feedback circuit generates the KW feedback signal internally, by multiplying 
the voltage feedback and current feedback signals. 
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17.2 PCB CIRCUIT BLOCK FUNCTIONAL DESCRIPTION 

17.2.1 Notch Signals Decoder Circuit 

This circuit is used to convert the 5 nos. notch signals received from master controller as input 
signals in to 9 nos. notch signals IDL, N1, N2……N8. 9nos. LED's have been provided on the 
PCB to display the notch signal selected. It is to be noted that in the IDL notch N1 LED will 
also glow. 

Input to the 
circuit 5 Wire from master controller notch contact. (AV,BV, CV, ERR) 

Output to 
the Circuit 

9 nos. notch signals (Idle 1, 2...8) 18 wires (2 nos. for each notch) showing 
+ve potential difference between two wires when particular notch is assigned 
and -ve potential different when notch is not assigned 

Processing to input signals inside circuit: 
• Clamping of 110 V master controller input signals to 0.5 V by diodes. 
• Comparison of 0.5V input signal with 0.25V internal reference defect presence / non-

presence of particular master controller signal. 
• 5 Wire binary signal to 18 nos signals (notch signals Idle, 1 to 8 in steps) conversion by 

diode logic. 

17.2.2  Notch signals drive circuit 

This circuit converts the notch signals received from the notch signals decoder circuit into 
voltage signal used for generating reference values. 

  Inputs  - 8 signals received from notch signal decoder circuit. 
  Outputs -  9 notch signals (voltage 10.5V) 

- LED indications for notch signals. 
 Processing to input signals inside circuit: 
Amplification of 0.25V potential difference between 9 wire pairs inputs to 10.5V and 
providing driving current to notch LED's. 

17.2.3 Notch dependent ramp & limits circuit 

  Inputs to the circuit.   9 Nos. Notch signals. 
  Output of the circuit:  (i) Speed Limit reference 

(ii) Voltage limit reference 
(iii) Current Limit reference 
(iv) KW Limit reference 

This circuit is used to generate different reference voltage signals as mentioned above which 
are generated by selecting independent potential divider network for different notches. 

17.2.4 Speed feedback circuit   

  Input to the circuit     MPU signal (freq. 0 to 5K Hz) with freq. proportional to engine RPM 
  Output of the circuit Voltage signal with levels proportional to engine RPM 

This circuit is used for Frequency to voltage conversion achieved by triggering monostable 
multivibrator (triggering frequency proportional to engine RPM) and further integration of 
mono shot output. 

17.2.5 Voltage, Current & KW feedback circuit 
  Inputs  Signals proportional to actual Voltage & current. 
  Outputs  Voltage, current & KW feedback signal 

This circuit is used for conditioning of Voltage, current feedback signals. Multiplication of 
voltage & current feedback signals to generate KW feedback signal which is achieved by 
PWM modulation of voltage signal according to current level and further integration of the 
output. 
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17.2.6  KW & PWM Sawtooth waveform generation circuit 

Perfect Sawtooth waveform is generated by this circuit to enable produce a KW feedback 
signal by integrating Voltage & Current feedback signals. Further another set of saw tooth 
signal helps in generation of PWM trigger pulses for the Power transistors of Engine Speed 
and  Alternator Excitation control. 

17.2.7 Speed regulation circuit 

Inputs    Ref. Signals 
Feedback signals 

  Output Speed command signal. 

This circuit is used as PI regulator for generation of Speed command signal output according 
to difference between ref. and feedback signals. 

17.2.8 Excitation regulation circuit 

  Inputs  Ref. Signals 
    Feedback signals 
  Output  Excitation command signal. 

This circuit is used as PI regulator for generation of Excitation command signal output 
according to difference between reference and feedback signals. The circuit acts as a minimum 
value selector also. The error signal of the PI regulator’s of Voltage, current & KW are 
monitored continuously and the signal, which is minimum, is dominant and control's the 
excitation signal. This results in the constant KW control of a particular notch. Further the 
Voltage & Current Limits defined for that notch are also achieved automatically. 

17.2.9  Speed PWM circuit 

Inputs     Sawtooth waveform.  
PWM command 

  Output   PWM Trigger pulses. 

This circuit is used for generation of PWM Trigger pulses with ON time proportional to 
voltage level of Speed command signal, by comparing the signal with the sawtooth waveform. 
The PWM signal thus generated is used as trigger pulses for triggering the Power transistor 
and controlling the actuator current. The control of the actuator current results in the control of 
the fuel being fed to the diesel engine and results in maintaining the speed of the diesel Engine 
constant for a particular notch. 

17.2.10 Excitation PWM circuit 

Inputs     Sawtooth waveform.  
PWM command 

  Output  PWM Trigger pulses. 
This circuit is used for Generation of PWM trigger pulses with ON time proportional to 
voltage level of Excitation command signal, by comparing the signal with sawtooth waveform. 
The PWM signal thus generated is used as trigger pulses for triggering the Power transistor 
and controlling the field current of the alternator excitor. The control of the excitor field 
current results in the control of the Alternator output and the DC output of the Power Rectifier 
(constant KW) which is fed to the traction motors. 

17.2.11 Protection circuits:   

  MPU loss 

MPU (magnetic pick up unit) is mounted on the diesel engine and sends the signals 
proportional to the engine speed in RPM. If this feedback signal is lost the Actuator current is 
shutoff by comparing MPU voltage signal with internal reference voltage signal. The engine 
will not be cranked if MPU loss signal comes due to breakage in the MPU cable. 
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Engine over speed shut-off & reset. 

If due to some reason the engine speed increase beyond the rated maximum speed .of 8th notch 
by 110%, Actuator current is shut-off by the protection circuit by comparing speed feedback 
voltage signal with internal over speed reference voltage signal (Engine O/S RED LED glows). 
This will result in the engine shutting down and coming to stand still. The protection circuit 
automatically resets when engine comes to stand still i.e feedback signal becomes zero (Engine 
O/S LED becomes OFF). If engine over-speed LED does not become OFF then the supply to 
the ELCM controller is to be made OFF & ON 

Over voltage / Over current trip. 

If the actual Voltage and actual Current signals become more by 115 % with respect to the 
maximum ratings as defined for 8th notch the Excitation current is shut-off by blocking of the 
trigger pulses (ALT O/L RED LED glows). O/L relay mounted inside the ELCM box is also 
energized (this results dropping of excitation contactor). 

Comparison is done between voltage & current feedback signals with internal trip reference 
signal. The O/L relay will get automatically reset when master controller is brought to IDL 
position (ALT O/L RED LED becomes OFF). If ALT O/L LED does not become OFF then the 
supply to the ELCM controller is to be made OFF & ON 

Low battery voltage protection 

When +110V battery voltage drops below 83V± 5% the IDL LED starts to glow which results 
in the blocking of the Excitation PWM Pulses. Excitation current is shut off and the output of 
the Alternator becomes OFF. Therefore if the battery voltage is less the movement of the 
DEMU will not take place. 

Engine bog-down protection 

If the load requirement of the DEMU increases and the engine is not able to take up the desired 
load the engine speed will start to reduce. This condition will be sensed by the protection 
circuit and will automatically reduce the excitation by approximately 40-60 % resulting in 
reduction of load on the engine (the ENG BOG control LED will start to glow). With reduction 
in load the engine should recover and come back to rated RPM of that notch. When the desired 
notch speed is reached then full excitation for that notch is released (the ENG BOG control 
LED will become OFF). 

17.3 SYSTEM INSTALLATION 

The excitation and load control system comprises of  3 separate units  
a.  Main Control Module 
b.  Voltage Feedback Isolation Transformer + Rectifier & PCB (Mounted in rectifier cubicle) 
c.   03 Nos CTs for current feed-back (Mounted in rectifier cubicle)  
d.  Dropper resistor board, mounted in the engine room. 

17.4  SPECIFICATION / RATING OF ELCM. 

1.0 Type Suitable for control of diesel electric system operating on control 
of engine speed & alternator excitation. 

2.0 Mode of 
operation 

Linear variation of engine actuator by means of pulse width 
modulated variation of alternator excitation current 

3.0  Input Volts  Normal  110 VDC from coach battery 
4.0 Max. output 

Current: 
i. Actuator current- - 0.16 Amp. For small actuator and 8 Amps 

for large actuator 
ii. Excitation current - 8 Amp 

5.0 Alternator  TA 7003 AY / TA7006AZI Equivalent 
6.0 Engine Type VTA 1710L or INTAC 3412 /Equivalent 
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7.0 Voltage 
regulation 

± 2.5% (steady state) 

8.0 Current 
regulation 

± 2.5% (steady state) 

9.0 Protections Excitation cut-off on faults namely. 
Over voltage (115% of rated voltage at 8th notch) 
Over current (115% of rated current at 8 th  notch) 
Short circuit in D.C. side due to failure of alternator diode. 
Engine actuator voltage cutoff on faults namely. 
Engine over speed (110% of rated speed at 8 th notch) 
Loss of speed feedback from MPU. 

10. C. T. ratio 1500 Amp/ 3Amp 
11 Voltage  feedback 

ratio 
1083 Volt : 36.4 V (at TP 22 of ELCM PCB) 

12. Current Feed 
- back ratio 

3000 Volt: 12 V (at TP24 of ELCM PCB) 

13 Outgoing 
Connections 

Through 1 No. 24 Pin Harting connector 

 
17.5  MAINTENANCE INSTRUCTIONS 

   Preventive Maintenance  

The presence of anyone of the following or their combination effects the satisfactory operation 
of the system. 

• Excessive dust/dirt. 
• Dust/dirt made partially conductive by moisture. 
• Condensed moisture. 

Reliability and efficiency of the system operation can be ensured by regular cleaning. the 
periodicity should be defined by user, but a general guide would be as given below. 
For normal condition   Once every six months of operation. 
For very dusty or humid conditions.  Once every three months or more as   
                                                                  may be felt necessary. 

The following step should be followed: 

a.  Open battery switch. 
b.  Isolate all outgoing connections by opening plug in connector of ELCM. 
c.  Open ELCM door / cover & physically inspect inside the enclosure. 
d.  Suck away all dust/dirt by use of vacuum cleaner with appropriate attachments Do not use 

brush for cleaning dust. 
       WARNING: 

Do not use compressed air for blowing off dust, as it forces dust particles / foreign objects 
to get lodged firmly in gaps/clearances etc. & thus defeat's the very purpose of cleaning. 

e.  Check that all the electrical connections, both soldered wires and wire terminals by screw 
type connections, are tight & intact. In case of doubt remake the connections by soldering. 

f.  Check crimping on both male-female parts of all connectors is intact. Reconnect all plugs 
in connectors carefully and ensure they are tight. Ensure screen of wire going outside 
connectors should not come in contact with metallic case of connector. 

g.  Properly Close ELCM door and the cubicle door. 
h.  Do not megger any control cabling unless and until the ELCM connector has been 

removed. 
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17.6 RECOMMENDED LIST OF SPARES FOR ELCM 
SNo Item Make  Quantity 
1 Electronic PCB to DRG No 17211012040/63 BHEL 01 
2 Power transistor 50 A, 600 V Mitsubishi, Power-X, 

Fuji I Eq 
01 

3 O/L Relay Type +12 V DC coil OEN 01 
4 Power supply +12 V, 75 W DC-DC converter 

Type VI-2T1-CX  
VICOR 01 

5 Voltage feedback card BHEL 01 
6 Assembly of 3 phase bridge rectifier 40 A with 

heat sink for current feedback 
BHEL 01 

7 Three phase Bridge rectifier 250 mA, 4000  
PIV, for Isolation circuit 

BHEL 01 

8 Power supply +24 V, 100 W DC-DC converter 
Type VI-2T3-CX ( Vicor USA make), 

VICOR  

 
17.7 INSTRUCTIONS FOR DEMU OPERATION 

Before fleet operation of the DEMU, perform following preparation checks. 
a.  Before putting battery switch ON, check ELCM doors are closed & ensure there is no 

danger of any loose metallic part touching to ELCM enclosure & other power assemblies. 
b.  Put battery switch ON. 
c.  Ensure master controller notch in idle & notch LED's N1 & IDL are glowing. 
d.  Put the master controller in higher notches check that only corresponding LED glows. 
e.  Crank the engine.  
f.  Carefully monitor engine speed / sound, if there is trend of overspeed, then immediately 

press engine stop push button till el1gine gets shut down. 
g.  Check for any unusual hunting of engine (slight hunting may appear for 5-10 mins when 

the engine is started in cold condition). 
h.  When engine is operated without excitation signal (ERR signal of master controller not 

coming) then IDL LED will also glow along with notch LED. In this condition actual 
RPM of the engine may be observed to be 2-5 % less than the desired RPM. This engine 
RPM will reach the desired value when ERR signal is present and therefore adjustment of 
reference value's should not be done in this condition: 

i.  Check smooth operation of engine while shifting master controller from idle to notch 1 to 
8 notches step by step. Check that speed of engine also increases in gradual steps. 

j.  In case of emergency or unusual happening, put immediately master controller to idle & 
press engine shut down push button. 

k.  If DEMU stops, during running then restart DEMU only after identification of the cause of 
fault. If cause is not serious then do not suspend DEMU operation. 

 DO'S AND DON'TS 
Do,s Don’ts 
Always start engine when master 
controller is in idle position 

Do not shift RUN/IDLE switch to RUN When 
master controller is at notch 1 and above 

Always keep gap of 2-3 sec. (min.) 
while notching up between every 
notch except in case of emergency. 

Do not notch up master controller till DEMU 
speed stabilizes at that particular notch 

Always look for any unusual sound 
of engine If sound signifies bogging 
down of engine then immediately 
notch down the master controller. 

Never park DEMU/DETC with engine OFF & 
battery switch ON. 

Always open battery switch after 
engine shut-off. 

Do not connect load without pre operation 
checks. 

 Never proceed if some problem of control 
system appeared while starting the DEMU at no 
load. 
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17.8 FAULT DIAGNOSTIC 
SNo Observation Probable Area Remedy 
1 Battery switch 

ON, engine 
not firing 
while cranking 

ELCM may not be 
getting power supply 

a. Check ENG ON, N1, IDL LED’s are 
glowing, If not glowing then check the 
+12V DC-DC converter . 

b. Shift master controller from notch 1 to 8 
& check respective LEDs of ELCM are 
glowing. 

c. Check voltage on collector of power 
transistor of speed controller+24 V 
during stand still. 

d. Check the continuity of speed feed back 
signal cable of MPU. 

Engine actuator may 
not be getting supply 
from ELCM. 

Check output of the ELCM by measuring 
voltage at the actuator terminals while 
engine is being cranked. 

Dust may be 
accumulated on MPU 
head 

Check MPU. Tighten connecter. 
Clean MPU head & engine fly wheel teeths. 
Check and adjust MPU gap. 

Fault may be with 
ELCM. 

Check the power transistor, and the ELCM 
PCB.  

Actuator terminal may 
be getting short 
circuited 

Check the actuator terminals. 
If voltage appears across the actuator 
terminals and engine does not fire, the fault 
is with actuator / engine 

Fuel pipe of engine is 
not OK 

The fuel pipe of engine gets air locked many 
times and results in engine not firing during 
cranking. 

2. 
 
 

Engine over 
speeds while 
cranking or 
engine runs at 
higher speed 
for all notches. 

Simultaneously / more 
than one notch 
assignments may be 
getting to ELCM. 

Check (before engine cranking) only 
respective notch LEDs is glowing at 
respective notch. In idle only IDL & notch 
N1 LED should glow. If excitation is not 
ON (ERR signal not present) IDL LED will 
also glow. 

Notch assignment 
wiring external to 
ELCM to be checked. 

Control PCB may be faulty. 

Speed reference and 
feedback to be checked 
at TP5 and TP3 of the 
ELCM PCB.  

Speed reference and feedback values should 
be as per reference and feedback values 
specified. 
 

Actuator may be 
sticky. 

If notch LEDs are OK and actuator voltage 
is also correct then check Actuator. 

3. Engine 
hunting in idle 
but notch 1 to 
8 engine is 
stable 

Slight hunting may be 
observed in cold 
condition. 
 

This is normal; engine will stabilize on 
warm up. 
 

4. Engine 
hunting in 
notch 1 to 8 at 
no load 

Actuator may be sticky 
/ sluggish. 

Check engine actuator movement is in 
correspondence with actuator voltage. 
Engine expert can feet the same by 
observing actuator voltage & engine speed 
sound. 

5. Engine runs 
with Low 

• Actuator movement 
may not be free for 

Check actuator voltage  
 



CHAPTER 17 Excitation & Load Control System                                                                                        Page 11 of 13 

Maintenance Manual of 1400 HP DEMU     

SNo Observation Probable Area Remedy 
speed, engine 
speed does not 
increase by 
assignment of 
higher notches 
(DEMU) 
standstills. 

getting higher speed. 
• Actuator points may 

be getting short 
circuited/ loaded. 

• Fault may be with 
ELCM. 

If voltage is not correct ELCM could be 
faulty. 

6. DEMU/DETC 
not running in 
1st notch in no 
load. 

Alternator may not be 
getting excitation 
current 

Check load current in ammeter at master 
controller. If current is more than 200 Amp. 
Then fault is with Loco motor driving 
circuit. If load current is zero, then check 
excitation current by measuring voltage 
drop across ( 12 ohm’s  resistor’s ) on 
dropper resistance  board TB-3 & 4. 

Over voltage/ Current 
relay may have picked 
up. 

If ALT O/L LED is energized then bring the 
master controller to IDL position and check 
that LED goes OFF and O/L relay drops. 
Otherwise make the supply to ELCM OFF 
once and again make ON. The ALT O/L 
LED should become OFF.  

Fault may be with EC 
(excitation contactor ) 

Check the wiring of the EC (excitation 
contactor). 

Fault may be with 
resistor board. 

• If above voltage is OK, then further 
conduct continuity & resistor healthiness 
checks on dropper resistor board by 
putting battery supply OFF. 

  Fault may be with 
PCB or power resistor. 

• Checks the excitation power transistor and 
ELCM PCB inside ELCM. 

  ECR relay may not 
have picked up. 

• Check the ECR relay circuit for other 
protections like. 

7 Engine is 
bogging down 
at notches. 

Fault may be with 
actuator or engine 
filters. 

• Check actuator and engine filters. 

  Fault may be with 
PCB or feedback 
signal circuits. 

•  Check excitation current by measuring 
voltage across TB -3 & 4 on dropper 
resistor board. 

• Check the feedback signal of voltage and 
current at the respective test points (as 
referred in the commsg procedure) on the 
PCB. Loss of any feedback will cause Exc. 
Current to saturate to max.  

• If current feedback is less then adjust 
resistors R9, R10 on the dropper resistor 
board. 

  Power transistor may 
be fault. 

•  If voltage across collector & emitter of 
transistor in near zero then open base lead 
of transistor. If voltage across collector & 
emitter builds up then PCB is faulty. If 
voltage does not build-up then power 
transistor – is faulty. Replace transistor / 
PCB. 

8 Speed 
fluctuations of 

Excitation circuit or 
Actuator wiring may 

•  Check complete excitation circuit/ 
actuator circuit wiring for any loose 
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SNo Observation Probable Area Remedy 
DEMU/DETC 
observed while 
running (but 
engine speed 
is steady) 

be loose. connection unhealthy crimping or burn- 
outs. 

9 DEMU starts 
with sudden 
jerk 

Check the excitation 
circuit current. 

•  Measure voltage across dropper resistor 
TB 3,4 and calculate the excitation current. 

• If full excitation current is flowing then 
check ELCM power transistor and ELCM 
PCB. 

17.09 LED Indication Significance 

S 
N0 

PWR  
ON 

N1- 
N8 

ENG  
IDL 

ENG 
ON 

GOV  
OK 

ENG 
O/S 

EXC 
ON 

ALT  
O/L 

 V 
Lim 

I 
Lim 

KW 
Lim 

Significance 

1 OFF           Module not receiving 
power check DC – DC 
converter 

2 ON           Module receiving power 
3   More  

 Than 
one 
LED 
ON 

         Notch wiring to be 
Checked PCB to be 
checked 

4   O
N 

        Master controller in IDL 
or Battery voltage less 
than 86 V. 

5     OFF        MPU signal not 
available. 

6    ON        MPU signal available. 
7    ON OFF       ELCM not ready to 

supply ACT current 
8    ON ON       ELCM is controlling  

ACT current 
9       ON     ELCM is controlling  

Exct current 
10       OFF     ELCM current not 

flowing 
11        ON    ALT Excitation current  

or voltage exceeds 115% 
of st value of 8th notch. 

12        OFF    ALT current & voltage is 
below O/L set value  

13      ON      Engine Speed exceeds 
110% of set speed of 8th 
notch speed. 

14       OFF      Engine Speed is less than  
110% of 8th notch speed. 

15         ON   Vfb has reached the limit 
16          ON  Ifb has reached the limit  
17           ON KW feedback has 

reached the limit    
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17.10 TROUBLE SHOOTING PROCEDURE FOR TYPICAL FAULTS 
 

Problem  Reasons Trouble Shooting Procedure  
Gittering of actuator 
is present though 
engine RPM is 
maintained constant  

Actuator may 
be sluggish 

Check actuator movement and replace it  if 
necessary 

Engine RPM OK but 
excitation is not 
building up. 

1. Alternator 
exciter may be 
faulty 

2. Excitation 
winding may 
not be getting 
excitation 
current from 
ELCM.  

1 Check voltage across excitation winding 
terminals on alternator TB Box.  

• If voltage is as per requirement then exciter is 
faulty. 

• If voltage is not proper then ELCM is not 
giving correct excitation current to alternator. 

2. Check resistance values and its wiring since 
problem may be with dropper resistor board or 
its wiring. 

3. Excitation will not build up. 
• At idle notch. 
• IF LED EBG is glowing is less than rated 

notch speed. Check notch assignment and 
engine RPM accurately  

• PWM pulses are not available at base of the 
power transistor. 

• Power transistor of ELCM or ELCM PCB may 
be faulty.   

 
17.11 REFERENCE VALUE POTENTIOMETERS 

 
Potentiometer’s accessible from outside. 

S.No Potentiometer No. Description  
1 P116 Common potentiometer for adjustment of KW Limit reference 

value for all notches N1-N8 
2 P117 Common potentiometer for adjustment of Speed  Limit 

reference value for all notches N1-N8 
3 P119 Common potentiometer for adjustment of current Limit 

reference value for all notches N1-N8 
4 P120 Common potentiometer for adjustment of Voltage Limit 

reference value for all notches N1-N8 
5 P163 Common potentiometer for adjustment of speed Limit 

reference value for notch N1/IDL only. 
Potentiometer’s at inside of ELCM 

6 R103 Potentiometer for adjustment of  Voltage  Limit reference 
value for notch N8 only 

7 R99 Potentiometer for adjustment of  Speed Limit reference value 
for notch N8 only 

8. R98 Potentiometer for adjustment of  KW  Limit reference value 
for notch N8 only 
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Chapter 18 

LOCOMOTIVE SPEED AND LOAD CONTROL (LCC 107 B) 

 

18.1 INTRODUCTION 

The LCC 107 B is a combination engine speed control and generator exciter control system for 
Cummins KTA 50 engine powered locomotive applications. This design provides 8 speeds and 8 
power levels from the engine generator to power the diesel electric locomotive traction motors. 
The engine develops a specific power for each notch position. The main generator and various 
parasitic loads use this power. The basic speed / load control system has a high degree of 
capability and flexibility to match the locomotive application. 

Two modules make up a LCC 107B. One module is the main speed control and load control unit. 
This engine speed control is a high performance isochronous closed loop system similar to the 
GAC ESD series of speed control units. The second module is a power amplifier to control the 
alternator field excitation. 

Engine speed input is received from the magnetic sensor that is measuring flywheel speed. The 
output current of the speed control module drives the ADB120E4 proportional electric actuator/ 
fuel valve which controls fuel from the fuel pump and into the common rail fuel injectors of the 
engine. 

Speed selection is through a four wire coded speed selector system typically used in locomotives. 
Sixteen distinct speeds are possible; however this unit uses 3 notches for speed setting. Each 
notch position has a separate independent speed adjustment. See the notch table specification and 
the corresponding speed setting for the standard 4 wire code used in this application. 

Speed control performance adjustments are provided. They are: Gain (Proportional), Stability 
(Integral), Droop, Dead Time Compensation (derivative), and a number of discreet functions such 
as a block gain reduction, lead/ lag compensation circuit, damping and droop enhancement. 
Acceleration and deceleration rates of the engine speed are also adjustable by an internal ramp 
generator, which control the rate of change of the reference speed setting as a notch selection is 
changed. This allows smooth transitions from one speed setting to the next. 

Built in over speed sensing and crank termination circuits with internal relay contacts provides for 
shutting off the fuel pump and starter motor. 

The closed loop excitation control circuits are designed to control the main generator field current 
to regulate engine power. Engine power is directly related to the current in the actuator and thus 
fuel flow to the engine. The load control section has 8 adjustable power settings, one for each 
notch. The load ranges are given in the specification. 

The output of the load control section of the LCC107B is a field current control circuit. This 
circuit operates on supply voltages from 60 – 110 V DC, connect at Terminals 25 (-) & 26 (-). 

The field of the main generator is connected at Terminals 23 (-) & 24 (-). Field currents as high as 
10A can be controlled with this circuit. Field currents greater than 12A cause the field currents to 
automatically shut down. An external field current limiting resistor may be required to limit the 
maximum current. The green EXCITATION SUPPLY LED indicates if the field supply voltage 
is above50 V DC. 

The exciter control circuits are supervised by the LOAD RAMP, LOAD GAIN (sensitivity) and 
load STABILITY adjustments. These allow the load control loop to provide smooth, stable, and 
responsive engine power output.  
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Added features of the exciter control loop are wheel slip control circuits and a load derivative 
adjustment. 

Generator voltage and current limit circuits are included. If the main generator’s AC voltage or 
AC currents exceeds the internal setting, the LCC 107B will reduce the field current until it is 
held at or below the set limit. 

The LCC 107B accepts an AC voltage, proportional to generator voltage, up to 150 V AC. For 
most applications, a small step down isolation transformer typically 800 – 100 V AC, is used to 
interface the high generator voltages to the control. The AC power absorbed by the control at 
Terminals 11 & 12 is very small, less than 1 VA. 

The AC current input is typically from a 5A CT on the main generator. A 0 to 5A CT on the main 
generator current is applied to Terminals 21 & 22. The internal burden resistance is 0.05Ω     
(1.25 VA). 

Sixteen adjustments, one voltage and one current limit for each notch, are provided. 

LED’s indicate when the system is under voltage or current limiting control. If neither is lit, the 
system is under power control. 

WIRING : Refer to the wiring diagram for the correct connection. 

The DC power to the speed control should be from a 24 V DC supply having good regulation for 
currents up to about 5A and should be fused for 10 A. The supply is connected to the battery 
input Terminals C (+) and D (-). Note the optional external power conditioning filter in the 24 V 
DC supply. The input wires to the filter must be separated from the output wires of the filter by at 
least 2 cm for proper isolation. The case of the LCC107B is electrically isolated from its circuits.  

The LCC107B has a security cover over the calibration adjustments. Removing the 6 cover 
screws allows access. On the underside of the cover is a diagram of the adjustment locations. 
After adjusting the controls, replace the cover and secure with the screws. 

The power amplifier module will have to 
dissipate up to 30 watts of heat. Place this 
module in a location where the heat sink can 
receive adequate air circulation. (Max. 
ambient = 55 degree centigrade). 

18.2 SPEED CONTROL ADJUSTMENTS 
DESCRIPTION 

GAIN : Clockwise adjustment increases the 
sensitivity of the governor speed control 
loop. A 30 -1 adjustment range is provided, 
100 = highest sensitivity. In addition, dip 
switch SW3 #4 allows a Gain reduction of 
2. Turn ON this switch to reduce the speed 
loop Gain. 
 
 
 
STABILITY: A clockwise adjustment 
shortens the time response of the governor. 
A 25 –1 range is provided. The longest time 
constant and the most stable position is the 0 
setting. 
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DROOP:  Clockwise control of the droop 
control will add speed droop to the speed 
control loop. 0 = Isochronous. 100 = 
Maximum droop (about 5%). Droop is 
proportional to the actuator current 
change. A small amount of droop can be 
added to insure optimal stability at low 
speeds without interfering with the control 
system’s performance capabilities.   
 
 
 
 
 
 
 
 
ACCELERATION: The rate of engine 
speed acceleration can be set with this 
control. The rate as long as 40 sec. or as 
short as a few seconds from Idle to rated 
speed can be set 0 = slowest acceleration. 
 
 
 
 
 
 
 
DECELERATION: The LCC 107B 
allows the rate of engine speed 
deceleration to be set. A rate as long as 40 
sec. from rated speed to idle is possible, o 
= slowest deceleration. The engine and its 
load inertia will limit the maximum 
deceleration rate. In this case, the closed 
throttle deceleration will be the fastest 
possible deceleration.  
 
 
 
 
 
 
SPEED NOTCH ADJUSTMENTS 1 – 8: Each notch position has a standard limited range of 
adjustment. This is usually wide enough to allow for normal variations in the operating speed at 
each notch.  
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18.3 LOAD CONTROL ADJUSTMENTS DESCRIPTION 

 

LOAD RAMPING: A CW adjustment of the 
LOAD RAMPING shortens the load ramp time 
and loads the engine more quickly through the 
excitation control circuits. The range of 
adjustment allows for a very low rate, exceeding 
80 sec, or a fast rate of less than 03 sec. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LOAD STABILITY: The LOAD 
STABILITY is a time rate adjustment 
that allows optimization of the load 
control loop. CCW adjustment 
compensated for a slow surging of the 
load. The most stable position is 0 but it 
also results in the slowest load response. 
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LOAD GAIN: The LOAD GAIN 
(sensitivity) adjusts the load control 
loop sensitivity. High sensitivity is 
required for stable and responsive load 
control. This adjustment should be used 
to obtain the highest sensitivity without 
instability. 
 
 
 
 
 
 
 
WHEEL SLIP#1 When a wheel slip condition has been detected applying 24 VDC to Terminals 
6 (+) &      7 (-) will operate the wheel slip function’s internal relay. 

A wheel slip adjustment is provided to adjust the magnitude of reduction to the exciter circuits. If 
the adjustment is set to 0, the function of the wheel slip will be to hold the present PWM 
excitation output condition until the wheel slip condition disappears. 

Turning the “D” adjustment CW will cause the excitation output to decrease in a step and then 
hold at that new PWM output until the wheel slip condition disappears. When the wheel slip 
contacts open, the 
excitation will ramp 
back up to the original 
load of the currently 
selected notch position. 
The higher the “D” 
setting, the greater the 
drop in excitation PWM 
output. 
 
WHEEL SLIP # 2 
When wheel slip 
contact #2 is closed, the 
field excitation is 
immediately removed. 
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18.4 INTERNAL LOAD CONTROL OPTIONS  
There are additional control options for the load control loop located inside the LCC107B. These 
are described in the Special features section and include dead time compensation, setting of the 
load regulation and a load deceleration rate adjustment. 
 
LOAD DERIVATIVE The LOAD 
DERIVATIVE adjustment is a feature 
that allows the operator to modify the 
load change dynamics. When a notch 
setting has been increased, the engine 
speed will accelerate. To maintain the 
power to the traction motors, or 
increase it, the LOAD DERIVATIVE 
adjustment can be advanced CW. This 
will make the engine temporarily 
supply more power than the notch 
power setting for a few seconds. The 
ideal LOAD DERIVATIVE setting 
must be determined when the 
locomotive system is completed. 
 
 
 
 
 
AC VOLTAGE and AC CURRENT LIMIT adjustments are provided for a each notch 
position. These 16 adjustments are factory to the listed specifications. If either the AC 
VOLTAGE or AC CURRENT sensed by the LCC107B exceeds the set point for the requested 
notch position, the limiting circuits will start to control the field current and maintain this voltage 
or current. The LIMIT LED being lit will note this condition. A loop gain control for the voltage 
and current limits is located below the voltage and current limit adjustments.  
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18.5 LCC 107 B Enhancements 

 
All LCC 107B Units above serial number L1806 have the following enhancements  
 
Load Reset Adjustment 
 
This setting is adjustable via the control shown in Fig. ACW adjustment will increase the load 
setting so when the reset function is switch off the load from the main generator will come on 
quickly (without delay) and ramp to the operators requested load setting of the notch selector 
switch. This virtually eliminates a delay in power supplied to the Loco’s traction motors when 
coming out of reset. 
 
Over Voltage Protection for the 24 V DC circuits 
 
If the 24 V DC supply ever rises to a level beyond 40 V DC for a period of over 0.5 seconds, the 
control circuits connected to this 24 V DC supply will automatically be disconnected to protect 
the low voltage electronics and shut down the engine. Once this has occurred it will maintain that 
condition until the supply has reduced below 30 V DC. The circuits will then automatically 
reconnect below 30 V DC and restart normal operation. If this protection occurs, an LED that is 
labeled “Over Voltage” will light and indicate the circuit has taken this action. If an occasional 
flickering of the LED occurs it means that short transients above about 35 V DC are occurring. 
This should not cause any problems but should be investigated as to what may be causing the 
surge before it becomes a consistent over voltage issue and shut down the engine. 
 
Short Circuit Protection for the Actuator Control Circuit 
 
If at any time the actuator circuit current reaches a level above 8 Amps the actuator circuit will 
automatically shut off to protect itself. This will be maintained for less than 1 seconds after the 
short is removed and normal operation will be restored. An LED labeled, “Over current” will 
identify if the circuit has been triggered. Once the reason for the current surge has been 
eliminated the circuits should operate normally again. 
 
Additionally, EMI filter networks have been added to all sensitive inputs. The CT input circuit 
has been protected against erroneous high voltage transients. 
 
These enhancements do not affect the unit’s compatibility with previous LCC 107 B units.     
 

18.6 PRE – INSTALLATION 
 
The speed control has been preset at the factory to meet the specification and needs no adjustment 
until the engine has been installed with its new generator and final control circuits. 
 
Note: The notch selector switch applies 110 V to the notch code wires to select the appropriate 
notch. Terminal 5 is the common connection point for the notch selector and must be connected 
to the minus side of the 110 V DC supply. This is the return path for the internal isolated opto–
couplers on the notch control inputs. 
 
The overspeed protection circuit relay contacts, Terminal L and M are typically connected in 
series with the stop solenoid on the fuel pump. In the event the overspeed circuit operates, the red 
LED lights, and the contacts will remove the power to the stop solenoid. 
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18.7 ADJUSTMENTS 
 
The control system has been factory set to provide a stable, accurate system. The final application 
is dynamically different from the laboratory settings and the control system should be readjusted 
to match characteristics of the locomotive application. The following step should be used as a 
guide to  this setup procedure. When following this procedure, the control system has several 
convenient adjustments that the installer should optimize. There are also several internal 
functions that can be added and are described in the Special Features section. 
 

1. Select Notch 1 (Idle).  (No wire energized). 
2. Apply 24 V DC power to the speed control system. 

2.1 Note that the LED of Notch 1 should be lit. 
2.2 The actuator should be in the shut off position. 

3. Crank and start the engine.  
• The actuator should open and the engine should accelerate up to the notch 1 ((Idle) 

setting. 
• The cranking termination green LED should light during the acceleration. 
• Allow the engine to warm up before adjusting the governor. 

4. Speed control system adjustments. Adjust the GAIN and STABILITY to stabilize the 
system at idle. 

Turn the GAIN CW until the system becomes unstable 
Turn the GAIN CCW until stability is restored 
Reduce the GAIN setting one more division CCW. 

Turn the STABILITY CW until the system is unstable. 
Turn the STABILITY CCW until the system is unstable. 
Reduce the STABILITY setting one more division CCW. 

Quickly push and release the actuator to disturb the system. 
The system is considered stable if the response is rapid and without large over or 
undershooting. 
 
If good stability is not achieved, or the GAIN adjustment is set below 20, readjust the 
DIP switches by first determining the frequency of instability, Fast instability is more 
than 2 Hz, slow is 2 Hz or less. 
 

FAST Speed Instability 
 
Determine the present DIP switch settings and compare them to the table below. Readjust the 
setting to the next highest numbered step. 
 
                                                                                           SW4  TABLE 

1 STEP 2 3 4 
1 OFF OFF OFF OFF 
2 OFF OFF OFF ON 
3 OFF OFF ON OFF 
4 OFF OFF ON ON 
5 OFF ON ON OFF 
6 OFF ON ON ON 
7 ON ON ON ON 
8 ON ON ON ON 
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After adjusting SW4, readjust the speed GAIN and STABILITY as described in para 4. Continue 
changing the SW4 switches until the system is stable or STEP 8 is reached. 
If the fast instability is not eliminated reset the following DIP switches until the system is stable 
or Step 8 is reached. 

STEP PROCEDURE 
1 Turn OFF SW3 # 2 (Lead) 
2 Turn ON SW3 # 4 (Gain)) 
3 Turn OFF SW3 # 1 (Enhance drop) 
4 Turn OFF SW3 # 3 (Damping) 
5 Turn the DROOP adjustment CW a small amount (20), more if 

necessary 
 
If a fast instability is still present, the problem is likely associated with the battery power, the 
magnetic pick up signal, or the engine fuel system, refer to the appropriate trouble shooting 
information. 
 
SLOW speed instability  
 
Find the present DIP switch settings in the table above. Readjust the settings of DIP switch SW4 
to the next lower numbered step. After each change of the switch settings, readjust the GAIN and 
STABILITY as noted in para 4. 
If the slow instability is not eliminated, reset the following DIP switches and repeat paragraph 4 
after each step. 

STEP PROCEDURE 
1 Turn ON SW3 # 2 (Lead) 
2 Turn ON SW3 # 4 (Gain)) 
3 Turn ON SW3 # 1 (Enhance drop) 
4 Turn OFF SW3 # 3 (Damping) 
5 Turn the DROOP adjustment CW a small amount (20), more if 

necessary 
 

18.8 SPEED SETTING ADJUSTMENTS  
Once the governor is set for stable operation at idle speed (Notch 1), trim the speed of the setting 
listed in the specifications if necessary. Select the Notch 2 through 8 positions and adjust each 
notch speed setting according to the specifications. 
 
Acceleration and Deceleration Adjustments 
Return to the notch 1 setting. Quickly switch from Notch 1 to Notch 8 and adjust the Acceleration 
setting for the desired ramp time, usually about 15 sec.  
Note: The two SPEED RAMP LEDs (UP or DOWN) indicates when the LCC107B is in the 
ramping mode. 
 
Quickly switch from Notch 8 to Notch  1 and adjust the DECELERAtion setting for the desired 
ramp time, usually 5 – 10 seconds OR the basic speed governor settings have been calibrated and 
the stability is good over the entire range, the excitation control location be operated and adjusted. 
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18.9 EXCITATION CONTROLS 
 
The field control circuit power the main generator and determines the power that the engine must 
produce. Since this is a closed loop control system the LCC107B has total control of the field 
current. The field current can vary between 0 and maximum at any notch position. In the start up 
phase (Notch 1) the output of the control may be preset for either 0 or maximum field current.  
 
To start the operation from 0 field current, the control must be reset by applying 24 V DC to the 
excitation reset relay at Terminal 13(-) & 14 (+). This will hold the field output at 0 A until the 
reset switch is opened. A smooth but slower response will occur when the switch is opened.  
 
If it is desired to have the system rapidly increase engine power, no switch is necessary. In this 
case, as soon as DC power is applied to the excitation circuit Terminals 25 & 26, the field current 
will rise rapidly until the AC current or AC voltage limit function take control of the generator or 
the system comes under power control. When the main generator’s current and voltage fall below 
the set limits, the system will be back on power control for the notch position. 
 
Rapid removal of field excitation can be accomplished at Wheel Slip # 2 by applying 24 V DC at 
Terminals 29 (+) & 30 (-). This action will immediately turn Off the field voltage. Due to the 
inductive nature of the field, it will take a short time for the field current to reach zero.  
 
A low level 400 Hz PWM excitation control signal 0 – 9 V is available at terminal 8. This can be 
used as a test point where 9 V =  full excitation. 
 
Loading the engine  The following adjustments should be made with the engine / generator 
connected to a load bank (box). Set the Control to the Notch I position. Open the excitation – 
reset switch if used. The power control should quickly rise up to the level set by the speed 
control. 
 
Engine load stability should then be adjusted. The LOAD GAIN and LOAD STABILITY 
adjustment allow the load control loop to be optimized.   
 
Adjust the LOAD GAIN CW until the load becomes unstable. Quickly run the LOAD GAIN 
CCW to restore stability. The LOAD GAIN should be set as high as possible, without instability, 
for the best performance. 
 
Adjust the LOAD STABILITY CW until the load becomes unstable. Quickly run the LOAD 
STABILITY CCW to restore stability. The system should be stable and the LOAD GAIN should 
not be set to less than 20. 
 

 
Evaluating Load stability 

To determine if the load control loop is stable, momentarily close the Wheel Slip relay at 
Terminals 29 & 30. This will cause the load to decrease and then recover when the connection is 
removed. The load control system should respond and correct the load smoothly without 
instability. The load control loop operates much more slowly than the governor speed control 
loop. 
 
Once the load control loop is stable, adjust the power lever for each of the 8 notch position. DO 
NOT adjust the engine power to levels that approach the maximum power the engine is capable 
of developing. Instability can result if this requested power level exceeds the engines capacity. 
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It is good practice to monitor and record the actuator current and the engine power at each notch 
position. Also, recording the excitation output from the control, Terminal 8m will be the useful 
for future reference. 
 
LOAD RAMPING Once the power at each of the 8 notch position has been set, the load ramp 
time can be adjusted for an appropriate setting. 100 is the shortest ramp time and 0 is the longest. 
 
The two LED’s labeled LOAD RAMP indicate when the LCC107B is in the UP or DOWN load 
ramping mode, the speed is ramping, load will also be ramping.  
 
Proper adjustment of the LOAD RAMP and engine speed acceleration will affect the amount of 
exhaust smoke. In no case can the load ramp be set faster than the speed ramp. If such a case 
occurred, the engine could be temporarily overloaded if the speed was not high enough to support 
the requested load. 
 
Load rate from Notch 1 to Notch 8 can be obtained. The speed ramp time should be 
approximately one half the load ramp time from Notch 1 to Notch 8. The dynamic performance 
of the locomotive operation and the amount of exhaust smoke that can be tolerated will dictate the 
specific settings.  
 
LOAD DERIVATIVE To boost the traction power when a notch is stepped up, adjust the 
derivative CW to 20 -40. This will temporarily boost engine power.   
 
VOLTAGE and CURRENT LIMIT The generator voltage input is from a 10:1 step down 
transformer that provides an isolated voltage signal. The input current signal is from a standard 5 
A current transformer CT. Each notch has a reference setting for limiting the AC voltage or 
current. The 16 adjustments are individually calibrated according to the limits of the generator. 
The factory settings are listed on page 8. When the voltage or current exceeds the calibration 
setting, the limiting circuit assumes the control of the field current and maintains the limit setting. 
This occurrence will be noted when a LIMIT LED is lit. The AC input signals must be present at 
all times or the limiting protection will be lost. 
 
A loop limit gain control is provided for stable operation. Set this adjustment as high as possible 
without causing instability. 
 
Wheel Slip # 1 The wheel slip function in the LCC107B is operated by closing a sensing contact 
that applies 24 V DC between Terminal  6 (+) & 7 (-). Note the WHEEL SLIP LED. On wheel 
slip contact closure, the excitation output is latched at the present setting. The amount of 
instantaneous change of the excitation from the present setting to a lower value is determined by 
the “D” adjustment. At a setting of 0 there is no change in the excitation. The higher the “D” 
setting the greater the step reduction in excitation.  
 
Once the wheel slip relay is opened, the excitation will respond and control at a new point, lower 
than the original excitation. The excitation will then ramp up to the setting of the notch selected. 
The ramp time for this is fixed at about 15 sec. The higher the “D” setting, the greater the drop in 
excitation and the longer the time to ramp back to the original setting.   
 
WHEEL SLIP # 2 It is advised to use wheel slip circuit # 1 for all normal wheel slip conditions. 
If a rapid reduction of all generator power is required, a 24 V DC connection to terminals 29 (+) 
& 30 (-) will turn off all field voltage. 
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During shut downs or emergencies, removing the DC supply voltage from Terminal25 will also 
rapidly reduce the field current to 0. Under no circumstances should the field be opened when the 
system is in operation. Due to the high inductance of the field, this could damage the field or the 
LCC107B if performed repeatedly. 
 
OVER SPEED TEST The overspeed circuit is set to operate at 4987 Hz (2100 rpm). If the 
engine speed reaches this frequency the overspeed circuit will automatically shut down the 
engine. To test the overspeed function at no load, go to Notch 8.  Pushing the TEST button will 
cause the overspeed circuit to operate. The RESET button will clear the function. It is suggested 
that the overspeed function occasionally be verified by operating at Notch 8 and pushing the 
TEST button to confirm that the engine shuts down. 
 
An internal adjustment, the blue potentiometer near the Speed acceleration (SPEED 
ACCELeration), sets the overspeed calibration point. CW rotation increases the speed at which 
the circuit will trip. The overspeed relay contacts at Terminals L, M and N are rated at 6 A. 
 
CRANK TERMINATION The crank termination function is set at the specification frequency 
of 825 Hz (350 rpm). As the engine speed passes this frequency, the green LED will light and the 
crank termination will occur. An internal adjustment, the blue potentiometer near the SPEED 
GAIN, sets the overspeed calibration point. CW rotation increases the speed at which the circuit 
will trip. The relay contacts, Terminal P, R and S, are rated at 6A and should be used to 
disconnect the cranking motor. In order to reset the crank termination function, the 24 V DC 
power must be removed from the unit. 
 

18.10 SPECIAL FEATURES 
 
LOAD REGULATION The load regulation in the LCC107B is 0. If regulation of the load, or a 
lowering of the load loop gain, is required, a resistor can be soldered between posts E1 and E2 on 
the circuit board. A 5 MΩ will provide approximately 10% regulation, or reduce the load loop 
gain by a factor of 0.9. 
 
LOAD RAMPING (Decreasing) The LOAD RAMPING adjustment is used to both increase and 
decrease the load ramp time. If it is desired to make the load decrease faster than the load 
increase, a resistance can be soldered between posts E10 and E11. A 50 KΩ resistor will change 
the load decrease time by approximately 30%. A jumper wire soldered between the posts will 
make the load decrease time equal to the speed deceleration setting. (Factory configuration). 
 
 TERMINAL INFORMATION 
Terminal G Battery minus / Signal ground  
Terminal H Speed error signal  
Terminal K Internal + 10 V supply 
Terminal J Voltage proportional to actuator current  
Terminal 19 Battery minus / Signal ground 
Terminal 17 Internal + 5 V supply 
Terminal 18 Input for transducer 
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18.11 TROUBLE SHOOTING 
 
Speed Control Inoperative 
 
Apply 24 V DC to the unit, set in the IDLE position and DO NOT crank the engine. 
 
1.0 Measure and observe the following points and voltages relative to battery minus. 
 

Notch 1 (LED ON) 
Voltage between Terminals E and F,  0 ± 0.5 V 
Terminal H ……………………  Higher than 3.8 V 
Terminal K ……………………   2.0 ± 0.25 V         

 
2.0 Crank the Engine  

 Voltage between Terminals E and F,  22 V 
 ( 2V less than battery voltage) 
Terminal H ……………………  Less than 3.8 V 
Terminal K ……………………   5.5 ± 0.25 V      
Voltage between Terminal A and B, Minimum 1.0 V AC  

 
3.0 Check Engine Fuel System 
 
Engine Overspeed 
 
Make measurement indicated in “Speed Control Inoperative”. If they are correct, unplug the 
actuator connector and try restarting the engine. If the engine starts and still overspeed, the 
actuator is binding. Clean or repair the assembly. 
 
Engine Load Instability 
 
If the engine load is periodically unstable, and the LOAD GAIN and LOAD STABILITY can not 
compensate for this condition, refer to the LOAD REGULATION paragraph.. 
 

Note, do not confuse load instability with speed instability. Slight readjustment of the speed Gain 
and speed stability may be required if the Load control loop (Load Gain and Load Stability do not 
remedy the problem. 
 
FACTORY SETTINGS 
 
SPEED GAIN 40 OPTION SWITCH SW3 LOAD RAMP 70 
SPEED STABILITY 50 1     OFF     2      ON   LAOD GAIN 70 
DROOP 10 3      ON      4      OFF LOAD STABILITY 50 
SPEED RAMP ACCEL 50  LOAD DERIVATIVE 0 
SPEED RAMP DECEL 50 OPTION SWITCH SW3 WHEEL SLIP “D” 0 
CRANK TERMINATION 825 Hz 1     OFF     2      OFF     
OVERSPEED 4987 Hz 3      ON      4      ON   
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 SPEED GOVERNING      POWER CONTROL 
NOTCH SPEED 

(RPM) 
(RANGE HZ) HZ ACTUATOR 

CURRENT 
(RANGE) 

1.  700 (1840 – 1900) 1656 0.92   Amps  ( 0.89 – 1.40 Amps) 
2.  1000 (1825 – 2800) 2367 1. 04  Amps ( 0.95 – 1.45 Amps) 
3.  1200 ( 2000 - 3550) 2840 1. 22  Amps ( 1.00 – 1.60 Amps) 
4.  1300 (2100 - 4000) 3076 1. 25  Amps (1.00 – 1.65  Amps) 
5.  1400 ( 2750 – 4000) 3313 1.  30 Amps (1.05 – 1.75  Amps) 
6.  1500 ( 2750 – 4100) 3550 1.  38 Amps (1.05 – 1.85  Amps) 
7.  1650 ( 3500 – 5200) 3905 1.  46 Amps ( 1.10 – 1.90 Amps) 
8.  1800 (3500 – 5200) 4260 1.  48 Amps (1.20 – 2.00  Amps) 

 

   
Voltage Limit And Current limit Gains at Mid Range Setting 
 

NOTCH VOLTAGE RANGE SETTING CURRENT RANGE SETTING 
1.    30 – 300 V AC     118 V AC 0 – 1.5 Amps AC 0.63 Amps AC 
2.        105 – 400 207 0.4 – 3.0 1.47 
3.  200 – 450 318 1.0 – 3.3 2.24 
4.  220 – 550 393 1.5 – 3.8 2.73 
5.  300 – 650 452 2.0 – 4.1 3.28 
6.  350 – 750 526 2.3 – 4.2 3.55 
7.  400 – 800 578 2.3 – 4.3 3.64 
8.  450 - 850 630 2.3 – 4.4 3.71 

 

 
18.12 SPECIFICATIONS 

 
Temperature range  ………………………………-20°C to + 55°C 
Humidity ………………………………  up to 100% 
Vibration ………………………………  Per IEC # 77 
Shock ………………………………  10G 11 ms 
Weight ………………………………  6.8 #/ 3.1 kg 
Power supply ….… 24 VDC +/- 20% Minimum voltage to operate 
Excitation supply …………….…70 – 130 V DC at maximum of 10 A 
Current consumption Power on engine not running……………             60 mA 
 Power on engine running………………             100 mA 
Transient voltage protection ……………………………………..above 240 Volts 
Magnetic pickup Voltage requirement …....0.5-50 V AC (10 V AC suggested at 1800 RPM 
Nominal Pickup Resistance ………………………………………80 – 200 Ω 
Maximum Actuator Current ………………………………………. 10 Amps 
Nominal Actuator Resistance ……………………………………….  8 Ω 
Relay contact ratings ……………………………………….  6 Amps Max. 
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Chapter-19 

TRACTION ALTERNATOR  

19.1 INTRODUCTION  

 Traction alternator is brushless rotating machine. The excitation current is supplied from a 
directly connected brushless rotating AC exciter and rotating diode wheel. The output of the 
alternator is regulated by an excitation control system. AC output voltage is rectified by means of 
a static rectifier. At present two types of alternators are in use, 

(1) TA 7003BX – BHEL make 
(2) C 1012TA  -    Crompton Greaves make  

The constructional details, technical data and maintenance requirement and procedure for         
TA 7003BX type have been described in details. Since the construction and technical data of 
C1012TA type are different they have been described separately. However, the maintenance of 
this type alternator is almost similar; it has not been described separately. For details OEM’s 
manual may be referred. 

19.2 CONSTRUCTION DETAIL (TA 7003BX) 

 RATING  
 Type    :   TA7003BX is a 6 pole, 3-phase,Y-connected AC   

                   generator with star point internally connected. 
 Continuous rating       :  DC through rectifier for 1320 HP input to traction 
 For application on        :  HV  900 Volts, 1030 Amps, 1800 RPM 
        LV  557 Volts, 1660 Amps, 1800 RPM 

The frame is of tubular construction, sturdy and light in weight. The frame and end-shields are 
designed such that the alternator can be easily assembled and dismantled, if necessary. Eyebolts 
are installed on the frame for lifting with a conventional overhead hoist. A steel wrap-on cover of 
drip-proof construction encloses the frame assembly. 

The alternator stator core is built up of one-piece low loss steel laminations. The steel laminations 
are assembled under pressure to form the stator core. The stator core is rigidly fixed onto the 
frame by means of a key. The stator coils are class H insulated, using the best quality insulating 
material and inserted in stator slots. The wound stator is vacuum pressure impregnated in 
specified varnish and baked to ensure excellent bonding quality, high dielectric strength and 
maximum moisture resistance. Stator coil leads are brought out to four connection rings (3 Ø and 
one neutral ring). The phase leads are brought out to the terminal box by means of bus bars. 

The rotor core is made from rim punching, stacked together under pressure and fitted on the shaft 
with a key. The pole punching, of salient pole construction, is stacked together to form a pole 
assembly and the rotor field coils, which are class H insulated, are "potted" together and the "pole 
and coil assembly" is locked in the dovetail of the rim punching assembly by means of tapered 
keys. 

The brushless exciter provides the excitation current to the rotating field assembly of the 
alternator. The brushless exciter is, in effect, a refinement of the conventional DC exciter, which 
uses brushes and commutator. The extensive brush rigging and sliding contacts are, therefore, 
eliminated. The exciter consists of two basic component assemblies, the stationary field assembly 
and the rotor comprising of the rotating exciter armature and rotating rectifier bridge assembly. 

The exciter armature and rotating rectifier bridge assembly are sleeve mounted on the shaft of the 
main alternator. The exciter armature core consists of a stack-up of steel punching assembled 
under pressure. Three phase exciter armature windings are wound on the exciter armature core. 
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The rotating rectifier assembly consists of a full wave rectifier bridge made of six semi-conductor 
devices and are retained in the heat-sink assemblies with retaining nuts & washers. Thus, should a 
diode fail, the defective rectifier can be easily replaced in the heat sink. Heavy insulated rings 
separate the negative and positive components of the full wave rectifier bridge. 

In the exciter field assembly, there are 12 poles consisting of pole punching stacked together and 
welded to form a stator core. It is assembled alongwith their field coils and is bolted to the Non 
delivery end (NDE) end shield. 

During operation of the alternator, the 3-Ø voltage generated in the exciter armature is applied 
directly to the rotating rectifier assembly. The forward polarity diodes mounted on one heat sink 
and the reverse polarity diodes on the other heat sink are connected to form a 3-Ø full-wave 
rectifier bridge. The rotating rectifier bridge assembly rectifies the alternating current supplied by 
the exciter armature. The DC output of the rotating rectifier bridge assembly is, in turn, applied to 
the rotating field of the alternator. Thus, exciter armature, rotating rectifier bridge and alternator 
field forms a single rotating assembly DC exciter. 

The alternator through an excitation control system at all eight notches supplies exciter current for 
the stationary field coils. The alternator is designed with a self-contained cooling system, which 
circulates cooling air through the machine. A large capacity blower mounted at the drive end 
draws ambient air into the machine through openings at the non-driving end of the machine. The 
warm air is exhausted to atmosphere through the screened opening enclosing blower assembly. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 19.0  BLOCK DIAGRAM OF BRUSH LESS TRACTION ALTERNATOR  
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19.3 TECHNICAL  DATA ( TA 7003BX) 
 
Resistance at 75°C (Designed values) in ohms - Average 
Alternate stator winding. (Between phases)   :   0.0029 Ω 
Exciter field winding         :  4.65 Ω 
Exciter Arm. winding (Between phases)        :  11.1m Ω 

 Rotor Bearing      :  DE- NU326/C4,  
         NDE-  NH324/C4 
 Bearing housing dimension where outer race sits (DE) :   Ø 280  - 0.005 

-0.025 
 Bearing housing dimension where outer race sits (NDE) :         Ø 260   - 0.009 
                                                                                                                - 0.041 
 Radial clearance of free bearing when new (DE)            :   0.145  / 0.190 mm 
 Radial clearance of free bearing when new (NDE) :  0.125 / 0.165 mm 
 Fit between outer race & bearing Housing (DE)             : Interference -    0.025mm  

Clearance    -    0.028mm 
 Fit between outer race & bearing Housing (NDE)          : Interference  -    0.04 mm  
         Clearance     -    0.016 mm 

Shaft bearing seating diameter            DE  NDE 
          + 0.055 
Ø130º + 0.035 

           + 0.055 
Ø120º +0.03 5 

Fit between Inner race & shaft 
 

0.035 to 0.08mm 
interference    

0.035 to 0.07mm  
interference   

  
   Pulley I/D       Ø 100 + 0.02

 -0.01 
  

 Shaft Pulley seating diameter     Ø 100 + 0.03
 -0.0 

  Rotor fan seating diameter.     Ø 151.86/151.91 

 DIMENSIONS 

                          Alternator                Exciter 
Main core length 425 mm   Core length 110.0 mm 
Rotor O/D 688.5 mm   Armature O/D 290.00 mm 
Stator O/D 965.20 mm    Exciter O/D 500 mm 
Air gap radial  5.00 mm   Air gap radial 1.0 mm 

 HARDWARES 

PLACE SIZE Nos/ Machine Tightening 
Torque Kg.M 

End shield to stator M16 x 45 mm P-8.8     24 15 
Exciter stator to end Shield M10 x 130 mm P-8.8     12 ---- 
Lifting lug to stator M24 x 70 mm P-8.8     4 40 
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19.4 MAINTENANCE 

19.4.1 TROUBLE SHOOTING 

During regular schedule maintenance inspections, immediate action should be taken to rectify the 
troubles. if not corrected immediately, can result in serious damage,. Common symptoms as well 
as probable causes & remedies are given as follows.          

TROUBLE SHOOTING CHART 
SNo.  SYMPTOM POSSIBLE   CAUSES REMEDIES 
1. No voltage 

( on all   
Phases) 

Over voltage, under voltage or 
overload or other protective 
devices tripped (when 
protective devices incorporated 
in circuit). 

Check protective devices & any 
abnormal conditions In system. 
Normalize the system and reset 
devices. Set devices to nominal 
operating values of the alternator and 
see if system works. 

Open circuit in exciter field Check continuity of field using multi 
meter. If field coils are open, remove 
exciter field assembly; detect defective 
field coils and replace. 

Malfunction of Excitation 
Control system. 

See trouble shooting for & rectify fault 
in Excitation Control system. 

Short circuited alternator out 
put leads 

Clear leads to restore Voltage buildup 

Open circuit in rotating 
Rectifier. 

Check diodes and replace if open. 

Open circuit between 
Excitation control system and 
exciter Stator. 

Check cable continuity. Alternatively, 
Measure voltage on exciter terminals 
of the alternator. 

Open in alternator field coils Check for continuity and replace field  
coil, if open 

 Shorted surge  protector Check for shorts & replace 
 Shorted rotating  diodes  Check for shorts. Replace if 

necessary 
 Open or short circuit in 
  Stator Rectifier 

  Check diodes & replace if open / short 

  Shorted exciter armature   Check for shorts. Replace if necessary 
  2.  No Voltage 

 (On one 
  Phase) 

Open circuit in stator winding. Check for continuity of winding 
between phases. Identify the faulty 
phase. Then open each coil group 
and measure resistance. if faulty coil 
can be detected & coil replaced 

  3 Low 
Voltage 

Defective Excitation control 
system. 

Check system. Adjust or repair or 
replace, if defective. 

Improper adjustment of voltage 
adjusting rheostat 

Adjust rheostat. 

Excessive load. Reduce load. The load should be 
balanced equally in all 3 phases 
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SNo.  SYMPTOM POSSIBLE   CAUSES REMEDIES 
 3. Low 

Voltage  
(Continue) 

High resistance connections. 
Connections get warm or hot. 

Make sound connections 

Shorted field coils Test field coils for possible short by 
checking resistance with multi meter 
or resistance bridge 

Open diode in rotating rectifier Check for open diode. Replace 

Open diode in static rectifier   Check for open diode. Replace 
Improper speed for engine 
alternator set. Check & correct 

 4. Fluctuating 
Voltage 

Voltage regulator not operating 
properly'. 

 Check regulator. Repair or replace if 
 Defective. 

Primer mover speed fluctuating. Check engine governor for defects/ 
Hunting 

Internal connections or phase 
rings or terminal box 
connection loose 

Tighten connections 

Alternator overloaded Reduce load to rated value 
DC excitation voltage 
fluctuating. 

Trace DC excitation circuit & rectify 
faults 

  5. High   
Voltage 

Over speed.   Correct speed of prime mover. 
Improper adjustment of   voltage. Adjust rheostat and / or voltage   

regulator 
  6. Over-

heating 
   

Clogged ventilating wire mesh 
and air passages 

Clean all ducts and wire mesh 

Dry or defective bearings Replace defective bearings / Regrease 
if bearing is O.K 

Coupling Misaligned Align alternator with diesel engine as 
per relevant instructions given 
elsewhere 

Alternator field coils shorted. Test field coils for shorts. Replace 
defective field coils. 

Overload machine. Check load on KW / KV AR meters. 

 7.   Vibration  Defective or dry bearings   Replace defective bearing. 
Misalignment of alternator   
and prime mover 

  Align alternator-engine set. 

Alternator not properly 
mounted. 

Check mounting. Correct defective 
mounting. 

Transfer of-vibration to 
alternator from another source 

  Isolate alternator from source of 
vibration. 
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19.4.2 SCHEDULE MAINTENANCE  

A regular routine maintenance schedule ensures peak performance, lengthens the life of the 
alternator & eliminates or at least greatly reduces breakdown time.  
In the schedule maintenance, clean and inspect the alternator set and eliminate minor disorders 
before they become serious. 
After cleaning the machine as per standard practice, Schedule (preventive) maintenance checks 
are as follows: 

a)  Lubricate the roller bearings. 
b)  Clean the outside of the alternator assembly and ventilating ducts. When dust or moisture is 

excess clean and / or dry inside of the alternator assembly. 
c)  With unit running, observe any unusual noise or vibration.  

19.4.2.1 CLEANING 

 Clean the alternator as follows: 
a)  Wipe out loose dirt from the outside surface of the alternator with a clean lint-free cloth. 

Remove stubborn accumulation of dirt & grease by using Orion 77. Clean all ventilating parts 
with filtered and dry compressed air at pressure of 1.75 to 2.8 Kg/Cm2. Clean the Traction  
Alternator with specified cleaning material. 

b)  Clean inside of TA using dry filtered compressed air at a pressure of 1.75 to 2.8 Kg/Cm2. 
 WARNING: Take extreme care when using above cleaning agents. Use only in well-

ventilated area and away from flame and sparks. 
c)  Open terminal box & clean terminals with Xylole. Do not file terminal bus bars. 

 

19.4.2.2 WINDING PROTECTION 
 If the alternator has been lying unused for a long time in a damp atmosphere, the  stator winding 
 should be suitably dried for at least 24 hours before operation. 

 STATOR CONNECTION DIAGRAM (See Fig 19.3 given below) 

1. Connect together studs with    
same marks. 

2.  All coil leads marked N to be 
connected with common 
connecting ring. Same for A, 
B,C. 

3. Coil placing clockwise & 
connections in anticlockwise 
direction. 

4.  Figure and letters only refer to 
ends of groups and not to the 
top and bottom leads as such 
further the diagram is 
independent of whether the 
coils are 'LH' or 'RH'. 

5.  The diagram is for 6 poles,   
3-Phase and 18 coils groups. 

6.  Start winding from slot 01 
opposite to stator core key 
way. Subsequently number 
in the CW direction. Each 
group has five coils. 

 
 Fig.19.3  Stator Connection 
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19.4.2.3 INSULATION RESISTANCE TEST 

 Winding IR measured at 600 Volts DC should not be less than 2.0 M. Ohm. 

19.4.2.4 DRYING THE WINDINGS 

If the insulation resistance is less than standards value, the alternator may be dried out by hot air 
in an Oven at 120ºC for 8 to 10 hrs. 

WARNING: Use forced air circulation oven for drying. Don’t use radiant types since this type 
would over-heat some parts before remote parts reach the required temperature. 

Drying the alternator winding insulation by application of internal heat consists of operating the 
alternator as follows: 
a) Check for excessive accumulation of water / moisture on windings. Dry fully with 

compressed air applying internal heat. 
b)  In one of the stator leads, insert an ammeter of sufficient range of read full load alternator 

current. 
c)  Isolate the static rectifier and connect all stator lead terminals together to short-circuit the 

stator windings. Since excitation to the alternator is from a rotating AC Exciter, the latter will 
be used to provide excitation to the alternator field. 

d)  Operate the alternator at normal speed. Supply just enough excitation to cause rated current to 
flow in the alternator stator winding. 

e)  Operate for sufficient 
time to ensure 
thorough drying of the 
windings. Check the 
IR of the winding 
after stopping the 
alternator periodically 
(at 1 hour interval). 
Terminate the drying 
out process when 
resistance is within 
test standards and 
shows little change 
after four hours of 
operation. 

19.4.2.5  BEARING 
 LUBRICATION 

Roller bearing is used at 
the drive end (DE) and 
non-drive end (NDE). 
Complete Regreasing can 
be done at the time of 
overhauling of the prime 
mover, which should be 
about 3 years, or 20000 
hours of service, 
whichever is earlier. 
ESSO Andok-BRI 
Servogem RR-3 (IOC) Grease to be used. 

 
 
 
 
 
 
 

Fig. 19.4 Bearing Arrangement (DE) 
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Quantity of grease is 
about 0.55 Kg for each 
bearing. Refer figures 
19.4 and 19.5 .  

Intermittently regreasing 
to be done from the 
grease nipple provided at 
an interval of 06 months 
period. Quantity of 
grease during each 
replenishment to be 
about 100 grams. 
NOTE: Don’t put 
excessive grease. 
Different grades of 
Grease should not be 
mixed. 

19.4.2.6 BEARING 
 REMOVAL  (DE & 
 NDE SIDE) 

Remove the outer 
bearing wiper by 
mechanical puller using tapped holes provided. Then open the outer bearing cap by opening       
6-M12 screws. The bearing housing with outer race and bearing rollers can be withdrawn from 
the rotor. The inner race can also now be removed by puller. If the bearing is going to be used 
again, make sure that puller applies pressure only against the bearing inner ring. 

19.4.2.7 ROLLER BEARING INSTALLATION 

 Inner bearing sleeve, bearing wiper and bearing inner race of roller bearing should be heated to a 
 temperature of about 100°C in oven and shrunk fitted on  the shaft. 

19.4.2.8 DISMANTLING & ASSEMBLY OF ALTERNATOR 

 DISMANTLING & ASSEMBLY (Refer fig. 19.1 and fig. 19.2 for part identification) 

a) Remove alternator coupling. 
b) Disconnect Static Rectifier from stator phase leads. 
c) Remove bolts securing alternator base pads to foundation. 
d)  Remove alternator to location affording sufficient room for dismantling. Attach slings to lift 

from eyebolts to move alternator. 
e) Remove pulley retaining plate and slowly pullout the pulley from the shaft. 
f) Remove bearing cap NDE bolts & bearing cap from bearing housing.. 
g) Remove end shield bolts on NDE side and horizontally remove end shield along with bearing 

housing & exciter stator. So that it should not touch with exciter armature assembly. 
h) Open exciter clamping bolts and removes exciter stator from end shield. 
i) Remove end-shield bolts on DE side and remove end shield along with bearing housing. 
j) Install pipes over alternator shaft on the drive end and exciter end. Attach slings and hoist 

pipes to remove rotor assembly from stator by moving it axially towards DE side. Make sure 
that air gap is maintained between rotor and stator during removal of the rotor. 

k) Assembly alternator in the reverse order of disassembly procedures. 
NOTE: Install bearing.  Ensure that alternator rotor is aligned with the stator.

 
 
 
 
 

Fig. 19.5 Bearing Arrangement (DE) 
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Torque Spanner settings for Assembly of Alternator. 
1.   End shield  DE & NDE   M16-15 Kg. M. 
      Bearing housing DE & NDE   M16-15 Kg. M. 
2.   Bearing  M12-6 Kg. M. 
      Eye bolt    M24-40 Kg. M. 

TESTING OF ROTATING RECTIFIER  

If failure of a diode is suspected, remove the exciter cover and test diode with an Ohmmeter as 
follows:  

a)  Remove diode lead wire from terminal. Refer to fig. 19.6 given below 
b) Connect Ohmmeter leads across diode in one direction. Note down meter reading.            

Reverse lead and note meter reading. The meter should indicate low resistance when 
leads are across diode in one direction and high resistance when leads are in the outer 
direction (see fig.19.7). 

 

 

 

 

 

 

 

 

 

 
c)  If the meter indicates a 

low resistance in both 
directions, the rectifier is 
shorted. A high 
resistance in both 
directions indicates an 
open rectifier. In both 
the cases, the diode is 
defective. 

d) Replace defective 
rectifiers with rectifiers 
of the same operating 
characteristics as 
rectifiers installed in the 
alternator previously.  

  

 
 
 

Fig.19.7 Testing Rotating Rectifiers with an Ohmmeter 

 
 
 
 
 
 

Fig.19.8 Test lamp  



CHAPTER 19 Traction Alternator                                                                            Page 13 of 23 

Maintenance Manual of 1400 HP DEMU                                                                    

` TESTING SURGE PROTECTOR WITH TEST LAMP 

Disconnect one lead of the surge protector and check with a lamp tester (See fig. 19.8 ). The lamp 
should not light when the test leads are placed across the surge protector in either direction. If the 
lamp lights, it indicates a shorted surge protector. Replace defective surge protector with a new 
one. 

19.4.2.8  REMOVAL OF EXCITER ARMATURE AND ROTATING DIODE WHEEL 

The following procedure should be adopted for removal of exciter armature (fig. 19.10 given) and 
exciter stator assembly (Fig.19.11 given) and rotating rectifier assemblies (fig. given), which have 
the rotating rectifier assembly either inboard or outboard of the exciter armature assembly. 
Remove exciter armature and rotating rectifier bridge assembly as a unit as described as follows: 

a) Remove exciter cover. Disconnect alternator field leads from positive (+) and negative (-) 
terminals located on the heat sinks of the rotating rectifier assembly. Remove exciter 
armature retaining bolt and washer. 

b) The exciter armature is a "slip fit" on the alternator shaft. If the armature cannot be removed by 
hand remove with a puller installed as step (c). 

 Caution: don’t pull on rotating rectifier assembly of the exciter armature windings. 

c)  Install a cap or plug to protect the shaft center. Utilizing the tapped holes in the end of sleeve, 
bolt to the end of the sleeve spacers & a metal plate. Refer Fig 19.9 for fixture.. 

d) Hook a bearing puller to the metal plate and pull exciter armature and rotating rectifier 
assembly from the shaft. 

 
 

 

 
 
 
 Fig 19.9  Removing Exciter Armature & Diode Wheel  Assembly 
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Figure 19.11 Exciter Stator Assembly 
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19.4.2.9 EXCITER ARMATURE & DIODE WHEEL ASSEMBLY INSTALATION 

The installation of exciter armature and rotating rectifier assemblies that have the rotating 
rectifier assembly either inboard or outboard of the exciter armature should be done as following 
procedure. Install exciter armature (fig. 19.12) and rotating rectifier assembly (Fig.19.13) as a 
unit as follows: 
a) If the "slip fit" exciter armature and rotating assembly will not easily slide onto the shaft by 

hand, install with a fixture ( fig 19.12 given below) & as step (b). 
 

 

 

 

 

 

 

 

 

 

 

 
 NOTE: Usually the exciter armature will slide onto the shaft most of the way by hand. The 

exciter armature ` can usually be "seated" by tapping lightly on the sleeve with a soft 
rubber or fiber mallet. Make certain that mallet hits only the sleeve, not rectifier assembly or 
armature windings. 

 CAUTION: If exciter armature is aligned & locked in place by a removable key make 
certain the key is in place in the generator shaft and the keyway in the exciter armature 
sleeve is aligned with key before starting the exciter armature onto generator shaft. 

 If unit uses an aligning lug on the exciter armature sleeve and a slot in the generator shaft 
rather than a removable key to align and lock the exciter armature on the shaft, make certain 
lug and slot are aligned and engaged. 

b)  Refer to figure 19.12 for fixture setup. Start exciter armature and Rectifier Bridge on shaft for 
fixture setup). Thread stud in rotor shaft. Install large diameter washers on stud and stud nut. 
Pull exciter armature and rotating rectifier onto shaft by turning stud nut. 

c)  Install exciter armature (fig. 19.10) retaining bolt and washer. Connect alternator field leads 
to positive (+) and negative (-) terminals located on the heat sinks of the rotating rectifier 
assembly.  Install exciter cover. 

19.4.2.10 REMOVING & REPLACING EXCITER STATOR ASSEMBLY 
 
If it is necessary to remove the exciter stator assembly. refer to 'Alternator Dismantling' procedure 
and then remove stator as follows, 
a) Disconnect exciter field leads; Remove hexagonal bolts securing exciter stator  to end shield. 
b) Assemble exciter stator in the reverse of dismantling procedure. 
NOTE: Install exciter stator with its field leads away from alternator end shield. 

 
Fig.19.12 Installing Exciter armature and Rotating Rectifier Assembly 
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19.5 CONSTRUCTION DETAIL (C 1012TA) 

 
Alternator (C1012TA AC) is a Salient pole, revolving field Brush-less self ventilated and single 
bearing traction machine. These AC generators are available in a separately excited system (with 
unique ECEG). The traction alternator C1012 TA is capable of operation at a top unloading 
voltage of 850 V DC continuously. The higher voltage capability of traction alternator enables the 
locomotive to be operated at full field of traction motors. Alternator armature winding is housed 
in Stator and field winding is placed on Rotor. Brushless construction of rotating rectifier gives 
the required amount of excitation to the rotating field. The excitation circuit is designed to ensure 
that the excitation current does not exceed by 8 Amps at any operating point.  

Stator 

Stator consists of stator frame, stator core, armature windings and terminal box. 

Stator Frame 

Stator frame alongwith terminal box is a fabricated structure using mild steel plate. It is designed 
to ensure correct distribution of airflow over the Stator core and windings. 

Stator Core 

In stator core, Stamping stack is supported with mild steel end plates at both ends & reinforced 
with landing bars, which are welded with complete stack & both end plates. Stamping is made of 
silicon steel with C4 coating for proper welding of stack. These punching are oriented to 90° 
length one fourth resulting in better magnetic properties. 

Armature Windings 

Winding is design for 8 pole, three phase, double layer diamond winding star connected, housed 
in a open slots, single turn (made up of single conductor having no laminations).  
The connections are made to the phase rings by gas brazing and phase conductors are taken to the 

 terminal box by means of bus bar. The phase rings are properly insulated between line to line and 
 live to earth parts.  

Armature coils are made from polyester made enamelled glass lapped. Connector for class H 
suitable for VPI formed on special formers. RTD is placed at an interval of 60°C in the armature-
winding overhang to have the proper monitoring of temperature rise if required. 
Overhang is properly tied up with the help of resiglass tape to the epoxy-bracing ring so that the 
electrical and severe mechanical stress in case of any abnormal event can be resisted by the 
windings.  

Rotor  

Rotor consists of shaft, 8 rotor field coils (4 north polarity + 4 south polarity), diode assembly, 
and exciter armature. The rotor is wet wound for eight poles using epoxy compound and properly 
interlined to have better resistance to centrifugal force, then locked with support block to have 
proper locking. the rotor field coils are vacuum pressure impregnated with solvent less resin of 
class II.    

Shaft 

The shaft is made of Forged Alloy Steel EN24. The shaft is liberally designed for overload 
conditions. The rotor shaft is forged and ultrasonically tested to give greater reliability in 
performance. 
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Rotor Field Coils   

Main field pole is built up of high quality, low silicon steel sheets oriented to 180°C after every 
1/4 length for better grain orientation and better magnetic properties. 
For forming the rotor field coil, main field coil is directly wound with rectangular copper 
conductor by wet winding process using epoxy compound, which gives better insulation 
properties and mechanical strength. The coils are formed by winding directly over the pole body 
to give better rigidity in service and this also minimizes the loosening of poles in service. While 
assembling the wound poles utmost care is taken during the production stage. Field coils are 
fastened to shaft with high tensile steel bolts with specified torque and locked through tack weld 
in position. The coil-to-coil strap connectors are individually insulated and brazed to the coil 
leads. 
The connector are held and braced to support plate of diode wheel. Several layers of Resi-glass 
tape are applied on the connectors (live surface) and cured fully to form a rigid connection. 
The fully assembled rotor with field coils and connections is subjected to painting with             
anti tracking insulating paint to avoid trapping of moisture & improved electrical properties. 

End Frame 

End frame is fabricated from thick steel plate construction. Spigot to the stator frame and is fixed 
by easily assemble high tensile screws. The end frame supports the exciter winding and bearing 
assemblies. It is so designed to facilitate the easy accessibility of diode wheel for Maintenance. 

Terminal Box  

Main Terminal Box  

This alternator stator is having internally 3 phase star connection, brought to the terminal box bus 
bars. Phase bus bars are brazed with phase rings, which are supported on the main frame & 
properly insulated from earth. The phase bus bars coming out of the frame is properly supported 
on epoxy strips with hardware. 3 Double holed Lugs for each phase bus bar are provided for 
output power cable connection. 

Exciter Terminal Box 

Both cables of exciter stator have been terminated on terminal blocks provided in the exciter 
terminal box for external connections readily. 

Diode Wheel assembly  

Diode wheel assembly is made up of solid iron plate in which insulation discs are bonded together 
with resin. Heat sink are specially designed for speed up to 2500 rpm. The rotating diodes are 
protected by a metal oxide varistor against voltages surges arising due to fault conditions on load 
side. Diodes are suitable upto PIV of 1600 volts and specially designed for high ‘g’ application.3, 
positive and 3 negative diodes (250LMR) are used. Each heat sink is specially designed to 
accommodate one bridge arm and output is fed into a common copper connector for all the arms 
to the rotating field. 
Details of rotating rectifier  
 Mounted on the same rotor shaft of alternator 
 Support plate is made of mild steel. Its function is clear from the name given to it. 
 Heat sink is for carrying out the heat generated in the diodes during their operation. 

 Bearing Arrangement 

The bearing arrangement consists of inner bearing cap shrink ring ball bearing, distance collar, 
outer bearing cap. Grease inlet pipe alongwith grease nipple (1/4 inch BSP) have been provided in 
outer bearing cover for topping up grease during routine maintenance. 
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19.6  TECHNICAL DATA (C 1012TA) 

Description Make & Type CROMPTON GREAVES C1012TA 
8 pole three phase, star connected 

Maximum permissible speed  2160 rpm 
Max. D.C. Voltage (i.e. rectified)  920 Volts 
Max. D.C. Current (i.e. rectified) 3000 Amps 
Rating  
One hour rating  DC 583 V, 1820 A, 1800 rpm 
Continuous Rating  
          High Voltage DC 850V, 1100A, 1800 rpm 
          Low Voltage DC 563V, 1660A, 1800 rpm 
Class & type of insulation  
   i) Stator  Class II 
  ii) Rotor Class II 
Core inner diameter  570 mm 
No. and size of slot 
Size of Slot 
Core length 

72 nos. 
8.7 X 44.2 mm 
460 mm 

Resistance at 20°C  
• Rotor winding 
• Stator winding      (Per phase) 
• Resistance/per phase  
      excite rotor 
• Resistance for exciter stator 

1.1  Ohm 
2.8  Ohm 
 
 44 milli ohms at 20°C 
 9 ohms at 20°C  

Details of Bearings   
• Single Ball Bearing 
• Grease-type 
• Capacity 
• Interval for Regressing 
• Repack the grease 
• Grease requirement in new 

 
• Shaft bearing seating Diameter  

Min. permissible radial Clearance 

FAG or SKF – 6418 C/3 
SERVOGEM RR3 
400 gms  
1 Year 
2 year 
350 gms              
           + 0.055 mm 
90  + 0.035 mm 
0.03 to 0.13 mm 

WEIGHT 
Traction Alternator  2810 Kg 
Fan 25 Kg 
Rotor 1380 Kg 
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19.7 RECTIFIER UNIT (FOR TA7003BX) 

19.7.1 INTRODUCTION 

The three-phase rectifier unit receives AC power from Traction Alternator. It converts AC into 
DC power and in turn feeds to traction motors. 
The power rectifier unit in fig. 19.13 is of Semicircular type, mounted axially on the end shield of 
the traction alternator. The capsule type silicone diodes, fitted with double sided cooled heat 
sinks, are connected in bridge configuration and are mounted on a single semicircular steel 
structure. The input and output connections to the bridge are achieved with the help of copper bus 
bars. The whole unit is enclosed in a cover to form a cooling duct. 

19.7.2 CIRCUIT DESCRIPTION 

The rectifier unit is a twelve diode 3-phase bridge having two diodes in parallel in each arm. Six 
holes storage capacitors are connected across the diodes of each arm of the rectifier bridge. It 
receives 3-phase AC. output from traction alternator and gives DC power output to traction 
motors. The traction alternator sucks cooling air through the rectifier unit, which in turn, cools the 
diode assembly. 

19.7.3 COMPONENTS  

1. Diode  2000 Amps, 3200 PIV   12 Nos. 
2. Capacitor1.5 microfarad 2000 Volts  06 Nos. 

19.7.4 INSTALATION OF RECTIFIER UNIT 

1) The rectifier unit is to be mounted on the end-shield of the alternator with help of angle 
supports. 

2)  The AC terminals of the rectifier marked red, yellow and black colors are to be connected to 
the three phases of the alternator. 

3)  The DC  output terminals marked Red +ve and black -ve are to be connected to DC positive 
and negative terminals feeding to the traction motors. 

19.7.5 MAINTENANCE AND INSPECTION 

1)  Diode module can be removed for replacement and inspection 'when required by 
disconnecting the AC / DC bus bars. 

2)  Periodic inspection of diodes for cracks in porcelain or brakages, loosing of nuts on various 
bus bar joints, corrosion, dust & dirt on fins etc would be necessary at reasonable intervals to 
maintain in good working condition. 

3) Use low-pressure compressed air (2 Kg / Sq.cm) for cleaning dust deposit on the diode 
module. 

4)  When bus bar joints are required to be tightened, clean the contact surface with an emery 
paper and smear the surface with a thin layer of densol / Impalco busbar compound and 
tighten rigidly. Excess compound is to be removed. 

 WARNING In any case, diode should not be dismantled from the heat sink assembly during 
maintenance. 

19.7.6 TROUBLE SHOOTING 

 Preliminary check to locate any suspected faults using the senses of sight and hearing, smell and 
 touch. 

Checking for diode: Apply positive (+ve) lead of the multimeter in RX 100 range to anode of the 
diode and negative (-ve) terminal to cathode terminal of diode. Meter should show low resistance. 
Reverse the meter terminals and the meter should read high resistance in case of a healthy diode. 
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19.8 RECTIFIER UNIT ( Hind Rectifier Limited for C 1012TA )  

The Power Rectifier Equipment consists of capsule diodes double side forced air-cooled, 
protection fuses, signaling fuses, associated suitable relays, micro switches, current transformer 
and potential transformer. The Rectifier Unit has been designed to withstand shocks and 
vibrations encountered in service of a rolling stock.   

19.8.1 FUNCTION  

The function of the rectifier is to convert a three phase variable frequency, variable voltage into 
DC voltage, for driving four Traction Motors connected in parallel across the rectifier. Each of 
the three bridges are protected by Semiconductor grade Fuses at the input. In case of a diode 
failure, the particular bridge is isolated by its fuses. The other two bridges continue to supply the 
full load current to the four traction motors. Hence, n-1redundancy is built-in. Each of the main 
fuses have a smaller fuse called trip fuse connected across it. When the main fuse blows, the fault 
current is diverted to these trip-fuses. These in turn clear the fault current and in the process 
operate a plunger, which hits a micro-switch. This condition stays latched and can be reset only 
by replacing the Main Fuse and the Trip fuse. The potential free NO & NC contacts of the micro 
switches inturn operate a contactor to give an indication in driver’s cabin that a fuse has blown. In 
a similar manner failure of a second bridge is indicated by the operation of a second Contactor. In 
this condition, the control circuit of the DEMU must reduce the max. load current. A single 
bridge will no longer be able to carry full load current of the four Traction Motors. Suitable 
corrective action must be taken. The rectifier is protected at the input and the output by suitable 
surge Suppressers. The rectifier is cooled by forcing air through the fins of the heat –sink. Force 
cooling is achieved with the help of a Blower-Motor arrangement. The Blower motor operates 
from an Auxiliary power supply of 110 V DC(nominal). The Blower, while working, generates a 
positive pressure inside its casing. This pressure is sensed by a pressure switch. In case of failure 
of the Blower-motor this pressure will drop and is sensed by the pressure switch and the 
information is transmitted to the Circuit Circuitry through its NO & NC potential free contacts. 

19.8.2 DESCRIPTION  

The Rectifier has an input Cable Box at its left and the Output Cable Box at its right. Behind the 
Output Cable Box is the blower Motor arrangement. The Blower motor draws air from the 
passenger compartment through a chimney located on the left and behind the input Cable Box. 
This air passes through the fins of the Heat sink and is discharged to the atmosphere through 
louvers at the back. The louvers throw air downwards and hence prevent the entry of any water 
from outside.   
The front of the Rectifier Cubical is provided with three watertight doors. These doors are hinged 
at the bottom and when opened they fall under gravity. Each of these doors are provided with a 
lock and key arrangement for security purpose and also to ensure that they do not fall open while 
the train is running. An additional steel bar is provided, which secures all the three doors by 
bolting it on the sides. 
The Diode -Heat-Sink assembly is arranged at the back in the form of racks and runs from the left 
to right. Each rack assembly consists of two diodes and two sets of Heat Sinks. The rack are 
provided with two handles, one at the top and the other at the bottom for easy removal. The first 
three racks consisting of six diodes form a bridge. 

 
19.6.3  SPECIFICATIONS  
 

Governing Specification No.   CGL Product Std. No SA10018 Rev.0 
Configuration      Three Phase bridge 
AC voltage     698 V line to line, 3 phase 
Power frequency    47.5 Hz to 120 Hz 
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Output dc voltage    940 V 
Continuous output dc current   1700 Amps.,1 Hour 1860 Amps. 
Starting duty current (5 minutes)  3000 Amps. 
Max. working ambient temperature  47 deg. C 
Cooling      Forced Air 
Battery Voltage for the Blower Motor of the  110 Vdc (nominal) 
 rectifier unit 
Electrical Arrangement of the bridge 
Arrangement of the diodes   Three phase bridge 
No. of diodes in series per string   1 
No. of diodes per bridge    6  
Position of fuses    1 per line 
Total no. of fuses    9 

19.8.4 MAINTENANCE AND TROUBLE SHOOTING  

Except for the blower, the rectifier unit as such is static equipment with no moving parts, hence 
little maintenance is required. However, regular inspection is necessary if trouble free operation is 
required. 
a) The unit must be periodically cleaned with air blast. For inspection, the front door can be 

opened easily by opening the locks and the door can be kept aside. 
b) Checkup various contacts and terminal connections in the initial stage of operation and later 

once in six months. 
c) Blower failure is sensed by airflow switch contact, available at the terminal board TB1. A 

voltage of 110 V dc should be available between the terminals bearing ferrule nos. 1608 & 
320 if the Blower is running normally.   

Any other fault can easily be traced . For any doubt in the instruction manual or in the event of a 
major fault it is advisable to get in touch with the manufacturer. In any correspondence regarding 
this equipment, the serial number marked on the rating plate along with the rating type should be 
mentioned. 
MAINTENANCE 
a) Connection tightness of AC & DC cable joints on the bus bars. 
b) Cleaning of Rectifier Unit with compressed air. 
c) Insulators should be cleaned with cloth/ brush. 
d) Condition of resistors and Capacitors. Any crack leakage etc. should be noted. 
e) Check if the Red plunger of any of the Micro switch is projecting out, if so, possibly the 

particular fuse has blown and needs replacement. Remove one connection to the Fuse and 
check with a multimeter for continuity. In case the continuity is missing then check if the 
corresponding Diode is healthy. If not, then replace both the Diode and the Fuse with a new 
one. 

f) The Airflow switch has an N/O and an N/C contact to show whether the Blower is working or 
not. The functioning of the Air flow switch is summarized as follows: 
 BLOWER OFF  N/O contact (ferrule nos. 1642 & 1608)  110 V dc 
 BLOWER ON  N/O contact (ferrule nos. 1642 & 1608)  0 V DC 

   
Note: For further details, please refer to OEM’s manual. 
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Chapter-20 
 

TRACTION MOTOR  
 

20.1 INTRODUCTION 

The Traction Motor is a D.C. series wound, 04 poles, self-ventilated machine suitable for axle 
mounting on taper roller bearings, and supported on the opposite side by resilient suspension 
unit. Transverse movement is limited by the taper roller suspension bearings. Since it is self 
ventilated motor hence fan is mounted on Pinion end of the shaft. Air enters in the motor 
through a duct system connected to an opening provided in fan chamber and assembled on 
the motor frame at the commutator end. The cooling air then sucked by fan flows in two 
parallel paths, one under the commutator through the armature core ducts, and the other along 
the outside of the armature and between the field coils, and is discharged through the opening 
provided at the pinion end of the frame. At present 02 types of Traction Motor are being used.  

(1)  TM 4303 DY BHEL type 
(2)  C1005TM  Crompton Greaves type. 
 

The constructional details, technical data and maintenance requirement and procedure for         
TM 4303 DY BHEL type have been described in details. Since the construction and technical 
data of C1005TM are different they have been described separately. However, the 
maintenance of this type traction motor is almost similar; it has not been described separately. 
For details OEM’s manual may be referred. 
 

20.2 CONSTRUCTIONAL DETAILS (TM4303DY) 

 Frame  
 The motor frame is of high permeability cast steel and has suspension bearings & suspension 
 nose. The frame is machined to ensure alignment of the end shields & pole bores. 
 Inspection covers are located at the top and bottom of the frame. 

 Field Poles and Coils 
 Main field poles and commutating poles are made of laminated Hot rolled magnetic steel 
 sheets  riveted together. 
 Each pole and coil is vacuum pressure impregnated with Polyester resin and also firmly 
 adhered on the pole with Polyester resin so that high reliability of insulation and good 
 mechanical properties are assured. 
 Terminals of field coils are brazed to lead wires. 
 Liners sheets are provided between main and commutating field poles and motor frame. 
 Outgoing cables from terminal box are fluonlex single core flexible cable (1500 Volts grade). 

 Armature 
Armature core is built from electrical quality varnished high-grade silicon steel sheets. The 
laminations are stacked onto the armature shaft with interference fit and consolidated under 
pressure. 
Heat sealed kapton-covered conductor is used for armature winding. The armature is of lap 
wound design and has 100% equalization. The armature and equalizer coil leads are TIG 
welded to commutator risers. The armature coils are held down in the core slots by Epoxy 
glass slot wedges, and Resi-glass bands secure the end winding. The wound armature is 
finally Vacuum Pressure Impregnated (VPI) in solvent less polyester insulating varnish. 
Therefore, there is no invasion of humidity and dust to the coil and high mechanical strength 
is obtained. 
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 Commutator 
The commutator is of arch bound construction built-up of 216 segments with hard drawn 
silver bearing copper segments which are insulated with micanite segments and are 
assembled with moulded mica insulation between steel     v-rings. After assembly, the 
commutator is statically and dynamically seasoned to ensure stability. The complete armature 
is dynamically balanced. The commutator outer mica v-ring is protected with anti-creep age 
PTFE ring. 

 Brushes and Brush Holders 
Brush holders are clamped on magnet frame with the help of two clamps and supported by 
twin-stud insulators. There are four brush holders per motor, each carrying two split carbon 
brushes. The brush holder is an integral casting having a single adjustable spring for each 
brush to provide the correct brush pressure.. The brush holders are secured to the magnet 
frame by epoxy moulded insulated pins. The rubber top carbon brushes are split type to 
ensure better contact with the commutator. Arcing horns are provided on brush holders to 
minimize the damage in an event of a flash over. 

 Bearings 

The armature is supported on two grease-lubricated roller bearings. Bearing assemblies are 
sealed type, thereby necessitating lubrication in about two years. The armature is located 
axially by the commutator end bearing, while the pinion end bearing is capable of taking care 
of any axial play between armature and frame. Greasing holes are provided on bottom side of 
both bearing housings with grease nipples. 

 Axle Suspension Taper Roller Bearings 

The taper roller bearings are housed in cast steel suspension tube, which is accurately 
machined to centralize the bearing bores on the DE and NDE side. The inner race of the taper 
bearings are shrunk fitted on the axle and subsequently the suspension tube with taper roller 
bearings and end fittings are slide over the axle. Grease nipples are provided at both the ends 
to lubricate the bearings periodically. The lateral clearance available between the two taper 
bearings restricts the lateral movement of the motor during running. 
The traction motor is bolted to axle suspension tube with the help of four bolts each on DE 
and NDE side. 

 Gear and Gear Case 

Gear unit is composed of single reduction spur gears. Gears are lubricated with gear 
compound. 
Oil cap is provided on the upper side of the gear case and inspection hole is provided at the 
bottom for checking oil level by gear case dipstick.  
The pinion which is shrunk on the armature shaft, drives the loco axle through a spur gear 
wheel which is shrunk fitted onto the axle. The gearcase is of welded steel construction and is 
in two halves, which are bolted together. The complete gearcase is supported on the motor 
frame and end shield PE. The joints between the gearcase halves are baffled and grooved to 
carry felt sealing rings so as to prevent ingress of dust and any other foreign material and the 
escape of the gear lubricant. 
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Nomenclature of figure No. 20.0 given above  
1- wheel 2. Pinion 3. Gear Case 

4. Gear Case felt seal 5. Suspension tube 6. Taper roller suspension 
     bearing CE 

7.Taper roller suspension bearing PE 8.Pinion end Bearing Cover 9.  PE End Bolts 

10.Armature Roller Bearing PE 11. Bearing Bracket PE 12. Armature Fan 

13. Oil Thrower ( Outer) 14. Oil Thrower ( Inner) 15. Bearing Collar 

16. BEARING WIPER 17. Armature Shaft 18. Magnet Frame 

19. Main Pole Bolt & Washer 20. Main Pole Coil & Pole 
Assembly 

21. Compole Bolt & Lock 
Washer 

22. Com Pole Coil & Compole Assy 23. Air Inlet 24. Commutator Cover 

25. Air Outlet 26. Commutator 27. Packing (Pinion End Shield)
  

28. Felt Packing ( PE Side) 
 

29. Brush Holder Clamp 
Bolt& Washer 

30.Bearing Sleeve (CE) 
 

31.Bearing Cartridge CE  32.Packing CE 33.End Shield CE 

34.Bearing Nut And Lock Washer 35. Armature Bearing CE  
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20.3 MAINTENANCE DATA ((TM4303DY) 

 RATING 

Continuous Rating     :  557 V, 415 A, 1160 RPM , 208 KW 
One Hour    Rating         :  557 V, 457 A, 1115 RPM , 230 KW 

 RESISTANCE VALUES ( average at 1150° C in ohm)   

 Armature winding    : 0.0148  
Series - field winding     : 0.0176 
Commutating field winding    : 0.011 

 INSULATION 

Insulation Class (Armature )   :  H 
Insulation Class (Field)    :  H 
Insulation Level     :  1100V 

 ARMATURE 

Core Diameter     : 430 mm 
Core length     : 375 mm 
Distance between bearing abutment faces  :  896.8/897.1 mm 
Overall Length of Armature    : 1232 mm 
Armature Permanent banding - Res-i-Glass 

Material (Res i-Glass Tape) : 0.33 tk x 20 mm wide   
Turns on PE End winding  :  100 
Turns on CE End winding  : 105 
Banding tension    : 190 - 205 Kg. 

 COMMUTATOR 

Length of working face   : 123 mm 
Diameter – New   : 340 mm 
Diameter - min. permissible  :  319 mm 
Mica thickness    : 1.1 mm 
Depth of Mica undercut   :  1.2 to 2.0 mm 

 BRUSH GEAR 

 No. of brush arms   : 4 
 Brush holders per arm   : 1 

  No. of brushes per arm   : 2 
 Type of brush     : Split rubber top 
 Brush grade    : Morganite EG 14D 
 Brush height/width   : 45 mm/58 mm 
 Thickness over two halves  :  20 mm 
 Minimum scrapping length  :  25 mm 
 Clearance between brush holder & commutator: 2 to 3 mm 

 POLE BORES - Average 

  Main pole (at centre)   : Dia. 445 ± 0.5  
 Com poles (at centre)   : Dia. 448 ± 0.5  
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 ARMATURE BEARINGS  Pinion End   Commutator End 

Manufacturer SKF/FAG/NSK SKF/FAG/NSK 
Type NU328EMC4 P6 VA30 1 NH320MC4 P6 VA301 
Radial clearance of free 
bearing when new 0.145 to 0.190 mm 0.105 to 0.140 mm 

Fit between inner race 
and shaft 

0.035 to 0.073 mm 
 Interference 

0.025 to 0.055 mm 
 Interference 

Fit between outer race 
and End shield/cartridge 

0.041 mm interference 
to 0.007 mm clearance 

0.037 mm interference  
to 0.003 mm clearance 

Min. permissible radial 
Clearance when assembled 0.03 to 0.13 mm 0.03 to 0.10 mm 

Condemning radial Clearance 0.161 mm (more than) 0.128 mm (more than) 

 LUBRICATION (* 02 different types of greases should not be mixed together) 

Armature Bearings  Pinion End   Commutator End 

Type of grease   SERVOGEM-RR3*   SERVOGEM-RR3* 
Alternative grease  or equivalent   or equivalent 
Quantity for first fill  565 Gms   227 Gms 
Replenishment period  2 Years    2 Years 

 Axle Suspension Bearings 

 Taper Roller Bearing   Shell Cyprina RA  Shell Cyprina RA  
Replenishment amount   200 gms   100 gms 
Replenishment period  6 Months   6 Months 

 Gears 
Recommended Lubricant  : Geartak - 2 (HPC), Caltex Crater No.2 or  

   Bharat  Camex Compound-F (BPC) 
Quantity of Lubricant     : 1.9 Kg at min. level 
In Gearcase     : 3.8 Kg at max. level 
Replenishment period    : Weekly  
Gear ratio       : 91:20 

HIGH VOLTAGE TESTS :  when rewinding completely with new insulating materials: 

Between commutator bars before winding :  500 V for 2 sec 
All commutator bars to earth before winding : 5500 V for 15 sec. 
Armature winding after final banding to earth. : 4500 V for 15 sec. 
Complete machine (hot) to earth   : 3200 V for 60 sec. 

 TORQUE SPANNER SETTINGS The values specified are for bolts with lubricated threads. 

Suspension Tube bolts, M30 53-58 Kg.m Gearcase mounting bolts, M36 97 -99 Kg.m 
Gearcase joints bolts, M30 50-55Kg.m Main pole bolts M20 22-26 kg.m 
Compole bolts M20 22-26 Kg.m Commutator bolts during 

seasoning:  Hot   
                          Cold  

 
16.5 Kg.m 
14.0 Kg.m 

Bearing bracket PE M20 25-27 Kg.m 

Bearing cartridge M12 6-7 Kg.m Brush holder to frame 15-16 Kg.m 
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20.4 MAINTENANCE  
20.4.1 INITIAL SERVICE 

When a new or reconditioned motor is fitted in a bogie, check backlash between the pinion 
and gearwheel. New gears have a backlash of 0.25 mm to 1.2 mm, measured at the outer non-
relieved end. If the measured backlash exceeds these limits, check that the correct gearwheel 
and pinion are fitted, and that the suspension tube bolts have been tightened correctly. 

After the first load run and during the first few weeks in service, make the following checks 
on all motors: 
1.  Check the brush gear, gearcase and suspension tube for tightness. 
2. Check that a skin is being formed on the commutator. 
3.  Check that all carbon brushes are bedded fully. 
4.  Check the level of lubricant in the gearcase; check also that there is no leakage from drain 

plug. Carry out this check when the gearcase is warm after a run, but allow sufficient 
time for the lubricant to settle into the bottom of the gearcase. 

5.  Check that all bolts holding external load, are tightened fully and that all locking and 
plate washers are functioning correctly. 

6.  Ensure that the lead connecting the motor magnet frame to loco underframe has a good 
solid connection at its terminals. This will ensure that the Earth fault relay receives 
sufficient current to operate within a fraction of a second of a motor flashover to earth.  

20.4.2 SCHEDULE MAINTENANCE  
 Monthly Schedule  

• Before removing the commutator covers brush off loose dust and dirt. Examine the 
commutator and clean the outer V-ring and the insulation over the risers. Use a lint free 
cloth moistened with a suitable solvent. The commutator should have a uniformly 
colored, well-polished surface free from bar marking and from bar edge burning. 

• Remove copper beads from the commutator surface with fine carbon bound cloth. 
Remove deposits from dirt or greasy spots with a suitable solvent. 

• Examine the brush gear and clean the support pin insulators. Check that the brush springs 
for good condition and proper sitting on the brushes. 

• Check the carbon brushes for any damage or defects. Fit a new brush if necessary. Check 
that each flexible lead is secured firmly to its brush holder. 

• Check each brush for free movement in the brush box; if a brush is sticking, clean both 
the brush and the box. 

• If the brush appears to be excessively slack in the box, check the clearance between the 
box & new brush; if this exceeds 0.5 mm, fit a new brush holder. 

• If a brush holder has to be removed, slip thin clean pressboard between each brush holder 
& the commutator to prevent damage to the commutator surface. 

• After refit holders, check clearance between brush holder & the commutator. 
• Examine carefully for any signs of flashover, overheating, and loose connections or 

damaged insulation. 
• Top up the Gearcase with the correct grade of lubricant. 
Quarterly Schedule 
Attend all the items of Monthly schedule plus: 
• Blow out motors by using clean dry compressed air. Take particular care to direct the air 

under the commutator in order to remove dirt lodged in the armature core ducts. 
• Check the tightness of bolts with specified torque value, which are securing the 

suspension tube and the gearcase.  
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• Check that the external leads are not damaged. 
• Check the air inlet bellows for any crack or torn, fit new bellows, if necessary. 
• Check that there is no leakage from the gearcase. . 

 Half Yearly Schedule  
Attend all the items of quarterly Schedule Plus 
• Clean the grease escape drain from P.E. Outer bearing cap. 
• Clean all pinions and gearwheels check for tooth wear. 
• Clean lubricant from each gear case; examine the gearcase to ensure that it is not cracked 

and that the seals are in good conditions. Replace felt seals. 

20.4.3 OVERHAULING 

After removal the bogie from the vehicle, do as follows. 
1. Remove dust and dirt particularly around the commutator covers and the armature 

bearing caps. 
2. Remove the motor from the bogie and remove the pinion as given in Para. “Removal 

and Fitment of Pinions”. 
3. Before dismantling the motor, give it a light run test at 1500-2000 RPM to check that 

the bearings are not noisy and that the vibration is not excessive. 
4. Dismantle the motor as Para “Dismantling and Reassembling”. Clean the armature 

thoroughly, also cleans the interior of the frame. Bake each at 90°C to remove 
moisture. After drying, check the insulation resistance while the machine is still hot. 
This should be at least one Mega ohm; if it is, apply a high-voltage test. Apply a 
commutator bar to bar comparison test to check for open or short-circuited coils. 
Remove and clean the brush holders. Examine each brush hole for brush clearance, 
for brush spring pressure, for damaged insulations, for spring-hub wears, for loose or 
defective support-pin insulation and burnt spots. Recondition or Fit new brushes as 
required.  

5. Examine all cables; fit a new cable in place of defective cable. 
6. If the field coils & connections are tight, dry and are in good condition, repaint the 

whole of the interior with silicone grey finishing paint. 
7. If field coils have to be removed, recondition them individually, and, on reassembly, 

refill the counter bores around the top pole bolts with RTV-738, to seal the bolt 
surroundings. 

8. Inspect all other motor components for wear, distortion or other defects, fit new 
bearings if necessary. 

9. Inspect the shaft for damage to threads, bearing & pinion fits, ensure that the shaft is 
straight. Inspect the armature for loose bands, solder throwing or other defects. 
Recondition the armature as necessary, if necessary skim the commutator & undercut 
the inter-segment micanite. 

10. Treat the reconditioned or repaired armature with solvent less polyester FT2005 or 
equivalent insulating varnish. The number of such treatments will depend upon the 
condition of the armature, but normally, once will be sufficient 

11. Check the dynamic balance and adjust it, if necessary. 
12. Reassemble the motor and give it a light run. 
13. Refit the pinion. 
14. Repaint the exterior of the motor. 
15. After refitting the motor in the bogie, check that all nuts and bolts are tight and are 

locked securely. Ensure that all covers and cables are secure and that the gearcase is 
topped upto the appropriate level with the correct grade of lubricant. 
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20.4.3.1 DISMANTLING AND REASSEMBLING 

 TOOLS 
 The following tools are required for dismantling the motor.  

Spanners    19, 24 & 30 A/F,  
Allen Keys    5,8 & 10 mm A/F, 
Megger    1000 V  
Eye bolt   M20 

Chiesel, Spirit level, Wooden Blocks, Oven, Light hammer, Copper drift, Screw Press. 
Hydraulic press 400 Ton, Megger 1000V 

 SPECIAL TOOLS 

 Description       Tool No. 
Hydraulic ram, hollow, 20T, 100 mm stroke  
with pump, EPCO make.     Standard 
Hydraulic ram, solid, 20T, 100 mm stroke  
with pump, EPCO make      Standard 
Spanner for armature nut GE     1405579 
Extractor for CE bearing inner race    1405583 
Extractor for CE bearing outer race    1405585 
Lifting Cap CE       1405580 
Retaining Ring for PE Bearing     1405591 
Lifting Cap PE       1405398 
Extractor for Bearing Wiper PE     1405593 
Protecting Sleeve for PE Bearing     1405592  
Extractor for PE Bearing Outer race    1405584 
Extractor for PE Bearing Inner race    1405582 
Forcing Screws for PE Outer Bearing     1405975 Item 8 
cap and CE Bearing Cartridge  
Forcing Screw for End Shield       1405975 Item 15 
Guide Studs for End Shield      1405976 Item 3 
Lifting Shackles       1405977 Item 3 
Eye Bolt       1405978 Item 3 

 DISMANTLING PROCEDURE 

1. Remove the Air inlet arrangement (flexible wind duct or air bellow).Fig 20.0 
2. Loose the hex bolts (M6) for fitting Air Inlet Arrangement (flexible wind duct) (23) and 
 remove the Air inlet Arrangement from the fitting stand.  

 Removal of Gear Case 
1. Remove the hex bolts fixing the Bottom Half Gear Case and Magnet Frame (18). 
2. Remove the hex bolts fixing the Top Half Gear Case and Bottom Half Gear Case Then 

remove the bottom Half Gear Case. 
3. Remove the hex bolts fixing the Top Half Gear Case and Magnet Frame (18) 
4. Lift the Top Half Gear Case while turning it along the gear. Then move the Top Half 

Gear Case in the horizontal direction setting intact at the posture so that the gear case 
avoids the teeth end of Gearwheel and remove the Gear Case. 

5. Remove the traction motor from the bogie and place the motor on suitable stand. 
6. Draw out the Pinion (02) from the Armature Shaft (17) using Pinion Pressing Tackle for 

drawing out pinion. 
7. Remove Oil injection Plug attached to the Armature Shaft end of pinion side and screw in 

the hose of Pinion Pressing Tackle. Close the valve of the tool & move the lever of this 



Chapter 20 Traction Motor                                                                                                                                   Page 10 of 45 

Maintenance Manual of  1400 HP DEMU                                                                 

tool up & down until Pinion (02) draws out from the Armature Shaft (17). 
8. When the Pinion (02) is drawn out, open the valve, remove the hose from the Armature 

Shaft (17) and remove the Pinion (02) 
 Removal of Commutator Covers 

1. Remove Top Commutator Cover (24) and Bottom Commutator Cover. Draw out the 
entire Brushes. Then wrap a thick paper of approx 0.8 mm thickness around the 
Commutator (26) surface for protection. 

 Removal of Air Outlet 
1. Remove hex bolt (M12) used for fitting Air Outlet & remove Air Outlet 25). 
2. Blow off the dust deposited on the inner and outer faces of motor using compressed air. 
3. Wash off the Magnet Frame (18) and the Gear Compound deposited on the pinion End 

Bearing Cover (8) and on the outer side of the Oil Thrower (13) using volatile oil or 
white kerosene oil or any other cleaning solvent. 

 Removal of the surrounding of commutator end bearing. 

1. Remove Commutator End Bearing Cover using draw-out tap hole (M16). 
2. Remove Bearing Nut using Special Spanner Tool No. 1405579. 
3. Fit the Commutator End Bearing Cover removed previously to the Commutator End  
 Bearing (35). 
4. Set up the motor with the Commutator End facing the lower side. 

 Note: Don’t place the motor directly on the floor; place it on a suitable stand. 
 Draw out of the armature from the Stator. 

1. Remove the hex bolts used for fitting the Pinion-End Bracket (11). 
2. Fit the Lifting Tool (Tool No. 1405580) for motor end of shaft to the Armature Shaft End 

of pinion side by using draw-out tap hole (M24) of Pinion End Bracket (11) while 
drawing out the match-fit part of bracket, lift the Armature by using crane. 

 Note: Place the armature vertically so that unreasonable force is not applied on the Pinion 
End Roller Bearing (10). Also when the Pinion End Bracket (11) becomes off from the 
match-fit part of Magnet Frame (18) pay attention so that impact is not applied on the 
respective parts. 

3.  Place the armature and Pinion End Bracket (11) that are put together on a horizontal 
working stand.  

 Note: Pay attention so that the resiglas band of armature is not impaired. 
4.  Remove the Lifting Tool for motor end of shaft (Tool No. 1405580)  

 Removal of the surrounding of Pinion End Bearing 
1. Spread out the bend part of Special Washer and remove hex bolt. Then remove the Oil  
       Thrower (13) using the draw out tap hole. 
2. Remove hex bolts for fitting Pinion End Bearing cover. Then remove the Pinion End 

Bearing Cover (8) using the draw-out tap hole. Thereafter remove the Gasket. 
3. Remove the integrated piece that puts together the Bearing Collar (15) Outer Ring of 

Roller bearing (10) and Rollers as well as the piece that has the Pinion End Bracket (11) 
put together from the Armature. 

4. Remove the Bearing Collar (15) from the Pinion End Bracket (11) by using the draw-out 
tap hole. 

5. Remove the piece integrated with Outer Ring of Roller Bearing (10) and Rollers from the 
Pinion End Bracket (11) by using the Tool for removing bearing outer-ring (Tool No. 
1405584). 

6. Remove the Cover of discharged oil reservoir and wipe off thoroughly the grease adhered 
and the Gear Compound intruded to the Pinion End Bearing Cover (8) and the Pinion 
End Bracket (11). 
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7. Remove the Oil Thrower inner (14) by using the Tool (Tool No. 1405581 ) for 
dismantling oil thrower.  

8. Remove the Inner Ring of Pinion End Roller Bearing (39) by using the tool (Tool No. 
1405582) for removing the Inner Ring of roller bearing.  

 Removal of the Commutator End Bearing 
1. Remove the hex bolts (m/c) used for fitting Commutator End Bearing Cover and removes 

the Commutator End Bearing Cover (33) by using the draw-out tap hole. Thereafter 
remove Gasket (32). 

2. Remove the hex bolts (M24) used for fitting Commutator End Bearing Cartridge. Then 
remove the integrated piece (Outer Ring of roller bearing (35) and Rollers (put together), 
fitted together with the Commutator End Bearing Cartridge from the Magnet frame (18) 
using the tap hole. 

3. Remove the integrated piece (Outer Ring of Commutator End Roller Bearing (35) and 
rollers (put together) from the Commutator End Bearing Box (33) Cartridge (31) using 
the Tool for removing the Outer Ring of roller bearing (Tool No. 1405585). 

4. Remove the Inner Ring of Commutator End Roller Bearing (35) using the Tool for 
removing Inner Ring of roller bearing (Tool No. 1405583) 

20.4.3.2 ASSEMBL Y 

 Assembly of the surrounding of Commutator End Bearing (35) 
Conduct the shrinkage fit of the Inner Ring of Commutator End Armature Bearing (35) to the 
Armature Shaft (17). 

Method of shrinkage fit: 

Warm up fully the bearing 
inner ring in a high quality 
machine oil or cylinder oil at 
the temperature of room 
temperature plus 80 to 90 
degree Celsius. Then insert 
this Inner Ring to the 
Armature Shaft. 
When warming up the bearing 
Inner Ring, if the oil 
temperature exceeds 150 
degree Celsius the material 
will have an undesirable 
impact. Therefore attention 
must be paid fully. 
Alternatively bearing inner 
ring can also be heated on an 
Induction Heater. 
Using a wooden or plastic 
hammer while hitting lightly 
the integrated piece of outer 
ring and rollers of 
Commutator End Armature Bearing (35) push the integrated piece in the Commutator End 
Bearing cartridge.  
The method of filling grease must be based on the bearing part assembly drawing of Fig. 20.1 
given above. 

 
 
 
 
 
 
 
 

Fig 20.1 CE Bearing Grease distribution 
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 Assembly of the surrounding of Pinion End Bearing 

1. Conduct the shrinkage fit of Inner Ring of Pinion End Bearing (10) to the Armature shaft 
(17) 

 Follow above as regards the 
method of shrinkage fit &  
items to be noted. 

 Using a wooden or plastic 
hammer, while hitting 
lightly the integrated piece 
of Outer Ring and Rollers 
of Pinion End Roller 
Bearing (10), push this 
integrated piece in the 
Pinion End Bracket (11). 

 The method of filling grease 
must be based on the 
bearing part assembly 
drawing of Figure given 
below. 

 Using a wooden or plastic 
hammer, while hitting 
lightly the Bearing Collar 
(15) push in this Collar. 

2. The Pinion End Bracket 
(11), put together with the 
Pinion End Roller Bearing 
(10) and Bearing Collar (15) 
in the Armature. 

 
3. Conduct the shrinkage fit of 

Oil Thrower ( 13 & 14) to 
the Armature Shaft (17). 
Although the method of 
shrinkage fit must be based 
on the above, oil-temperature -
must be room temperature plus 
110-130°C with the maximum temperature set as 180 º C. 

4. Incorporate the Felt Ring fully soaked with machine oil in the Pinion End Bearing Cover 
(8). Note: Use the felt ring soaked in the oil of normal temperature for more than 3 hours. 

5. Using a wooden or plastic hammer, while hitting lightly the Pinion End Bearing Cover 
(8) incorporated with Felt Ring and the Gasket push them in the Pinion End Bracket (10) 
and fit the hex bolts used for fitting Bearing Cover together with spring washer. 

6. While hitting lightly the Oil Thrower (14) using a wooden or plastic hammer, push this' 
oil thrower in the Oil Thrower outer (13). Fit this Oil Thrower inner (14) together with 
hex bolts (M8) for fitting oil thrower. Fit the hex bolts for fitting cover of discharged oil 
reservoir together with spring washers to the Cover of discharged oil reservoir. 

  

 
 
 
 
 
 
 
 
 
 
 

Fig 20.2 PE Bearing Grease Distribution  
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 Assembly of the surrounding of Commutator End Bearing 

1. Fit the surrounding of Commutator End Bearing Cartridge assembled to the commutator 
end of Magnet Frame (18) using hex nuts for fitting bearing box together with special 
washers. A part of this special washer must be bent to prevent turning and loosening of 
hex bolt. 

2. Set up the Magnet Frame (18) assembled by above clause vertically on a suitable stand 
with the pinion end facing upward. 

3. Fit the Lifting Tool for motor end of shaft (Tool No. 1405580) to the pinion end of 
Armature. Then the armature must be lifted and Incorporated in the Magnet Frame (18) 
using crane. On this occasion, caution must be extended so that the Pinion End Bracket 
(11) enters uniformly along the hex bolts. Fit the hex bolts for fitting bracket together 
with special washers. A part of this special washer must be bent to prevent turning and 
loosening of hex bolt. 

4. The motor assembled as given in above para must be placed sideward on a suitable stand. 
5. Remove the Commutator End Bearing Cover. Then fit the Angle Ring and Bearing Nut 

Washer (34) to the commutator side shaft end of armature and tighten the Bearing Nut 
(34) using Special Spanner (Tool No. 1405579). A part of the bearing washer must be 
bent to prevent turning and loosening of Bearing Nut. 

6. Fit the Commutator End Bearing Cover and the Commutator End Bearing Cartridge 31 
using hex bolts and spring washer for fitting Bearing Cover. 

Assembly of the surrounding of pinion 

1. Examine the shaft taper and pinion bore for burrs or other superficial damage. Trim any 
such defects with a fine stone and finish with very fine emery cloth. Especially ensure 
that rectification extends to the position that will be finally occupied by the pinion, Wipe 
dry, using a clean dry cloth, the pinion and shaft taper. Apply a thin even film of marking 
compound to the pinion bore. 

2. Pass the pinion over the shaft to within 25.4 mm of its forward position and then push it 
smartly home without the use of excessive force. When the pinion is withdrawn, the 
evidence of bedding should be apparent over not less that 90 percent of the area of the 
pinion seating. If satisfactory marking is not observed, the shaft or pinion should be 
dressed with a fine stone to ease with high spots indicated by the marking compound. 
Care should be taken that the dressing is applied only to the defective surface. Clean the 
pinion bore, shaft extension& repeat the bedding check several times, and light stoning. If 
it still falls to produce satisfactory seating, the shaft & pinion may be lightly lapped using 
very fine emery paste. 

3. At the room temperature, lightly push the Pinion (02) to the Armature shaft (17) and 
measure the step difference form the pinion end to the Armature Shaft end using 
micrometer, and this step difference must be registered. The measurement must be 
conducted precisely. 

4. The pinion must be warmed up at the temperature of room temperature plus 115-125º C, 
for about one hour in high quality machine oil or cylinder oil or induction heater. The 
Pinion must not contact the container directly by supporting the Pinion properly. 

5. Take out the Pinion (02) fully warmed up and wipe off the oil deposited on this Pinion 
immediately and insert this pinion on to the Armature Shaft. 

6. Immediately after inserting the Pinion (02), measure the step difference from the Pinion 
end to the Armature Shaft end. The dimension of insertion of Pinion must fall in the 
range of the Pinion fitment drawing.. 
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Fitment of Air Inlet 

1. Fit the Air inlet (23) by using socket head hex bolts (M12) and spring washer to the 
Magnet Frame (10). 

2. Fit the Air Outlet Cover (25) to the Magnet Frame (18) using hex bolts (M12) and spring 
washers. 

3. Remove the thick paper wrapped around the surface of Commutator and fit all brushes, 
Top Commutator Cover and Bottom Commutator Cover. 

 Fitment of the motor nose to the Multiple Bonded Sandwich mounting 

1. Turning the motor around the center of wheel axle, place the motor nose on the Multiple 
Bonded Sandwich Mounting. 

2. Inserting the Bushes through the upper side stud of Multiple bonded Sandwich Mounting 
tighten the nut attached with slot and prevent its turning by using cotter pin. 

3. Fix the Stopper on the bogie by using square nut, nut attached with slot and spring 
washer. 

 Fitment of Gear Cases (3) 

1. Insert the Felt Ring into the Felt Holder. 
2. Fit the assembly of the above para to the Top Half Gear Case and Bottom Half Gear Case 

(4).  
3. Insert the Gasket in the upper & lower matching faces of Top Half Gear Case. 
4. Turn the Top Half Gear Case along the gear and fit this gear case to the Magnet Frame 

(18) by hex bolts (M36) and square nuts for fitting Gear Case. 
5. Fit the Bottom Half Gear Case to the Top Half Gear Case by square bolts, nuts attached 

with slot and spring washers for fitting gear case. 
6. Fit the Bottom Half Gear Case to the Magnet frame by hex bolts and spring washers for 

fitting gear case. 
 Note: Top half gear and bottom half gear case of identical serial Number inscribed on the 

flange end faces must be used. 
 The lubricant should be heated to about 85 ºC to enable it to be poured. The gearcase 

filler unit is in the bottom half of the gearcase and is accessible from the axle-side of the 
motor. 

 Check the level of lubricant every week on various vehicles & look for any leakage. All 
checks should be carried out with the gearcase warm after a run, but after allowing a 
short period to settle the lubricant. Continue these weekly checks until the lubricant level 
has fallen to the minimum permissible limit as indicated by the dipstick, note the time 
lapse. The shortest time interval on the representative batch of vehicles may be used as a 
basis for the lubricant schedule, after allowing a safety margin to ensure that the lubricant 
must last until next exam. Thus, if the shortest time interval is 02 months, it specifies 
topping up at 02 months intervals. 

 Removing the armature and armature bearings  
1. Clean the motor externally, Remove the air duct, and Remove the Pinion (02), for method 

see REMOVING and FITTING OF PINION. 
2. Dismantle the outer bearing Cap by unscrewing 8 nos. of M12 bolts and using 3 off M12 

tapped holes provided in outer bearing cap. 
3. Remove the bearing lip of CE bearing and store it to the same bearing. 
4. Remove three bolts equally spaced from the PE bearing cap. Assemble the retaining ring 

PE 1405591 over the shaft (17) and apply the Bearing Bracket PE (11) using three holes. 
5. Fit the lifting cap PE (1405580) screw it tightly so that the retaining ring PE (1405591) 
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butts against the bearing wiper PE (16). Tighten the retaining ring bolts uniformity with 
just sufficient force to avoid any slackness between the bearing cap PE and the retaining 
ring. 

6. Remove two bolts from the PE Bearing Bracket and replace them with two M20 eye bolts 
(1405978 item 3), ensuring that the eye bolt are aligned correctly, use packing washer if 
necessary. 

7. Using these eye bolts and lifting shackle (1405977 item 5), turn the motor and place it on 
suitable wooden blocks 300 mm height keeping its armature auxiliary vertical with CE 
down. Use spirit level to check that the axis is truly vertical. 

8. Remove all carbon brushes. 
9. Recheck tightness of the bolts of retaining ring (1405591) and tighten them uniformly to 

take up any slackness that may have developed owing to the downward movement of the 
armature. 

10. Remove the remaining end shield bolts, and the two eyebolts. Insert two guide studs 
(1405976 item 3) diametrically opposite in the magnet frame (25). Insert 03 forcing 
screws (1405976 item 15) into the withdrawal holes of the end shield to force it out of its 
fit. 

11. Remove the bearing bracket (11) and bearing cartridge CE (31) off their spigots 
uniformly by tightening the forcing screws a little at a time. Carry out this operation 
carefully so as to avoid any damage to the CE bearing. 

12. Carefully and gradually lift the armature vertically from the frame and lower it 
horizontally on the wooden 'V' - block. The height of the wooden blocks should be high 
enough to ensure that the armature is clear out of the ground. Turn the frame in horizontal 
position using lifting shackle (1405977 item 5 ) and eye bolts (1405978 item 3) screwed 
onto the bolt holes meant for PE bearing bracket (11). 

13. Dismantle the lifting cap (1405398) and retaining ring (1405591). 
14. Remove the bearing wiper PE (16) using extractor (1405593). 
15. Unscrew the bolts and remove PE OIL THROWER (OUTER) 13 using three forcing 

screws (1405975 item 8). 
16. Using lifting shackle (1405977 item 5) and suitable lifting sling carefully remove the 

bearing bracket (11) from the armature together with PE bearing (10). Withdraw the 
bearing from the bearing bracket. 

17. Withdraw PE bearing inner race, using extractor (1405582) remove bearing wiper sleeve 
PE (1405592) by extractor (1405583). In case, it is not required to extract these 
components clean them in position. Smear the components, with clean oil & cover the PE 
bearing inner race with protecting sleeve (1405592). 

18. Remove CE bearing cartridge (31) together with CE bearing (35) from the armature shaft. 
Extract CE bearing from bearing cartridge. To avoid damages use lifting cap (1405398). 

19. Clean the PE & CE bearings and bearing components thoroughly with suitable solvent 
and examine them for any damage. If fit for service, dry them and dip them in a clean 
mineral oil for a couple of minutes. Wrap and store with some identification of the 
armature serial number from which these were removed. 

20. Clean the armature, frame, brush gear and field system. Measure and record the 
insulation resistance of each of these parts. 

21. Visually inspect the condition of the armature coils and the glass banding for signs of 
overheating or damage. Carry out further tests and rectification as necessary. Varnish 
treat the armature and resurface the commutator as required. 
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20.4.3.3 REASSEMBLING 
 TOOLS 
   Spanner     19,24 & 30 A/F 

 Allen Key     6 mm A/F 
 Eye bolt      M20,  
 Hydraulic Press     400 Tons. 
 Wooden blocks, spirit level, chisel, light hammer, Copper drift, Oven,  

 SPECIAL TOOLS 
  Spanner for armature nut    Tool Nos. 1405579,  
  Retaining ring for PE bearing    Tool Nos  1405591,  
  Lifting cap PE      Tool Nos   1405398,  
  Guide studs for PE end shield (2 off)  Tool Nos1405976 Items 5,  
  Guide studs for PE Brg cartridge (2 off)  Tool Nos1405976 Items 1,  
  Lifting Shacle      Tool Nos1405977 Item 5,  
  Eye bolt      Tool Nos1405978 Item 3,  
  PE Spacer      Tool Nos1405979 Item 1. 

 REASSEMBLING 
If new bearings are to be fitted, ensure that these confirm to the correct specification and 
proper greasing of armature bearings. 

1. Fit and tighten the fan 12 with bolts on to the core end plate. 
2. Assemble the PE inner bearing sleeve in case it was removed earlier, by shrink fitting at 

temperature of 90 to 100 Deg. C above ambient. When cold tap it with light hammer and 
copper drift to ensure that it is solidly butted to the shaft collar. 

3. Check and ensure that the distance between the CE bearing abutment face and PE bearing 
sleeve face is 896.8/897.1 mm. 

4. Shrink the PE bearing inner race onto the shaft by heating at a temperature of 100 to 110 
ºC.  The face having identification marks should be towards out side of the machine. 
Inner race should not be heated more than 110 ºC. 

5. Grease PE bearing (10) inline with Grease Distribution ( Fig 20.2) forcing the grease 
between rollers, cage and outer race. Press the bearing (10) into the Bearing Bracket (11) 
using a screw press. Ensure that the identification mark on the bearing is facing towards 
the out side of the machine. 

6. Lift the Bearing bracket (11) using lifting shackle (1405977 item 5) and assemble it on to 
the bearing inner race, taking care not to damage the inner race with edges of rollers. 

7. Slide PE spacer (1405979 item 1) onto the shaft butting against the PE bearing inner race. 
This spacer is temporarily used in place of the bearing wiper PE (28) to facilitate run outs 
and diametrical clearances checks on the PE bearing after assembling the armature in the 
magnet frame. 

8. Fit retaining ring (1405591) and bolt it on to the Bearing bracket (11). At this stage do 
not fully tighten the studs (1405976 item 5). Bolt lifting shackle (1405977) on to the shaft 
end and fully tighten its bolts. Now fully tighten the studs (1405976  item 5). 

9. Grease CE bearing cartridge (31), grease CE bearing (35), as shown in grease distribution 
fig 20.1, forcing the grease between rollers, cage, outer race and labyrinths. Assemble CE 
bearing(3) along with the cartridge 31, on to the shaft. 

10. Grease the outer bearing cap CE and assemble on the bearing cartridge 31, and tighten 
the bearing nut using new lock washers. 

11. Screw two guide studs (1405976 item 3) into any two diametrically opposite tapped holes 
in the CE' bearing cartridge spigot into the magnet frame during assembly of the 
armature. 
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12. Screw two eye bolts (1405978 item 3) in the tapped holes of magnet frame 18 meant for 
PE bearing bracket. Up-end the frame and place it CE down on 03 wooden blocks of 300 
mm high, level the frame in true vertical position, by using spirit level. Remove the 
eyebolts and fit two guide studs (1405976 item-3) for guiding the PE Bearing bracket 
during armature assembly. 

13. Lift the armature vertically using lifting cap (PE 1405580) already mounted earlier and 
lower it carefully and gradually ensuring that the CE bearing cartridge (31)and armature 
winding are not damaged. Fit and tighten the PE Bearing bracket bolts uniformly and a 
little at a time. Also, replace guide studs (1405976 item 3) with eye bolts (1405978 item 
3). This operation will also force the CE bearing cartridge (31), into its seating, Tighten 
the bearing cartridge bolts uniformly. 

14. Using one of the lifting eyes cast on the motor frame (18) and two eye bolts (1405978 
item 3), turn the frame to a horizontal position, resting the pinion end of the frame on 
wooden block 100 mm high. 

15. Remove retaining ring PE (1405591), lifting cap (1405398) and PE spacer (1405979 it.1). 
16. Measure the bearing run-outs and diametrical clearance as follows, taking great care to 

prevent dirt from falling into the grease and the bearing. 
17. Attach a dial gauge with a magnetic base, with the end of the armature shaft & arrange 

the pointer to bear against the bearing outer race as near the center as possible, but 
avoiding identification marks on the outer race. 

18. Rotate the armature and read the run out of the bearing outer race cage, ensuring that the 
armature is kept forward (on the wooden block 100 mm high under the PE assisting in 
this respect to eliminate any end play). The maximum permissible run out for bearing 
outer race:  

  CE  0.10 mm  PE  0.10 mm 
19. If the run out exceeds the above limit, carefully examine the assembly for burrs or for dirt 

under the fits of the cartridge, end shield or frame. 
20. Fit the dial gauge to the outer race of the bearing or a flat portion of the end shield and 

arrange the spindle to bear, against the inner race face of the bearing as near the center as 
possible, but avoiding all identification marks. Rotate the armature and read the run out 
of the inner race. The maximum permissible run out for bearing inner race is : 

  CE  0.013 mm  PE  0.013 mm 
21 Check the diametrical clearance between each roller and inner face race at the bearing. 

Place the edge of the feeler gauge against the roller and the inner race where they make 
contact with each other. 

22 Turn the shaft just sufficiently, to roll the top roller on' the feeler gauge. Insert difference 
feeler gauges until the clearance is established. The minimum diametrical clearance is :
 CE   0.03 mm      PE   0.03 mm 

23 Fit the PE oil thrower (outer) 13 and tighten the bolts fully. Shrink fit the PE outer 
bearing wiper (16) onto the shaft by heating it to 90 to 100 º C above ambient. 
When cold, tap it with light hammer and copper drift to ensure its proper fitting. 

24 Fit the CE bearing separate Lip. Fill the grease in CE outer bearing cap as shown 
in fig.02 & assemble it by using new lock washers and bolts. Smear grease on 
outside labyrinths of cap. Ensure that no metal swart remains in the bearing. 
Replace cartridge guide studs 1405976 item 1 with bolts. 

25 Refit the pinion (02), as per para REMOVING AND REFITTING PINIONS, Fit 
the carbon brushes and ensure that they are properly bedded. 

26 Fit air outlet (25) at its position on magnet frame. 
27 Test the motor on No-load as follows: 
 Run the motor at a speed of 1500 RPM. After the motor has been running for a few 
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minutes, check whether the run is smooth. If so, continue to run the motor and record the 
temperature of the bearing, the steady state temperature rise should not exceed 35 to 40 
Deg. c above ambient. 

 WARNING: Do not run bearings at high speed under no load condition for long 
period because of the possibility of rollers skid which can cause scuffing of the 
track and roller surface and premature bearing failure. 

 GEARCASE 
 Assemble the Gearcase as para  “ GEARCASE AND GEARS”. 

 
20.4.4 REMOVING AND FITTING ARMATURE SHAFT 

 Hydraulic Ram 20 T 
 Extractor for PE bearing inner race   Tool No. 1405582 
 Armature Claming tackle    Tool No. 1405586 
 Spanner for armature Nut    Tool No. 1405579 

 REMOVING 

1. Keep the armature horizontal on wooden blocks after removing oil through PE (14) using 
extractor (1405581), and bearing inner race PE using tool (1405582). 

2. Using 3 mm A/F alien key, remove the locking screw from the armature nut and unscrew 
the nut using spanner (1405579). 

3. Assemble the armature clamping tackle (1405586) on the armature. Fully tighten the 
clamping studs evenly and tightly as possible. 

4. Mount the armature in a press, arrange to push the shaft from the commutator end to 
pinion end, 200 to 300 Tonnes will be required to move the shaft. Immediately after 
applying the pressure, check the clamping studs nuts for tightness and retighten 
uniformly. Complete the shaft removal. 

 REFITTING 

1. Measure the bore of armature core & ensure that corresponding diameter on the armature 
shaft measures:  Bore diameter + 0.11 to 0.13 mm 

2. Heat the clamped armature for 20 hours at 150ºC. During heating period, examine the 
shaft to be fitted for damage caused by handling burrs etc. lightly smears the shaft surface 
with Mercurial Ointment. 

3. Use a copper or brass pad between the press ram and the PE face of the shaft to prevent 
damage. Press the new shaft from PE to CE into pre-heated armature core ensuring that 
the shaft is square to armature. A pressure of 150 to 200 Tonnes will be required to push 
the shaft into its final position till the collar of the shaft rests on the armature end plate 
PE. 

4. Dismantle the clamping 1405586. Clean the armature nut.  Refit it and tighten. Run a 5 
mm diameter drill into the commutator hub to a depth of 2 mm through one of the tapped 
holes in the nut, Fit the locking grub screw and peen-over the armature nut metal to lock 
the screw. 

 Reconnecting 
Reconnect the coil as shown in the figure given below (Fig 20.3). All connections are made 
with silver phos. brg alloy 0.25 mm thick by using one piece only between terminals and 
connections strips or brush gear leads. Flux is not required with this alloy. It is strongly 
recommended that, if available, a brazing machine with a pair of carbon brazing jaw to be 
used for brazing operations. Soak asbestos paper in water and use it to protect the insulation 
adjacent to each connection. Braze the connections using a current of approx. 2,000 amperes. 
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If a brazing machine is not available, a gas torch may be used, precautions being taken to 
protect insulation from the flame as follow:  
Soak asbestos paper in water and pack it around the connection to be brazed and around 
adjacent field coils to a thickness of about 25 mm. Ensure that all insulation is covered. 
1. Slip a piece of Silver phos, bearing alloy, between the terminals and clamp the 

connection with a screw clamp or vice grip pliers. 
2. With the torch set to give a neutral flame, braze the connection adding extra brazing alloy 

to fill the joints. Remove the clamps and asbestos and blowout the inside of the frame 
with dry compressed air. 

Insulating Staples 

Insulate the staples with two half lapped layers of 0.15 mm thick varnished seamless Bias cut 
terylene tape, followed by one layer of 0.18 mm thick woven glass tape, wet treated in 
insulating enamel 

 Insulation of brazed connections 

(a) For straight lap joints, wrap with one and half layer of 0.25 mm thick silicone Elastomer 
impregnated, bias cut glass cloth (Type SP 1469 of M/s H.D. ma. Symons), followed by 
one layer of 0.15 mm (0.006") thick Silicone Elastomer impregnated bias cut glass cloth 
tape half lap and one layer of 0.023 mm (0.009 in) thick woven glass tape, half lap, wet 
treated insulating varnish. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 20.3  Field Connection 
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(b) For angled joints substitute for the Elastomer glass cloth an extra layer of Elastomer glass 
cloth tape half lap. 

 Insulation of Brush gear Connections 

 Insulate the connection straps with two layers of 0.10 mm thick silicone mica-glass tape 
 followed by one layer of 0.230 mm thick woven glass tape, half  lapped, wet treated in 
 insulating varnish. Finally spray all joints and the interior of the frame with one coat of 
 silicone grey finishing paint. 

 Removing the Field Coils 

1. Remove the insulation from the connections and de-braze these using brazing tongs or a 
gas torch. If a gas torch is used, adjacent insulation must be protected with wet asbestos 
paper. 

2.  After removal of the pole bolts remove the pole and coil assembly. If a main pole Ex Coil 
is to be removed, the adjacent compole Ex coils must be first removed. 

3.   Lift the pole & coil together arid replace with new pole & coil assembly, if necessary. 
The insulation and mechanical protection applied to the coils are shown in the figure. 

 Reassembling the main field coils 

1.  Slide the new pole & coil assy. onto the frame. 
2.  Mount the pole & coil assy. in the frame, and fit new locking washers on the pole bolts of 

the nose side, top & bottom poles. The axle side pole is fitted with the reduced head bolts, 
which are locked by tack welding the ends of the square steel bar. 

 Tighten the bolts with specified torque value. 

 Reassembling the compole coils 

1. Clean the pole & coil assy. and check that the liner specified in Technical data, is fitted to 
the back of the compole. 

2. Slide the new compole & coil assy. onto the magnet frame. 
3.  Using new locking washers under the pole bolt heads. Tighten the bolts in accordance 
 with the torque spanner settings given in machine data. 

 ELECTRICAL TESTS HIGH VOLTAGE TESTS 

 The values given in this table apply with alternating current at 50 C/S 
H.V. Test - Voltages R.M.S 

 Test Voltage Time (secs) 
 On a new M/C or when Rewinding completely:   
a) Between commutator bars 500  2 
b) All commutator bars to Earth before winding 6000 15 

c) Armature winding to earth 5500           15 
d) Complete armature (M/C Hot after test) to. earth 4500           15 

                   High voltage tests during overhaul 

Test High Voltage Time (sec) 
a) At overhaul, after cleaning Armature and field 

to earth 2,500 60 

b) Before partial repair to earth 2,500 60 
c) After repair and revarnishing To earth                2,500 60 
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20.4.5 REMOVING AND FITTING PINIONS 
 
20.4.5.1 Removing the pinion 

A groove is machined around the armature shaft extension on the pinion seating and is 
connected by vertical drilled hole to a pole tapped 6.35 dia. (1/4 ") BSP parallel nut in the end 
face of the shaft. These are provided for the removal of the pinion by oil injection; oil under 
high pressure being supplied by a Skefko pump. 

The tapped hole in the shaft is sealed with a Nylon screwed plug to prevent gear lubricant 
from entering and blocking the oil ways thus rendering the oil injection difficult. The plug 
must be refitted into the oil injection hole immediately after removal of the pinion to prevent 
the ingress of foreign matter. 

By using solvent, remove all traces of gear lubricant from the pinion, the shaft end & oil 
injection plug. Remove the plug, which seals the oil injection hole, using the plug driver or, 
in the case of the nylon plug, a large screw driver. 

Remove any gear lubricant, which may have found its way past the plug. 
Mount the pinion ejection safety plate on the shaft, allowing a gap of about 5.0 mm for the 
removal of the pinion. Assemble the Skefko pump and injector attachment, fit the high-
pressure pipe and fill the pump reservoir to the pump. Do not fit the pump handle at this 
stage. 

Open the pump relief valve and, using the fingers, operate the pump until air bubbles case to 
the expelled with the oil. Close the relief valve again. Operate the pump handle socket with 
the fingers until the system is full of oil and resistance to pumping is felt. Fit the pump handle 
and continue pumping raising the pressure gradually and pausing after each stroke to let the 
pressure built up at the pinion seating. A sudden loss of pressure accompanied by movement 
of the pinion indicates its release. 

 METHOD FOR REMOVAL OF TR.MOTOR PINION WHEN PINION 
 EXTRACTION FAILS DUE TO LEAKAGE OF OIL 

 In some cases difficulties are faced in removing the tr. motor pinion from shaft due to leakage 
 of oil during extraction of pinion by oil injection method. 

 MATERIAL & EQUIPMENT REQUIRED: 

i) 'M' seal putty   for sealing the oil leakage. 
 ii) Hot oil   for heating the pinion. 

iii) Oil injection Equipment (details given in Workshop Manual) 
iv) Hydraulic Ram  (details given in Workshop Manual) 

 PROCEDURE: By applying 'M' Seal Putty: 

1. Clean the face of the pinion & shaft with petrol or suitable cleaning solvent. 
2. Wipe clean the pinion faces & shaft with dry cloth. 
3. Apply thick layer of 'M' seal putty on both side faces of the pinion at the mating points of 

pinion bore periphery and shaft, to seal the same. 
4. Allow the putty to cure at room temperature for 12 hours. 
5. After the putty gets cured, heat the pinion slightly with the gas torch. 
6. Extract the pinion with oil injection method. 
7. If oil still leaks out through 'M' seal putty, repeat the process as per 1 to 6. 

 By heating the pinion 

1. Clean the faces of the pinion & shaft with petrol or suitable cleaning solvent. 
2. Apply Hydraulic Ram for pulling out the pinion. 
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3. While applying extraction force, pour hot oil (200º C approx) over the pinion. 
4. If the pinion is not getting extracted, apply oil pressure simultaneously by using oil 

injection; apply oil pressure simultaneously by using oil injection. For this purpose, a 
small metallic spacer may be used in between shaft end and ram of the puller so as to 
enable fitting of oil injection. 

 NOTE :The procedure of pulling and heating the pinion may be resorted to only after oil 
 injection with “M” seal fails repeatedly. 

Caution : The use of excessive pressures causes the pinion to be ejected violently, it may then 
rebound and reseat itself on the shaft. Excessive pressures may also cause permanent 
distortion of the pinion bore. As the pressure is built up and oil forces its way between the 
mating surfaces of the shaft and pinion, a point is reached at which oil will begin to seep out 
at the ends. Should the pinion not have been released by the time this pressure has been 
reached and maintained for approximately five minutes, release the pressure and leave for 10 
to 15 minutes before repeating the attempt. Repeat the pumping up to pressure, pausing, 
releasing' and waiting at least five times. If the pinion still refuses to move, it is then 
permissible to change the oil in the pump for one of a grade heavier before following the 
above procedure yet again. 

 Refit the plug in the oil injection hole immediately after removal of the pinion. Protect the 
 pinion bore and shaft extension from damage and corrosion. 

20.4.5.2 FITTING THE PINION 

Examine the shaft extension pinion bore for burrs or other superficial damage. Trim any such 
defects with a fine stone and finish with very fine emery cloth. Ensure that any rectification 
extends to the position that will be finally occupied by the pinion. Wipe clean the pinion and 
shaft extension 

Apply a thin film of marking compound to the pinion bore. Pass the pinion over the shaft to 
within 25 mm of its forward position and then push it smartly home without the use of 
excessive force. When the pinion is withdrawn, evidence of bedding should be apparent over 
not less than 90% of the area of the pinion seating.  

If satisfactory marking is not obtained, the shaft or pinion should be dressed with a fine oil 
stone to spots indicated by the marking compound. Apply the rectification only to the 
defective surface, clean the pinion bore and shaft extension and repeat the bedding check. If, 
after repeating the bedding check several times, light stoning still fails to produce a 
satisfactory seating, the shaft &  pinion may be lightly lapped by using very fine emery paste. 

Caution: Lapping, which must be avoided wherever possible, is intended to remove only 
small irregularities. Excessive lapping produces steps corresponding with the end faces of the 
pinion and the oil groove around the shaft. These steps cause incorrect seating when the 
pinion is advanced to its final position. 

Thoroughly clean the surfaces of the shaft, including oil injection hole and pinion, using a 
solvent such as white spirit. Wipe dry using a clean dry cloth. 

To establish the “cold” pinion position, pass the pinion onto the shaft, and push it 'home' 
without using excessive force. The amount of force is such that, when the pinion is 'home' it 
should be possible to turn the armature with it. Make a corresponding line on the pinion and 
shaft end faces with chalk and carefully measure, with a depth micrometer or vernier gauge, 
the position of the pinion face in relation to the shaft end at the chalk line. Record this 
distance. 
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 Application of R.C. compound 

MATERIAL 

 Special compound : for application on the shaft and pinion bore. 

SOURCE OF SUPPLY: ( Indian representative )  

RC. Compound: 1.  M/s NALCO CHEMICAL INDIA, C/o IEL Ltd., P.O. No. 
107 Hamilton House, New Delhi 110 001. 

2. BHEL, BHOPAL. 

The special compound has short shelf life of 3 months and starts to gel. It is, therefore, 
recommended that the date of manufacture/expiry may be checked before use of the special 
compound. 

PROCEDURE 

1. Clean and degrease the pinion bore and shaft taper. It is necessary to check that 90 
percent bedding is achieved between pinion and shaft before application of special 
compound. Also ensure that bedding on the shaft portions up to 15 mm length at both 
ends of the taper (major and minor dia) is 90 percent. This will also avoid oil leakage 
problem during extraction of the pinion. 

2. After checking pinion bedding on the shaft as above and marking of pinion on shaft in 
cold condition as explained in Maintenance Manual, apply special compound on the shaft 
and pinion bore as detailed below. 

3. Clean the shaft and pinion bore with dry cloth. Stir the compound thoroughly. 
4. Apply a coat of compound with brush on the shaft and pinion bore. 
5. Wipe clean the shaft and pinion bore with a dry lintless cloth or blotting paper before the 

compound dries of its own to leave only a thin film on the surface. Don’t touch or allow 
any contamination of the treated surface. 

6. Heat the pinion in an oven or induction heater and follow the pinion fitment procedure as 
given in Maintenance Manual. 

 NOTE: Mount the pinion positioning gauge (1405594) onto the pinion, taking care that 
there is 5.0 mm of clearance between the back of the setting tackle and the pinion end 
bearing cap to allow for the advance of the pinion without fouling. Adjust the setting 
screw, placing a gauge of the correct thickness between the point of the screw and the 
shaft end. 

 Don’t over-tighten the setting screw against the gauge as this will give a false position & 
the desired advance may not be achieved. Lock the setting screw in position. Mark the 
position of pinion on the shaft. Remove the pinion. 

7. Heat the pinion still with positioning gauge attached, in an oven capable of providing 
uniform heating. The oven must be so constructed that the pinion is not in direct contact 
with the surface of that and can operate at temperature approximately 20 º C higher than 
that required for the pinion.  

 Caution: Under no circumstances must be oven temp exceed 220ºC. 
 That the pinion to a point at which the temperature differential between shaft and pinion 

is 115 °C. This is sufficiently higher than calculated fitting temperature to ensure that the 
pinion has complete freedom to advance to the positioning gauge setting screw. The time 
required to that the pinion to the stipulated temperature will depend on the mass of the 
pinion also the type of oven employed but an average of 2 hours should suffice. 

8. When the pinion and positioning tackle have reached the required temperature, quickly 
transfer them to a position conveniently near to the shaft, and place the pinion over the 
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shaft end 25 mm from its final position, with the chalk marks coincidental. 
9. Quickly press the pinion, as far onto the shaft as the setting screw on the positioning 

gauge will allow. Hold the pinion in position until it cools sufficiently to grip the shaft, 
and then remove the positioning tackle. 

10. Check the advance of the pinion at the marked position using a depth micrometer. The 
advance must be between the limits specified. If the advance is not within these values, 
remove the pinion by oil injection verifying the temperature to obtain the correct, 
advance. If the advance is correct, allow the pinion to cool. After cooling again check and 
record the final pinion advance, which should remain within the specified range. 

11. If a suitable oven is not available, the pinion may be heated in an oil bath, but all traces of 
oil must be removed from the pinion before fitting. In such case, RC compound should 
not be applied on the shaft & pinion bore. This may effect the bonding quality of the 
compound. 

20.4.6 MOTOR SUSPENSION UNIT 

20.4.6.1     Description  

1. The axle suspension tube (traction motor suspension bearing is from cast steel, of one 
integral part, and at the both ends tapered roller bearing housings are formed. 

2. At the opening side of the U-type section of the suspension tube there is a machined 
flange, which serves as the mounting surface to the stator frame. 

3. The upper flange of suspension tube is mounted to the stator frame with 4 hex, head 
bolts. 

4. The lower flange of suspension tube is mounted in a slot provided in the stator frame, is 
secured with 4 hex. Head bolts. 

5. The hex. Head bolts are tightened with spring washers and the heads of the bolts are 
locked with wire. Tapered roller bearings are used at both sides of tube. 

6. The outer race of gear side bearing is fitted directly into the bearing housing or 
suspension tube, whereas the outer race of the opposite side bearing is fitted into a 
separate cartridge bearing housing for adjusting the axle distance. 

7. Inner races of both gear & opposite side bearings are fitted to the axle. 
8. Adjustment of axial distance is accomplished by varying the thickness of split type 

adjustment washer  
9. The split-type adjustment washers are locked between the flange of suspension tube and 

bearing housing. 
10. The suspension bearings are lubricated with grease. 
11. Grease is supplied through a grease nipple fitted to the suspension tube by a grease pump. 

BEARING INFORMATION 

Roller bearings : Non-gear wheel side   Gear wheel side 
   
 Manufacturer  : TIMKEN or equivalent   TIMKEN or equivalent
 Type  : Tapered roller    Tapered roller 
   Cone 67981    Cone 67982 
  Cup 67919    Cup 67919 
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20.4.6.2 ROLLER SUSPENSION BEARING ARRANGEMENT 
ASSEMBLY PROCEDURE 
Heating bearings and components for assembly 
Electric oven or electrically heated oil baths can be used by these should have thermostatic 
control. Where oil is heated in a pan or metal container over an open flame, there should be a 
screen on which the bearings will rest which is raised 25 mm or so from the bottom of the 
pan. The bearings should not rest on the bottom of the pan as the heat will be transferred 
directly from the flame through the pan to the bearing. This temperature will be very high and 
will damage the bearing. 
If an induction heater is used, care should be exercised to prevent residual magnetism 
affecting the bearing material. 
Assembly methods 
Drives and sleeves will assure easier assembly and prevent damage to bearing components. 
If drives are not available, mild steel bars can be used. Use only mild steel, not hardened 
drifts or brass bars. The hardened bars will damage the bearing and brass will chip easily. On 
no account should a copper or brass-faced hammer be used during assembly of bearing parts. 
Storage 
Completed wheel sets must be protected against the entry of water or foreign matter into the 
bearing housings. The wheel sets should be kept in a covered shed.  Machined surfaces 
should be coated with suitable rust preventive. 
If the wheel sets are stored outside, the tube should be turned so that the  open portion is on 
the lower side and wedged in position. The assembly should be covered with waterproof 
sheets for further protection and the machined surfaces should be coated with a suitable  rust 
preventive. 

 Assembling procedure of motor suspension unit ( Refer fig. 20.4)  

1. Fit the gear wheel in the correct position on the axle. 
2. Check that the face of the gear wheel is square to the axle within 0.05 mm on the face 

adjacent to the gear wheel 
end bearing. This can be 
done by putting the axle 
in a lathe between center 
and checking run-out with 
a dial indicator. If the face 
runs out more than the 
prescribed 0.05 mm, 
correct this by machining. 

3. After fitting the gear 
wheel, check the 
dimension of part of dia 
230 -0.05 and correct with 
specified tolerance by 
machining.(Fig.20.5& 
20.6) 

4. The axle should now be 
 placed  in a vertical 
 position with the  gear 
 wheel at the bottom  with 
 the  enclosure in position making sure that all enclosure grooves are free from dirt & 
      swart. 

 
 
 
 
 
 
 
 

Run out of this 
face must not 
exceed 0.05 mm 

Fig 20.5 Gear wheel on axle  
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5. Clean thoroughly the 
suspension tube making sure 
that all holes are free from dirt 
& swart and tighten the bolt 
(Item 11) to the gear wheel. 
Apply loctite '270' to bolt 
(It.11) 

6. Clean thoroughly covers 
(It.2& 10) abutment piece 
(1t.1) space washer (It                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
A) cup holder Brg. Housing 
(1t.3). Unwrap one bearing 
67982, M67919 and one 
bearing M67981-M67919 

7. Place the two bearing cone 
assemblies in a tank of oil or dry oven heated to 1200º C. 

 . 
8. Stand the tube on end, gear 

wheel end uppermost and fit 
the gear wheel end cup 
M67919 into the tube Item 
7. The cup is a tight fit in 
the tube and should be fitted 
as follows: (Refer         
Fig.20.7) 

9. Coat the tube cup bore with 
a light mineral oil. 

10  Place the bearing cup in the 
tube, back-face (broad-face) 
down. 

11. Fit the bearing cup into the 
tube by using a driver. To 
ensure that the bearing cup 
in fitted squarely, top and cup driver near to the cover edge and around its circumference 
units the bearing cup is correctly seated against the abutment shoulder. 

12. Check that the cup is fully seated against its abutment shoulder using a feeler gauge of 
0.05 mm thickness. The gauge must not enter between the faces of the cup and abutment 
of the tube.(Ref. Fig.20.8. given below) 

13 Fit cup 67919 into the Bearing Housing (1t.3) in a similar manner. 
14 Thread the end cover (1t.10) over the axle and place  in position. 
 Note: Ensure that the cover is correctly positioned to form the labyrinth seals. 
15. Remove cone assembly 67982 from the heater and enter squarely over the axle and into 

position against the gearwheel face. Oil bath temperature of 120°C must be strictly 
maintained  

 Note: Ensure that the back-face (broad-face) of the cone is against the Gear wheel 
bearing face. Use a clean assembly sleeve to tap down the cone as it cools, ensuring that 
the cone is properly seated. Remove the sleeve when the cone is fully cooled. ( Fig 20.9). 
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16. Check that the cone assembly is 
abutted against the gear wheel. Then 
apply grease by hand & press that 
grease to fill the inner spaces within 
the cage of bearing, ensure adequate 
grease to bottom roller ends, take 
into consideration that total amount 
of grease in filling tube & pump up 
in 1000 grams into gear wheel end 
bearing on completion of total 
assembly. 

17. With suitable lifting tackle, thread 
the suspension tube (Gear wheel end 
leading) over the axle and position 
on the cone assembly engaging the 
cover, (1t.10) on the tube. 

18. Fit the eight cover bolts (It. 12) and 
torque to 418 Kg.cm. Rotate the 
tube to ensure that bearing rollers 
are correctly seated against the cone 
thrust rib and also to ensure that 
there is no fouling of the cover (1t.1 
0) and gear wheel. 

 

 
 

 
19 Fit the bearing Housing (1t.3) with cup (M67919) fitted, into the tube and fit  the 
 split master  spacer.(IL1 0). 

 
 
 
 
 
 
 
 
 
 

Fig 9 
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20 Remove bearing cone 
assembly (67981) from the 
heater and fit in the correct 
position on the axle. Follow 
immediately with the 
assembly sleeve as used 
previously; Do not tap down, 
but rotate the tube as the cone 
cools, allow to fully cool & 
remove the assembly sleeve   
( Ref fig 20.10) 

21 Then apply grease by hand 
and press the grease to fill the 
inner space within the cage of 
bearing and around the thrust 
face (i.e. top ends) of the 
rollers; Take into the 
consideration that total 
amount of grease in filling 
tube and pump up to 500 
grams in to non gear wheel-
end bearing on completion of 
total assembly. 

22 Fit the cover (Item 2) and 
cover bolts (Item 13) and 
tighten to clamp the cup 
holder master spacer, and 
cover and tube together. 
Check that no gap exists 
between the faces by use of a 0.05 mm gauge. 

23. Place the abutment piece (1t.1) into position against the back face of cone assembly.  
24. Remove cover bolts (1t.13) and with draw the two halves of the split master spacer. 
25. If necessary use two M10x50mm jacking off screws in holes provided in the tube to 

loosen the spacer by applying thrust on cup holder flange remove jacking off screws. 
26. Fit non gear wheel on to the axle. The inner face of the wheel must contact the outer face 

of the abutment piece (1t.1). Any inward movement of the abutment piece due to fitting 
the wheel should be restricted to a maximum of 3 mm. If movement exceeds this, the 
wheel should be removed. The bearing cone and abutment piece should be withdrawn 
and refitted according to the assembly procedure. 

27 It is expected that the normal 12 mm spacer will be reduced by a small amount when the 
wheel is fitted. To assist the measurement of the final end play in the assembly it is 
recommended that two split secondary master spacer are produced, one 11 mm + 0.025 
and one 10mm + 0.025 thick. The actual thickness of the secondary master spacer to be 
marked on each half. 

28 After the wheel fitted, position thickest possible secondary master spacer into the gap, 
refit the end of collar and screws and tighten sufficiently to clamp all pieces together. 
Check that no gap exists between the faces by use of a 0.05 mm gauge. 

29 Check the lateral play in the assembly according to the instructions given under 
Reference u. If the measured end play is above 0.25, then a thicker adjustment washer 
will be required. 

 
 
 
 
 
 

Fig 20.10 
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Example 
End  play required     0.15 to 0.25 Arm 0.2 
Master spacer thickness    11.00.mm 
Measured end play     0.275 mm 
Required end play (Arm)    0.2mm 
Actual thickness end play is less than 0.05 then a thinner adjustment washer is required. 
Example 
Master spacer thickness    11.00 mm 

 Measured end play     0.02 mm 
Required end play (Arm)    0.2mm 
Actual thickness of adjustment washer  11 + (0.02-0.2) = 10.82 

30 After determining the correct adjustment washer size; manufacture a washer to the 
correct size and tolerance. Remove the secondary master spacer from the assembly and fit 
actual adjustment washer required, completed the assembly. 

31 The end play in the final assembly must be checked before the wheel set is released for 
service. Fix a Dial indicator on to the tube with the stem contacting the wheel. Using 
levers, apply even loads to move the tube in one direction and then the opposite direction. 
Note the readings from the dial indicator, which should be between 0.15 mm and 0.25 
mm. any measurement outside this tolerance, must be corrected. By applying a narrower 
or wide adjustment washer as required. 

32 Grease nipples (Item 6) may be fitted if standard push-on grease connectors are used for 
lubrication, but it is easier for the initial filling to be by an adaptor screwed into the 
tapped holes with the grease nipples fitted afterwards. 

33.Pump grease into the Non-gear wheel end bearing housing until a witness of grease is 
visible around the enclosure (approximately 500 g.) 

34. Fill the gearwheel end bearing housing with approx 1.0 kg of grease, 
35.The tube should be oscillated whist filling with grease to ensure an even distribution 

around the bearing. 
36.The assembly procedure for the motor suspension unit is now complete. 
37.The final operation to complete the wheel set assembly is to fit the gear and non gear 

wheel to gauge. (Refer Fig 20.11 given below) 
 

 

 
 

 
 
 
 

Fig 20.11 
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20.4.6.3 MAINTENANCE 

 REMOVAL 

Removal/installation of suspension bearing unit can only be done during dismantling / 
assembling of wheel pairs. 

SERVICING 

DATA’s for lubrication for axle suspension bearings; 

    Non-gear wheel side   Gear wheel side 

First fill lubricant:  SHELL CYPRINARA   SHELL CYPRINARA 
Quantity used for first fill  500 gr.    1000 gr. 
Replenishment period: 06 months    06 months 
Replenishment qty.   100 gr.    200 gr. 

INSPECTION 

1. Listen for any abnormal noise from the unit. 
2. Check the bearing temperature, in accordance to touch the outside of bearing housing of 

suspension tube. 
3. Check for loose securing bolts to prevent unnecessary problems. 
4. The suspension unit should be secured to the magnet frame with bolts. The bolts may 
 slacken from time to time. Regularly retighten these bolts. 
5. Check the tightness of the suspension tube mounting bolts with using the  torque 
 wrench. If found loose, retighten with specified torque value. 

Insulating bolt size 
Torque value in kg-cm 

Standard Maximum 
M30  5300  5800 
M12 418 503 
M10 245             295 

6.  Check suspension tube for cracks. 
7. Check the condition of bolts, wire locking and washers; replace the damaged bolts and 

washers. 
8.  Check the tightness of all socket head screw on the axle suspension unit. 

20.4.6.4 OVERHAULING 

 DISASSEMBLING  

Axle suspension bearings are disassembled after dismantling the Non-gear wheel of non-gear 
side. Disassemble procedures are as follows: 
1. Withdrawal of abutment piece 
2. Removal of cover (Non-gear wheel end) 
3. Removal of adjusting washers 
4. Removal all securing bolts 
5. Dismantling the suspension tube 
6. Removal of gear wheel end bearing cone 

Withdrawal of abutment piece 

1. To withdrawal the abutment piece, use the special tools No. 1405595. 

2. Remove the abutment piece; by special tool. 
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Removal of Cover (Non-gear wheel end) 

1. Remove all securing bolt and cover from end of suspension tube. 

Removal of Adjusting Washer 

1. Remove the sealant on the outer surface of suspension tube and cover, and two joints of 
 adjusting washer could be found out. 
2. Insert chisel into clearances of joints and draw out the adjusting washers. 

Removal of securing bolts 

1. Remove all Securing bolts of cover. 

Dismantling the Suspension Tube 

Withdraw the suspension tube from axle by withdrawal tool (tool no.1405607). Road wheel 
end bearing inner race (cone) can be pulled out with the suspension tube. 

 CAUTION: The adjusting washers should be removed from suspension tube, 
Before withdrawal of suspension tube. If the suspension tube was withdrawn as 
assembling the adjusting washer, the bearing will make any damages. 
Removal of Gear Wheel End Bearing Cone 

1. Remove the bearing cone by bearing puller (Tool No. 1405597). 
2. Pull out the bearing cup from the suspension tube by bearing puller (Tool No.1405598). 
3. Dismantle the bearing housing from the suspension tube.(Tool No.1405599). 
4. Pull out the bearing cut from the bearing housing (Tool No. 1405600). 

CLEANING 

Cleaning of axle suspension bearings 

While cleaning the axle suspension bearings, put them into a container with Orion 77 heated 
up to about 60°C, without degreasing and leave them for more than 10 minutes to remove 
excess grease. Then, blow away sticking grease with compressed air. Repeat this a few times, 
after which the bearings are finally washed with clean Orion 77 at normal temperature. Dry 
with compressed air. When handling the bearing after the final washing, make sure hands are 
cleaned with such degreasing agent as ethyl alcohol to prevent the bearing from getting rusty. 

Cleaning of other parts 

Soak the dismantled parts such as the suspension tube, covers and bearing housing in Orion 
77 for more than 30 minutes to remove grease. Wash out remaining grease by brushing in it. 
Then, take these parts from the Orion 77 container and blow away Orion 77 with compressed 
air. 

Wiping 

Wipe bolts and washers with waste cloth soaked in Orion 77. 
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INSPECTION  

1. Inspect visually appearances of the axle suspension tube, the covers and so on for 
damages or rust or cracks. 

2. Check the axle suspension tube by liquid penetrant checking for cracks. 
3. Measure of dimensions. 

Axle suspension tube 
a. Inner diameter of installation portions for bearing 
 Non-gear end   : Min. 312.000 / Max. 312.052 mm  
 Gear end  :  Min. 279.400 / Max. 279.450 mm 

b.  Bearing housing (ZC141003) of non-gear end 

 Outer diameter   : Min. 312.004/ Max. 312.036 mm  
  Inner diameter    Min. 279.39 / Max. 279.4 mm 

c. Tapered roller bearings (Timken or equivalent type bearing) 

 Non-gear end bearing. 
Inner diameter of cone (Cone No, M67981) : 199.298 mm 
Outer diameter of cup (Cup No. M67919) : 279.400 mm 
Inner race / cone bearing width: 49.212 mm 

 Gear End Bearing 

Inner diameter of cone (Cone No. M67982) : 199.949 mm 
Outer diameter of cup (Cup No. M67919) : 279.400 mm 
Inner race (cone) bearing width: 49.212 mm 

d.  Abutment Piece 

Inner diameter  :   195.957 mm (Min.)     :    196.000 mm (Max.) 
Width   :   50.4 mm 

 e. Dimensions of mounting flanges of axle suspension tube     

   SYMBOL  =  DIMENSION 

  A     230    + 0.052 mm   
        + 0.020 mm 

 H    =  25       + 0.1 mm 
        + 0 mm 



Chapter 20 Traction Motor                                                                                                                                   Page 34 of 45 

Maintenance Manual of  1400 HP DEMU                                                                 

 
 
 

Fig 20.12 Top half and bottom half gear case 
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20.4.7 GEAR CASE AND GEARS 

20.4.7.1 GEAR CASE 
 

1. For correct method of assembling the gear case and for initial application of lubricants, 
see assembly of the gear case (fig 20.12). 

2. Refer Technical data given above for lubricants. The lubricant should be heated upto 
85ºC to enable it to be poured. The gear case filler unit is in the bottom half of the gear 
case and is accessible from the axle-side of the motor. 

3. Do not over fill the gear case, which may flood the PE armature bearing and axle bearing 
which may cause premature bearing failures. To avoid over filling, drain plug is provided 
in the motor side of gear case. 

4. During the first few weeks in service, check the level of lubricant every week on several 
vehicles and look generally for any signs of leakage. All checks should be carried out 
with the gear case warm after a run but after allowing a short period to settle the 
lubricant. Continue these weekly checks until the lubricant level has fallen below plug 
level. The shortest time interval on the representative batch of vehicles may be used as a 
basis for the lubrication schedule. After allowing a safety margin to ensure that the 
lubricant must last until the next examination. Thus, if the shortest time interval is two 
months, specify topping up at monthly intervals. 

 
 FITMENT OF FELT SEALS IN TRACTION MOTOR GEAR CASES 
 Felt Seal Assembly 
 
 Refer sketch given above (fig. 20.12) for details of felt seal assembly & fitment of felt seals 
 on Pinion side and gear side of gear case. 

1. Assemble felt steel with half wiper securing steel plate using flat head copper rivets. 
2. The ends of copper rivets should not project above the surface of securing steel plate. 
3. Soak the felt seal assembly in oil (Servo-system 57 or equivalent). 

 FITMENT OF FELT SEALS IN GEAR CASE 

 On Gear Side 
1. Clean the grooves of the wiper rings of gear case. 
2. Insert the felt seal assembly is rigidly fitted inside the wiper rings.. 
3. Ensure that felt seal assembly is rigidly fitted inside the wiper rings and no steel edge is 

projected beyond the wiper rings. 
4. Keeping the felt seal assembly in position, drill a hole through the hole of the top half 

gear case wiper ring. 
5. Lock the felt seal assembly inside the wiper ring by using a suitable copper rivet and peen 

over the end of rivet. This will prevent the felt seal assembly from dropping out. 
6. In case of bottom half gear case, clauses 4 & 5 are not applicable. 

On Pinion Side 
1. Clean the groove of the wiper ring of gear case. 
2. Insert the felt seal inside the wiper ring with fevicol or any other suitable adhesive. 
3. Ensure that felt seal is rigidly fitted inside the wiper ring. 
4. Soak the felt seals by pouring the oil copiously on the felt seals. Use Servo system 57 of 

Indian Oil Corporation or equivalent. 
5. Mount the gearcase on traction motor as per the procedure given in Maintenance Manual. 
 NOTE:1.The felt material shall comply with specified specifications for extra hard 

variety.  Clean the drain hole provided in bottom half gear case wiper ring, which is 
generally choked due to accumulation of dust and dirt. 
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 Assembling the gear case 

 Felt seals should be replaced, assemble felt with securing plate in the groove and then soak it 
 in lubricating oil. To prevent damage to felt on assembly, the following procedure is to be 
 adopted. 

Bottom half gear case should be lifted around the gear wheel until the felt seals around the 
motor shaft opening and the axle openings rest on the bearing cap and gear wheel hub 
respectively. Two bolts of M36 should be inserted the new lock washers and screw down to 
support the gear case, but do not tighten. 

Heat about 2.25 Kg of gear lubricant to about 85º C and should be poured it over the pinion 
and. gear wheel. 

Top half gear case should be lowered down until the felt seal rest on the bearing cap as above 
and a M36 bolt should be screwed down, but do not tighten. 

20.4.7.2 GEARS 

 Examination of gears 

Whenever a gear case is removed from a motor, examine the gears carefully. They should be 
coated uniformly with lubricant which should show no sign of being contaminated with dirt 
or water or foreign material. 
If the gears are to be retained in service immediately, clean thoroughly using recommended 
solvent applied with a brush. Wipe with a cloth afterwards. If the gear wheel is likely to stand 
for a time, clean only ten to twelve teeth spaced equally round the periphery, leaving 
lubricant on the remainder of the gear wheel as protection. After examination, if the condition 
of these cleaned teeth is satisfactory, re-coat them with lubricant. 
Examined the Gear and pinion critically before allowing them further for service. 

Precautions 
Whenever a gear or pinion wears significantly, there is a step created near the root of the 
tooth where the tip of the mating tooth runs out of engagement. If the gear center distance is 
correct, this step will occur at the lowest point of contact between the mating tooth. However 
the gear center distance cannot be controlled exactly in service, due to axle bearing lining 
wear. As the gear center distance spreads, the teeth become further out of engagement; this 
forms steps at varying depths. If the same bearings are used, there will be very severe tip 
loading of the tooth and very poor profile at the root end of the tooth. This can cause severe 
noise, vibration, and premature failure. 
The step is to be dressed up with the help of small hand grinder. Care should be taken during 
the grinding operation not to cut the tooth. Step should be removed before checking the 
profile of the tooth by profile gauge see in figure 20.13; otherwise faulty reading will be 
obtained. 
Gear tooth wear 
Gear tooth wear is measured by scaling the width of the land or tip of the tooth. The-gear 
wheel and pinion should be removed from service when width at tooth tip of maximum wear 
per flank measures less or more respectively. 
 Maximum tip width   - 1.7 mm        }  Gear wheel  
 Maximum wear per flank pinion -  1.7 mm        }  
 Maximum tip width   - 0.8 mm        }  Pinion 
 Maximum wear per flank   - 1.14 mm      }  Pinion 
Dimension K shown in fig 20.14 is to be checked at the specified  number of teeth on  8 

 different sets of teeth,. In case the coverage dimension is found less than the service limit 
 indicated in figure gear or pinion should not be used.
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Maximum wear per flank  - 1.14          } 
Dimension 'K' shown in Figure given below, is to be checked at the specified number of teeth  

 
 
 
 

10 THICK MINIMUM 

2 TOOTH SPACINGS  
TRIM GAUGE 
BLACK TO DOTTED 
LINES 

DO NOT DISTURB 
THESE SURFACES 

PARTIALMOLD 
MAKE FROM MILD 
STEEL 

DIMENSION “A’ TO LOWEST POINT 
ON CONTACT ON THE GAUGE 

PATTERN GEAR 

SCRIBE GEAR 
CATALOGUE 
NUMBER AND 
NUMBER OF 
TEETH 

FIG 20.13. TOOTH PROFILE GAUGE 
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Note : Measure dimension “k” over the specified number of teeth and note the average value of 8 
different measurements by a plate micro meter of suitable size. 
 
PINION/ 
GEAR 

No. Of TEETH No. of TEETH 
on “K” 

Dimension  “ K” Service limit 

Pinion 20 3 56.210 mm Max/ 
56.083mm Min 

54.48 mm 

Gear  91 13 267.805 mm Max/ 
267.576mm Min 

264.570 mm 

Fig .MEASUREMENT OF WEAR ON GEAR TEETH 

 
 
 

Fig 20.14 Measurement of wear on gear teeth 
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Profile deviation limit 
The maximum profile error on any worn gear wheel when checked by a profile-checking 
gauge, should be within 0.2 mm to 0.4 mm. Gears and Pinions having more deviation in 
profile than above, should not be used. 
Feeler gauge of .05, .1, .15, .2, .25, .3, .4 mm thickness may be required for this purpose. 
The teeth should be free from cracks and the flanks should have a uniform, unscored polished 
appearance. The tooth profile should be substantially the same as that of a new gear. If a gear 
wheel has chipped broken or has badly worn teeth discard it and fit a new one. 
Ensure that, as far as possible, gear wheels are returned to service with the pinions with 
which they were meshed originally. 

 Instructions for making Gear Tooth Profile Gauge 
1. Be sure that the gear used as a pattern is new. The gauge can only be as accurate as the gear 

from which it is made. The gear should be thoroughly cleaned before using as a pattern. 
2. Make a PARTIAL mould as shown in fig. 20.12. The gear itself will complete the mould. 
3.Wax all surfaces, which will receive the moulding compound with Silicone Wax CP Mould 

Release.  
4.Lay the pinion or gear on a flat smooth waxed surface with the bore vertical. If a table is not 

available, make a flat and clamp it to' the side of the gear or pinion. 
 Note: The pinions are made with tapered teeth-that is, the tooth is thicker at the outboard 

(small bore) end. The pinion should be laid on the flat surface, with the outboard (small 
bore) end face down. Thus the gauge will be moulded to fit the thicker end of the tooth. 

5. Place the partial mould in position against the tips of the teeth, as shown in figure. Make 
sure that all surfaces that will contact the moulding compound have been coated with wax 
as described under item 3 above. The partial mould and the pinion should be clamped in 
position with 'C' clamps to prevent anything from disturbing their position during the 
hardening process. 

6. Mix eleven (11) parts of Ren Die Surface coat RP-3260-B with one(1) part of Ren Die 
surface Coat Hardner RP-3260-B by weight. This is a 'Pot life" of about 30 minutes at room 
temperature after the hardner is added. Observe the precautions stated on the can, especially 
avoiding any contact with the skin. 

7.Pour the thoroughly mixed resin into the mould until full. Allow the mould to set for 
several hours, preferably 12 hours or more. 

8. Remove the parts of the mould the pattern pinion or gear the partial mould, and the plate, if 
one was used. Care should be taken to slide the   plastic off the end to the gear teeth, so as 
not to disturb the profile surface of the newly moulded gauge. 

9.Trim the rough moulded gauge to dimensions indicated by the dotted lines shown in fig. 
20.13. The most critical surfaces and dimension 'A' to the lowest point of contact on the 
gauge are shown. The trimmed gauge can then be scribed as shown in fig. 10 with pinion or 
gear catalogue number and number of teeth. The dimension 'A' for the gear is 10.3 mm and 
for the pinion, 11.8 mm. 

20.4.8 MAINTENANCE OF BRUSHES 

Brushes are arranged to be splitted in halves. Approx. 0.17 mm is the proper gap between the 
holder and brushes in their thickness direction. The holder is made for the tolerance of 
+0.1/00 mm. It is required to use brushes provided with the tolerance of -0.10/-0.15 mm. 
When this gap is large, the contact of brushes to the commutator face becomes irregular. On 
the other hand, when this gap is small, the smooth movement of brushes is hampered. Both of 
the above gap condition leads to bad commutation. At inspection of brushes, it is necessary to 
check whether copper particles or carbon dust is filled in the matching joints of brushes & 
between the brushes and brush holder or not. Clean properly by blowing compressed dry air. 
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Fig 20.15. Brush Gear Assembly 
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20.4.9 BRUSHGEAR 

REMOVING BRUSH GEAR 

a. To remove the brush gear from the traction motor: 
b. Lift the brushes and protect the commutator with press board. 
c. Disconnect the brush flexible and remove brushes. 
d. Disconnect the brush holder leads so that the bottom and axle side connections are 

accessible through the axle side inspection opening-whilst the top brush holder lead must 
be disconnected from the brush holder, working through the top commutator opening and 
the top brush holder removed. The connection to the nose side brush holder is then 
accessible through the top commutator opening. Disconnect the lead. 

e. Remove the nose side, axle side, and bottom brush holders. 

Brush holders 

Remove the brush holders from the magnet frame and thoroughly clean. 
Inspect for damage and recondition as necessary. Check the condition of the springs and the 
spring tension. Check the clearance between a new carbon and the brush holder and if this is 
greater than 0.50 mm scrap the holder. 

Carbon brushes  

Inspect the brushes for wear, damage, breakage of flexible and freedom in the brush holder. 
Ensure that the flexible are firmly secured to the brush holder. Bed new brushes to the 
commutator. Renew the brushes if necessary. 

Commutator 

If the commutator is damaged, grooved or shows signs of flats and high bars, resurface in a 
lathe. Turn the armature on its bearing seating and remove as little metal as possible. After 
turning, undercut the micas to the dimensions given in DATA. Remove sharp edges from 
bars. Do not bevel edges of segments. Clean out under cuts to remove fins, chips or foreign 
materials. Do not resurface a commutator the surface of which has a good polish and colour 
and is free from grooving signs of flats, high bars and bar marking. 
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20.5 CONSTRUCTION DETAILS  ( C1005TM) 
 
20.5.1 INTRODUCTION 

The traction motor type C1005TM is a four pole, series wound with Commutating poles, self 
ventilated machine for 1400 HP Diesel Electric Multiple Unit application. Four traction 
motors are mounted on each DPC. Each motor is mounted on the axle with the help of 
Suspension tube Arrangement. The flanges of the axle Roller Suspension Bearings limit the 
transverse movement. The Tractive effort is transmitted from the traction motor to the axle 
through the gear device with a single reduction.  
The motor construction can be divided under the following heads. 
1) Armature 
2) Stator with coil & End frames 
3) Suspension tube Arrangement. 
4) Gearcase, Gear, Pinion etc. 

20.5.2 ARMATURE 

Armature shaft: The shaft is manufactured & ground from Ni. Cr. Mo. Steel to BS 970 the 
EN 25 “V” Bars forged material, which is ultrasonically tested to avoid any cracks in the raw 
material for better reliability. 

Armature core: The armature core is built up of coated electrical Sheet laminations to 
reduce the eddy current losses. 

Armature end ring: Armature end ring & fan combined at the PE side with the built in Fan 
supports the core. The material of the armature end ring is weldable casting due to its intricate 
shape. 

Commutator: The commutator is built up with Silver bearing Copper Commutator bars with 
the alkyd vinyl bonded mica. The cast commutator hub also serves the purpose of 
commutator side Endplate. Commutator end ring is of forged type. 

Armature winding: The winding is lap wound type provided for parallel paths. The 
Armature power coil conductors are Kapton cover conductors for better performance. The 
armature is insulated & wound with glass “H” insulation material. The resiglass banding at 
both overhangs portions is done with the banding machine under tension, Complete Wound 
Armature is subjected to Vacuum Pressure Impregnation (VPI) is Solvent less polyester resin 
ET2005 or equivalent. 

Equalizer winding : The equalizer winding section is also same as the armature coil section 
with 100% equalization.   
Armature bearing : For the armature bearings installed at both commutator and pinion sides, 
as packed type cylindrical roller bearing which provide intermediate grease refilling is 
employed. At the commutator side, type NH318EMC4 roller bearing is used and at the pinion 
side, type NU328EMC4 is used. These armature bearings can be operated for 3 years without 
dismounting. Refilling of bearing grease to be done as prescribed. 

Armature bearing components: The armature bearing greasing labyrinth consists of forged 
bearing components accurately machined. The polyester felts are provided in the grooves of 
the outer race-pressing ring (P.E.) to prevent the lubrication leakage.  The inner bearing 
wipers at both the ends are shrink fitted for the adequate location of the armature roller 
bearings. The outer oil Thrower (PE) is shrink fitted outside the outer race Pressing Ring to 
protect against the ingress of any foreign particles. The grease thrower at the pinion end is 
shrink fitted outside the Bearing Cover P.E. for protection against the ingress of cardium 
compound.  
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20.5.3 STATOR  

Magnet frame: The magnet frame is of casted type, with the fabricated terminal box 
provision for the main lead terminations. The frame pole pads are machined accurately to 
avoid any variations in the pole bores thereby affecting the air gap. The frame is subjected to 
stress relieving & Radiography testing for reliable performance. 

Main poles: The main pole cores and coil are potted to the core with solvent less resin. The 
coil is of flat wound type with the frame side coil with 11 turns & armature side coil with 10 
turns. The coils are connected by brazing. The two open coils (North) have the terminal 
integral with them whereas the two crossed coils (South) have terminals brazed with them. 

Commutating poles: The commutating pole core and coils are also potted with solvent less 
resin. The complete coil consists of 18 turns wound edge-wise. The terminals and connectors 
are of robust design to avoid the failures on account of cracks in the brazed joints due to 
vibrations. The compole connections are made from the flexible cables. 

Brush holder and carbon brushes: This motor is 4-pole type motor and the brush holders 
are mounted on the frame pads by bolting arrangements. Inspection windows provided can 
inspect the brush holders and carbon brushes. The brush holders are mounted on the frame 
pads by two insulating rods. The brush Holders is manufactured from High tensile brass 
castings. The Carbon brushes of EG14D are of split type for smooth commutation. 

Endframes : The Endframe PE at both the ends is of Cast nature. PE Endframe is having the 
provision of Arm integral with the body for supporting the Gear-case.  

Terminal box: The terminal box has been provided in the center location. The crossover line 
is fixed to the insulating rod and lead supporter is used at the outlet of lead wires on the fitting 
out side. On the reverse of the terminal cover, the packing is stuck to prevent dust from 
coming into the terminal box. Four main cables come out in the terminal box which are 
connected in the sequence of A, AA, FF, F, if  `viewed from the front with the Pinion side 
on the right side & commutator side on the left. 

20.5.4 MOTOR SUSPENSION UNIT 

The suspension tube arrangement replaces the traditional use of axle caps & also avoids 
frequent maintenance. The use of taper roller bearings in the suspension arrangement allows 
the motor to run at high speeds. 

20.5.5 GEAR CASE, GEAR, PINION ETC. 

Gear case : The gear compound is filled from the oil filler Unit installed on the gear case. 
The Gear case is fabricated type with the assembly in two halves i.e. top & bottom half for 
ease in assembling & disassembling. Top & side mounting on the frame to ensure stability 
during propulsion facilitate the Gearcase mounting. 

Earthing cable assembly: The Earthing cable Assembly is installed on the axle section of 
the magnet frame. The assembly is made of tinned copper flexible cable. 
Gears & pinions: The gear ratio of 20:91 has been adopted to suit the high-acceleration 
requirements of the diesel electric multiple unit application. 
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20.6 TECHNICAL DATA ( C1005TM) 
 

Specifications 
Model number   : C1005TM 
Type-form   : Enclosed, self ventilated type 
Number of poles  : 4 
Insulation winding  : Class-H 
Continuous Rating  : 210 kW, 563 V, 415A, 1170 rpm 
Dielectric test: new  : 2.8 KV,AC for one minute voltage 
Periodical checking   : 1.5KV, AC for 1 min.  
Resistance values  : At 20 deg. C.   At  15 deg. C. 
Armature winding  : 0.010 ohms ± 5%  0.014 ohms ± 5%   
Series field winding   : 0.012 ohms ± 5%  0.016 ohms ± 5% 
Comm. pole winding  : 0.0084 ohms ± 5%  0.0114 ohms ± 5%  
      Armature details  
Core diameter    : 460 mm 
Core length     375 mm 
Brg. to Brg. Distance (Outer face of Distance collars ): 896 ± 0.25 
     Armature permanent banding 
Material   :  0.33TK X 25wide (Glass Winding Tape) 
Turns on PE winding   : 170 nos. Approx. 
  Turns on CE winding   170 nos. Approx.  
Race & housing   : 0.02 (Clr.) mm  0.00 mm 
    Armature Winding   Pinion side  Commutator side 
Type of bearings  : NU328E-MC4   NH318E-MC4 
Manufacturers   : SKF    SKF 
Radial Clearance of   : 0.145/ 0.190 mm  0.105/ 0.140 mm  
Free bearing when (New (internal)  
Fit between inner  : 0.04 (Int.) mm  0.03 mm (Int.) mm 
race & shaft   : 0.085 (Int.) mm 0.07 mm (Int.) mm  
Fit between outer  : 0.04 (Int.) mm  0.03 mm (Int.) mm 
Commutator 
Diameter with new  : 330 mm 
Minimum usable Diameter : 306 mm 
Riser width   : 22 mm 
Mica groove depth  : Max. 2.5 mm  : Min 1.2 mm 
Mica groove width   : 1.1 mm 
Mica thickness   : 1.1 mm 
Carbon Brushes 
Number per brush Holder : 2 
Brush grade   : EG 14D with Rubber Top 
Brush type   : Split 
Brush Size   : 20 mm x 55mm x 50mm split 
Brush spring pressure  : Max. 6.2 kg. / brush, Min 4.8 Kg/brush 
Brush wear limit  : Brush length in 25 mm 
Brush holders 
Number per motor  : 4 
Clearance bottom of   : 1.5 to 3.5 mm 
Brush holder to commutator   
Pole bores (average) 
 Main pole (At center) : 477 mm (Nominal air gap = 8.5 mm)  
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       Commutating pole (At center): 478 mm (Nominal air gap =9 mm) 
       Tolerance allowed on the Pole Bore Dim is ± 0.2 mm 
 Liner at back of pole 
      Main pole    : 0.75 mm nominal (Magnet steel) 
     Commutating Pole                 :  2.5 mm Brass +0.25 stain less steel + 0.25 steel 
Axle suspension tube 
Roller bearing details   : Gear end  Non gear end 
Manufacturer    : TIMKEN  TIMKEN 
Type of bearing   : Taper Roller  Taper Roller 
      Cone M67919            Cone M67919  
Charge of lubricant(Total volume) 1250 gms.  900 gms. 
Type of grease   : Shell Cyprina RA 
Gear case 
 Initial charge of Lubricant : 6.5 Kgs. Max.:  3.5 Kgs. Min. 
Type of gearcase   :HP Gear tak 2. or Compound Bharat Camex Compound F. 
High Voltage Test of the Various Sub-assemblies New & Old 
      New   Old 
Complete Motor   2.8 KV   1.5 KV 
Armature     4 KV   3 KV 
Fielded Stator     4 KV   3 KV 
Weight (Approx.)  
Complete motor (Including gear case and motor suspension unit)  : 2473 kg 
Armature         : 700 kg 
Pinion          : 11 kg. 
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Chapter- 21 
 

 
MAINTENANCE SCHEDULES OF 1400 HP DEMU 

RDSO has issued following document for maintenance schedules of 1400 HP DEMU’s: 

• Schedule of standard Examination of 

1400 HP BG high horse power DEMU 

-   Document no. MP- Misc – 157  

issued  in May 2004  

• Corrigendum slip no. 1. -       Issued  in Oct. 2004 

• Corrigendum slip no. 2. -       Issued  in Oct. 2005 

 

The document is divided into three parts- 

Part – I  Schedule for Engine, Brake Power and Compressor etc. 

Part – II Schedule for Electrical transmission & control. 

Part –III Schedule for coach body, under frame, Bogie, Brake rigging etc. 

The following changes are proposed in the document MP- MISC-157. 

Clause Existing To be read as 
Clause 5  
Page 2 of  4,  

Type and periodicity of schedules of 
Coach body, Under frame, Bogie 
assembly, Brake rigging: 
 
i)  Primary                   - Daily 
 

Type and periodicity of schedules of 
Coach body, Under frame, Bogie 
assembly, Brake rigging: 
i) Primary        -After 2500 km or 07 

days 
(Ref: Corrigendum slip No. 2) 

Clause 6 (i) page 2 
of 4 

POH of major items- 
i) CIL Engine: After 18000 hrs based 

upon performance parameters. 

POH of major items- 
i) CIL Engine: 4 ½  Years 
 

Clause 6 (vi) 
Page 2 of 4 

 
Not given 

POH of major items: 
vi) EP Brakes/ Air Brake system                           
- 18 month   
 

Clause 6 (vii) 
Page 2 of 4 

 
Not given 

POH of major items: 
vii) Air dryer  -18 months/ 36 months 
(As per OEM’s recommendations 
and RDSO MP. MI. 18  (Rev. 02) 
April 2008) 

Clause 6 (viii) 
Page 2 of 4 

Not given POH of major items: 
viii) Roller Bearings       - 18 month   
 

Clause 6 (ix) 
Page 2 of 4 

Not given POH of major items: 
(ix) All conventional cables (Control 

and Power) should be replaced 
by E-Beam cables as per RDSO 
instruction Bulletin No. MP. 
IB.EM.07.14.08 Date 25.04.08 

Part-1: Page No. 3 
of 10 
Trip Schedule 
Item No. 14  

Existing Pneumatic system (DPC) 
a) Time for charging the main air 
reservoir from 0 to 8 kg/cm2 with 
engine at idle notch     - 10 min. max. 
b) Compressor governor setting: 
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     i)   Closed at:    8 ± 0.1 kg/cm2 
     ii)  Open at:      7 ± 0.1 kg/cm2          
c) Safety valve  
i) Blowing pressure 8.5± 0.1 kg/ cm2   
ii) Closing pressure7.5 to 7.8 kg/ cm2             
(Ref: Corrigendum slip No. 1) 

Part-1: Page No. 3 
of 10 
Trip Schedule 
Item No. 15 

Existing  Check and record the following: 
  a) Brake Cylinder Pressure. 
           DPC -  1.6 ± 0.1 kg/cm2 
           TC - 3.8± 0.1 kg/cm2 
  b) BP Pressure 5.0 ± 0.1 kg/cm2 
  c)Feed Pipe Pressure 7.4±0.1 kg/cm2 
  d) Parking Brake pressure  

    3.5±0.1 KG/cm2    (SIL) 
    5.0±0.1KG/cm2 (SAB WABCO) 
(Ref: Corrigendum slip No. 1) 

Part-1: Page No. 4 
of 10 
CIL Engine, Brake 
power, 
Compressor etc. 
Monthly Schedule 
S.No. 2 &3 

2. Change the following filters (After 
300 hrs/ Monthly whichever is 
earlier)  

a) Engine lube oil system 
i) Full flow filter 
ii) By-pass filter 

 
 
3. Change Engine Oil (After 300 hrs/          

Monthly whichever is earlier) 

2. Change the following filters (After 
700 hrs/ Monthly whichever is 
earlier)  
a) Engine lube oil system 

i) Full flow filter 
ii) By-pass filter 

# See Note given below 
 
3. Change Engine Oil (After 700 hrs/ 

Monthly whichever is earlier) 
# See Note given below  

Part-1: Page No. 5 
of 10 
Monthly Schedule 
Item No. 9 

Compressor (TRC2507) 
i) Remove and clean the oil bath air 

filter. 
ii) Change oil in oil bath air filter 
iii) Change crankcase oil. 
 

Compressor (TRC2507) 
i) Remove and clean suction filter 

thoroughly.  
ii) Omit  
iii) Change crankcase oil. 
(Ref: Corrigendum slip No. 1) 

Part – III 
Six monthly 
Schedule ‘C’  
(Page 7 of 9)  
Clause 3.3 

3.3 Bogie to be run out if found 
necessary during this schedule. 

 
 
3.3.3 Examine wheel profile and 

thickness and gauge if in case 
they appear to be near 
condemning limit. 

3.3  Bogie to be run out in 6 monthly 
schedule for DPC and 9 
monthly (IOH) for DTC/TC 

3.3.3 Replace complete wheel sets 
with wheel sets received from 
workshop during Half Yearly/ 
IOH schedule. 

Note (ii) of Part –
III (Page 9 of 9) 

Maintenance Manual for AC/DC EMU 
& MEMU bogie and under gear manual 
No.  CMI-K001 (April 2000) issued by 
RDSO, LKO. 

Maintenance Manual of bogie, brake, 
Brake gear and coupler for HHP 
DEMU stock (1400 HP) fitted with 
air suspension (BG- 1676 mm) No.  
CMI-K401 (October, 2004) issued by 
RDSO, LKO. 

Part – III 
POH Schedule (18 
months) 
Page 9 of 9 
Note (v) 

Schaku coupler & EP brake to be 
maintained as per the maintenance 
instruction of the suppler. 

POH of Schaku coupler:- 
Carry out POH as given in chapter 
“Semi Permanent Coupler”. 
POH of EP Brake:- 
To be maintained as per the 
maintenance instructions of 
respective makes. 
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#   As per RDSO letter no. SD.DEV.R.8.3 Dated 30.01.2009. it is recommended to increase 
the periodicity of oil and filter change from 500 to 700 hours. However, if any of the 
following parameter is found beyond limit then oil and filter needs to be changed. 

• Viscosity at 100 0C should be between 10.0 and 20.0 cSt. 
• TBN (Total base No.) in mg/KOH/gm should be 2.5 minimum or, one half of 

original (New oil) value or equal to TAN. 
• TAN (Total acid No.) in mg/KOH/g should be 2.5 max 
• The lube oil differential pressure across the lube oil filter should not be more than 

35 psi.  
 

The document no. MP- MISC- 157 alongwith the correction slips is enclosed as annexure  
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SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp HHPDEMU 
 
1. Introduction : 

  
1.1 The schedule for examination and maintenance of 1400 hp High Horse Power Diesel Electric 

Multiple Unit (HHPDEMU) has been prepared taking into account the recommendation of OEM 
and suitably modified based on feedback received from HHPDEMU users. 

 
1.2 The service periods of HHPDEMU specified in this schedule for maintenance attention are the 

maximum allowable periods between successive examinations.  Variations in operating 
conditions in different regions may make it necessary to carry out examination more frequently, 
or introduce examinations not scheduled herein. In such cases, the matter should be brought to 
the notice of the appropriate Sr. DME/DME, who alone is authorised to introduce any change in 
the standard examination detailed herein. The Sr.DME/DME in all such cases, will bring to the 
notice of the Motive Power Directorate of RDSO, for any modification to the schedules, giving 
full details.   
 

2. References : 
 

The following documents are also required to be referred for further information. 
i) Operation and Maintenance Manual, Bulletin No. 3243773-05 (December, 2003), 

Cummins India Limited.  
ii) Propulsion Equipments for BG DEMUs: Traction Sales Division, BHEL Limited.  
iii) Operating Instruction and Maintenance Manual for ELGI Air Compressor Assembly 

model: TRC – 2507.  
iv) INDIAN RAILWAYS: Maintenance Manual for BG Coaches, December (1995) issued 

by IRCAMTECH, Gwalior.  
v) Maintenance Manual for AC/DC EMU & MEMU Bogie and Undergear Manual No. 

CMI-K001(April’2000) issued by RDSO. 
 

3. Scope of Maintenance Schedule:  
 

This booklet covers maintenance schedule for different assemblies & components under different 
heads, as under : 

 
PART  –   I     :  Engine, Brake, Compressor, etc. of HHPDEMU. 
PART –   II :  Electrical transmission & controls of HHPDEMU.  
PART  -  III       :  Coach body, Under frame, Bogie of HHPDEMU. 
 

4.  Periodicity of maintenance of CIL engine, Electrics & Controls, Brake equipments: 
 

i)  Trip Schedule.                  -  At end of each trip  (maximum 7 days) 
ii) Monthly Schedule.        -    1 month   ± 3 days 
iii) Quarterly Schedule.       -    3 months ± 3 days. 
iv)  Half-yearly Schedule.        -    6 months ± 5 days. 
v)  Eighteen monthly Schedule.    -  18 months ± 7 days. 
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5. Type and periodicity of schedules of Coach body, Under frame, Bogie assembly, Brake 
rigging:    
i)  Primary .          -   Daily 
ii) Schedule ‘A’    -   1 month     ± 3 days 
iii) Schedule ‘B’            -   3 months   ± 7 days. 
iv)  Schedule ‘C’       -   6 months   ± 15 days. 
v)  POH      -  18 months ± 15 days. 

 
6. Schedules of  Periodical Overhauling(POH) of  Major Items :  

 
i) CIL Engine    :   After 18,000 hrs based upon performance parameters. 

ii) Traction motors  :   18 months.      
iii) Traction Alternators  :   36 months. 
iv) Compressor   :   18 months. 
v) Coach body & Under-gear :   18 months.   
       

7.   Based on the recommendations of OEM, the periodicity of change of filters and oil in various 
systems of HHPDMU, their specification and source of supply are summarised below for 
information.  

  
7.1  Periodicity of Filters & Oil change Engine: 
           

S.No Description Periodicity 
1. Lube oil system   
a. Engine lube oil filter     300hrs/ Monthly, whichever is earlier 
b. By-pass filter 300hrs/ Monthly, whichever is earlier 
c. Engine Lube oil 300hrs/ Monthly, whichever is earlier 
2. Fuel system 
a. Fuel filter 300hrs/ Monthly, whichever is earlier 

 
 

7.2 Periodicity of Filters & Oil change  Compressor & Hydraulic system: 
 

Schedule Periodicity  
Description Daily Monthly Quarterly Half -

yearly 
18 months 
 

Cooling System 
Hydraulic oil change - √ @ - √ - 
Filter change - √ @ - √ - 
Compressor      
Filter change    √ * √ 
Oil change    √  

 * If condition warrants. 
 @ Only during first monthly. 
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7.3  Recommended Lubricants for Engine lube oil: 
        

S.No Name of Manufacturer Brand name 
1. Indian Oil Corporation SERVO-PREMIUM CF4 15W40 
2. Hindustan Petroleum Corporation Hylube Milcy Power 
3 Bharat Petroleum Corporation MAKCF4-15W40 
4. Valvoline Cummins Limited Valvoline Power Supreme 15 W40 

 
 
7.4    Recommended Hydraulic oil for cooling system of CIL engine.       

IOC - Servo System – 68    
HP  - Enklo – 68 
BP -  Hydrol – 68  

   
7.5  Cleaning of Hydraulic oil :  
 

The hydraulic oil is required to be periodically cleaned by Centrifuge Cleaning arrangement. 
During oil change and also during top-up, oil should be added through Centrifuge Cleaning 
arrangement so that cleanliness of oil is maintained. 

 
7.6       High speed Diesel: 
 

The high speed diesel oil shall be to IS 1460: 1995 read with Amendment 2 (February’1999) 
 

8.  Recommended oils for coaches of DPC, TC & DTC : 
  
8.1    Dashpot  & side bearer oil 
 
  Supplier      Brand Name 
 

IOC       Servoline  100 
  BPC       Bharat Univol -100   
  HPC       Yantrol - 100 
   
9. General  Instructions : 

 
9.1 The intensive utilisation of the HHPDEMUs necessiates properly laid down maintenance 

schedules to be followed.  A well organised inspection is essential to ensure reliability and 
freedom from failure in service.  

9.2 There are certain fundamental requirements that are important to any successful maintenance 
programme.  These are:- 

 
  .1    Adequate provision of well trained supervisors and skilled  workmen. 
 .2  Adequate provision of proper maintenance facilities and tools. 
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.3    Adequate time for scheduled maintenance work to be completed properly before a 
HHPDEMU is released for  its next trip. 

.4  Provision of lubricating oil, water treatment etc. required to ensure satisfactory engine 
performance. 

.5  A well scheduled maintenance programme including an adequate system of maintenance 
of records.  

.6 While carrying out the work of the schedule, all missing nuts, bolts, set-screws, cotters, 
split pins etc. must be REPLACED as and when found defective.  Split pins and cotters 
once removed should not be used again and new ones must be fitted.  All loose nuts, set 
screws etc. must be tightened.  Wherever cotters or split pins are fitted, they must be of 
the correct size and so fitted that they bear against the nut or washer properly.  Examine 
and ensure that all locking devices, wherever provided, are properly secured.  

.7 All measuring devices such as torque wrenches, electric meters, lubricant dispensers etc. 
which require calibration should be checked  quarterly or sooner, if required, for 
accuracy.  

.8 All tools and parts should be accounted for and removed from the HHPDEMU after any 
maintenance work has been performed.  

.9 All work done including methods and tools used must be in accordance with the 
manufacturers instructions, maintenance manual or any technical orders issued. 

 
.10 Do not mix different brands of greases. Excessive lubrication is as harmful as inadequate 

lubrication.  
.11  Use of waste cotton on HHPDEMU is PROHIBITED.  Use lint less rags or wiping 

towels. Exterior of HHPDEMU is to be washed after each trip.  The underframe and top 
surface of fuel tanks should be cleaned to remove dirt and oil.  Spraying of water directly 
on electrical equipment should be avoided.  Interior of cab, all windows, head/light and 
warning light lenses and interior of the passenger compartment etc., must be thoroughly 
cleaned. 

.12 The fire extinguishers should be refilled and maintained as per the schedule. Under no 
circumstances should any HHPDEMU be allowed to leave the shed without requisite 
number of fire extinguishers in working order. 

.13 DURING ANY SCHEDULE EXAMINATION, ALL THE ITEMS OF THE 
LOWER SCHEDULES SHOULD ALSO BE CARRIED OUT.  
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SCHEDULE OF STANDARD  EXAMINATION OF 1400 HP BG HHPDEMU 
 

(CIL Engine, Brake power, Compressor etc.) 
 

TRIP SCHEDULE  
 
  

DPC/DTC  No:         Cumulative km. 
Date :           Cumulative hrs. 
 
S.No Details of work to be carried out Condition/action Remarks 
A.       CONDITION: DIESEL ENGINE STOPPED   
 
1. Oil & Water filling 

 
Check and top-up if necessary: 
a) Lube oil 
b) Fuel oil 
c) Coolant 
d) Hydraulic  oil 
e) Compressor oil 

  

2.       Drain residue from : 
 
i)   Air reservoirs.  
ii)  Intercooler of compressor.  
iii) After cooler of pneumatic 
      circuit. 

  

3. Engine fuel system 
Drain sediments from water separator. 

  

4. Check and clean fuel tank level gauge.   
5. V-Belts 

 
Check the belts for correct tension and 
serviceability: 
a) Compressor 
b) Water pump. 
c) Hydraulic ventilation fan pump 
drive 
 

  

6. Engine air intake system 
a) Remove and clean dust pan. 
b) Check for complete red band on 
vacuum indicator. Clean outer element 
only with dry compressed air from 
inside to outside.  
Note: Replace outer element after 4/5 
cleanings or as soon as red band 
appears immediately even after 
cleaning.  
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S.No Details of work to be carried out Condition/action Remarks 
7. Clean the following items with dry 

compressed air. 
a) Panel filter (engine room). 
c)  Outer body of engine air intake 
filters. 
 

  

8. Check for red indication on return line 
filter on hydraulic tank. If red, change 
the filter. 

  

9. Check and ensure proper fitment of 
hose securing clamp and hose end 
fittings. 

  

B.   CONDITION : DIESEL ENGINE RUNNING 
9. Mechanical (General examination)  

 
a)  General visual checking to be made
to detect loose, defective, missing or
leaky parts in the following  systems: 

 
i)  Cooling water  
ii)  Lube oil 
iii)  Fuel oil  
iv) Air intake & exhaust 
v) Hydraulic  
vi) Pneumatic 
    

b)   Ensure proper working of all 
gauges. (DPC & DTC) 

  

10. Check and ensure that hydraulic valve 
is fully open. 

  
Check radiator fan Hydraulic oil 
pressure & temperature 

Pressure Temp. 

 Pressure : 150- 180 bar   

11. 

 Temperature : Not more than 70°C   
12. Check operation of compressor to 

ensure that there is no noise and 
vibration. 

  

Check and record:   Idle   1800 rpm 

Engine lube oil pressure: Permissible values; 
*1-2 kg/ cm.2 for idle 
*3-7 kg/ cm.2  for 1800rpm 

  

 Lube oil temp: Should lie between 75°C - 105°C .   

13. 

Cooling water temp : Not more than 95°C   
 
 
 
 
 
 

Report No. MP-Misc-157 (Rev.-0.00) May’ 2004 Page 2 of 10 
 



                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

 
 
S.No Details of work to be carried out Condition/action Remarks 

14. Pneumatic system (DPC ,DTC)    
                                                          
 a)  Time for charging the main air                10 min.  
       reservoir from 0 to 7   
       kg/cm2. 
 b)  MR cut in pressure.                  6 ± 0.1 kg/cm2     
 c)  MR cut out pressure.                         7 ± 0.1 kg/cm2      
 d)  MR safety valve starts                       7.75     kg/cm2 
       blowing off   at.                
  

  

15.     Check  and record the following :       
 

a)         Brake Cylinder Pressure. 
DPC –                                  1.6      kg./cm.2 

                  DTC –                                 3.5      kg./cm.2 
 b)        BP pressure :                      5.0       kg./ cm.2  
 c)        Feed .Pipe Pressure             6.0       kg./ cm.2 

       d)       Parking Brake pressure        3.5       kg./ cm.2  
 

  

16. Functional  Test :  (DPC & DTC) 
 
a)   A9 valve              :    Apply    &  Release 

                                     Satisfactory 
b)  SA9 valve             :        ---do---- 
c)  Guard’s valve        :        ---do--- 
d)  Deadman’s device :         ---do---- 

 

  

17. Check working of wiper   

18. Check working of horn. 
 

  

 Repairs booked by driver   
 1.   
 2.   
 SSE (DEMU)  Name & Sign SUP  Name & 

Sign 
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SCHEDULE OF STANDARD EXAMINATION OF 1400 HP BG HHPDEMU 
 

(CIL Engine, Brake power, Compressor etc.) 
 

MONTHLY SCHEDULE 
 
 
DPC/DTC No.:        Cumulative km. 
Date :                     Cumulative hrs. 
 
Repeat all checks of Trip Schedule  
S.No Details of work to be carried out Condition/action Remarks 

A. CONDITION : DIESEL ENGINE STOPPED  
1. General check : 

Check tightness of foundation/ mounting 
bolts of the following : 

a) Engine, 
b) Radiators, 
c) Compressor 
d) Radiator & Ventilation  fan . 
e) Inlet & Exhaust manifolds. 
 

  

2. Change the following filters (after 300 hrs / 
monthly, whichever is earlier) : 
 

a) Engine lube oil system :- 
            i) Full flow filter 
           ii) By-pass filter      
     b)   Engine fuel filter  

  

  

3. Change Engine Oil (after 300 hrs / monthly, 
whichever is earlier) . 

  

4. Fuel inlet connection screens : 
Check and clean magnetic filter  screens in 
fuel system. 

  

5. Check throttle linkages with hand for 
freeness. 

  

6. Clean and inspect. Replace  if damaged. 
 

a) Crank case breather, 
b) Compressor breather, 
c) Fuel Tank breather, 

      d)   Hyd. Tank breather. 

  
 
 

7.  Coolant : 
Engines provided with Borate base 
coolant(i,e. Coolant Additive Concentrate-
CAC) 

- Check coolant for CAC  with Test strip.  
- Add CAC if value per litre < 0.6.  
-  If coolant colour is pink, pH is within 

limit (8.5to 10.0).  
- If  colourless, add CAC to maintain 

concentration. 
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S.No Details of work to be carried out Condition/action Remarks 
8. i) Hydraulic oil to be checked for water 

contamination by draining sample from the 
bottom plug and see if cloudiness is observed 
in the oil. 
ii) Hydraulic oil & filter to be changed (only 
during first monthly and then during Half-
Yearly schedule) 

  

9. Compressors; 
i) Remove and clean the oil bath air  filter. 
ii) Change oil in oil bath air filter. 
iii) Change crank case oil. 

  

10. Check air piping. Visually inspect hoses, 
pipes for damages/cracks and clamps for 
looseness. 

  

11. Test and refill the fire extinguishers if 
necessary. 

  

  B.  CONDITION : DIESEL ENGINE RUNNING 
12 Cooling water system 

 
 Check that vent pipes in the system are open. 

  

13. Check working of radiator fan: 
Radiator fan RPM should be measured by 
inserting tachometer at fan shaft. 
Side mounted                Min. : 750 
Radiator                        Max. : 1600  
Vent Fan                       Max. : 1200 

  

14.  Check safety valve operation of compressor.  
 (9.0 kg/cm2)                

  

 Repairs booked by driver   
 1.   
 2.   
 SSE (DEMU)  Name & Sign SUP  Name & Sign  
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SCHEDULE OF STANDARD EXAMINATION OF 1400 HP BG HHPDEMU 

 
(CIL Engine, Brake power, Compressor etc) 

 
QUARTERLY SCHEDULE 

 
DPC/DTC No.:        Cumulative km. 
Date :          Cumulative hrs. 

 
Repeat all checks of Trip & Monthly Schedule 
S.No Details of work to be carried out Condition/action Remarks 

CONDITION : DIESEL ENGINE STOPPED  
1. Compressors 

a) Open crankcase door and check all 
connecting rod nuts and bolts. 
b) Remove, dismantle and clean the disc 
valves. Assemble with new  packings. 
c) Clean the intercooler.  

  

2. A-9 & SA-9 brake valves for DPC & DTC. 
 
Lubricate brake valve cams. 

  

3. Pneumatic System : 
 
i) Clean aftercooler externally by blowing 
compressed air.  
ii) Blow down air reservoirs with compressed 
air and clean. 

  

4. Fuel injectors and valves ( only during first 
quarter and then during POH) 
a. Adjust fuel injectors. 
b) Check and ensure valve clearance as : 
 - Inlet       : 0.36 mm 
 - Exhaust : 0.69 mm. 
 Replace Rocker cover gasket & tighten the 
cover capscrew to 45 Nm. 
 

  

5. Check  water pump  for  free rotation.   
A. CONDITION: DIESEL ENGINE RUNNING  
5. Check for leakages in all the systems.   
 Repairs booked by driver   
 1.   
 2.   
 SSE (DEMU)  Name & Sign SUP  Name & Sign  
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

SCHEDULE OF STANDARD EXAMINATION OF 1400 HP BG HHPDEMU 
 

( CIL Engine, Brake, Compressor etc.) 
 

HALF-YEARLY SCHEDULE 
 

DPC/DTC No.:        Cumulative km. 
Date :                Cumulative hrs. 
 
Repeat all checks of Trip, Monthly & Quarterly  Schedule 
S.No Details of work to be carried out Condition/action Remarks 
CONDITION : DIESEL ENGINE  STOPPED  
1. Hydraulic system   
A. Change oil.   
B. Change return line filter element.   
C. Clean and check strainer for external 

damage. Change if necessary. 
  

      CONDITION : DIESEL ENGINE RUNNING  
2. Check for leak-offs from pumps  in the 

hydraulic systems. Remove leak-off hose 
and collect oil in measuring jar for one 
minute. 
i) Radiator pump leak-off :  
Variable Displacement < 6.300 litres/min. 
Fixed Displacement < 5.600 litres/min.  
ii) Vent  pump leak-0ff    < 1.900 

litres/min.   
 

  

3. Check for leakages in the system.   
 REPAIRS BOOKED BY DRIVER AND 

REPEATED BOOKING 
  

 1   
 2   
 3   
 SSE (DMU)'s SIGN. SUP.  SIGN 
 NAME NAME  
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

STANDARD SCHEDULE EXAMINATION OF 1400 HP HHPDEMU 
 

( CIL Engine,  Brake , Compressor etc.) 
 

EIGHTEEN  MONTHLY  SCHEDULE 
 

DPC/DTC No.:                  Cumulative km. 
Date :                     Cumulative hrs. 

 
Repeat all checks of  Trip, Monthly, Quarterly & Half-yearly Schedule  
S.No Details of work to be carried out Condition/action Remarks 

    Air Intake & Exhaust System 
1. Turbocharger 

i) Check  oil leakages through intake & 
exhaust seals. 
ii) Check turbocharger shaft end clearance 
with a dial depth gauge ( value: 0.05mm to 
0.13 mm ).  
iii) Repair the turbo with repair kit.  

  

2. Check for leakage in air intake system, if 
any, rectify the same with necessary parts. 
 

  

3. Replace air cleaner inner & outer filter 
elements 

  

4. Check   vacuum indicators for functioning of 
reset button & external damages and replace 
if necessary 

  

5. Check for leakage from exhaust system, if  
any, rectify the same with necessary parts. 
 

  

6. Check & replace hoses & clamps of air 
intake pipings on condition basis. 

  

7. Check air intake and exhaust piping 
supports. Take corrective action accordingly. 

  

8. Clean the engine room panel filters by dry  
compressed air and replace if necessary. 

  

             Fuel System 
1. Clean water separator assembly.   
2. Replace fuel filter element.   
3. Replace all fuel line hoses.   
4. Calibrate the injectors after replacing the 

cups and O-rings. 
  

5. Calibrate the PT pump by replacing the 
necessary parts need to be changed for 
calibration ( magnetic filter, gasket set, etc.) 
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

S.No Details of work to be carried out Condition/action Remarks 
6. Adjust valve. Check the conditions of push 

rods, adjusting nut & screws, if necessary 
replace. 
 

  

7 Check fuel lines & connections for leakage. 
 

  

8 Check fuel pump linkages. 
 

  

9 Check actuator functioning. 
 

  

10. Clean thoroughly fuel tank with steam and 
detergents and dry the tank with air blast. 
 

  

           Lubricating Oil System 
1. Replace engine oil. 

 
  

2. Replace full flow & bypass filter elements. 
 

  

3. Replace all oil line hoses & clamps. 
 

  

4. Check  external oil leakage from head 
gasket/rocker housing gasket, seals, etc. If 
necessary, replace the same.  
 

  

          Cooling System 
1. Flush cooling water tank. Replenish  with  

CAC and water . 
Replace CR element of system with CAC for 
DPCs having CR element.  
Check for concentration. 

  

2. Replace water pump drive belts. 
 

  

3. Replace all hoses, clamps & coupling O-
Rings of cooling system pipe lines and 
radiator assembly. 
 

  

4. Remove radiator assembly (RMR) from the 
mounting & clean the radiator assembly. 
 

  

5. Check  all radiator Anti Vibration Mountings 
and replace if necessary. 

  

          Hydraulic System 
1. Replace hydraulic oil. Ensure that oil 

cleanliness level is of NAS1638 Class 9 or 
better 

  

2. Replace hydraulic oil return line filter.    
3. Replace vent pump belts.   
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

 
 
S.No Details of work to be carried out Condition/action Remarks 
4. Clean hydraulic system strainer. Check for 

external damage, replace if necessary.  
  

5. Check thermatic  valve operation.   
6. Externally clean & check leak-offs from main 

hydraulic & ventilation pump at rated speed. 
Radiator fan pump  :    
Variable Displacement <  6.300 litres/min. 
Fixed Displacement < 5.600 litres/min.  
Vent fan pump       :   <  1.900  litres/min 

  

 Externally clean & check leak-offs from main 
hydraulic & ventilation motor  at rated speed. 
Radiator fan motor  :   <  2.550 litres/min. 
Vent fan motor        :   <  0. 8  litres/min 

  

7. Externally clean & check  radiator  fan 
operation 

  

8. Externally clean & check vent fan operation   
9. Hoses: 

i) Replace all  hydraulic pressure 
line hoses. 

ii) Replace all  hydraulic leak-off &  
return line hoses on condition 
basis. 

  

10. Clean hydraulic oil cooler externally.   
11. Check & set hydraulic system pressure at  

170 bar 
  

12. Compressor : 
i) Dismantle and overhaul 
ii) Replace worn out parts. 
iii) Replace all ‘O’ rings, gaskets, oil 

seals. 
iv) Assemble and run the compressor 

to evaluate its performance. 

  

13. Brake valves : 
i) Dismantle and overhaul all brake 

valves. 
ii) Replace all ‘O’ rings seals and 

gaskets. 
iii) Assemble and test to evaluate 

their performance. 

  

14. Check Vibration damper, replace if 
necessary.  

  

15. Carry out repairs advised by Shed in Pre-
Shopping report. 

  

       CONDITION : DIESEL ENGINE RUNNING 
16. Carry out the load box test to check the 

performance of engine.  
  

17. Check for the leakages in various systems.     
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Part – II 
 

Schedule for Electric transmission & Controls  
(applicable for BHEL electrics) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

 
 SCHEDULE FOR  STANDARD EXAMINATION OF 1400 hp BG HHPDEMU 

(ELECTRICAL TRANSMISSION & CONTROLS) 
 

TRIP SCHEDULE 
DPC No.         Cumulative kms 
Dated          Cumulative hours 
 
S.No Items to be checked Condition action Remarks 
1 Check following items for unusual sound, high 

temperature and odour. 
  

A Traction motor    
B Traction alternator   
C Aux. Alternator   
D Rectifier blower motor   
E 24 volt battery charging alternator   
2 Check the electronic governor in each notch 

(engine) 
  

A Raise the notch from 1st   to  8th  and check the 
LED indication on LCC / ELCM / 
G&EC. 

  

B Check RPM of engine from the RPM indicator in 
the cab. 
 
1st  notch  – 700,    2nd  notch – 1000 
3rd  notch  – 1200, 4th   notch – 1300 
5th  notch  – 1400, 6th   notch – 1500 
7th  notch  – 1650, 8th   notch –1800 
 

  

3 Check charging rate and voltage of auxiliary 
generator in  each notch. 
Charging voltage should be above  110 volt 

  

4 Record voltage of 24 volt alternator in each notch 
Voltage of 24 volt alternator should be Min – 25 V 
and Max 27 V. 

  

5 Check electrolyte level of batteries. 
Electrolyte level should be maintained up to green 
mark of level indicator fitted on each cell. 

  

6 Stop the engine and blow all electrical 
components with dry compressed air at 3kg/cm2. 

  

7 Clean rectifier box with dry compressed air at 3 
kg/cm2. 

  

8 Check following electrical equipment for loose 
connection and for proper working. 

  

A Switches.   
B Lights   
C MCBs   
D Check working of indication lights on driver panel 

by indication test switches 
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

S.No Items to be checked Condition action Remarks 
9 Check carbon brushes/pig tail, brush holder and 

commutator surface  (record details of flash-over if 
any and clean the commutator) 

  

A 24 volts Alternator   
B   Traction motor   
10  Check Plain  suspension bearing – on 4303 CZ 

motors 
  

A Use standard dipstick. Add oil as required.     
B In case of over heating or discolouration of oil, 

take out felt wick carrier and examine the bearing 
  

C Check condition of nose cap bolts for any 
slackness 

  

11 Check roller suspension bearing –  on 4303 DY 
motors 

  

A Feel the bearing temperature by hand   
B Check for loose or missing bolts   
C Check for missing bolts   
D Check for missing or damaged grease nipple   
12 Check  T/M gear case   
A Check if any gear case bolt is slack or missing   
B Add Cardium compound in gear cases (capacity 

3.4kg Max.) 
  

13 Check proper securing of trainline couplers   
14 Check for proper working of fans and lights   
15 Start engine and check the following :   
A Operation of self starter (local and remote)   
B Drivers and guards key switches.   
C Proper working of relays and their sequence.   
D Ensure resetting of relays electrically from cab.   
E  Power Contactors and Reversor contactors: 

Check leakage of air 
  

F Check working of load meter(LAM) at Ist notch 
from both DPC and DTC. 
LAM value at 1st  notch (300-800amp) 

  

16 Check the following safety items:   
A Pull passenger  alarm chain 

 
a. DPC 
b. TC 
c. DTC 

Buzzer should sound  in the Driver’s cab.  
 
 

  

B Guard & Driver communication 
On pressing the buzzer button in one cabin, the 
Light should glow and buzzer should sound in 
other cabin. 

  

C Emergency bell   
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

S.No Items to be checked Condition action Remarks 
D Signal bell   
E Headlight, flasher lights, tail lamps, emergency  

headlights. 
  

17 Check V belts for correct tension and 
serviceability. 

  

A Aux. alternator (110 volts).   
B Aux. alternator (24 volts).   
18 Repairs booked by driver   
 1   
 2   
 3   
 4   
 SSE (DEMU)'s SIGN. ELECT. SUP.   
 NAME NAME  
 DATE DATE  
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

SCHEDULE FOR  STANDARD EXAMINATION OF 1400 hp (HHP) BG DEMU 
(ELECTRICAL TRANSMISSION & CONTROLS) 

 
MONTHLY SCHEDULE 

 
DPC No.         Cumulative kms 
Dated          Cumulative hours 
 
S.No. Items to be checked Condition action Remarks 
1 Carry out  all Trip Schedule  items.   
2 Check IR values. Ensure minimum 1 mega ohm   
A Power to Ground   
B Power to Control    
C control to Ground   
3 Check and record traction alternator  no load 

voltage (NLV) 
  

A Measure between 1711/1713 & 1712 terminals 
(of LCC/ELCM) by AC voltmeter  
At 1st  notch voltage should be 210 Volts 
At 8th  notch voltage should be  900 volts 

  

4 Master controller   
A Open the cover and clean the master controller.   
B Check and ensure that none of the cams is 

damaged or cracked. 
  

C Check and ensure proper operation of the 
contactors and interlocks. 

  

D Clean the cams and contactors.   
E Check visually connections for tightness.   
F Check and ensure proper working of Deadman's 

application device. 
  

G Lubricate with light machine oil all bush 
bearings, hinges and rollers (wipe out the 
excessive oil) 

  

5 MAIN RECTIFIER   
A Open the rectifier box cover and clean with 

compressed air of 3kg/cm2 and observe whether 
any abnormality like heating mark etc. is there. 

  

B Check up all fixing bolts and nuts.   
C Check up tightness of connections.   
D Clean diodes with brush.   
E Check for any abnormality in the connection and 

ensure there are no loose, broken or punctured 
leads. 
 

  

F Check connections and micro switches of fuse 
trip indicator 

  

G Clean filters of cooling duct   
6 AUXILIARY RECTIFIER CUM REGULATOR   
 Open the rectifier box cover and clean the 

rectifier with compressed air of 3kg/cm2 and look 
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

S.No. Items to be checked Condition action Remarks 
for any abnormality like heating etc. 

7 ITEMS TO BE CHECKED AFTER SHUTTING 
DOWN THE ENGINE 

  

7.1 Blow out main and aux. alternator with dry 
compressed air; of 3 kg/cm² , Open cover and 
tighten loose connections. 

  

7.2 TRACTION MOTOR   
A Blow out with dry compressed air of 3 kg/cm² , 

inspect brushes,  brush holder and  commutator. 
clean and check connections. 

  

B Check the condition of covers, cables, clamps 
support chain etc. 

  

C Check the commutator  for flash marks, crushed 
segments, grove fusion and creep. Check the 
armature glass band, whether intact or not 

  

D Check the condition of insulator and brush 
holder. 

  

E Clean the wire-mesh and check the condition of 
bellows. 

  

F Check and ensure that brush springs function 
properly. 

  

G Check the condition of carbon brushes and look 
for any cracked or damaged pigtails. 

  

7.3 RECTIFIER FAN BLOWER MOTOR   
A Check that there are no abnormal vibration, 

noise or false indication  
  

B Check the wiring and connection of motors and 
air pressure switches. 

  

7.4 RELAY BOX   
A Clean all relays and their covers properly.   
B Check and tighten , fastening nuts and bolts.   
C Operate the relay by hand and ensure proper 

operation. 
  

D Test check ground relay and overload relay 
(Earth fault and over-current) 

  

E Clean contacts of all relays   
7.5 CONTACTOR BOX   
A Clean the contactors with brush.   
B Clean the arc chute.   
C Examine the arc chute for any damage due to 

excessive arcing. 
  

D Check and ensure that there are no loose nuts 
or bolts 

  

E Check for free movement of the moving contact 
and its carriers 

  

F Examine the condition of contact surface for 
abnormal wear or pitting. If the contact tip has 
become rough, grind it with fine polish paper 
and make the surface smooth so that tips are in 
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

S.No. Items to be checked Condition action Remarks 
good contact condition. 
 

G Check the springs for any breakage; also check 
the latch mechanism. 

  

7.6 Check 24 volts alternator output which should 
be min-25 V & max –27 V. If varies  attend and 
overhaul if necessary 

  

7.7 BATTERIES   
A Clean batteries, battery boxes, tighten the 

terminal lugs and apply petroleum jelly on all 
terminals.   

  

 Ensure that the plugs are clean   
 Check and record specific gravity 

Specific gravity should be (1200-1240) 
  

 Check electrolyte level &to be maintained up to 
green mark of indicator 

  

 Check if any battery is having reverse polarity   
 Check and record battery voltage. 

Should be min -1.8 V, max -2.2 V 
  

8 SAFETY DEVICES   
A Ensure that oil pr. switch is in proper working 

order 
Setting of OPS at 12 PSI  

  

B Ensure proper working of hot water temp. Safety 
device. 
ETS-1 should pick-up at  91ºc and should  drop-
out at 87º c. LED indication should come on 
indication panel & buzzer should sound. 
 ETS –2 should pick up at 96º C and drop out at 
91 º C. LED indication should come , buzzer 
should sound and excitation should cut off. 

  

C Ensure  proper working of low cooling water 
level safety device. 
On pickup engine should shut down along with  
LED indication and buzzer should sound  

  

D Ensure proper working of engine overspeed 
safety device.  
Raise engine RPM by pressing governor plunger. 
Engine should shutdown  at 1980 RPM along 
with LED indication and buzzer should sound. 

  

E Check  proper working of  all interlocks of the 
cab 

  

 Repairs booked by driver   
 1   
 2   
 3   
 4   
 SSE (DEMU)'s SIGN. ELECT. SUP.   
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

SCHEDULE FOR  STANDARD EXAMINATION OF 1400 hp (HHP) BG DEMU 
(ELECTRICAL TRANSMISSION & CONTROLS) 

 
QUARTERLY SCHEDULE 

 
DPC No.         Cumulative kms  
Dated          Cumulative hours 
 
S. 
No. 

Item to be checked Condition/ 
action 

Remarks 

1 Repeat all items of  trip & monthly schedules   
2 Check tightness of main and aux. alternator. 

foundation bolts.  If found  loose, tighten 
  

3 Check MPU resistance and voltage 
Internal resistance should be 50 –300 ohms & 
minimum voltage should be 1.5 volts AC (RMS) at 
150 RPM and 10 V AC at 1800 RPM. 

  

4 Check connection of the following 
(a) LCC / ELCM / G&EC,        
(b) Starter,  
(c) 24V Alternator, 
(d) All Terminal boards and junction boxes 

  

5 Check the tightness of Rectifier Blower locking nut 
and junction box connections 

  

6 Check the condition of exciter output leads   
7 Measure Exciter air gap   
8 Suspension bearing   
8.1 Check roller suspension bearing –  on 4303 DY 

motors 
  

A Feel the bearing temperature by hand   
B Check for loose or missing bolts   
C Check for missing bolts   
D Check for missing or damaged grease nipple   
E  Check for cracked suspension tube   
F Check for loose enclosure   
8.2 Sleeve Suspension bearing   
A Remove and clean Suspension bearing wick pads 

– on 4303 CZ motors  
  

B Check radial clearances by  a feeler gauge, which 
is long enough( 270 mm).  
Min  : 0.8246 mm  and  Max : 2.9 mm 

  

C Check lateral clearance.  Use feeler gauge and 
measure clearance between bearing flange and 
wheel hub. 
Min  : 1 mm and  Max : 2.5 mm at each side 

  

9 Check operation of bells   
 Repairs booked by driver   
 1   
 2   
 SSE (DEMU)'s SIGN. ELECT. SUP.   
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

SCHEDULE FOR  STANDARD EXAMINATION OF 1400 hp (HHP) BG DEMU 
(ELECTRICAL TRANSMISSION & CONTROLS) 

HALF - YEARLY SCHEDULE 
 
DPC No.         Cumulative kms 
Dated          Cumulative hours 

 
S.No. Item to be checked Condition/ 

Action 
Remarks 

1 Repeat all items of trip, monthly & quarterly 
schedules. 

  

2 Check in situ 
(a) HWT Safety control 
(b) Signal/Alarm bell  

  

3 Remove and overhaul the following 
(a) Starter 
(b) 24 V Alternator 
(c) Oil safety control (OPS) 
(d) Rectifier blower and blower motor 

  

4 Conduct Load Box test **   
A On 8th notch, input to  the  alternator (excluding 

auxiliaries) should be 1317 HP. At least three 
different readings  corresponding to Max. voltage 
limit, Max. current limit and constant HP curve 
should be recorded. Voltage and current values 
should be verified with VI curve of Alternator**  

  

B ELCM / G&EC characteristics ** 
Check LCC characteristics *** 

  

 Repairs booked by driver   
 1   
 2   
 SSE (DEMU)'s SIGN. ELECT. SUP.   
 
Note: Hly Schedule be conducted after six months and repeated again after twelve months of 

commissioning/POH. 
 

** For BHEL Electrics refer BHEL manual  : Maintenance manual for Broad Gauge High HP 
(1400 HP) Diesel Electric Multiple Units (Electrical Equipment).  

** For CGL Electrics refer CGL manual : Operation & Maintenance manual of Electrical 
Equipment for High Horsepower Diesel Electric Multiple Units (AC/DC System). 

 ***  For LCC refer :Product Information Bulletin PIB 1097 of User Manual for D 2000 of CIL 
 

For electrics other than  BHEL and CGL make ,  refer respective manufacturer’s  maintenance 
manuals. 
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

SCHEDULE FOR  STANDARD EXAMINATION OF 1400 hp (HHP) BG DEMU 
(ELECTRICAL TRANSMISSION & CONTROLS) 

 
POH EXAMINATION  

 
DPC No.         Cumulative kms 
Dated          Cumulative hours 

 
S.N Item to be checked Condition/ Action Remarks 

1 Remove from loco, over haul, test on test bench 
and fit back on the DEMU 
 

  

A Traction motors   
B Relays   
C Contactors   
D LCC/ELCM / G&EC   
E Voltage regulator   
F All safety devices (low water, low l/oil pressure, 

water temperature, OST) 
  

G Load meter, Volt meter   
2 Check all electrical equipment for high 

temperature, unusual sound and odour, including 
alternator, aux. alternator, 24 V alternator traction 
motor and starter motor,  

  

3 Main alternator 
a. Clean main alternator with dry air for removal 

of dust and dirt.  
b. Torque foundation bolts.   
c. Measure IR. 
d. Check belts for proper tension and healthy 

operation 
 
Note: Alternator should be over hauled during 
alternate POH. 

 

  

4 Batteries   
 a. Remove and recharge   
 b. Clean and paint battery boxes   
5 Miscellaneous 

a. Blow out electrical wiring panel and remove 
dust and dirt with dry air 

b. Check all switches and push buttons for 
proper working 

c. Check all circuit breakers for ‘ON’ and ‘OFF’ 
operations 

d. Clean throttle tips and check for proper 
operation. 

e. Check all gauges for proper working and  
readings to be noted down on idle as well as on 
8th notch. 
f. Blow out switch gear box and rectifier box 
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                                                               SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG HHPDEMU 

S.N Item to be checked Condition/ Action Remarks 
and clean all contactor tips.  

g. Check rectifier blower motor and its carbon 
brushes 

h. Disconnect traction motor connections and 
remove inspection covers; change all carbon 
brushes  
• Measure IR value 
• Clean the commutator  
• Complete traction motor connections and 

secure all cables with proper cleating. 
i. Examine LCC / ELCM connections and check 

speed and load control as well as constant 
output and constant speed at each notch 

6 Carry out all lower schedules, i.e., Monthly, 
Quarterly and Half-yearly items 

  

 REPAIRS ADVISED BY DIESEL SHED IN PRE-
SHOPPING REPORT.  

  

 1   
 2   
 3   
 4   
 5   
 SSE (DEMU)'s SIGN. ELECT. SUP.   
 NAME NAME  
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Schedule of Coach body, Under frame, Bogie, 

Brake rigging etc.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 



                                                              SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG DEMU 

SCHEDULE OF STANDARD EXAMINATION OF 1400 hp BG DEMU  
 

(Coach body, Under frame, Bogie, Brake, Brake rigging etc.) 
 

Primary Examination 
(On rake) 

 
DPC/TC/DTC No.:                   Cumulative km. 
Date :           Cumulative hrs. 
            
No. Details of work to be carried out Condition/Action Sign. Remarks 

1.0 Coach 
1.1 Coach should be washed both from outside and 

inside. 
   

2.0 Shell  
2.1 Visually check body panels/end walls for 

damages. 
   

2.2 Visually inspect destination boards brackets.    
2.3 Visually inspect window bars for 

damage/missing. 
   

2.4 Examine body side doors for working/damages.    
2.5 Inspect door handles for damages/missing.    
2.6 Inspect vestibule and its Rubber fittings for 

damages/missing, repair if necessary. 
   

2.7 Visually check vestibule fall plate, mounting 
brackets, pins and lock lever for ease of 
operation, damages/deficiency. 

   

3.0 Under frame 
3.1 Visually examine centre pivot mounting bolts 

and attend if needed. 
 

3.2 Check condition of head stock/sole bar.    
3.3 Visually inspect centre pivot cover.    
4.0 Bogie  
4.1 Bogie frame    
4.1.1 Examine visually the condition of bogie side 

frame, transom, longitudinal, bolster etc. at all 
welded locations. 

   

4.1.2 Examine rubber stopper/stop screw of axle box 
crown for damage/missing/loose. 

   

4.1.3 Inspect axle box safety straps/loops for 
damage/broken/missing. 

   

4.1.4 Brake hanger brackets for damages.    
4.1.5 Inspect safety brackets for brake hanger pins.    
4.1.6 Examine visually anchor link bracket of TC.    
4.2 Primary Suspension    
4.2.1 Visually examine axle box springs for breakage.    
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                                                              SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG DEMU 

No. Details of work to be carried out Condition/Action Sign. Remarks 
4.2.2 Visually examine dashpot oil filling special 

screw for deficiency. 
   

4.2.3 Check oil leakages in dashpot through defective 
seals/vent screws. 

   

4.2.4 Visually examine axle box clearance.    
4.3 Secondary Air Suspension    
4.3.1 Visually check general condition of air spring for 

external damages, air leakage and infringement 
of any fitting etc. 

   

4.3.2 Drain 150-liter air reservoir of air spring.    
4.3.3 Drain 20-liter air reservoir of air spring.    
4.3.4 Visually check anchor links of TC.    
4.3.5 Visually examine the anchor link securing bolts 

and attend if needed of TC. 
   

4.3.6 Visually examine connecting stay.    
4.3.7 Examine vertical/lateral shock absorbers for 

damages. 
   

4.4 Brake rigging    
4.4.1 Check brake gear and adjust so that the piston 

stroke is within the limit. 
   

4.4.2 Examine brake beams breakages/damages.    
4.4.3 Check and attend brake beam safety wire 

ropes/safety straps. 
   

4.4.4 Check and attend brake shoe head and key and 
replace if necessary. 

   

4.4.5 Check and replace worn brake blocks.    
4.4.6 Visually inspect brake hangers, brake gear pins 

and cotters/split pins and replace if necessary. 
   

4.4.7 Visually inspected damaged/missing brake gear 
bushes and replace if necessary. 

   

4.4.8 Examine lever hanger pins.    
5.0 Brake System 
5.1 Air brake system    
5.1.1 Conduct brake test as per rake test and attend 

leakages and defective components if any. 
   

5.1.2 Visually inspect for damage on brake pipe, feed 
pipe and hose coupling. 

   

5.1.3 Visually inspect suspension bracket for air brake 
equipment and anti pilferage device for any 
defect and rectify. 

   

5.1.4 Check passenger alarm by pulling the chain with 
spring balance with 6.4kg to 10kg force. 

   

5.1.5 Carry out manual brake release test to ensure 
proper function of release lever. 

   

5.1.6 Check and adjust brake gear to achieve correct 
piston stroke. 
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                                                              SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG DEMU 

No. Details of work to be carried out Condition/Action Sign. Remarks 
5.1.7 Service application & release test of every 

coach of the rake to ensure full brake power. 
   

5.1.8 Carry out guard van valve test to ensure proper 
functioning of guard van valve. 

   

5.2 EP brake system    
5.2.1 Conduct brake test as per rake test and attend 

leakages and defective components if any. 
   

5.2.2 Visually inspect for damage on brake pipe, feed 
pipe and hose coupling. 

   

5.2.3 Visually inspect suspension bracket for air brake 
equipment and anti pilferage device for any 
defect and rectify. 

   

5.2.4 Check passenger alarm by pulling the chain with 
spring balance with 6.4kg to 10kg force. 

   

5.2.5 Carry out manual brake release test to ensure 
proper function of release lever. 

   

5.2.6 Check and adjust brake gear to achieve correct 
piston stroke. 

   

5.2.7 Check service application & release of brakes 
under EP, auto & emergency mode through 
brake controller. 

   

5.2.8 Carry out guard van valve test to ensure proper 
functioning of guard van valve. 

   

5.3 Parking Brake System    
5.3.1 Check that the parking brakes are applied & 

released properly. 
   

5.3.2 Check the functions of indicators for parking 
brakes. 

   

6.0 Schaku Coupler    
6.1 Check for physical damage/missing 

components. 
   

6.2 Examine rubber pads for damages.    
6.3 Check for slackness between two coupled 

couplers, which should not be more than 4mm 
or 2mm in case of individual coupler and to be 
checked with coupler play inspection gauge. 

   

7.0 Buffing Gear    
7.1 Visually examine buffer plungers for 

damage/drooping/stroke length. 
   

7.2 Examine buffer mounting bolts and attend if 
necessary. 

   

7.3 Examine visually buffer casing for 
cracks/damages. 

   

8.0 Running gear 
8.1 Examine visually axle box for grease oozing 

out, warm box if any. 
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No. Details of work to be carried out Condition/Action Sign. Remarks 
8.2 Visually examine wheel tyre profile and 

thickness of tyre and check with tyre profile 
gauge if they appear to be near condemning 
limit. 

   

8.3 Visually inspect axle box covers.    
8.4 Inspect wheel tread for shattered rim, spread 

rim, shelled tread, thermal cracks, heat checks. 
   

9.0 Seats   

9.1 Oil or head stain and dirty spots if any should 
be cleaned with mild soap solutions and wipe 
dry. 

   

9.2 Seats and frames should be cleaned.    
10.0 Doors 
10.1 Examine doors for proper functioning and 

securing with hinge pivots.  Doors should not 
graze with floor or door sill plates. 

   

10.2 Examine door locks, latches firmly secured with 
correct sized screws and properly/smoothly 
engaging in their slot.  The tongue of gravity 
type latch should be in proper alignment with its 
slot plate. 

   

10.3 Visually examine window shutters for smooth 
working and proper locking. 

   

10.4 Examine visually rolling shutters/sliding doors 
of vestibule for smooth working. 

   

10.5 Examine visually operation of sliding door for 
smooth operation. 

   

11.0 Windows 
11.1 Check window-balancing mechanism for proper 

function. 
   

11.2 Examine window safety catches for proper 
engagement in their slots. 

   

11.3 Window bars should be provided and fixed in 
prescribed manner and replaced if damaged. 

   

11.4 Check the availability of emergency exits in 
coaches.  Examine and attend if necessary. 

   

12.0 Interior fittings 
12.1 Examine laminated panels and mouldings for 

damage/cracks. 
   

12.2 Visually inspect amenity fittings, replace if 
found damaged/deficient. 

   

12.3 Examine ventilation grills for damages.    
12.4 Examine luggage racks/bunks for breakage.    
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                                                              SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG DEMU 

SCHEDULE OF STANDARD EXAMINATION OF 1400 hp BG DEMU   
 

(Coach body, Under frame, Bogie, Brake, Brake rigging etc.) 
 

MONTHLY SCHEDULE-`A’  
(On rake at nominated primary depot. ) 

 
DPC/TC/DTC No.:                   Cumulative km. 
Date :           Cumulative hrs. 
          
S No. Details of work to be carried out Condition/Action Sign. Remarks 

1.0 Repeat all items of Primary Schedule 
2.0 Coach 
2.1 Disinfect and spray insecticide at corner and 

crevices of coaches after washing all coaches. 
   

2.2 Intensive cleaning of coach    
3.0 Bogie  
3.1 Bogie frame    

3.1.1 Examine oil level in side bearer oil-bath and oil-
filling cap replenish oil if needed. 

   

3.2 Primary Suspension    
3.2.1 Add specified grade of oil in dashpot.    
3.3 Secondary Air Suspension    
3.3.1 Checking of installation lever with inflated air 

spring for normal function, tightening of 
installation lever nuts, protection screen nuts, 
tightening of brackets of all flexible hoses. 

   

3.3.2 Cleaning of air filter of 150 liter reservoir.    
3.3.3 Cleaning of leveling valve filter.    
3.4 Brake rigging    
3.4.1 Check and attend brake block adjuster.    
3.4.2 Examine and attend brake levers.    

3.4.3 Examine and attend floating lever suspension 
brackets. 

   

4.0 Air Drier    
4.1 Check fortnightly the condition of air drier fuse & 

humidity indicators. 
   

4.2 Check for proper purging, cycling, automatic 
draining, external leakage and proper 
functioning of pressure switch. 

   

5.0 Seats     
5.1 Disinfect the seats and frames.    
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SCHEDULE OF STANDARD EXAMINATION OF 1400 hp BG DEMU   
 

(Coach body, Under frame, Bogie, Brake, Brake rigging etc.) 
 

QUARTERLY SCHEDULE-`B’  
(On rake at nominated primary depot. ) 

 
DPC/TC/DTC No.:                   Cumulative km. 
Date :           Cumulative hrs. 
          
S No. Details of work to be carried out Condition/Action Sign. Remarks 

1.0 Repeat all items of Monthly Schedule 
2.0 Under frame 

2.1 Examine trough floor, turn under and other under 
frame members from underneath for corrosion. 

   

3.0 Secondary Air Suspension  
3.1 Checking of air spring, bulging of bellow, air 

leakage. 
   

3.2 Checking of air suspension pipe leakage by 
using soap water. 

   

3.3 Removing dust, mud & oil deposit if any, on air 
spring & control equipment. 

   

3.4 Thorough checking of lower spring beam for any 
crack and deformation. 

   

3.5 Tightening of air spring bottom plate bolts and 
nuts. 

   

3.6 Measurement of bogie clearances related to air 
springs. 
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SCHEDULE OF STANDARD EXAMINATION OF 1400 hp BG DEMU  
 

(Coach body, Under frame, Bogie, Brake, Brake rigging etc.) 
 

Six Monthly Schedule-`C’ 
(Sick line at nominated primary depot.) 

 
DPC/TC/DTC No.:                   Cumulative km. 
Date :           Cumulative hrs. 
          
No. Details of work to be carried out Condition/Action Sign. Remarks 

1.0 Repeat all items of Quarterly Schedule 
2.0 Shell  
2.1 Thoroughly clean and remove dust, rust 

accumulated at pillars through turn under holes 
with coir brush and compress air.  

   

2.2 Examine for corrosion of sole bar and other under 
frame members with torch light or inspection 
lamp. 

   

2.3 Touch up damaged paint both inside and outside.    
2.4 Check roof ventilator for damages.    
3.0 Bogie  
3.1 Bogie frame    
    .1 Examine condition of wearing piece and wearing 

plate. 
   

3.2 Primary Suspension    
    .1 Check and attend axle guide assembly if 

necessary. 
   

  .2 Check axle box clearance with gauge.    
3.3 Bogie to be run out if found necessary during this schedule and following should be 

done: 
    .1 Examine and replace all the brake gear 

components found deficient/worn out. 
   

    .2 Examine and replace primary and secondary 
suspension components as required. 

   

    .3 Examine wheel profile and thickness and gauge if 
in case they appear to be near condemning limit. 

   

4.0 Brake System 
4.1 Single car testing of the coach.    
5.0 Buffing gear 
5.1 Ensure the length is within 584-635mm.    
5.2 Inspect buffer plunger false plate for wear and 

profile. 
   

6.0 Running gear 
6.1 Check with wheel distance gauge for loose or 

tight wheel. 
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                                                              SCHEDULE OF STANDARD  EXAMINATION OF 1400 hp BG DEMU 

No. Details of work to be carried out Condition/Action Sign. Remarks 
7.0 Air Drier    
7.1 Clean mufflers    
7.2 The followings to be checked once in a year 
    .1 Regenerative orifice operation, condition of 

Precoalescing, Desiecant and Final filter (replace 
if contamited), clean purge valve, clean auto 
drain valve, replace mufflers and proper 
functioning of Timer Circuit Board. 

   

8.0 Flooring 
8.1 Inspect and attend torn/damaged/cracked  

flooring. 
   

8.2 Examine and attend opened joints.    
8.3 Examine Drain holes in trough floor for 

accumulation of water due to clogging if noticed, 
inspect affected area for corrosion. 

   

8.4 Clean sliding door guide rail pocket.    
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SCHEDULE OF STANDARD EXAMINATION OF 1400 hp BG DEMU   
 

(Coach body, Under frame, Bogie, Brake, Brake rigging etc.) 
 

Periodical Overhaul (18 months)  
DPC/TC/DTC No.                   Cumulative km. 
Date:           Cumulative hrs.  
 
No.       Details of work to be carried out Condition/Action Sign. Remark 
 The following sequence of work should be 

generally followed during POH of coach: 
   

1. Verification of deficiencies.    
2. Pre-inspection and Lifting of coach body     
3. Stripping     
4. Body repair.    
5. Repair of internal panels    
6. Fitment of shutters    
7. Fitment of doors    
8. Fitment of seats     
9. Repair, maintenance & fitment of CBC and 

Side Buffers 
   

10. Painting and finishing    
11. Repair and maintenance of bogie    
12. Repair and maintenance of brake system    
13. Repair and maintenance of rolling gear    
14. Lowering of coach body on bogies.    
15. Brake Testing     
16. Testing of branch wiring    
17. Testing of electrical equipment    
18. Final Inspection  & Dispatch     

 
NOTE: POH of the coaches is to be done as per the details given in the followings:- 
 

i) Maintenance manual for BG coaches of ICF design (2002) issued by IRCAMTECH, Gwalior.  
ii) Maintenance Manual for AC/DC EMU & MEMU Bogie and under gear Manual No.    CMI-

K001 (April, 2000) issued by RDSO, LKO. 
iii) Repair and maintain air spring as per Annexure `B' of CMI-9802 (Rev. 1) of Maintenance 

Instructions on Air Suspension for EMU/DMU coaches issued by RDSO, LKO. 
iv) Complete overhauling of Air drier in alternate POH starting from 2nd POH including renewal 

of all rubber parts, precoalescer kit and final filter kit as per the maintenance instructions of 
the supplier. 

v) Schaku Couplers & EP Brake to be maintained as per the maintenance instructions of the 
supplier. 
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Maintenance Manual for 1400 HPDEMU 
 

 
Annexure 

 

 
INFRASTRUCTURAL FACILITIES FOR DEMU CAR SHED 

RDSO has issued following documents for infrastructural facilities of DEMU car 

shed-  

1. Guide for layout of DEMU car shed  

(CMI No. RDSO/2008/CG/CMI-05  issued on Nov. 2008 

2. Layout of DMU car shed (Drg. No. CG – K  8209 

The salient features of the above documents are as follows:- 

i) Location 

ii) Yard Layout 

iii) Maintenance shed 

iv) Heavy Repair  bay 

v) Running / light Repair bay 

vi) Shed Lighting 

vii) Yard Lighting 

viii) Fuel supplies 

ix) Washing facilities 

x) Store 

xi) Pit wheel lathe 

xii) Facilities for coach body Repair 

xiii) Shed offices 

xiv) Fire fighting equipment  

xv) Radiator water 

xvi) Compressed Air 

xvii) Lubricating oils 

xviii) Drainage 

xix) Flooring 

xx) M&P items 

 

A copy of the repot No. RDSO/2008/CG/CMI-05 is enclosed herewith.  
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C O N T E N T S 

 
 
 
Clause. No. C O N T E N T S Page No. 

1.  Introduction 3 
2.  Location 4 
3.  Yard Layout 5 
4.  Maintenance Shed 5 
5.  Heavy Repair Bay 6 
6.  Running/ Light Repair Bay 10 
7.  Shed Lighting 11 
8.  Yard Lighting 12 
9.  Fuel Supplies 12 
10.  Washing 14 
11.  Stores 15 
12.  Pit Wheel Lathe  16 
13.  Facilities for coach body repair 16 
14.  Shed Offices 16 
15.  Toilets and Wash Room 17 
16.  Fire Fighting Equipment, First Aid & Safety 17 
17.  Radiator Water 17 
18.  Compressed Air 18 
19.  Lubricating Oils 18 
20.  Miscellaneous 19 
21.  Drainage 19 
22.  Shop Flooring 20 
23.  Environment 20 
24.  M & P Items 20 
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Guide for Layout of DMU Car Shed 
 
 

1. Introduction: 
 
1.1 Diesel Multiple Unit (DMU) has been developed to provide fast and efficient means of 

transport for short and medium distance intercity traffic. DMU plies between important 
population centers; a number of lines can be served by basing a few such units at a 
junction station. The scales of maintenance facilities to be provided will largely 
depend on holding. Concept of mother shop / shed and base depots may, therefore, 
have to be adopted. An existing shop, shed could be nominated as a mother unit for a 
base depot or a number of base depots. The requirement of facilities at the depots 
will depend on how these are linked to mother shop / shed. 

 
1.2 The mother shop / shed may act as feeding unit for the following assemblies/sub-

assemblies and other major spares to the base depots which will be for only day-to-
day attention. 

 
1. Power pack equipment i.e. engine and transmission 
2. Electrical machines like traction generator/alternator and traction motors 
3. Auxiliaries 
4. Fuel pump and injectors – overhauling and calibration 
5. Brake equipments 
6. Electrical equipments like relays, contactors etc. 
7. Wheel sets 

  
1.3 Based on the above concept, the guide “Guide to the Layout of DMU Car Shed” had 

been prepared by RDSO and issued vide letter no. MC/RLC/D dated 23.12.1997. It 
was basically drawn for maintenance of 3/6 car consist, 700 hp DEMU. However, for 
hydraulic transmission certain addition to equipment facilities may be required. 

 
Since then many developments have taken place keeping in view the traffic 
requirements. 8 car consist, 1400 hp DEMUs had been developed to give faster 
service for suburban areas where traffic density is high. 10 car consist 1600 hp 
DEMU are being developed to provide higher carrying capacity and better 
acceleration. This manual has been upgraded to be made applicable for all above 
DEMUs with electrical type transmission units. The introduction of state-of- the art 
maintenance shed by DMRC for maintenance of Metro coaches and recently set up 
shed at Hubli for maintenance of high hp DE locomotives and modern Automatic 
washing plant at Madgaon for cleaning of coaches and also upcoming DEMU car 
shed at Badgam (Srinagar) have also been considered while upgrading the shed 
layout. 

 
1.4 The main features of the Guide are as under: 
 

a) Location  
b) Yard Layout  
c) Maintenance shed  
d) Heavy repair bays  
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e) Light/Running repair bays  
f) Shed & Yard Lighting  
g) Manual / Auto coach washing  
h) Storage facilities of tools, oils and consumable items.  
i) Facilities for coach repair  
j) Automatic bogie washing  
k) Traction Motor washing & repair  
l) Machinery & Plant  
m) Environmental Protection 

 
2. Location: 
 
2.1 The Diesel Multiple Unit car shed can be an extension to an existing DMU shed or a 

new creation. Depending on site conditions, the shed layout may be suitably altered 
as per proposed conceptual layout arrangement shown in the Key plan of attached 
drawing No. CG-K8209 Design of all facilities needs to be based on optimizing the 
handling and maintenance time for a rake/coach in the shed. All M&P, tools should be 
modern, reliable and strategically located.  

 
2.2 The entry and exit to the shed premises should have a direct connection to the 

station, so that the DMU does not suffer terminal detention. However, the connectivity 
shall be based on: 

 
a) A shunting neck may be provided within the shed premises for moving between 

the washing, stabling, and maintenance lines, load box and wheel lathe lines.  
b)  Provision of Double entry shall ensure non-blocking movements.  
c) A by-pass line to the shed will be preferable. 

 
2.3 The shed should have a road approach for the use of shed staff as also for getting 

supplies of fuel oil, lubricants and other stores by road. 
 
2.4 The Diesel Multiple Unit car Shed should comprise four major units viz., washing 

lines, running & light repair lines, Heavy repair lines and stabling lines. The 
automated / manual washing lines, where washing and cleaning of the coaches both 
interior and exterior, will be undertaken, should be isolated from the running and light 
repair and heavy repair shed to avoid contamination with the effluents from the 
washing lines. The DMUs normally may not be required for night services. Therefore, 
it is likely that most of the units will be available in shed between the period 22 hours 
and 5 hours. However, in certain areas like JUC, DMUs are operative between 0315 
hrs and 2355 hrs. In such cases, the stabling line requirement may be planned 
accordingly. These should be well protected and should preferably be inside the 
shed. Some portion of the stabling facilities can be at the other terminating end of the 
route served by DMU. 

 
2.5 The open spaces should be liberally developed with greenery through landscaping 

and plantation of flowers, trees etc. to create a healthy & pollution free atmosphere. A 
high standard of cleanliness is required all over the premises. 
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3. Yard Layout: 
 
3.1 The yard shall be laid out in such a manner that DMU coming in should first be 

washed/swept and fuelled. Radiator water topping should also be possible at this 
location. 

 
3.2 A boundary wall 2 m high with a double barbed fencing on the top should be provided 

around the yard. This should have gates for entry and exit of DMUs. At the main gate 
shed should have time office and RPF post.  

 
3.3 The ‘IN’ and ‘OUT’ paths provided to and from the shed should be located in 

consultation with the associate Traffic/Engineering department, but care should be 
taken that terminal detention is minimized.  

 
3.4 A typical layout of the yard and the various premises is given in the attached drawing 

No. CG-K8209. 
 
4. Maintenance Shed: 
 
4.1 The maintenance shed should be divided into two portions; one for routine servicing / 

running repair and the other for major and heavy repair.  Level concrete pathway for 
crossing over from one bay to other shall be provided for easy movement of staff and 
material. 

 
4.2 Running repair bay should be fully covered shed according to the rake length along 

with platform on one side only, as shown in RDSO drawing no CG-K8209. 
   
4.3 The shed structure and the roof should be of a pre-engineered building design that 

would provide plenty of natural daylight, with provision of glazing if necessary. Roof of 
covered shed should be of aluminium meta clad sheets/prepainted GI sheets  with 
20% translucent sheets (Polycarbonate) for better day ambient light as indicated in 
RDSO drawing no. CG-K8209. Translucent sheets should also be used extensively 
on the sides. Center-swiveled windows with translucent sheets should be provided for 
better circulation of air in any direction. 

 
4.4 Roof extractors should be provided to expel harmful diesel fumes. 
 
4.5 Care should be taken to make the shed dust proof to the extent possible. Rolling 

shutters of robust design/ motor operated sliding/ folding flap doors suspended from 
the top should be provided on all entrance to prevent dirt and dust from entering the 
shed, especially when the weather is windy or stormy and for ensuring security of 
costly heavy components. 

 
4.6 To minimize dust nuisance and soaking of soil with oil, a length of 30 metres should 

be paved all round the shed, where ever, there is opening. Trees should be planted in 
and around the shed to decrease dust nuisance. 
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4.7 Sufficient covered space should be provided for berthing the fleet for maintenance. 

Typical requirement are estimated as under:   
 

Rake holding No of bays/ lines 
in Heavy & 

medium repair 
shop 

No of bays/ lines 
in Running repair 

berths 

Washing lines 

 Manual  Automatic  

Upto 20  2  2  2  - 
Upto 30  2  3  2 1 
Upto 40  2  4  3 1 
Upto 50  2 4  4 1 

 
4.8 Lifting and load box shed shall be provided additionally as shown in the drawing. 
 
4.9 The shed layout should have space provision for future expansion and more lines to 

be accommodate in the covered area.  
 
4.10 Two level paving must be used all around the shed. This has a lower floor covered by 

sand with blocks placed on top. In case of oil spillage or heavy weight falling and 
damaging/ spoiling the floor the blocks and the sand is replaced and the floor is 
renewed. 

 
4.11 The flooring should be such that spilt oil could be easily removed. Cement concrete 

flooring epoxy coated with hardonite or better floor in the shed and in the sections 
should be provided. 

 
4.12 There should be sufficient welding points in the light repair bay so as to avoid the 

detachment of the coaches from the rake for the welding requirement. 
 

4.13 Facilities for welding points/ bus bar with earthing should be provided in pit line 
through out the pit length at convenient intervals. 

 
4.14 Shunting neck should be provided of adequate length according to length of formation 

i.e. rake length. 
 
4.15 The length of the shed (end to end) should be a minimum of 2 Kms. to facilitate clear 

shunting of the 12-car rake formation on either side of the shed. 
 
4.16 The height of the shed should be clear 10 m from Rail level to the bottom most truss 

member of the shed roof. This is essential for clear lifting of the DPCs as also for 
uniformity of construction of sheds over IR. 

 
5. Heavy Repair Bay: 
 
5.1 The heavy repair shops shall have repair lines of specified lengths as mentioned in 

RDSO drawing no. CG-K8209. The repair lines shall have air floatation type 
turntables in addition to EOTs of the requisite capacity. The main purpose of 
providing air floatation type turntables will be useful for taking bogies/traction 
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equipment to bogie washing room/ traction equipment cleaning room. The decision 
for providing turntables may be taken by Railways. 

 
5.2 The pits of adequate size shall be provided for inspection of under gears.  
 
5.3 The bogie and Traction Machines section shall be on one line, because assembly of 

the bogie requires a track underneath. The wheels shall be kept on this line as a 
wheel park. However, this line must be connected to the shunting neck on both sides 
for its proper operation.  

 
5.4 The heavy repair shed should normally include following rooms and other facilities as 

shown in the drawing: 
 

a. Forklift & truck room  
b. Lockers room  
c. Lab  
d. Toilets  
e. Furnishing Mechanical  
f. Machine shop  
g. Welding section  
h. Traction equipment repair section  
i. Furnishing Electrical  
j. Battery charging room (with exhauster and acid proof tiles)  
k. Radiator cleaning room  
l. Axle box bearing section  
m. Switch & MTS room  
n. Major power pack rooms  
o. Minor power pack rooms  
p. Brake Bogie compressor room   
q. Hydro buffer/ Misc. Mech. Room  
r. Automatic Bogie washing room  
s. Traction equipment cleaning room  
t. Bogie turntables  
u. Carpenter section  
v. Painting section 

 
5.4.1 All section rooms should be provided with roof mounted I-beams in a continuous loop. 

This I-beam should be able to support upto 1-ton load using a simple block and tackle 
mechanism. 

 
5.5 Laboratory: 
 
5.5.1 Facilities should be made available in the shed for carrying out the following tests on 

lubricating oils: 
 

a) Determination of viscosity. 
b) Determination of flash point. 
c) Determination of fuel dilution. 
d) Determination of water content. 
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5.5.2 Facilities should be available in all sheds to have the following tests carried out on 

lubricating oils either in a centralized laboratory of the Railway itself or elsewhere: 
 

a) Determination of insoluble matter. 
b) Determinations of metallic wear by spectrography. 
c) Determination of detergency and anti-corrosives. 

 
5.5.3 The following facilities for testing shall be provided in the shed:  
 

a) Quality control of engine radiator cooling water  
b) Non Destructive Testing (NDT) 

i) Red Dye Penetrant  
ii) Magnaflux testing  
iii) Zyglo Testing  
iv) Ultrasonic testing of axles  
v) Engine exhaust emission testing  

 
5.6      Traction Equipment cleaning room: 
 

Heavy repair shop shall be provided with closed type room. The traction motor may 
be carried on trolley to this room.  The Traction Equipment cleaning room should 
have multiple high-pressure nozzles to force the air under pressure to clean dust / dirt 
from the body of traction motor. The provision/arrangement shall have to be made 
such that all the dust / dirt removed from the traction equipment may drawn at the 
bottom of floor by providing suitable draught fan or any alternative arrangement.  An 
electrical oven for drying of traction motor armature and other equipments shall be 
provided near the traction Equipment cleaning room 
 

5.7 Traction equipment repair section: 
 

Traction motor section should be equipped to do overhauling of traction motors and 
repairs such as commutator turning, under- cutting, chamfering, field coils brush gear, 
interpole connections, labyrinths and pinion etc. 
 

5.8       Battery charging room: 
 
5.8.1 A separate battery room should be provided with the following facilities for easy and 

effective maintenance including all the safety equipments. 
 
5.8.2 Care should be taken to provide exhausters to exhaust harmful fumes etc. from the 

battery room. For better ventilation the minimum exhaust rate shall be minimum 1.5 
cfm/sq. ft as per Ashrae standards 62.1/2004. 

 
5.8.3 Battery charging plant should be installed with points available beside the pits to allow 

direct charging of batteries while in position on DMUs. 
 
5.8.4 Battery lifting and moving crane facility shall be provided in battery charging room. 
 
5.8.5 Battery discharge plant to test the capacity of battery shall be provided. 
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5.8.6 The following equipment shall be provided in battery charging room: 
 

a) CVCC charger  
b) Infra red temperature sensor  
c) Torque wrenches with suitable sockets  
d) Adequate charging/pre-cooling point  
e) Measuring instruments  
f) Trolleys for carrying batteries  
g) Puller for lifting individual cell  
 

5.8.7 Flooring to be finished by providing acid proof tiles. However, Eco-friendly 
sheets/cribs are preferred. They can be welded together to form joint less and helps 
in preventing seepage of acid/ alkali. 

 
5.8.8  Battery charging facilities for 24 volt & 110 volt should be provided in pit line through 

out the pit length.   
 
5.9 Axle box bearing section: 
 

To prevent the ingress of dust in the bearings, cleaning of bearings and packing of 
grease will be done in a dust proof room duly providing air curtain at the entrance and 
air supply system. Shelves for storing different types of grease and workbenches with 
steel top should be provided for cleaning & inspecting the bearings. 
 

5.10 Brake equipment & compressor room: 
 

The section deals with overhauling, repair and testing of brake cylinders, drivers 
brake valves, various electro pneumatic valves, limiting valves relays, air pressure 
governors, relief valves, wipers, horns etc. A test bench should be provided 
simulating the braking system on the DMUs where air brake valves under test could 
be mounted to check their proper functioning. Test benches shall also be provided for 
testing individual pneumatic relays, pressure governors, reducing valve and safety 
valves, wipers and horn etc. 

 
5.11 Bogie washing room: 
 
5.11.1 Heavy repair shop shall be provided with bogie washroom. The rolled out bogies may 

be directly taken to the bogie washroom.  
 
5.11.2 Bogie washing room in heavy repair shop shall be closed type, which shall have 

multistage washing through high-pressure jet nozzles. The washing process starts 
with spray of degreasing solution followed by fresh water cleaning with a periodic 
cycle to clean surface of bogie. A separate high pressure-blowing nozzle may be 
used for drying the bogies. 

 
5.12 Lifting Facilities: 
 
5.12.1 The weight of the powerpack in 1400 hp DMU is approximately 10 tons, a power car 

bogie is approximately 6.5 tons and, a DPC is approximately 60 tons (gross). The top 
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opening in DPC is provided for removing Powerpack and alternator. To attend the 
DPC the following lifting facilities are required to be provided: 

 
a) Electrically operated synchronized lifting jacks with long jaw of 20 t capacities for 

lifting whole DPC with 4 such jacks to roll out bogies for inspection and repair in 
heavy repair bay.  

b) EOT of 30-ton capacity for lifting DPC/TC bodies in heavy repair bay.  
c) EOT of 15 t capacity for removing powerpack and alternator from top of DPC in 

heavy repair bay.  
d) One overhead crane of 3 t capacities should be provided to serve the heavy 

repair bay, the free floor space and part of the Machine shop and Repair sections 
in heavy repair bay.  

e) A road mobile crane of 5 t capacity for removing power pack and alternator 
sideways from 700hp DMUs in both heavy as well as running repair bay 
separately. 

f) 2x5T EOT crane in running repair bay. 
g) Facilities of fork lifter/Platform truck of capacity 5 Ton both in heavy as well as 

Running repair bay separately.  
 
5.12.2 High capacity under floor hydraulic lifting plant with pads alongside the lifting bay 

track should be provided to lift coach body. In case of under slung 
engine/transmission, however, a drop pit is recommended.  

 
6.   Running/ Light Repair Bay: 
 
6.1 The Running/ light repair bays shall have pit less columnar design; track should be 

supported on steel column so as to get maximum working area accessibility to under 
gear equipment. The free walk way to be provided below floor as shown in drawing to 
walk below the car body for inspection and attending repair work. The flooring of 
walkway area shall have convenient slope and well connected drain holes for draining 
out the effluent. The rails used in this area should be 60-kg/m strength and the 
columns placed at 1 meter spacing. In this case, no separate support under the rail 
will be necessary and working space will be maximized.  
 

6.2 Minimum 2 lines for running and light repair bay of maximum length of 375m, 
considering docking requirements of 1400HP DEMU upto 16-coach consists shall be 
provided. Additional bays may be considered based on holding of DEMUs as 
mentioned in para 4.7. 

 
6.3 Gap between track centers in running repair bay should not be less than 7 meters so 

that material handling truck can move easily. This area also has to be used for other 
material handling aids like listers and forklifts, which require space for turning. This 
area shall also be utilized for storage bins for essential running repair spares for C&W 
and Diesel that are bulky and required all along the length of the bay for regular 
usage, for example Brake blocks. 

 
6.4 The running / light repair bays should have a 3-level working floor arrangement with 

catwalk. The catwalk shall be easily accessible from all sides. This facilitates 
simultaneous and expeditious routine inspection, servicing as well as light repair work 
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on engine of the DMU. Platform, however, is considered necessary on one side only, 
DMU being a full width stock. 

 
6.5 The running / light repair bay should normally include following rooms and other 

facilities as shown in the drawing: 
 

a) ALF office  
b) Lobby  
c) Shift lab  
d) Paint stores  
e) Oil store  
f) Coaching & carpentry staff room  
g) Shift stores & spares room  
h) Shift tool room   
i) Shift supervisor room 
 

6.6 Tool Room 
 
6.6.1 A tool room conveniently located so as to be easily accessible should be provided. It 

is desirable that the tools of shed maintenance staff, other than train examining staff, 
being of a specialized nature, be kept in a centralized place, a system of periodic 
calibration is also put in place. 

 
6.6.2 This room should be utilized for the safe keeping of hand power tools, torque 

wrenches, special hand tools etc. as well. The tool room should be provided with a 
split type door with a shelf for dispensing the tools. 
  

7. Shed lighting: 
 
7.1 It is recommended to use Shed level voltage stabilization and power factor correction, 

as these features shall extend the life of most electrical components. The DG set of 
the shed must also feed through these.   

 
7.2 Lighting inside the shed below catwalks & in pits shall be with energy efficient LED 

lamps. At working level, adequate number tube of lights of 40 W types can be 
provided. 
 

7.3 Inclined white lighting inside the shed must be provided. Metal Halide lamps with 
high-speed lighting voltage stabilizers are preferred as these have much higher 
luminosity.     All lighting should be from columns and aimed at the track on the far 
side.    Roof should be negligible lighting fixtures for internal 
lighting only. More light shall be made available horizontally into the areas where the 
maintenance is to be done. 

 
7.4 The greatest possible amount of natural light should be allowed to enter the building. 

Enough artificial illumination should be provided to maintain the following lighting 
levels: 
a) Top and sides of DMU      300 lux 
b) Running gear & end side of the DMU    300 lux 
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c) Fuel injection equipment test and repair    600 lux  
d) Light Machine Shop      300 lux 
e) Store room, Lube oil storage, bogie repair shop   200 lux 
f) Locker room and toilets      100 lux 
g) Carriage washing lines      300 lux  
 

7.5 Pit less under floor area shall be provided with bulkhead fittings for direct lighting of 
the under gear. Continuous strip lighting along the length using high luminosity swivel 
type tube lights preferably in IP65 or better enclosures shall be provided in between 
the column on steel tube / rod in continuous manner to either side of pillar at a 
distance of 3 m in Running/ light repair bay. All pit lighting should be on inverters and 
easily maintainable. 

 
7.6 Bulk points of 24 volts should be available at all levels and in the under gear attention 

area for the use of hand lamps with flexible leads. 
 
7.7 Plug points for portable tools should be made available at convenient locations. 
 
8. Yard Lighting: 
 
8.1 Yard lighting should result in an even illumination of 100 lux. 
 
8.2 At all work points in the yard, an illumination of 200 lux should be provided. 
 
8.3 The stabling lines should also be provided with adequate illumination similar to yard 

lighting. 
 
9. Fuel Supplies: 
 
9.1 For storage of fuel oil, the fuel tanks should be provided above ground level. The oil 

companies have their own standards which sould be followed. 
 
9.2 At least two fuel tanks should be provided for settling purpose and periodic bleeding 

of collected water. 
 
9.3 The tank should be approachable by both rail and road. 
 
9.4 Total storage capacity provided should hold a minimum of 10 days consumption or 

more, depending upon the location of the shed with respect to the supply points and 
the lead from these supply points. 

 
9.5 Fuelling of the DMU should be done outside the covered Maintenance shed. While 

inside fuelling has the advantage of protection from dust and bad weather, the 
extreme risk of destroying the entire Depot in case of fire makes it desirable to be 
kept outside. 
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9.6 In planning the installation of fuelling facilities, the following items should be provided: 
 

a) Tank and supports, 
b) Pipe fittings and valves, 
c) Strainer and filter with ability to remove moisture, 
d) Pump, motor and control, 
e) Hose and connection for filling storage tank, 
f) Nozzle and hose to fill DMU and 
g) Suitable housing for all components.  

 
9.7 There should be as many fuelling points as the number of fuel tanks provided in one 

complete DMU set, to avoid unnecessary detention to DMUs at the fuelling stage if 
only one fuelling point is provided. 

 
9.8 Fuelling should be possible on at least two running lines. Each fuelling point should 

be provided with a pump of minimum 250 liters per minute capacity. The delivery 
hose should be so installed that the nozzles do not touch the ground when not in use 
and are suitably protected from rain and dust. 

 
9.9 The fuelling area should be completely paved with cement concrete to avoid eventual 

saturation of ground with spilt fuel and also contamination of fuel with dust during 
fuelling operation. 

 
9.10 A provision of space for CNG filling in future may be kept. 

 
9.10.1 CNG Dispensing stations: 
 

CNG Dispensing station shall ensure all safety requirements as per Oil Industry 
Safety Directorate OISD – 179 permitted by Chief Controller of Explosives (CCoE) for 
installation of CNG station. Storage cascade comprises of 44/60Nos of CNG cylinders 
of 50 litres water capacity each.  The storage cascades are to be installed at CCoE & 
EU-13638 approved safe distances above the ground level open to atmosphere. 
CNG station comprises of facilities of; 

i) CNG Compressors; 
ii) Storage cascade; 
iii) CNG dispenser; and 
iv) Electrical Panel room 

 
9.10.2 Facility and Layout: 

 
CNG refueling system shall comprise of a gas compression apparatus static/ mobile 
cascade/ pressure vessel and a gas dispenser incorporating a measuring device. The 
system shall be ‘On Line’ mother refueling or daughter dispensing system attached to 
a static/mobile cascade. 
 
Layout for providing CNG storage system, CNG piping, valves, CNG hoses, pressure 
gauges, pressure relief valves, electrical equipment, safety for refueling into vehicles, 
Dispensing unit, fire protection, training etc shall be maintained as per OISD-179. 
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Details of CNG filling station installed at SSB shed are as under. This has reference 
to Lay out plan drawing No. SARITA/DWG/IGL/DSL SHED/SSB. 
 

 Equipment List: 
 

S.No Equipment Name Service QTY 
1 Gas Compressor CNG 1 
2 CNG Dispenser CNG 3 
3 Air Compressor AIR 1 
4 Metering Skid CNG 1 

 
 Details of Storage Cascade Cylinders: 
 

Make No. of 
cascade 

No. of 
cylinder 
in each 
cascade 

Total No. 
of 
Cylinders 

Water 
capacity 
of each 
cylinder 
lLitres) 

Water 
capacity 
of each 
cascade 
(litres) 

Total Water 
Capacity of 
the cascade 
(litres) 

EKC 4 40 160 75 3000 12000 
  
Note: 

1.   4” Dia branch pipe line is laid from the existing main gas pipe line to suction point 
of the compressor 

 
2. Gas storage system and dispenser is connected by SS tube work from 

compressor discharge. 
 
3. The proposed CNG facilities shall be designed in accordance with the following 

code and guidelines 
a)   NZS 5425 – 1980  
b)   Petroleum Rules – 1976 
c)   Gas cylinder Rules – 2004 (Govt of India) 
d)   Guidelines of Chief Controller of Explosive Nagpur, IS: 2147 

 
10. Washing: 
 

The shed shall be provided with Manual or Automatic coach washing line. The type of 
washing plant shall be decided based on the local requirement, volume of fleet and 
budgetary sanction etc. refer para 4.7. A manual washing line and automatic washing 
plant shall have following features: 

 
10.1 Manual washing:  
 

a) The washing of DMUs should be attended to outside the maintenance shed.  
b) The washing apron should be concreted and should be long enough to 

comfortably accommodate the complete railcar block rake.  
c) Standard carriage washing platform should be provided on both sides of the 

washing line.  
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d) Hydrant should be provided at frequent intervals at ground, platform and DMU 
roof level.  

e) A few points for high-pressure water jet cleaning of the under frame, bogies etc. 
should also be provided. 

 
10.1.1 A portable car washing plant shall be available for coach washing at any place in the 

shed 
 
10.2 Automatic coach washing plant: 
 
10.2.1 The automatic coach washing plant shall consist of multistage operation to clean 

DEMU coaches externally by adopting technology of sensing and switching to control 
automatically the sequence and timing of various stage of cleaning.  

 
10.2.2 As the train slowly enter in to plant automatic sensor should energized switch on the 

system. A medley of nylon brushes, water and soap solution immediately should 
come in to play at various stages and wash away dirt, dust, any material like grease, 
mud, sludge etc. from roof and body of the coach. There shall be provision for 
cleaning underneath special pressurized air jets.  

 
10.2.3  A dryer unit shall be installed at the end where whole DEMU should be literally wiped 

dry with the help of cloth bristle whirling at high speed.  
 
10.2.4 Apart from automatic washing system, a special portable motorized cleaning kit shall 

be made available for cleaning the inside of DEMU coach.  
 
10.2.5 Automatic coach washing plant already installed at Madgaon of Konkan Railway may 

be adopted. 
 
10.3 All the effluent water should be collected by carefully designed drainage facility. The 

discharge water should meet the local environment laws. Necessary treatment of 
discharge water should be planned through engagement of suitable consultant. 
Recycling of all water will be an ideal proposition. 

 
11. Store: 
 
11.1 The storeroom should be preferably at a platform level and provided at rail siding to 

help direct loading and unloading of store from wagons.  
 
11.2 The store shall be nearer to main entry gate & should have an approach by road as 

well. The store should have facilities for loading and unloading the road trucks 
through a 3 t gantry crane. 

 
11.3 Suitable trolleys should be provided for movement in shed of materials to avoid 

damage to components. Use of forklifts will be desirable. 
 
11.4 Since the maintenance of DMUs requires ready stock of a large number of spares, 

generous accommodation should be provided for spare parts in the stores. 
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11.5 Most items of diesel spares require careful handling and storage in properly kept bins. 

Care should be taken to provide adequate number and sizes of bins. 
 
11.6 For larger items, movement through pellets should be introduced. 
 
11.7 The DMUs have been designed around commercially available diesel engines. 

Therefore, full advantage of the dealer network of original manufacturer should be 
taken to keep minimum inventory in shed. The shed officers should be given 
sanctions of liberal amount as imprest and powers to purchase direct from authorized 
dealers of OEMs based on price list. The tendency to entertain any middleman to 
quote against such OEM spares has to be strongly resisted. Similarly, purchase of 
equivalent (i.e. spurious spares) should also be curbed. Such an approach will 
definitely save manpower and cost. Avoidance of multiple tiers of approval, sanction 
etc. will result in direct responsibility on the person making the purchase and it can be 
easily detected through the computerized MIS proposed for such stores. 

 
12. Pit wheel lathe (depending on base shed holding): 
 
12.1 Pit wheel lathe should be planned as the rake holding reaches 180-200 coaches (say 

20 rakes of 10 coach length). For lesser holding, tyre-turning workload should be 
managed by using the spare capacity of pit wheel lathe on the Railway. 
 

12.2 The provision of space for pit wheel lathe shall be kept along with space for storing 
the turnings with separate line from both ends. Suitable arrangements for 
compressing of wheel turnings, their collection through a monorail loading and 
loading in wagon shall be made. 

 
12.3 A clear space of 80m should be left on both sides of the shed to accommodate up to 

four coaches so that unit could be moved on its own power.  
 
13. Facilities for Coach Body repair: 
 
13.1 The maintenance facilities for the trailer coaches should be provided as per the 

maintenance manual for BG coaches of ICF design, 2002 with amendment 1&2. An 
area should be nominated for intensive repair to coaches where some body repair, 
paint touching up facilities would be available. 

 
13.2 Adequate area for stacking of new and used brake blocks should be provided. 

Similarly, carpentry repair, window repair, seat repair etc. facility are to be provided in 
the shed. 

 
13.3 Concept of multiskilling should be widely followed and the repair areas accordingly 

combined. 
 
14. Shed Offices: 
 
14.1 An office should be provided, situated to provide a good view of the entire shed. 
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14.2 The office building should be insulated such that disturbances from shed noise may 

be minimized. 
 
14.3 The time office for recording worker’s attendance should be equipped with modern 

computer controlled systems presently available.  
 
14.4 A computer room should be provided in the office complex to utilize data base system 

for shed functions and computerization of MIS and other miscellaneous work. 
 
14.5 A speedometer chart/strip examination facility may also be located in computer room. 
 
14.6 Sr.DME’s/DME’s office, technical and drawing office, committee room, computer 

rooms and rooms of AMEs etc. are on first floor of administrative building in heavy 
repair bays block and shall be provided as shown in RDSO drawing NO. CG-K8209.  

 
15. Toilets and Wash Rooms: 
 
15.1 Proper toilet, washroom and locker facilities are essential in a well-organized 

maintenance depot. These should be equipped with equipments of modern design. 
Exclusive facilities for lady workers should be developed separately.   

 
16. Fire Fighting Equipment, First-Aid and Safety: 
 
16.1 Fire fighting equipment, First- Aid and Safety etc. should be provided in consultation 

with the local Fire Station authorities who should also be consulted on the actual 
location of various water hydrants, fire extinguishers and other equipment including 
sirens as may be needed. For example, high pressure isolated water pipelines in all 
rooms and all areas of the shed along with separate fire fighting water tank should be 
an integral part of a shed. There are specific fire safety guidelines for industrial units, 
including provision of fire exits etc., which must be implemented. 

 
16.2 Oil company’s experts should be consulted to ensure adequate safety measures 

being adopted against fire hazards in the shed, especially in respect of oil storage 
tanks. 

 
16.3 First-Aid equipment should be provided in consultation with medical department. 
 
16.4 A hooter arrangement is necessary for alerting workers when a unit is moved in or out 

of heavy repair area.  
 
17. Radiator water: 
 
17.1 Water available at shed site should be tested to ascertain whether a water treatment 

plant is required, or a distillation plant is necessary. Use of solar distillation plant is 
recommended to meet the requirement of distilled water.  

 
17.2 Watering points for treated radiator water should be located at convenient locations in 

each berth in the shed with gravity feed direct to the radiators. 
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17.3 Facilities should be provided to collect water drained from radiators for re-use. The 

drained water should be re-used only if found in satisfactory condition. 
 
18. Compressed Air: 
 
18.1 Proper design of compressed air supply is necessary. Specifically details regarding 

air storage reservoirs (corresponding to 30 min. of shed’s compressed air 
requirements), piping design (change in diameters of pipes as we move away from 
source, slope provision, pipe joints especially the final drop pipe, specific outlets for 
Free Air Delivery and tool working, moisture traps and auto-drain mechanisms etc.) 
should be finalised with air compressor supplier. Provision of compressed air in 
sections through, indicative list of pneumatic tools and the associated tooling should 
also be made in consultation with supplier.  

 
18.2 Supply of compressed air should be arranged with care being taken to install the air 

compressor in a place where minimum disturbance and vibration to the surrounding is 
caused. The air compressor should preferably be installed outside the maintenance 
shed. 

 
18.3 Compressed air pipe lines should have a ring type of layout and be so laid as to 

permit installation of additional tapping points as and when required at a later date 
near work location, such as, the machine shop, the fitter benches, stores, black and 
copper smith shop etc. 

 
18.4 Compressed air point shall be provided near each servicing berth. 

 
18.5 Provision of tapping point of compressed air in pit line at an interval of about 10 

meters, throughout the pit length may be done. Piping & Tapping points should be 
designed in such a way to avoid infringement to the movement of maintenance staff. 

 
19. Lubricating oils: 
 
19.1 Lubricating oil storage tanks should be located at convenient sites to make lubricating 

oil readily available at the servicing berth.  
 
19.2 Lubricating oil hand – filling pumps on trolleys be provided for replenishment. Use of 

compressed air based, non-flammable lube oil lift pumps is also recommended.  
 
19.3 Facilities for drainage of engine lubricating oil, trolleys should be provided to enable 

easy collection and removal of engine lubricating oil without spilling and soiling of 
servicing pits. 

 
19.4 Facilities provided should ensure against mixing of lubricating oils of different brands. 
 
19.5 Suspension bearing oil and gear case compound will require to be stored properly for 

issue to staff for topping up. 
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20. Miscellaneous: 
 
20.1 Water coolers should be placed at strategic points. 
 
20.2 Work benches of standard design should be generously provided with vices etc. at 

strategic points. 
 
20.3 Mobile welding facility may be kept on a battery-operated truck, which can freely 

travel to stabling lines for any emergency repair of body items. 
 
20.4 Small parts bins, rotating parts bins, storage shelves, pans for carrying and storing 

small parts, test racks for repairing and testing injection equipment, washing tanks for 
washing small parts with jib crane arrangement, car body filter cart for transportation 
of car body filters etc. should be generously provided. 

 
20.5 Proper desks should be provided and located strategically in the shed premises. A 

central office for keeping the maintenance records etc should also be provided. 
 
20.6 Pigeonholes, shelves etc. should be generously provided for storing of blank forms 

and completed forms, maintenance manuals and renewal parts catalogues etc. 
 
21. Drainage:  
 
21.1 Proper drainage arrangements should be provided, washing platforms, toilet blocks, 

and rainwater from the roof and for shed premises. Yard should also have proper 
drainage arrangements so that rainwater does not accumulate anywhere. 
Arrangements for rainwater harvesting should be made. Manholes for rainwater drain 
inside the shed should be located to leave clear space for movement. The number of 
down pipes to drain rain water should be sufficient to cater for draining the rain water 
under worst circumstances, finally the water should discharged to the city main drain 
through pumping station etc.  The drainage of the pits may be connected to a 
well/deep pit, which should have the provision of pumping out the collected water etc.   
 

22. Shop flooring: 
 
22.1 Shop flooring should be made of heavy-duty cement concrete reinforced with steel 

bars. Before concreting, the ground should be properly prepared by hard stone and 
adequate ramming.  

 
22.2 The space between rails and concrete floor should be filled with concrete blocks and 

cemented.  
 

22.3 Toilet and washing places should be provided with superior quality glazed tiles up to 
a height of 2 meters with mosaic flooring.  

 
22.4 The approach road from the main entrance to the shed and the stores will be 

asphalted and water drain on either side should be provided.  
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22.5 All the columns and steel structures should be aluminum painted. The following 

colour scheme may be followed. 
 

a) Columns up to height of 2 m    : Light grey  
b) Cranes       : Yellow  
c) Electric conduit pipes and switch board  : Orange  
d) Air pipes       :  White  
e) Water pipes     : Sea Green  
f) Fire services     :  Red  
g) Steel doors and windows    : Olive green  
h) Workshop rooms and walls   : White washed  
i) Sr. DME’s/DME’s  office                                 :          Distempered with cream 
      and supervisor’s rooms            or any light colour 
j) Work benches                                              : Battle ship grey or atural  

colour 
 

23. Environment: 
 
23.1 All attempts are to be made to make the shed environmentally futuristic and energy 

efficient. Suggestion has already been incorporated regarding tree plantation, use of 
solar distilled water plant, affluent water treatment recycling, and translucent roof 
sheets. A few more items requiring attention are also incorporated below: 
a) Garbage compactor 
b) White reflecting roof 
c) Storing and loading of released material 
d) Disposal of wheel lathe chips – bracketing 
e) Reuse of coolant water 
f) Used filter residual oil collection. 

 
24. M & P Items 
 
24.1 The shed should be provided with minimum machine tools as per requirements and 

should work on unit exchange principle of equipment. Converting the shed into a full-
scale workshop should be strongly discouraged. Such strengthening of shed to attend 
to all items of engine, transmission overhauling causes lack of quality and also 
manpower. 

 
 A. Machine shop   

1. Universal Centre lathe machine  
2. Tool grinder 
3. Radial Drilling Machine 
4. Power  Hack saw 
5. Pipe threading machine 
6. Hand operated shear 
7. Pipe bending machine 
8. Marking table 
9. Pedestal grinder double ended 
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B. Lifting equipment 
  Refer para 5.12 of report 
 

C. Welding 
1. Portable welding set 300 Amp. DC 
2. Oxy – acetylene set with cylinders & cutters 

 
D Tool room 

1. Special tools for diesel power pack 
2. Portable electric tools 
3. Torque wrenches 
4. General purpose tools with Tool kits and hand tools 
5. Special tools for trailer coaches 
6. Hydraulic tools 
7. Pneumatic tools 
 

. E. Compressed air room 
  1.   Air compressor with air dryer, filter, reservoir 600 cfm at 9 kg/cm2 

  2.   Compressor portable 
 

F. Vacuum cleaning and water pumps  
1. Portable vacuum cleaner 
2. Pit dewatering portable electric pump 
3. Booster pump for washing line 
4. Industrial floor cleaner (dry + wet) 

 
G. Other electrical equipment/miscellaneous requirement 

1. Battery charger set 
2. Distilled water plant 50 litres/hr. 
3. Crimping tool for power cables and control cables 
4. Air conditioner 
5. Fully automatic Commutator mica undercutting and de-burring machine 
6. Automatic surge comparison high voltage AC/DC test equipment 
7. Portable surge comparison high voltage AC/DC test equipment 
8. Baking oven 
9. Armature cleaning plant 

 
H. Special purpose machines and tools for diesel power pack 

1. Cleaning tanks 
2. Grease guns and lubricating set 
3. Lifting tackles 
4. Bearing puller 
5. High pressure jet cleaning 
6. Pinion extractors 
7. Induction heater 
 

I. De-mineralizing plant 
J. Testing and measuring equipment 
K. Computers, Fax & Photo copier 
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L. Work benches, lockers etc. 
 M. Special equipment for carriage maintenance 

N. PA System for shed & conference room  
O. Digital Projector 
 
 
P. Transport, Lifting and handling equipment 

 
S.No. Item Qty 
1 Fork Lift 5 T 1 
2 Fork Lift 3 T 1 
3 Battery operated fork lifts 2 
4 Battery operated platform truck 2 
5 Road mobile crane 5 T 1 
6 Truck 10T 2 
7 Utility Van 2 
8 Ambulance 1 

 
Q. Other equipments/Miscellaneous requirement 

 
S.No. Item Qty 
1 Portable grit blasting machine 1 
2 Centrifugal Oil cleaning plant 1 
3 Effluent treatment plant 1 
4 Spectrometer 1 
5 Ultrasonic component cleaning plant 1 
6 Ultrasonic flaw detectors 3 
7 Computerized Load Box 1 
8 DV /EP unit Test bench 1 
9 Sand drier and filling equipment 1 
10 R-O Water purifier system 1 
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R. Details of Lab Equipments as per requirement  
S.No Description Qty 
1. Equipments for testing lube oils  
1.1 For viscosity determination  
1.1.1 Constant temp water bath for kinematics viscosity 1 
1.1.2 Viscometer tubes calibrated 12 
1.1.3 Thermometer ASTM 28F and 46F 2 
1.1.4 Stop watches 6 
1.2 For fuel dilution determination  
1.2.1 Open Flash Tester with thermometers 15F and 

I.P16F 
1set 

1.2.2 Cleveland open cup ASTM D.92 1 unit 
1.2.3 a small petrol gas generator 1 
1.3 For water contamination test  
1.3.1 Hot plate with variable temp. control 2000W 1 
1.3.2 Porcelain crucibles about 40mm dia. 12 
1.3.3 Pair of tongs( in different sizes) 4 
1.3.4 
 

Water determination apparatus with ground glass 
joints, 500cc flask 2 cc receiver and suitable 
electric heater 

1 set 

1.4 For ash content test  
1.4.1 Muffle furnace with calibrated pyrometer Max 

temp range 1000 deg C 
1 

1.4.2 Silica or porcelain crucibles 12 
1.4.3 Desiccators 1 
1.4.4 Balance Analytical  

Physical balance (reading up to 10mg) 
1 

1.5 For sediment content test  
1.5.1 Variable speed centrifuge (ASTMD893) 1 
1.5.2 Centrifuge tubes conical shaped 12 
1.6 For neutralization value test  
1.6.1 Apparatus for neutralization value determination 

by potentiometer titration ASTM D-664 
1 

1.6.2 Alkali resistant conical flasks cap 250cc 12 
1.6.3 Micro burette 2 
1.7 Blotter test  
1.7.1 Whatman No.1 or any good quality analytical filter 

paper to be used 
as per 
requirements 

1.8 Miscellaneous Equipments  
1.8.1 Air oven range up to 150 deg C 1 
1.8.2 Lube Oil sampling gun 2 
1.8.3 Microscope for determining qualitatively the 

condition of additives in lube oil 
1 

1.8.4 Chemicals & reagents for qualitative analysis of 
metals and qualitative analysis of water 

1 unit 

1.8.5 Misc glass apparatus like test tubes, beakers, 
flasks etc 

As per 
requirements 
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2. Equipment for testing greases  
2.1 Penetrometer with accessories including ‘grease 

worker’ as per ASTM D-217 
1 unit 

2.2 Drop point apparatus as per ASTM D-566 1 unit 
3 Equipment for testing Diesel Fuels  
3.1 Graduated hydrometer for density/specific gravity 

test 
1 

3.1.1 Thermometer (0-110 Deg. C) for density/specific 
gravity test 

1 

3.2 Viscometer tubes no. 100  6 
3.3 Flash point apparatus with suitable thermometer 1 
3.4 Total Sulphur Bomb Calorimeter with accessories  1 
3.5 Carbon residue apparatus including calibrated 

pyrometer and cocking bulbs 
1 

3.6  Distillation apparatus with distillation flask & 
thermometers 

1 unit 

3.7 Apparatus for determination of Gum contents in 
fuels 

1 unit 

4 Equipment for engine cooling water test  
4.1 Porcelain dish 80 mm dia, Burettes 50 ml 

capacity, and burette stand with 2 clamps for 
chloride test. 

1 unit 

4.2 Pocket Refractro-meter for determining the oil 
content in the emulsions. 

1 

5 Equipment for testing metallic wear  
5.1 Spectrograph   1 
 Rubber testing  1 
6.1 Harness tester  1 
6.2 Electric oven range up to 250 deg. C 1 
6.3 Swelling test apparatus, 4 Pyrex beakers, branded 

mineral oils of known characteristics 
1 unit 

6.4 Soxhlet apparatus for extraction  2 unit 
6.5 Rubber tensile testing machine with dumb belt 

cutters to prepare test specimen capacity 250 to 
500 Kgs MAXIMUM 

1 

7 Ultrasonic flaw detector machine 1 
8 Zyglo test machine 1 

 
----x---- 



 
TROUBLE SHOOTING  

FOR  
1400 HP DEMU 
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Trouble Shooting for 1400 HP DEMU 

S.No Problem Cause Remedy 
1 Engine not 

cranking. 
• 24 V knife switch in OFF 

position. 
• Starting panel MCB in 

OFF position. 
• Selector switch knob not 

set in correct position. 

- Put it ON. 
 
- Put it ON. 
 
- Put selector switch in   

correct position if:- 
1. Engine start by control 

panel, put knob on No. 1 (In 
this method only local 
engine will start) 

 2. Engine start by Driver 
cabin, put knob on No. 2 (In 
this method all engines will 
start at time) 

 
2. Engine cranking 

but not starting 
Any shutdown safety device 
in operative position- 
 
 
 
 

1. L.C.W.L in operative 
condition. 

 
 
 

2. O.P.S.  in operative 
condition. 

 
 
 
 
 

3. L.H.O.L sound with 
indication on ECP and 
L.H.O.L in operative 
condition. 

 
 
 
 
 

4. Over speed indication on 
ECP. 

Check all safety devices 
(L.H.O.L, L.C.W.L, Over 
speed trip, H.O.F.F etc.) if 
any safety device found in 
operative condition put it 
right as follows- 
Check water tank level, if any 
leakage found tries to stop it 
and reset the L.C.W.L then 
start the engine. 
 
Check lube oil level and 
O.P.S. connections if found 
lube oil in correct level. Reset 
the O.P.S then start the 
engine and record the LOP. 
 
 
Check hydraulic oil level if 
found necessary top up it. 
Check hydraulic oil tank 
cutout cock it should be in 
fully open position. 
If hydraulic oil level is 
correct reset the L.H.O.L and 
start the engine. 
 
Reset it on ECP by reset 
switch.  
 

Governor MCB in OFF 
position 

Put it ON 

Air lock in Fuel oil system. Remove air lock in the 
system 
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3. Engine cranking 
but suddenly 
stopped  

Empty fuel tank. 
 
Obstruction in fuel supply or 
main cutout cock close. 
 
 
Air lock in Fuel oil system. 
 
 
Any rubber pipe crack 
 
Actuator linkage in maximum 
position. 
 
Governor MCB in OFF 
position. 
 
Any shutdown safety device 
in operative position- 
 

Top up fuel in tank. 
 
Put it ON and check priming 
pump cutout cocks both 
should be in close position. 
 
Remove air lock in the 
system 
 
Replace defective pipe.  
 
Check actuator position and 
correct it. 
 
Put it ON 
 
 
Check and correct as describe 
in S.No. 1 & 2 

4. Engine not 
responding 
according to 
throttle.  

D.I.R not picking up. 
 
Driver’s key not properly 
fitted. 
 
ECS in OFF position. 
 
Master controller not works 
properly. 

Manually operate DIR relay. 
 
Driver’s key fit properly.  
 
 
Put it ON. 
 
Check interlocks. 

5. Engine over speed 
during start. 

Actuator linkage at maximum 
level. 

Check actuator linkage if 
stick up, put it in right 
position. 
Check Magnetic pickup 
coupler for open  if open then 
tight properly 
 

6. Engine shut down 
and not starts 
again. 

Any shut down safety device 
in operate position.  
 
 
 
 
 
Over speed trip.  
 
LCWL operate.  
 
 
LHOL operate. 
 
 
 

Set shut down device on ECS 
and- 
Check lube oil level and OPS.  
If engine not cranking, 
smoothly strike on OPS by 
wooden piece.   
 
Set over speed trip  
 
Check water level in the tank, 
top up if require.  
 
Check Hydraulic oil level and 
inspect hose pipes. 
Check Hydraulic tank COC 
they are in OPEN position 
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Fuel tank empty.  
 
Restrict fuel supply or COC 
closed. 
 

and micro switch not loose.  
 
Top up Fuel in fuel tank. 
 
Check main suction line and 
manually fuel priming pump. 
Check and correct as describe 
in S.No. 3  

7. Engine Hunting Engine not notch up properly. 
 
 
Restrict fuel supply 
 
 
Any idling device in operate 
condition.  

Engine notch up properly and 
wait for RPM setup. 
  
Check for air locks and 
leakage, if found put it right.  
 
 Re set operate device. 

8 Alarming Hot 
Engine 

Water temperature above 960 

C. 
 
 
 
 
Water pump not working 
properly. 
 
 
 
 
 
Radiator fan not working 
properly. 
 
 
Hydraulic pressure less. 
 
 
 
 
ETS defective.  

Check water leakage from 
water pump, radiator room 
and engine block. 
Get fast pumping by put GF 
off for reducing temp. 
  
Check temp. of suction & 
outlet by hand, if temp. 
deference observes then water 
pump may not be work. 
Observe water pressure 
through vent valve. 
   
Ensure radiator proper fan 
RPM and radiator room door 
in closed. 
 
Check pressure in Hyd. 
Pressure gauge if found less , 
adjust it by pressure adjusting 
knob. 
 
Check temp. in temp. gauge 
and check manually water 
level. 
Remove load and get fast 
pumping by put GF off for 
reducing temp. 
 

9 Engine shutting 
down with LCWL 
signal.   

Low water level. 
 
 
 
 
 
Water leakage from SMR 

Check water level if found 
less fill water. 
If water level is correct then 
disconnect LCWL 
connection. 
 
Check water level if found 
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radiator.  less fill water. 
10 Wheel skid / 

Wheel jam 
Brake jam 
 
 
 
 
 
Traction motor Bearing 
seized. 
 
Smoke coming form Traction 
motor.  
 
Defective Axle box bearing. 
 
 
DPC Traction motor pinion 
jam. 

Check brakes for proper 
opening. 
Release brake by Distributor 
valve, close brake cylinder 
pipe COC. 
 
Isolate seized motor. 
 
 
Use fire extinguishers, Isolate 
seized motor. 
 
Check axle box bearing for 
over heating. 
 
Release brakes. Check wheel 
movement in reverse & 
forward direction. 

11 Air spring D- flat Air spring air hose cracked or 
brushed. 
 
Broken Air spring. 

Isolate defective air spring.  
 
 
Check for hanging parts, if 
not then Isolate defective air 
spring. 

12 MR pressure not 
building up or MR 
pressure zero. 

Air compressor defective 
 
 
 
 
 
Unloader valve defective. 
 
 
 
ABD valve defective. 
 
 
 
Any flexible pipes crack or 
brushed.  

Check air compressor – 
Check Oil level 
Check V belts for broken 
Crack compressor pipes 
Check compressor pipe seat 
 
Close isolating valve. Check 
pressure switch and off MCB 
if required. 
  
Tapping ABD valve. 
Close all drain cocks and 
isolate ABD valve.  
 
Check all flexible pipes for 
leakage and repair it.  

13 Feed pipe pressure 
not building up 

MR pressure not charges 
properly. 
 
 
Leakage from Feed pipe 

Prevent air leakages and 
charge MR pressure upto 8 
kg/cm2 
 
Prevent air leakages from 
Feed pipe. 

14 Brake pipe 
pressure/ Feed 
pipe pressure not 
building up or 
zero. 

Compressor defective  
 
 
 
 

Check air compressor – 
Check Oil level 
Check V belts for broken 
Crack compressor pipes 
Check compressor pipe seat 
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BP/FP angle cocks in wrong 
position. 
 
Any drain cocks in open 
condition 
 
BP/FP pipes palm end in 
open condition 

Check intercooler for 
leakages. 
 
Put it right in position. 
 
 
Put it close position. 
 
 
Refit with new rubber 
washers. 

15 Brake pipe 
pressure not 
building up 

FP pressure not building up. 
 
 
A-9, C-2 Relay valve may be 
defective 
 
 
 
Leakage in BP pipe line  

Check FP pressure and 
correct as describe in S.No.13 
 
Adjust BP through A-9 valve 
Tapping  C-2 relay valve 
Check both direction cocks 
for proper position. 
 
Check BP pipe line for 
leakage and prevent leakage. 
Check both ends BP angle 
cocks for closed position. 
Intermediate cocks in open 
position   

16 Brakes are not 
applying in train  

A-9, C-2 Relay valve may be 
defective 
 
Brake pipe pressure not 
building up 

Tapping A-9,  C-2 relay valve 
 
 
Correct as describe in 
S.No.15 
 

17 DPC brakes are 
not applying. 

DV may be defective 
 
 
 
 
Brake cylinder pipe/ 
diaphragm defective 

Check position of  R charger 
handle of DV it should be in 
open position. 
Isolate the Bogie 
 
Isolate the defective brake 
cylinder. 

18 TC/DTC brakes 
are not applying 

DV may be defective 
 
 
 
 
Brake cylinder pipe/ 
diaphragm defective 
 

Check position of  R charger 
handle of DV it should be in 
open position. 
Isolate the Bogie 
 
Isolate the defective brake 
cylinder. 
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	4.0 INTRODUCTION
	Functional description of the structural elements:
	Basic structure of an air spring
	Fig. 9 Clamping projection to facilitates the exact fixing
	To prevent damage to or even the destruction of the bead when removing the top plate, the following procedure is recommended.
	Increase top plate distance “A” as much as possible while air spring is in the uninflated state as shown in fig.
	Fix top plate in this extreme position so that it does not exert any pressure on the air spring as shown in fig.
	Force in assembly lever until it touches the metal cone whereby the lever’s concave side should be against the air springs wall.
	RIGHT
	It is important to ensure that the lever is pushed between top plate and air springs wall until it touches the flange.
	If assembly lever is not in contact with the cone there is a danger of the spring being destroyed or it may prove impossible to unseat it as shown in fig.
	WRONG
	Force spring bead from flange seat by making an upward movement of the lever and using the air spring’s supporting edge as pivot as shown in fig below.
	If necessary, shift lever by a spoon’s width along flange circumstance and repeat action. (position .2) as shown in fig.
	4.7 CLEANING OF AIR SPRINGS
	Rubber products can be cleaned with soap and warm water. The cleaned articles should be dried at room temperature. After a fairly long period of storage (6 to 8 months) the product can be cleaned with a 1.5% sodium bicarbonate solution. Remaining trac...
	Solvents such as trichlorethylene, carbon tetrachloride as well as hydrocarbons must not be used for cleaning purposes. Moreover, sharp- edged objects, wire brushes, emery paper, etc. should not be used. Rubber metal bondings are to clean using a glyc...
	Description and judgment of possible damage zones shown in following fig.
	Top and bottom sealing surface area
	This area is extremely important for the operation of the air springs and is, amongst other things, checked by the manufacturers in the form of a 100% leak test. If the air spring is fitted properly, then there is no possibility of damaging this area ...
	Improper fitment
	Improper dismantling
	Improper or bad storage before putting into service or between inspections.
	UDetachment of rubberU (By mechanical effect) or foreign bodies may lead to leaks. Air springs of this kind may not be fitted anymore, since there is no longer any uniform radial sealing surface and there is a point of connection between the inner spa...
	UUneven partial shearingU may have been caused by prior dismantling of the air springs. This can in general be tolerated.
	When assessing such a pattern it is however necessary to observe that the edges of the bead be partly chamfered by the manufacturer.
	2) Cracks above or below the direct belt area
	If cracks occur radially during operation in this area, then air springs of this kind should be changed on the next inspection. This surface damage has no functional effect on the air springs, or any effect which might prejudice their safety. Due to t...
	Cracks of this kind may after the time at which they occur “grow” radially; with respect to the depths however they simply move to the middle of the belt and not in the direction of the reinforcement.
	This defect may be triggered by different causes, for example extreme horizontal bellows wall deformations, damage by cutting due to external effects (ballast). Possibly, where there is doubt it may be necessary to bring in the manufacturer to obtain ...
	3) Surface damage in the top shoulder area
	In many cases during inspection intervals or afterwards air springs are changed and released from the top air spring plate. If this is not done properly it could lead to surface damage through the use of the necessary tool, which could even penetrate ...
	Chafing or damage by cutting
	Points of chafing or damage by cuts, caused by design attachment elements, hose connections or ballast accelerated with an unusually high intensity may be experience occur in this area (or also in the area 5 given below). Abrasion or short cracks on t...
	Foreign bodies, chafing or damage by cuts
	For this area the same procedure applies to chafing and damage by cuts as in above area (4).
	If foreign bodies have got between air spring plate and bellows wall and have ended up jammed, these must be removed. If fabric is already exposed or damaged (see point4), this air spring must be changed. The same effect may also be produced by what a...
	Peeling of the outer rubber (outer cover layer)
	During the time of utilization if any unevenness of the surface occurs in the form of a partial raising, this is to be attributed in most cases to incorrect storage or interim storage together with long-term contact with oil. Changing is necessary.
	1.  Clean the upper bead (a) and upper rim (b) using a cloth. The upper air spring plate is already in the illustrated (reversed position).
	2.  Locate any point of the air spring upper bead on the rim and press the bead behind (underneath) upper lip (fig.2a)
	3.  Place a suitably sized place of wood (3a) on the surface of the bead and, using a hammer tap the wire bead into position (3b).
	Note: Working away from the starting point radially, tap evenly at increasing distances to the left and right (1) until the bead has slipped under the holding lip around its entire circumference (b)
	The air spring is now properly connected to its air spring plate.
	4.   The final step is to now fit the air spring to the lower rim (4).
	To do so, it is sufficient to place the air spring on the rim so that the bead area is positioned parallel to the rim.
	Clean both the bead area of the Air Spring (a) and the sealing areas of the rim (b) before hand. It is recommended that this area is moistened with water or soap suds to make installation easier.
	If the Air Spring is to be mounted directly onto the bogie, the bolster or transom can now be applied. If the rail car body is to be fitted afterwards or if technical approval of the bogie under load is to be conducted, the bead area of the Air Spring...
	The sealing area (a) and (b) must however be cleaned beforehand.
	If you are intending to fit the whole Air Spring System as a unit later into the bogie, this can be done by means of a suitable device. The device shown in fig. “ Air tightness testing device”.
	After cleaning and moistening the sealing area (a & b) the air spring can be inflated at a spring internal pressure of Pi = 6 bar.
	5.  The Air Spring is now fully installed
	Note: All Air Springs undergo a 100% air tightness test at the manufacturer’s. However for early detection of any errors or irregularities during installation which may lead to leakages, it is recommend conducting an air tightness test once installati...
	Fig. Air tightness testing device
	Constructional details of Firestone air spring
	This Firestone Airail spring is a cylindrically shaped bellow that rolls over a custom contoured pedestal. This Airail spring has nine major parts.
	The Airail Spring (or Elastomeric Rubber Part)
	The Bead Skirt
	The Upper Mounting Plate
	The Bead Ring
	Fig. 5 Constructional details of Firestone make air spring
	The Pedestal Assembly (or Piston)
	Emergency Spring
	Bumper Support Plate
	Spacer Plate
	Base Plate
	The brief description of each part of the total assembly follows:
	Airail spring (Elastomeric Rubber Part)
	The Airail Spring is a highly engineered pneumatic cylinder. It is made of elastomeric material and is nearly cylindrical in shape. It contains nylon cords that are laminated with elastomeric rubber and cured together for an airtight seal. At each end...
	Bead skirt
	The bead skirt is made of aluminum and a bead groove is machined for a precision circumferential fit to assure the bead wire seats properly to seat with the top or upper mounting plate. This aluminum is high grade and more than strong enough to be use...
	Upper mounting plate
	Upper mounting plate is made of steel or aluminum. The upper plate is to be placed upon the bead skirt with the elastomeric rubber part bead wire seating in the bead skirt and to be bolted together to form the upper seal. This is engineered with a spe...
	Bead ring
	The bead ring is also made of aluminum and is located at the bottom of the assembly and serves the same purposes as a bead skirt, it forms the lower seal. The bead ring is bolted to the pedestal.
	Pedestal assembly (or piston)
	The pedestal (or piston) serves the purpose, as a component is the lower sealing procedure and support member. This steel parts act as a lower mounting surface. The pedestal (piston) is tall enough to let the air spring oscillate with the given load c...
	Emergency spring
	The emergency spring (on bumper) provides an auxiliary spring system in the event of an air system failure. It is an integral feature of the air spring assembly and is secured to the upper mounting place with four bolts. It also has a rulon pad bounde...
	Bumper support plate and spacer plate
	The bumper support plate is a steel plate (with two grooves and a hole in the center) which goes on top of the spacer plate (with two grooves and NO hole in center). These two plates are bolted to the top of the pedestal assembly with four bolts. The ...
	Base plate
	The base plate is a steel plate, which is bolted to the bottom of the pedestal assembly with 6 bolts. This plate has three counter bore holes, which allows for the attachment of the assembly.
	Obtain bead skirt and 18 –M10 x 33mm long flat head ribbed neck bolts and install ribbed neck bolts in bead skirt, being sure that head of the bolts are flush with skirt surface (Bolts for the bead skirt are ribbed neck and should be swedged in. An ar...
	STEP-2
	Obtain bead ring and 24 – M10 x 45 mm long flat head ribbed neck bolts and install ribbed neck bolts in bead ring. Being sure that head of the bolts are flush with skirt surface. (Bolts for the bead ring are ribbed neck and should be wedged in. An arb...
	STEP-3
	Obtain 12.7 mm thick bumper support plate (with two grooves and a hole in the center). 15 mm thick spacer plate (with two grooves and NO hole in center) and pedestal assembly. Bolt these two plates, with grooves up and bumper support plate on top of s...
	STEP-4
	Apply bead ring with bolts, to small bead of bellow using soap and water on bead ring of bellow. Bellows bead must be seated in bead ring. Obtain pedestal assembly with steel plates attached, in upright position, lineup bolt in bead ring with holes in...
	STEP-5
	Obtain base plate and attach to pedestal assembly using 5 – M14 x 2.0 x 40 mm long hex head bolts and M14 lock washers. Tighten and torque bolts to 60 ± 4 Nm. turn assembly over setting it on its base plate. (Start nuts on by hand first.)
	STEP- 6
	Obtain upper mounting plate and bumper with rulon pad. Bolt bumper in place using 4-5/16” –24 UNF x 3/4" long hex head cap screws with Loctite #277 applied to the threads and 4-5/16” lock washers. Tighten and torque bolts to 30 ± 3 Nm. (Use hand wrenc...
	STEP-7
	Assemble bead skirt with rib neck bolts to bellows using soap and water on bead ring of bellow. Bellow bead must be seated in bead ring. (Soap and water mixture for lubricant on bellows bead area. Flex bellows bead in on its self in order to snap it i...
	STEP-8
	Obtain upper mounting plate with bumper attached. Align holes in upper mounting plate and install. Using 18-M10 hex nuts and M10 lock washers. Tighten and torque in star pattern all nuts to 40 ± 3 Nm. (Start nuts on by hand first. Be careful not to ov...
	STEP-9
	Install orifice plate in spigot on upper mounting plate using retaining ring (IF REQUIRED).
	STEP-10
	Lubricate two O- rings 2-234 with Parker O-ring lube and place in groves in mounting plate. Place assembly in test frame and inflate to 7.3 bars. After 30 minutes, reset pressure to 7.0 bars. Hold on test for 3 hours. Pressure loss of less than 0.3 ba...
	4.15 CONTROL EUIPMENTS FOR AIR SUSPENSION SYSTEM
	4.16  LEVELLING VALVE
	Introduction
	The air suspension-leveling valve is fitted to DEMU coaches to regulate the coach body level. Irrespective of the load condition of the vehicle, by charging or venting the air suspension bellows. Two types of levelling valves used for coaches that are...
	Levelling Valve (KNORR-BREMSE)
	The relative vertical motion between running gear and coach body as caused by loading or unloading of the vehicle is communicated via the actuating linkage to the operating lever and is transmitted to the carrier with eccentric supported in the housin...
	FIG.    THROTTLED AIR SUSPENSION LEVELLING VALVE (Lap Position)
	The valve disc acts as check valve to prevent back flow of the compressed air from the air suspension bellows in the event of the pressure of the auxiliary air reservoir decreasing. With the rail vehicle in the level position, the air suspension level...
	Charging of the Air suspension Bellows
	Upon loading of the vehicle, the coach body will first lower to the air suspension bellows being compressed as a result of the higher load applied. The compression causes the carrier to be rotated, via the actuating mechanism, in such a manner that th...
	FIG.    CHARGINGN OF THE AIR SUSPENTION BELLOWS
	As the deflection of the operating lever in creases, the piston is shifted further upwards and being approximately shaped- serves to clear an increasing cross-section of the housing bore. In case of the unthrottled air suspension-levelling valve the f...
	Venting of the Air Suspension Bellows
	Upon unloading of the vehicle, the coach body will first raise due to the air suspension bellows extending as a result of the decreasing load. The decompression causes the carrier to be rotated, via the actuating mechanism, in such a manner that the e...
	FIG.    VANTING OF THE AIR SUSPENTION BELLOWS
	In the case of the throttle air suspension levelling valve, compressed air is now able to travel from the air suspension bellows by the way of the narrow fit between piston neck and housing bore in a throttle manner through the exhaust bore of the pis...
	Removal From Bogie
	Exhaust the air pipe coming from the auxiliary reservoir.
	Unscrew the hinged joint with the vehicle from actuating lever.
	Turn the actuating lever of levelling valves in the direction of exhausting, and allow the air pipe from the air spring bellows to exhaust through exhaust port.
	Unscrew the pipe unions and detach the levelling valve from the vehicle.
	Overhauling Levelling Valve
	Tools
	All tools are standard except for a precision torque wrench, and a sleeve for assembling the piston rod assembly.
	Disassembly levelling valve (See Fig. Exploded view of levelling valve)
	Clamp the levelling valve in vice with soft jaws lining.
	Open hex. Head screw of the actuating lever and remove actuating lever and its rings.
	Remove driver and sealing ring from the body.
	Unscrew the filter screw and remove filter.
	Remove sealing ring and needle roller from the body. Remove piston rod and its rings.
	Drive out the two pins into the cavity inside body, this will expose the parts  still left inside.
	Unscrew the screw plug and remove sealing ring, wire strainer.
	Unplug the adapter nipple remove wire strainer, sealing ring, valve head compression ring.
	FIG.      EXPLODED VIEW OF LEVELLING VALVE
	Cleaning of parts
	Use a soft wire brush to remove traces of corrosion and severe dirt deposits.
	Using lukewarm soapy water, wash valve head as a rubber-bonded metal component, and piston, roller and washer as plastic parts. Then rinse them off immediately with clear water and blow dry with compressed air.
	Clean wire strainers with light grade petrol.
	Clean all metal parts (no rubber-bonded metal components) with a chemical cleaning agent in a bath at 70ºC to 80ºC and then blow dry with compressed air.
	Inspection of Components
	Having cleaned all components, give them a careful visual inspection. Replace any part showing damage such as cracking, distortion corrosion or thread. Inspection of the parts as given in table below.
	Greasing the components
	Grease the following parts before assembling the levelling valves:
	The sliding and guide surfaces of the moving parts, the sealing ring and the O-ring must be lubricated with a thin coat of UFuchs Renolit HLT2U universal grease or equivalent.
	The cavities in front of and behind the sealing lips of sealing ring in body must be packed with UFuchs Renolit HLT2U universal grease.
	The sealing rings and the left ring need oiling.
	Assembling of the valve
	In order to assemble piston rod and piston, you must depress compression spring with the help of sleeve and then install needle roller.
	Having been placed in the interior of body, the O-ring, the spiral jaw ring and the washer need anchoring in position with the two pins.
	The driver must turn easily through 360º, all other moving parts must also move freely in their guides.
	In the lap condition, actuating lever might, when swung by 180º degree inadmissibly from its center position owing to the manufacturing tolerances of the valve components.
	The detected deviation from the centre position must be allotted evenly to the starting point of the lever and its opposite position; this is accomplished by relocating the lever relative to the driver. The maximum permissible deviation from the centr...
	Torque hex. head screw  to between 35 and 40 Nm on levelling valve. Apply a 17 mm wrench to driver as a counter support for torque the screw.
	TESTING OF LEVELLING VALVE
	For testing and adjustment the levelling valve. An instrument require measuring the angle of the lever position.
	Test Setup
	Install the levelling valve in a test setup according to Fig. given below.
	The line between port L and reservoir R2 must be 0.35 m long and have an inside bore of 13 mm.
	Close all cocks.
	Set pressure-reducing valve DMV to 8 bar (pressure gauge M1).
	FIG. TEST SETUP
	Calculating the dead stroke
	Open cocks H1 & H4, turn Actuating lever (23) towards charging and observe pressure gauge M2. As soon as the pressure gauge reads 4 bar, move the lever to the 0 position on the graduated scale.
	Turn Actuating lever (23) slowly towards charging and observe pressure gauge M2.  As soon as the pressure begins to rise, mark the position of the lever on the graduated scale ((valve lap position).
	Turn Actuating lever (23) slowly towards exhausting and observe pressure gauge M2. As soon as the pressure begins to fall, mark the position of the lever on the graduated scale ((valve lap position).
	Leakage test
	Cary out the leakage test using a leakage testing agent such as Nekal, Erkantol, Gupoflex or equivalent, if no special leakage testing agents are available, the test may alternatively be performed with a soap solution. All traces of soap must be remov...
	Pressure gauge M1 must read 8 bar, M2 0 bar. All cocks are closed. Move Actuating lever (23) to the 0 position.
	Charging
	Open cocks H1 & H4
	Turn Actuating lever (23) towards charging and observe pressure gauge M2.
	As soon as the pressure gauge reads 0.5 bar, close cocks H1.
	Open cock H2.
	Test for leakage at E and at cock H2. No air is allowed to escape. The reading on pressure gauge M2 must remain constant at 0.5 bar.
	Exhausting
	Turn Actuating lever (23) towards exhausting.
	The reading on pressure gauge M2 shows must fall to 0 bar.
	Close cocks H2 & H4.
	Open cock H1 and H3.
	Check for leakage at E end at cock H3. No air is allowed to escape.
	Function Test
	Pressure gauge M1 must read 8 bar, M2 0 bar. Al cocks are closed.
	Charging
	Open cock H4.
	Turn Actuating lever (23) to an angle of 4º towards charging.
	Open cock H1 and observe pressure gauge M2.
	Using a stopwatch, record the time taken by the pressure to rise from 2 bar to 6 bar. The time must be within the tolerances specified in Table 5.
	Repeat the time recording at a lever angle of 10º.
	Exhausting
	Set Actuating lever (23) to charging.
	As soon as pressure gauge M2 shows 8 bar, close cocks H1 and H4.
	Set angle of actuating lever (23) to an angle of 4ºtowards exhausting.
	Open cock H1 and observe pressure gauge M2.
	Using a stopwatch, record the time taken by the pressure to fall from 6 bar to 2 bar. The time must be within the tolerances.
	Repeat the time recording at lever angles of 10º and 8º.
	Terminating the tests
	Close cock H1.
	Exhaust the test setup by opening cocks H2, H3 and H4.
	Remove the levelling valve from the test setup.
	Affix a durable test mark to the levelling valve if it has successfully passed the tests
	Installation And Checking
	Screw the pipe unions and attach the levelling valve to the vehicle.
	Connect the air pipe coming from the auxiliary reservoir.
	Screw the hinged joint with the vehicle to actuating lever.
	Connect all pipes to the levelling valve
	Charge the leveling valve after completing installation.
	Upon reaching the maximum working pressure in the valve and the vehicles air spring bellows. Check the pipefittings for leakage.
	Apply a leakage-testing agent, no air is allowed to escape. If no special leakage testing agents are available, the test may alternatively be performed with a soap solution. All traces of soap must be removed immediately after the test.
	Upon reaching the maximum working pressure in the valve and the coach air spring bellows. Check the all pipe connections for leakage using a leakage testing agent such as Nekal, Erkantol, Guppflex or equivalent. No air bubbles are to form.
	4.17 LEVELLING VALVE (SAB WABCO)
	Construction
	The levelling valve is constructed throughout from corrosion resistant materials. A chamber (C) is connected to the compressed air supply which enters the valve via filter (24) and passage (P). A chamber (D) is connected to one of the suspension bello...
	FIG.    LEVELLING VALVE (SAB WABCO)
	The head of moveable hollow valve stem (B) is provided with a slot. A pin (28) complete with a cam roller (27), the outside diameter of which may be varied to give a particular ‘dead band’ rang, is located in the slot. The drive shaft (29) connects th...
	Overhauling
	Special Tools
	The following tools are to be used during dismantling and assembling.
	a)  Valve seat housing adjusting tool  - RPBT-0503
	b) Test manifold for setting   - RPSK-0485
	c)  Setting plate     - RPSK-0487
	d)  Setting pointer     - RPSK-0487/1
	e)  Clamp plate     - RPSK-0486
	Dismantling, Cleaning and Inspection of the valve
	Disconnect all pipe connection to the valve and remove the valve from coach.
	To hold it in a suitable vice having soft jaws.
	Unscrew the M6 Hex head Screw and dismantle the manifold block.
	Using the special tool (RPBT-0503) unscrew the valve seat housing.
	Then remove all the components, which were inside the valve body.
	Check the seal for any damages/ cut marks, if found pull out the seal.
	Unscrew the M8 bolt and dismantle the adapter plate.
	Now remove the inner components of the valve.
	Remove the valve stem after removing the circlip in the exhaust portion of the valve.
	Clean all the components using suitable solvent and keep them for examination.
	Examine all the components and change the components wherever substantial wear is noticed.
	Assembling of valve
	The re-assembling of the valve is the reverse of the dismantling procedure but do not assemble the manifold block.
	The seal is to be pressed into the valve body using tool RPBT-0507.
	Then take the valve for testing.
	Test procedure
	Procedure for initial valve setting
	Fit the test manifold, clamp plate with o-ring and tighten with M6 bolts.
	Remove the operating arm.
	FIG.  TEST SCHEMATIC
	Connect the valve as shown in fig.
	Ensure the air supply is clean and dry and ensure isolating cocks V1 and V2 are closed.
	Fix the setting plate in- between the adaptor plate and the body and tighten with M8 screws.
	Ensure that the setting indent is in the correct position.
	Regulate the supply on gauge ‘p1’ to 100 psi (7 bar).
	Move the lever 45 deg in the “FEED” direction then 45 deg. past zero in the “EXHAUST” direction. There should be negligible resistance to movement experienced.
	Checking the zero feed zone
	When the lever is moved in “FEED” direction, flow starts at the positive end of this zone. When cutting off the feed flow, flow ceases at, or just before, the negative end of this zone.
	Setting the Zero feed zone
	Ensure the lever pointer is set to the 0 deg. mark on the plate. Open the isolating cock V1. Adjust the seat housing using the special tool until the pressure just begins to rise on pressure gauge ‘p2’.
	Allow the pressure shown on gauge ‘p2’ to rise to between 50 and 60 psi, then move the lever towards ‘EXHAUST’ to – 4 deg. maximum. The pressure in ‘P2’ should remain static over a 2-minute period. Record as ok in the test record.
	Note: There may be some initial settlement.
	Carefully bring the lever back toward 0 deg and note the lever position when the pressure shown on gauge ‘P2’ ceases to rise. This position should be 0 deg ± 1 deg. Record the position in the test record sheet.
	Checking the Exhaust zone
	Move the lever carefully in the direction of the ‘EXHAUST’ zone. Note the lever position when the pressure shown on gauge ‘P2’ begins to fall. This position should be between –4 deg and – 7.6 deg. Record the acceptance in the test record sheet.
	Close isolating cock “V1”. Move the lever into the ‘EXHAUST’ zone until the pressure shown in gauge ‘P2’ = zero.
	Procedure for checking the valve performance
	Disconnect the flexible hose from port ‘C’ shown in above fig.
	Remove the test manifold etc. and protect the parts from damage and the contaminants.
	Re-fix the valve manifold using the correct O-ring, bolt and spring washers.
	Connect supply line flexible hose to part ‘A’ in valve manifold.
	Open isolating cock ‘V1 and move the lever into the “FEED” zone until the pressure shown on ‘P2’ must not leak of over a minute period. Record ‘NO LEAK’ in the test record sheet.
	Move the lever into ‘EXHAUST’ zone until the pressure shown on ‘P2’ falls to zero.
	Open isolating cock’V2’.
	Move the lever to +10 deg in the ‘FEED’ direction. Check the time taken for the pressure shown on ‘P2’ to fall from 0 to 60 psi. Record the time in the test record sheet. Which should be 11 ± 5 sec.
	Move the lever to -15 deg in the ‘EXHAUST’ direction. Check the time taken for the pressure shown on ‘p2’ to fall from 60 to 10 psi. Record the time in the test record sheet. Which should be 21 ± 2.5 sec.
	Move the lever into the ‘EXHAUST’ zone until ‘P2’ is showing zero. Return the lever to the 0 deg position.
	Final leak test
	Close isolating cock ‘V2’ and remove flexible hose from port ’B’.
	Check the gauge ‘P1’ is showing a pressure of 100 psi.
	Immerse valve in clean water and check for leaks. No leakage permitted.
	Remove the valve from water and close isolating cock ‘V1’.
	Remove the supply line flexible hose from port ‘A’.
	Dry the valve and seal all ports to prevent ingress of contaminants.
	4.18 DUPLEX CHECK VALVE (KNORR BREMSE)
	Introduction
	Duplex check valve is fitted between two air springs of the same bogie. Whenever a burst air spring occurs on one side, this valve will ensure that no severe tilt or twist occurs during movement of the coach. The pressure differential on duplex check ...
	Duplex check valve basically comprises of two-opposite check valves side by sides, arranged so that air can flow in either direction when the air pressure differential exceeds the preset value.
	Operation
	When the air pressure at one input port exceeds, the pressure at the other input port by less then the differential limit, the valve spring keep both check valves closed. This allows two air suspension bags to have a pressure differential up to this p...
	FIG.    SECTION VIEW OF DUPLEX CHECK VALVE (KNORR BREMSE)
	When the air pressure at one input exceeds the air pressure at the other port by more than the differential limit, the higher pressure overcomes the spring and opens the valve, allowing airflow from high to low pressure. The flow continues until the d...
	In case of burst air spring, air leaks to atmosphere and thereby causing low-pressure situation. The movement pressure differential between burst air spring and intact air spring of the same bogie exceeds the predetermined setting of duplex check valv...
	Removal from coach
	Prior or removing the duplex check valve, fully exhaust air pipes to the duplex check valve.
	Unscrew pipe fittings from Port 1 and Port 2.
	Detach duplex check valve from support bracket.
	Overhauling
	Tools for Disassembly and Assembly.
	For disassembly and assembly of the duplex check valves only standard commercially available tools are needed.
	Disassembly
	Disassemble duplex check valves according to exploded view of duplex check valve.
	Open both hex. Head cap screw and disconnect the valve body from support flange.
	Place valve on the vice and tighten.
	FIG. EXPLODED VIEW OF DUPLEX CHECK VALVE
	Open both cap screws and remove the inside parts like springs and valves.
	Cleaning of parts
	Clean all metal parts at a temperature of 70 to 80ºC in a suitable cleaning bath or washing machine and dry with compressed air.
	Clean valve in lukewarm soapy water, rinse immediately with clean water and dry with compressed air.
	Do not clean sealing rings during overhaul, but replace these parts.
	Inspection of parts
	After cleaning all parts, carried out a careful visual inspection. If severe damages are observed like cracking, deformations, heavy signs of rust or thread deformations, which would endager the proper function of the respective part, it must be repla...
	Spring- The spring must have the minimum force at the clamped length of 18 mm, otherwise replace the spring.
	Valve-- Examine valve rubber plate for damage.  If the rubber is intended by more than 0.4 mm, replace the valve.
	Minor scoring in the sliding surfaces of the valve can be rectified by polishing. The specified minimum diameter must be checked. Otherwise replace the valve.
	Body-  Minor scratching in valve seats can be rectified by polishing.
	Minor scoring in bores can be rectified by polishing. The specified tolerances must be checked, otherwise replace the body.
	Assembly of valve
	Universal grease, e.g. Renolit HLT 2 by Fuchs, or equivalent is required.
	Prior to assembly, apply a thin coat of universal grease to all O-rings, sealing rings, and all sliding and guide surfaces.
	Assemble duplex valves according to exploded view of duplex check valve in the reverse sequence to disassembly.
	Place valve on the seat and spring in the body.
	Apply sealing ring in cap screw and tighten with body.
	Apply O-Rings with the support, Place hex. Screw tighten with star washer and nut.
	Testing of duplex check valve
	Test setup
	Install duplex check valve in a test setup according to Fig. A. Test setup.
	Fig. “A”. Test setup
	Close all cocks
	Set pressure at pressure reducing valve DMV to 6bar. (pressure gauge M).
	Leakage test
	Open cock H1
	Using leakage testing agent (Nekal, Erkantol, Gupoflex or equivalent) test for leakage at screw caps and at the joint between body and support flange. As alternate soapy water can be used for leakage testing should no leakage test agent be available. ...
	No air must escape.
	Close cock H1.
	Function test 1
	Set pressure reducing valve DMV to 0 bar (pressure gauge M).
	Open cocks H1 and H2.
	Slowly increase pressure through pressure reducing valve DMV and watch pressure gauge M. Air must escape from cock H2 when the pressure reaches the opening pressure range as required.
	Slowly lower the pressure at pressure reducing valve DMV and watch pressure gauge M. Air must have stopped escaping from cock H2 when the pressure reaches the lower value limit as required.
	Close cock H1.
	Function test 2
	To carry out function test 2, install the duplex check valve in the test setup according to fig. B(reverse direction of air flow).
	Set pressure reducing valve DMV and watch pressure gauge M. Air must escape from cock H2 when the opening pressure range per table 3 of the individual duplex check valve is reached.
	Slowly lower the pressure at pressure reducing valve DMV and watch pressure gauge M. Air must stop escaping from cock H2 when the lower pressure limit per table 3 is reached.
	Close cock H1.
	Fig. “B”. Test setup
	Termination of Test
	Close cock H1 = vent the duplex check valve.
	Close cock H2
	Remove duplex check valve from test setup.
	Affix a test mark to duplex check valves that have passed the tests.
	Installation on coach
	Place the duplex check valve to support bracket.
	Screw the pipe fittings from Port 1 and Port 2.
	After installation of the duplex check valve, recharge the air pipes and perform a leakage test at fittings in P1 and P2 when the maximum system pressure is reached.
	4.19 DUPLEX CHECK VALVE( SAB WABCO)
	Maintenance
	This valve requires no routine maintenance between overhauls, which should be carried out at the intervals specified by the RDSO in maintenance schedule. In the absence of such a schedule the valve should be over hauled every three years.
	Removal from coach
	For removal of the duplex check valve, air pipes connected with duplex check valve must be exhausted.
	Uncouple pipe fittings from Ports.
	Detach duplex check valve from support bracket.
	Disassembly
	Tighten the valve in a vice.
	Unscrew the cap nuts and remove all the parts inside it.
	Cleaning and Inspection
	Clean all the components using suitable solvent, wipe them in clean cloth and keep them for inspection.
	Special attention to be given for valve seat (20 for checking any severe damages in the rubber and the spring (3) for checking if any permanent set has taken place.
	Change/ retain the components wherever necessary and reassemble the valve in the reverse manner of dismantling.
	FIG. SECTIONAL VIEW OF DUPLEX CHECK VALVE (SAB WABCO)
	Test procedure
	Ensure clean, dry air supply to the manifold, as indicated in figure1. Close all isolating cocks before starting the test.
	FIG. TEST EQUEIPMENT
	Open cock C1.
	Regulate the air pressure on gauge ‘A’ to read 3 bar (43.5 psi).
	Using soap suds check for leaks at joints. No leak permitted.
	After 30 sec note the air pressure shown in gauge A & B. Gauge B should indicate a pressure X bar ± 0.2 bar lower that shown in gauge A.
	Regulate the air pressure on gauge A to read 8.5 bar (123 psi).
	After 30 sec note the air pressure shown in gauge A & B. Gauge B should indicate a pressure X bar ± 0.2 bar lower than that shown on gauge A.
	Regulate the air pressure on gauge A to read 4 bar (58 psi).
	After 30 sec note the air pressure shown in gauge A & B. Gauge B should indicate a pressure X bar ± 0.2 bar higher than that shown on gauge A.
	Wind the regulator down to 0 bar on gauge A.
	Drain the air from the system and remove the valve from the test apparatus and seal all the ports to prevent the entry of any foreign particles.
	Note: Where X is the differential pressure of Duplex valve.
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	Details of rotating rectifier
	19.6  TECHNICAL DATA (C 1012TA)
	19.7.3 COMPONENTS
	1. Diode  2000 Amps, 3200 PIV   12 Nos.
	19.7.4 INSTALATION OF RECTIFIER UNIT
	19.7.6 TROUBLE SHOOTING

	Field Poles and Coils
	Armature
	Commutator
	Brushes and Brush Holders
	Bearings
	Gear and Gear Case
	RATING
	INSULATION

	ARMATURE
	COMMUTATOR
	BRUSH GEAR
	ARMATURE BEARINGS  Pinion End   Commutator End
	LUBRICATION (* 02 different types of greases should not be mixed together)
	20.4.2 SCHEDULE MAINTENANCE
	Monthly Schedule
	Quarterly Schedule
	20.4.3 OVERHAULING
	Removal of Air Outlet
	Removal of the surrounding of Pinion End Bearing
	Assembly of the surrounding of pinion
	Removing the armature and armature bearings
	REMOVING
	REFITTING
	Reconnecting
	Insulation of brazed connections
	Insulation of Brush gear Connections
	Removing the Field Coils
	Reassembling the main field coils
	Reassembling the compole coils
	ELECTRICAL TESTS HIGH VOLTAGE TESTS
	High voltage tests during overhaul

	20.4.5 REMOVING AND FITTING PINIONS
	20.4.5.1 Removing the pinion
	By heating the pinion
	20.4.5.2 FITTING THE PINION
	PROCEDURE
	20.4.6.1     Description
	20.4.6.2 ROLLER SUSPENSION BEARING ARRANGEMENT


	Assembly methods
	Storage
	Example
	Example
	REMOVAL
	SERVICING
	Non-gear wheel side   Gear wheel side
	INSPECTION
	20.4.6.4 OVERHAULING
	DISASSEMBLING

	Removal of Adjusting Washer
	Dismantling the Suspension Tube
	Removal of Gear Wheel End Bearing Cone
	CLEANING
	Cleaning of axle suspension bearings

	Cleaning of other parts
	Wiping
	INSPECTION
	Gear End Bearing
	20.4.7 GEAR CASE AND GEARS
	20.4.7.1 GEAR CASE
	FITMENT OF FELT SEALS IN TRACTION MOTOR GEAR CASES

	Felt Seal Assembly
	FITMENT OF FELT SEALS IN GEAR CASE
	On Gear Side
	On Pinion Side

	Assembling the gear case
	20.4.7.2 GEARS

	Examination of gears
	Gear tooth wear
	Note : Measure dimension “k” over the specified number of teeth and note the average value of 8 different measurements by a plate micro meter of suitable size.
	Profile deviation limit
	20.4.9 BRUSHGEAR
	REMOVING BRUSH GEAR

	20.5 CONSTRUCTION DETAILS  ( C1005TM)
	The motor construction can be divided under the following heads.
	Main poles: The main pole cores and coil are potted to the core with solvent less resin. The coil is of flat wound type with the frame side coil with 11 turns & armature side coil with 10 turns. The coils are connected by brazing. The two open coils (...
	Commutating poles: The commutating pole core and coils are also potted with solvent less resin. The complete coil consists of 18 turns wound edge-wise. The terminals and connectors are of robust design to avoid the failures on account of cracks in the...


	20.5.4 MOTOR SUSPENSION UNIT
	20.6 TECHNICAL DATA ( C1005TM)
	Specifications
	Series field winding   : 0.012 ohms ± 5%  0.016 ohms ± 5%
	Comm. pole winding  : 0.0084 ohms ± 5%  0.0114 ohms ± 5%
	Armature details
	Core diameter    : 460 mm
	Core length     375 mm
	Brg. to Brg. Distance (Outer face of Distance collars ): 896 ± 0.25
	Armature permanent banding
	Material   :  0.33TK X 25wide (Glass Winding Tape)
	Turns on PE winding   : 170 nos. Approx.
	Turns on CE winding   170 nos. Approx.
	Race & housing   : 0.02 (Clr.) mm  0.00 mm
	Armature Winding   Pinion side  Commutator side
	Type of bearings  : NU328E-MC4   NH318E-MC4
	Manufacturers   : SKF    SKF
	Radial Clearance of   : 0.145/ 0.190 mm  0.105/ 0.140 mm
	Free bearing when (New (internal)
	Fit between inner  : 0.04 (Int.) mm  0.03 mm (Int.) mm
	race & shaft   : 0.085 (Int.) mm 0.07 mm (Int.) mm
	Fit between outer  : 0.04 (Int.) mm  0.03 mm (Int.) mm
	Commutator
	Diameter with new  : 330 mm
	Minimum usable Diameter : 306 mm
	Riser width   : 22 mm
	Mica groove depth  : Max. 2.5 mm  : Min 1.2 mm
	Mica groove width   : 1.1 mm
	Mica thickness   : 1.1 mm
	Carbon Brushes
	Number per brush Holder : 2
	Brush grade   : EG 14D with Rubber Top
	Brush type   : Split
	Brush Size   : 20 mm x 55mm x 50mm split
	Brush spring pressure  : Max. 6.2 kg. / brush, Min 4.8 Kg/brush
	Brush wear limit  : Brush length in 25 mm
	Brush holders
	Number per motor  : 4
	Clearance bottom of   : 1.5 to 3.5 mm
	Brush holder to commutator
	Pole bores (average)
	Commutating pole (At center): 478 mm (Nominal air gap =9 mm)
	Tolerance allowed on the Pole Bore Dim is ± 0.2 mm
	Axle suspension tube
	Roller bearing details   : Gear end  Non gear end
	Manufacturer    : TIMKEN  TIMKEN
	Type of bearing   : Taper Roller  Taper Roller
	Cone M67919            Cone M67919
	Charge of lubricant(Total volume) 1250 gms.  900 gms.
	Type of grease   : Shell Cyprina RA

	Gear case
	Initial charge of Lubricant : 6.5 Kgs. Max.:  3.5 Kgs. Min.
	Type of gearcase   :HP Gear tak 2. or Compound Bharat Camex Compound F.
	High Voltage Test of the Various Sub-assemblies New & Old
	New   Old
	Complete Motor   2.8 KV   1.5 KV
	Armature     4 KV   3 KV
	Fielded Stator     4 KV   3 KV
	Weight (Approx.)
	Complete motor (Including gear case and motor suspension unit)  : 2473 kg
	Armature         : 700 kg
	Pinion          : 11 kg.
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