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izLrkouk /PREFACE  
 

To take advantage of superior technological standard of 
LHB coaches and keeping the cost low, stainless steel body 
coach on ICF bogie with Air Spring as secondary suspension 
(Stainless steel SG coaches) have been introduced on Indian 
Railways.  

Air suspension has many advantages over conventional 
steel spring suspension. All the supervisors and artisans who 
will be maintaining air suspension in coaches needs to get 
acquainted with principles of operation and maintenance of 
this type of suspension.  

This handbook “Maintenance of Air suspension system” 
has been prepared by CAMTECH with the purpose of 
disseminating the information and knowledge regarding 
maintenance of air suspension system on coaching stock to all 
those in coaching maintenance field.    

The suggestions are invited from the readers to improve 
and make the book more useful. Any such suggestion shall be 
included in next publication. 
 
Date: - 30.11.2010  
CAMTECH, Gwalior                                      ,l-lh-fla?ky  

dk;Zdkjh funs’kd 
   S.C. Singhal 

  Executive Director  
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 ,;j lLias’ku flLVe  

AIR SUSPENSION SYSTEM 
 

1.0 ifjp; /INTRODUCTION 
      

To take advantage of superior technological standard of LHB 
coaches and keeping the cost low, stainless steel body coach on 
ICF bogie with Air Spring as secondary suspension (Stainless 
steel SG coaches) have been introduced. With increase in load 
and speed the existing coil spring ICF type bogie suspension of 
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.  
To overcome this problem, air (pneumatic) suspension (air spring) 
at secondary stage has been taken up with optimized values of 
stiffness and damping characteristics. 
 
 Advantages of air suspension 

 
 Constant floor height of coach. 
 Excellent ride comfort. 
 Capable to sustain Super Dense Crush Loads of suburban 

traffic. 
 Safe running of train. 
 Virtually Constant natural frequency from tare to full loads. 
 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. 
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3D View of ICF Bogie fitted with Air suspension system 
 

 
1.1 dk;Z dk fl}kUr /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 by 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.  
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Fig.  Working principle of Air spring 
 

Comparison with existing coil suspension: 
 

Unlike steel spring, air springs retain their height under changing 
loads. The low natural frequency of air spring suspension remains 
virtually constant. 
 

In case of coil spring, deflection is proportionate to the load, 
therefore, under high payload situation, space constraint become 
critical, leading to the use of stiffer springs resulting in 
unsatisfactory ride behavior and reduced speed potential. 
 

Air springs through their control mechanism, offer a load 
proportionate stiffness, constant floor height and prospects of 
better ride behavior with higher speed potential. 
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1.2   fo’ks"krkvksa dks izkIr djuk  

ACHIEVING 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. 

 

1.3    ;kstukc} vkjs[k /SCHEMATIC LAYOUT 
 

A Schematic layout of pneumatic suspension control 
equipments is explained in Fig. below. 
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1.4  ,;j fLizax dh cukoV dk fooj.k /Constructional details of air 
spring 
 

This Air spring is a cylindrically shaped bellow that rolls over a 
custom contoured pedestal. This Air spring has nine major parts. 

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

 
Fig. Constructional details of 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: 
 

,;j fLiazx (bykLVksesfjd jcj dk ?kVd)  
Air spring (Elastomeric Rubber Part) 

The Air 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 



 Maintenance of Air Suspension system of coaching stock                                 7                  

dksfpax LVkWd esa yxs ,;j lLias’ku flLVe dk j[kjk[kko                                     dSeVsd Xokfy;j                

Air Spring there is a bead wire for reinforcement and sealing 
purposes.  
 
chM LdVZ /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 overall 
weight reduction. This bead skirt will help provide the 
horizontal or lateral characteristics the Firestone customers 
require. 
 
vij ekmfUVax IysV /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. The mounting plate 
is fitted with an air entrance for inflating the parts to a desired 
pressure. The air passage is designed 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. 
 
chM fjax /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, and forms the lower seal. The bead ring is bolted to the 
pedestal. 
 
iSMsLVy vlsEcyh (;k fiLVu )/Pedestal assembly (or piston) 
The pedestal (or piston) serves the purpose, as a component in 
the lower sealing procedure and support member. This steel part 
act as a lower mounting surface. The pedestal (piston) is tall 
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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. 
 

bejtsUlh fLizax /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. 
 

cEij liksVZ IysV vkSj Lislj IysV  
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 provides 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. 
 

csl IysV /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. 
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Fig.  Constructional details of 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. 

 
Basic structure of rubber part of an air spring 

 
Fig. Constructional details of rubber part of air spring 
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1.5 ejEer ds fy;s 'ksM~;wy /MAINTENANCE SCHEDULES: 
 

Periodical inspection of air springs system on coaches are as 
under: 
Primary/ Secondary Schedule: 
Inspection site: 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.  
Schedule ‘A’: 
Inspection site: Pit line 
 Carry out Primary/ Secondary Schedule 
 Draining of 40-liter reservoir. 
 Cleaning of leveling valve filter. 
Schedule ‘B’: 
Inspection site: Pit line 
 Carry out Schedule ‘A’  
 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. 
Schedule ‘C’: 
Inspection site: Sick line 
 Carry out schedule ‘B’  
 Thorough checking of air spring, bulging of bellow, air 

leakage. 
 Air suspension pipe leakage check by using soap water. 
 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. 
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 AOH/POH : 
Inspection site: Depot /Work shop 
 Carry out ‘C’ and 
 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 Para 1.15 to 1.17 of this handbook.  

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

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

 Connect the pressure gauges to the drain plug locations 
of 150-litre reservoir. 

 Provide packing in the gap between bolster & bogie 
frame. 

 Connect the 150-litre reservoir on the under frame to 
the compressed air source of pressure 6 kgf/sq.cm. 

 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. 

 Close the isolating cock connecting MR pipe with 150-
litre reservoir.   

 Test all pipe joint for leakages. 
 Check the pressure gauge readings after one hour. The 

pressure drop should be within 0.1 kgf/sq.cm. 
 Release the air completely by dropping the horizontal 

lever. 
 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: 
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Procedure for Adjustment of installation lever  
Adjustment of installation levers is essential for proper levelling 
of coach body. The adjustment needs to be carried out in 
AOH/POH or intermediate dismantling of levelling valve 
system. The procedure to be followed is as under: 
 Keep the coach on a level track. 
 Connect pressure gauges to the drain plug locations of 

all 40-litre reservoirs in the bogie. 
 Place the car body on the two bogies and hook it up to 

the air supply (by opening the isolating cock). 
 First open only the isolating cock (thereby releasing the 

air supply for “1st ” bogie and affix the level control rod 
assembly to the valves). 

 On the rod assemblies set the general level (-5mm) that 
the car body is ultimately to have above the bogie frame 
and the upper edge of the bogie. 

 Insert the suitable block (10 mm under the nominal 
height and preferably of hardwood) centrally between 
the bogie frame and the car body and lower the car body 
onto the block by removing the valve rod assembly. 

 Shut the isolating cock again, thereby interrupting the 
supply of air to “1st ” bogie and open isolating cock, and 
thereby releasing the air supply to “2nd”  bogie. 

 Affix level control rod assemblies to the valves and set 
the assemblies to desired level. 

 Insert a suitable block (preferably hardwood) centrally 
between the bogie frame and the car body and lower the 
car body onto block by removing the valve and 
assemblies. 

 Shut isolating cock again, thereby cutting off the air 
supply to “2nd” bogie and open isolating cock, and 
thereby releasing the air supply to “1st ” bogie. 

 Attach level control rod assemblies to the valves and, 
after aeration, carefully adjust settings on both rod 
assemblies simultaneously (proceeding from below) 
until the desired car body height has been attained. 

 Remove the block from “1st ”bogie. 
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 Reopen isolating cock, thereby releasing air to “2nd” 
bogie, and while at the same time hanging the rod 
assembly back in place in “2nd”bogie. 

 Remove the block from “2nd”bogie. 
 Recheck the height at all measuring points. 
 Tighten the installation lever lock nuts with the 

horizontal lever, so that the setting will not be disturbed. 
 Repeat the above procedure for the second bogie. 
 Disconnect the pressure gauges and replace the drain 

plugs. 
CAUTION: 
If the difference in pressure of the air in the air 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. 
 

1.6 yksvj fLizax che ¼ØsMy½ vkSj cksxh cksyLVj ls ,;j fLizax dh 
fMleSUVfyax  

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 4 No. bolts and nut with the help of M16 Allen 

key and 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. 
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1.7 yksvj fLizax che dk fujh{k.k ,oa vksojgkWfyax  
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 diameter 17 mm or 
26 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. 
 

1.8 yksvj fLizax che vkSj cksyLVj ij ,;j fLizax dks yxkuk 
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 4 nuts and bolts with the help of suitable Allen key 

and 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 air spring be sealed with thread 

sealing tape to avoid air leakage. 
 The filter of levelling valve must be cleaned. 
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1.9 ,;j fLizax yxs ,lh ,oa ukWu ,lh dkspksa dh cksxh ds Dyh;jsUl 
pSd djus dh fØ;k fof/k  
PROCEDURE FOR CHECKING BOGIE CLEARANCES 
ON AC AND NON AC COACHES PROVIDED WITH AIR 
SPRINGS: 
 

Firstly find out the type of bogie as AC EOG (16 T), AC SG 
(16T), or NON AC (13 T) coaches and make RCF or ICF. List 
of relevant drawings are as under: 
 
TYPE OF COACH ICF DRAWING No. RCF DRAWING No. 
AC EOG(16 T)  WTAC5-0-0-501 - 
AC SG(16 T)  LWGSCWAC-0-0-001 CA00001 
NON AC (13 T) LGS-0-0-001 CA00002 

 The coach should be placed at leveled track. 
 The primary springs should be grouped as per ICF drawing 

no. ICF/STD-9-0-003, which indicate grouping of different 
type of primary springs for air spring bogie and other types of 
bogies. 

 The primary springs are used for the air spring bogies as 
follows: 

 

TYPE OF COACH ICF DRAWING No. RCF DRAWING No. 
AC EOG(16T)  WTAC-0-1-202 WTAC-0-1-202 
AC SG(16 T)  WTAC-0-1-202  AW01101 
NON AC(13T)  WTAC-0-1-202 CC01129 
POWER CAR  WLRRM8-0-1-801 - 

 

 Place the proper primary springs and compensating rings in 
AC EOG,AC SG and NON AC coaches with air spring bogie 
as per following suspension diagram: 

 

TYPE OF COACH ICF DRAWING No. RCF DRAWING No. 
AC EOG(16 T)  WTAC5-9-0- 501  - 
AC SG(16 T)  - CA90001 
NON AC (13 T) -  CA90001 

 

 Maintain the bogie corner heights as per relevant suspension 
diagram. 
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 After the bogie corner height is maintained, adjust the air 
spring height as per relevant suspension diagram with the 
help of installation lever. 

 

1.10 odZ’kkWi es lsUVj cQj diyj dh m¡pkbZ ds lek;kstu dh fØ;k 
fof/k  
PROCEDURE FOR CENTRE BUFFER COUPLER 
HEIGHT ADJUSTMENT IN WORKSHOP: 
 

 After POH and before assembling the bogie, measure the 
wheel diameter. 

 Depending upon the wheel diameter, place wooden packing 
of required thickness under the flange of lower spring seat as 
indicated in the following table: 

Average wheel diametre of the two 
wheels on the same bogie. 

Thickness of hard 
packing ring (mm) 

889 mm to 864 mm  13 
863 mm to 840 mm  26 
840 mm to 820 mm  38 
819 mm  48 

 

1.11 ,;j fLizax dh fMleSUVfyax  
   DISMANTLING OF AIR SPRING  
    

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. - Clamping projection to facilitates the exact fixing 
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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 un inflated state as shown in fig. below.  

 
(2) Fix top plate in this extreme position so that it does not exert 

any pressure on the air spring as shown in fig below. 

 
(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 PROCEDURE 

It is important to ensure that the lever is pushed between top plate 
and air springs wall until it touches the flange. 



 Maintenance of Air Suspension system of coaching stock                                 18                

dksfpax LVkWd esa yxs ,;j lLias’ku flLVe dk j[kjk[kko                                     dSeVsd Xokfy;j                

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. below-   

 
WRONG PROCEDURE 

 
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. 
below- 
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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. 

 
1.12 ,;j fLizax dh lQkbZ  

   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. 
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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).   

 

1.13  ,;j fLizax es lEHko [kjkch dks tk¡pus dk nk;jk  
JUDGMENT CRITERIA FOR POSSIBLE DEFECTS ON 
AIR SPRING:  

   

Description and judgment of possible damage places 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 
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 
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. 
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 no 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.   
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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 tolerated. If 
however the reinforcing materials are exposed, pierced 
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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 Para (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. 
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6) Peeling of the outer rubber (outer cover layer) 
 
 

 

 
Peeling of the outer rubber 

 
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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1.14   ,;j fLizax dh vlsEcyh /ASSEMBLY OF AIR SPRING:  
  
Tools and components: 

 

 
Installation: 
 
1.  Clean the upper bead (a) and upper rim (b) by using a cloth 

piece. The upper air spring plate is already in the illustrated 
(reversed position).  
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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). 
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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. 

 



 Maintenance of Air Suspension system of coaching stock                                 29                

dksfpax LVkWd esa yxs ,;j lLias’ku flLVe dk j[kjk[kko                                     dSeVsd Xokfy;j                

 
 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. 

 
 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”.  
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 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 installation has been completed. 

 
Fig. Air tightness testing device 



 Maintenance of Air Suspension system of coaching stock                                 31                

dksfpax LVkWd esa yxs ,;j lLias’ku flLVe dk j[kjk[kko                                     dSeVsd Xokfy;j                

1.15 ,;j fLizax dks laHkkyus dh fØ;kfof/k  
          HANDLING PROCEDURE FOR AIR SPRING: 
           

 Right procedure              Wrong procedure   
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1.16 ,;j lLisa’ku flLVe ds fy;s dUVªksy midj.k  
          CONTROL EQUIPMENTS FOR AIR SUSPENSION 

SYSTEM 
           
1.16.1 ysofyax okYo /LEVELLING VALVE  

          

 Introduction 
The air suspension-leveling valve is fitted to coaches to regulate 
the coach body level. Irrespective of the load condition of the 
vehicle, by charging or venting the air suspension bellows.   

 
Photograph of Levelling Valve 

 
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 
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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.      Exploded photograph of levelling valve 

 
 
 

 
 
Fig.    Throttled air suspension levelling valve (Lap Position) 
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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. 
 

 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.    Charging of the air suspension bellows 



 Maintenance of Air Suspension system of coaching stock                                 35                

dksfpax LVkWd esa yxs ,;j lLias’ku flLVe dk j[kjk[kko                                     dSeVsd Xokfy;j                

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.  

 
 
Fig.    Venting of the air suspension bellows 
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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. 
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 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. 
 
 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. 
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Fig.      Exploded view of levelling valve 

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.  
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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. 
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 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 universal grease or 
equivalent. 

 The cavities in front of and behind the sealing lips of 
sealing ring in body must be packed with Fuchs Renolit 
HLT2 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 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. 
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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 
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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. 
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 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. 

 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. 
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 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 pipe 
fittings 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. 
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1.16.2  M~;wIysDl pSd okYo /DUPLEX CHECK VALVE  
       

 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. 

  
Fig: photograph of duplex check valve 

 

 
Fig.    Section view of duplex check valve 

 



 Maintenance of Air Suspension system of coaching stock                                 46                

dksfpax LVkWd esa yxs ,;j lLias’ku flLVe dk j[kjk[kko                                     dSeVsd Xokfy;j                

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. 
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. 

 

 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.   
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 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.  

 

 
 

Fig. Exploded view of duplex check valve 
 

Inspection of parts  
After cleaning all parts, carried out a careful visual inspection. 
If severe damages are observed like cracking, deformations and 
heavy signs of rust or thread deformations, which would 
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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. 

 

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. 
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DMV - Pressure reducing valve 
M - Pressure gauge 
H1 - Isolating cock with vent 
H2 - Isolating cock 

Fig. “A”. Test setup 
 Close all cocks  
 Set pressure at pressure reducing valve DMV to 6 bar. 

(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.   
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 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 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. 
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 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. 

 
 
 

************ 
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If you have any suggestions and any specific comments, 
please write to us. 
 
  
Contact person : Executive Director 
 
Postal address : Indian Railways, 
          Centre for Advanced 
           Maintenance Technology, 
              Maharajpur, Gwalior. 
                  Pin code - 474 005 
 
Phone          : 0751- 2470803 
 
Fax               : 0751- 2470841   
 
Email address : edcamtech@gmail.com   

                             

 
 

To upgrade maintenance technologies and 
methodologies and achieve improvement in 
productivity and performance of all Railway assets 
and man power which inter-alia would cover 
reliability, availability, utilisation and efficiency. 

 OUR OBJECTIVE
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