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FOREWORD 

Seeing the road map of emission standards being introduced in the 

automobile industry in India, Indian Railways is also trying to measure and 

optimize its diesel locomotive technology to become more emission friendly in 

future. Laying of emission standards in a railroad industry involves a gamut of 

activities and is a long drawn process. 

As a first step on its road map, a mobile Emissions Test Car has been designed 

and developed to measure diesel locomotive exhaust stack emissions in diesel 

sheds on Indian Railways. A monitoring protocol has been developed to formulate 

and streamline the measurement process. 

I believe that various users and stake holders for Green Initiatives on Indian 

Railways will find this document useful for technical information and 

standardisation of measurement procedures. 

 

RAKESH VATASH 

28
th

 April’2015  
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EXECUTIVE SUMMARY 

 

This monitoring protocol deals with exhaust emission measurement from Diesel 

Locomotives of Indian Railways using an Emission Test Car (ETC).  

Indian Railways has a fleet of around 4500 diesel locomotives operating in 

commercial/switcher services. These locomotives are based on 4-stroke and 2-

stroke diesel internal combustion technology and are christened as Alco 

locomotive or High Horsepower Locomotive respectively. These locomotives use 

High Speed Diesel as traction fuel and are maintained /homed at various Diesel 

Locomotive Sheds created across the IR network. Indian Railways (IR) started 

manufacturing Diesel Locomotives in late 1950’s with technology obtained from 

Alco of USA. Subsequently in late 90’s, high horsepower technology was obtained 

from General Motors, USA (Now part of Progress Rail). At that time there were no 

stipulations w.r.t emissions for railroad industry. New manufacture of Diesel 

Locomotives is done at Diesel Locomotive Works (DLW), Varanasi and mid-life 

rehabilitation is done at Diesel Locomotive Modernisation Works, (DLMW), 

Patiala. Major repairs and periodic overhauling on the locomotives is done in 

designated workshops on IR on basis of time/condition/kilometre earned. 

Use of high speed diesel in the engine leads to combustion products part of 

which escape from engine exhaust emitted to atmosphere from locomotive 

chimney stack. Locomotive exhaust emissions are measured for Oxides of 

Nitrogen (NOx), Oxides of Carbon (CO & CO2), Hydrocarbons, Particulate Matter 

and Smoke Opacity at each operating notch of the engine. These measurements 

made are then converted in gms/bhp-hr as a composite value for the locomotive 

duty cycle. 

Locomotive exhaust measurements can be calculated over two steady state 

test cycles which represent two different types of services (i) Line-haul service (ii) 

Switcher service depending upon the service in which the locomotive is being 

used. 

Following International Standards are prevalent for Diesel Locomotive 

Emissions viz. Emission norms as issued by United States Environmental 

Protection Agency (EPA) and Emissions norms issued by Union International des 

Chemins de fer (UIC) followed in European countries. EPA finalized locomotive 

emissions standards in 1997, which became effective in 2000. (Source-Federal 

Register vol. 63, No. 73 "Emissions Standards for Locomotives and Locomotive 

Engines, Final Rule" April 16, 1998) 
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Disclaimer- 

Reasons why EPA or UIC standards may not be adopted directly by IR are: 

(i) Exhaust emissions are dependent on the quality of diesel being used, 

ambient conditions of temperature, humidity, altitude, capability of test bed 

on which being measured, operator handling practices, level of maintenance 

on base engine provided etc. which is different from set up used in other 

countries. 

(ii)Level of technology being used on locomotives being operated are at 

difference and would require a huge investment in terms of capital required 

to upgrade the existing fleet/new manufacture to revised designs meeting 

these matured emissions standards. 

(iii)Different policies/time frames adopted for manufacture and remanufacture 

of locomotives. 

(iv)Locomotive duty cycle utilized in established standards is different to than 

what actually being operated over IR diesel locomotives. etc. 

Design, Development of an Emission Test Car and developing a monitoring 

protocol using an Emissions Test Car to measure exhaust emissions of Diesel 

Locomotives over Indian Railways is a tentative step by RDSO to understand and 

inventorize the exhaust emissions behaviour of diesel locomotives of IR under 

operating conditions prevalent in Indian Railways. This protocol would mature and 

may need revisions in future based on experience gained after taking 

measurements on Diesel Locomotives under actual conditions in Diesel Sheds of 

IR. 
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CHAPTER -1 

 

Emission Test Car 

 

1.0DESCRIPTION OF EMISSION TEST CAR 

This section deals with description of a mobile Emission Test Car to be 

used for measurements to be made from exhaust stack of a diesel locomotive in 

Indian Railways. 

 

2.0EMISSION TEST CAR 

 Locomotive exhaust emissions tests are to be performed using a Mobile 

Emission Test Car (ETC) on diesel locomotive homed at a Diesel Locomotive 

Shed of Indian Railways. Emission Test Car has been designed and developed 

by Engine Development Directorate, Research Designs and Standards 

Organisation (RDSO), Ministry of Railways, Lucknow. The coach, which is a 

non-propelled LHB Hybrid Coach, is manufactured at ICF, Chennai and is 

provided with a Mass Emission Measurement System (MEMS) procured by 

RDSO and supplied by M/s HORIBA, Japan. The coach area is distributed 

mainly between four sub areas viz. Living area, MEMS room, Gas room and a 

Generator room. Besides it, the coach also carries a portable Fuel Measurement 

System for measuring fuel consumption of the Diesel Locomotives designed 

and developed by Engine Development Directorate, Research Designs and 

Standards Organisation (RDSO), Ministry of Railways, Lucknow. 

 

Nomenclature -LGETCAC 

Coach Number -8025 

Base Depot  -Lucknow 

Stabling shed -Diesel locomotive shed, Alambagh, Northern Railways 
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FIGURE 1. OUTSIDE VIEW OF EMISSION TEST CAR 

 

 

 
 

FIGURE 2: INTERNAL VIEW OF MEMS ROOM 

 

 
 

FIGURE 3: INTERNAL VIEW OF GAS ROOM 
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FIGURE 4: INTERNAL VIEW OF DG SET ROOM 

 

 
 

FIGURE5: INTERNAL VIEW OF LIVING AREA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 



7 
 

CHAPTER -2 
 

 

Diesel Locomotive Exhaust Emission Monitoring Equipment for Sampling 

 

1.0 DIESEL LOCOMOTIVE EXHAUST EMISSION MONITORING 

This section deals with the details of various equipments provided in the 

Emission Test Car used for monitoring of diesel locomotive exhaust emission. 

 

1.1Specifications of Diesel Locomotive Exhaust Emission Monitoring 

Equipment 

TABLE 1: SPECIFICATIONS OF DIESEL LOCOMOTIVE EXHAUST 

EMISSION MONITORING EQUIPMENT 

 

S.N. Item/Equipment Specification/Applicable ranges 

General requirements 

1. Carbon Oxides 

(CO/CO2) 

Analyzer Models: 

AIA-721A and 

AIA-722 

These are module type analyzers installed in the 

analyzer rack (ANR) of MEXA-7100D. It uses 

Non Dispersive Infrared Detectors (NDIR) for 

measuring the concentration of Carbon Oxides (CO 

and CO2). 

Range- 

CO(H)- 0-0.5 ~12 vol% 

CO2     -0-0.5 ~ 20 vol% 

CO(L)- 0-50 ~ 5000 ppm 

 

2. Oxygen (O2 ) 

Analyzer Model 

:MPA 720(MPD) 

 

This is a module type analyzer which is installed in 

the analyzer rack (ANR) of MEXA-7100D.It 

measures the concentration of O2 in exhaust gas 

using magneto-pneumatic method. 

 

Range-0-1 ~ 25 vol% 

 

   

 

 

 

 

V.K.Khetrapal
Note
Marked set by V.K.Khetrapal

V.K.Khetrapal
Note
Marked set by V.K.Khetrapal

V.K.Khetrapal
Note
Marked set by V.K.Khetrapal

V.K.Khetrapal
Note
Rejected set by V.K.Khetrapal

V.K.Khetrapal
Note
Rejected set by V.K.Khetrapal

V.K.Khetrapal
Note
Rejected set by V.K.Khetrapal

V.K.Khetrapal
Note
Rejected set by V.K.Khetrapal

V.K.Khetrapal
Note
Rejected set by V.K.Khetrapal

V.K.Khetrapal
Note
Rejected set by V.K.Khetrapal
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S.N. Item/Equipment Specification/Applicable ranges 

General requirements 

3. Total Hydro 

Carbon (THC 

/CH4) analyzer 

models: FIA-725A 

and FIA -721HA  

 

FIA -725 A and FIA-721 HA are installed in a 

separate type oven of MEXA 7100D.It measures 

the concentration of THC in exhaust gas by using 

Flame Ionization Detector (FID).  

Range- 

THC-  0-10 ~ 500, 1000 ~50000 ppmC 

THC/CH4- 0-50~2500,5000~25000 ppmC/ppm 

 

4. Oxides of Nitrogen 

(NOx) Analyzer 

model: CLA-755 A 

CLA-755A is installed in a separate type oven of 

MEXA 7100D. It measures the concentration of 

NO and NOx   in exhaust gas by using 

chemiluminescent method. 

 

Range-0-10 ~ 500, 1000 ~ 10000 ppm 

 

5. Soot Analyzer Soot Analyzer is fitted in MEXA 1230PM and it 

measures soot by the diffusion charging method. 

 

Range- 0-15,75,150 mg/m³ 

Dilution Ratio= 8/40/80 

 

6. SOF Analyzer SOF Analyzer is fitted in MEXA 1230PM and it 

uses the dual FID method (two heated flame 

ionization detectors). SOF concentration is 

calculated as the difference between the signals 

from two FIDs, one FID using a sample line of 47
o
 

C, and the other FID with a sample line of 191 
o
 C. 

The equipment is used for R&D work and thus 

draws correlation with dilution tunnel and 

gravimetric method of measurement of Particulate 

Matter. 

Range- 

THC1-   0-10,20,50,100,200,500,1000,2000,5000,     

             10000 ppmC 

THC2-   0-10,20,50,100,200,500,1000,2000,5000,     

             10000 ppmC 

V.K.Khetrapal
Note
Marked set by V.K.Khetrapal
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S.N. Item/Equipment Specification/Applicable ranges 

General requirements 

7. Celesco Smoke 

opacity meter 

 

Celesco Smoke opacity meter is fitted in exhaust 

sampling line of Emission Test Car and its digital 

display is fitted in cabinet of MEXA 7100D. It 

measures the relative absorption of the smoke 

discharged from a diesel engine. 

Range- 0-100%   

Resolution- 0.1% 

Light Source- LED (green) 

Receiver- Silicon Photodiode 

 

8. A.Fuel Consumption 

Measurement 

Equipments 

 

Diesel fuel consumption rate is measured on a 

mass basis using a mass flow meter. The fuel 

measuring system works on the principle of 

Coriolis measurement. 

Mass Flow Accuracy- ±0.05% of flow rate 

Repeatability- ±0.025% of flow rate 

Max Flow rate- 6800 Kg/h 

Min Flow rate- 5 Kg/h 

Pressure in Tube- 0-10 bar 

Burst Pressure- 377 bar 

 

9. B.Extension chimney 

piece for 

locomotive 

turbocharger 

exhaust 

The extension chimney piece having a spout inside 

it is used for exhaust sample collection from 

turbocharger exhaust of locomotive. The internal 

diameter of this chimney piece is in the range of 

27cm and spout diameter is 10cm, as used for Alco 

engine. The exhaust flow from the turbocharger 

chimney of the locomotive is very high, which may 

vary from 2,000 kg/hr to 25,000 kg/hr from idle to 

8
th
 notch in EMD and 1,500 kg/hr to 18,500 kg/hr 

in Alco, hence uniform distribution of exhaust 

emissions is assumed in this flow. This extension 

piece is connected to the inlet of the sampling pipe 

with help of extension pipes. 
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S.N. Item/Equipment Specification/Applicable ranges 

General requirements 

10. C.Extension pipes  Extension pipes are used for connecting extension 

chimney piece and inlet of exhaust sample line of 

Emission Test Car. Internal diameter of these pipes 

are in the range of 10 cm. Gaskets must be used at 

the joints between two extension pipes. 

 

11. 

 

D.Suction Blower A suction blower, which has a capacity of 180 

m
3
/hour is used to suck exhaust emission and 

placed on the sampling pipe exhaust on the ETC 

roof connected at Gas room end. 

12. Oil free Scroll 

Compressor 

An oil free scroll compressor is used which 

supplies oil free air supply to soot analyser for 

dilution and for purging of equipments.  

13. Tools A kit containing the essential tools for connecting 

various components is to be provided.  

14. Heated transfer 

line 

02 heated sample line, one for MEXA 7100D and 

another for MEXA 1230 PM is used. 

 

2.0 EQUIPMENT DETAILS AND PRINCIPLE USED IN MEXA 7100D 

MEXA 7100 D is a gas analyzing system for engine exhaust gases for 

continuous on line measurement of exhaust emissions. It consists of CO, CO2, 

NOx, THC, CH4 and O2 analyzers. MEXA7100D consists of five modules. 

These are Analyzer Racks (ANR), Mounting Analyzers (ANA), Power Supply 

Unit (PSU), Sample Handling System (SHS), Solenoid Valve System (SVS) 

and Main Control Unit (MCU). 
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FIGURE 6: LAYOUT OF MEXA 7100 D GASEOUS MEASUREMENT EQUIPMENT 

 

TABLE 2: DESCRIPTION OF MAIN COMPONENTS OF MEXA 7100D 

GASEOUS MEASUREMENT EQUIPMENT 

 

No. Name Functional description 

01 Main Cabinet  Houses basic units 

02 MCU Main control unit for entire system 

03 IFC Interface between MCU and analyzer /sampling 

unit 

04 ANR Rack for Non-heated analyzer module 

05 ANR type non-

heated analyzer 

Non heated analyzer 

06 19-inch heated 

analyzer 

Heated analyzer to be mounted on the system 

rack with separate sampler unit (pre-sampler) 

07 PSU Power supply controller for each unit in system 

rack 

08 SVS Solenoid valve unit to switch/control calibration 

gases and operational gases 

09 SHS Sample handling unit for analyzer in ANR 

10 OVN/ OVN type 

analyzer 

Open rack for heated sampling unit and heated 

analyzer/ Heated analyzer in OVN. 
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3.0 DETAILS OF MEXA 1230PM 

MEXA-1230PM continuously analyses soot, soluble organic fraction 

(SOF), and total particulate matter (PM) in engine exhaust gas. Soot is 

measured by the diffusion charging method and SOF is measured by the dual-

FID method which uses two heated flame ionization detectors (HFIDs). The 

total PM is obtained by the sum of soot and SOF. 

The system consists of these components. 

 

1.Control PC 

2.Main cabinet incorporating soot analyser, SOF analyser, and sampling 

unit. 

3.Pre-sampling unit incorporating soot diluter operating on ejector 

principles. 

 

The system provides separate measurements of soot and SOF. The total 

PM can be also obtained by calculating soot and SOF. Measurement values are 

displayed on the control PC screen and they can be externally transmitted to a 

recorder through analogue output. 

 

 
 

FIGURE 7: LAYOUT OF MEXA 1230 PM PARTICULATE MEASUREMENT 

EQUIPMENT 
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FIGURE 8: PRE-SAMPLING UNIT 

 

TABLE 3: DETAILS OF PRE-SAMPLING UNIT OF MEXA 1230PM  
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4.0 DETAILS OF FUEL MEASUREMENT SYSTEM 

The Fuel measuring system work on the Coriolis measuring effect. 

Coriolis forces are generated when a fluid (= mass) flows through oscillating 

tubes. Sensors at the inlet and outlet ends register the resultant phase shift in the 

tube's oscillation geometry. The processor analyses this information and uses it 

to compute the rate of mass flow. In a Coriolis mass flow meter, the “swinging” 

is generated by vibrating the tube(s) in which the fluid flows. The amount of 

twist is proportional to the mass flow rate of fluid passing through the tube(s). 

Sensors and a Coriolis mass flow meter transmitter are used to measure the 

twist and generate a linear flow signal. 

 

 
 

FIGURE 9: FUEL MEASUREMENT SYSTEM 

 

 
 

FIGURE 10: SCHEMATIC DIAGRAM OF FUEL MEASUREMENT SYSTEM 
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5.0 DETAILS OF SMOKE OPACITY METER 

Celesco Smoke opacity meter is fitted in exhaust sampling line of 

Emission Test Car and its digital display is fitted in cabinet of MEXA 7100D. It 

measures the relative absorption of the smoke discharged from a diesel engine. 

 

 
 

FIGURE 11: SMOKE OPACITY METER 

 

6.0 DETAILS OF EXTENSION PIPES USED 

Extension pipes are used for connecting extension chimney piece and inlet 

of exhaust sample line of Emission Test Car. Internal diameter of these pipes 

are in the range of 10 cm. Gaskets are used at the joints between two extension 

pipes. 

 
 

FIGURE 12: FLANGE OF EXTENSION PIPES 
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CHAPTER -3 
 

Test Locomotive and Preparatory Connections 

 

This section deals with selection of a diesel locomotive in a diesel shed for test 

and preparatory work required to be done to prepare the system for enabling test 

measurements to be made. 

 

1.0 SELECTION OF TEST LOCOMOTIVE 

Selection for the locomotive for emissions testing is done on the basis of 

availability of the locomotive in a shed.  

2.0  LOCOMOTIVE CONNECTION TO LOAD BOX 

The locomotive selected for test is connected to a water load box or a grid 

load box and horse power is generated on each notch for measurement. The 

power generated is dissipated either through water system in a water load box or 

through cooling of electric grids in a grid load box to the atmosphere. 

The line haul locomotives are also equipped with the dynamic brake feature in 

which the electric motors used for traction can be reverse excited to become 

generators to slow the train. The electrical power generated by braking is 

dissipated in resistance grids contained on the locomotive. The test locomotive, 

provided with the self load feature ,are set to dissipate the main alternator power 

directly into these dynamic brake resistance grids ,allowing static test on the 

locomotive. 
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FIGURE13: INTERNAL VIEW OF AN HHP LOCOMOTIVE 

 

3.0 PREPARATORY WORK 

 

3.1 Locomotive Connections to be made 

 

3.1.1 The locomotive to be tested is placed with its exhaust chimney oriented 

closest to the ETC. Preferably a straight track is used wherever possible. 

However ETC offers flexibility to place the locomotive in its 

front/rear/sideways as per need. 

3.1.2 It needs to be ensured that the exhaust entering the sampling pipe inside 

the MEMS room is directionally correct i.e. the engine exhaust sample 

enters from the living area end and exits from the gas room end. 

3.1.3 The locomotive turbocharger exhaust is mounted with an additional 

extension chimney piece having a spout inside it .The internal diameter of 

this chimney piece is in the range of 27cm and spout diameter is 10cm, as 

used for Alco engine. The exhaust flow from the turbocharger chimney of 

the locomotive is very high, which may vary from 2,000 kg/hr to 25,000 

kg/hr from idle to 8th notch in EMD and 1,500 kg/hr to 18,500 kg/hr in 
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Alco, hence uniform distribution of exhaust emissions is assumed in this 

flow. This extension piece is connected to the inlet of the sampling pipe 

with help of extension pipes. 

3.1.4 Sample volume is sucked with the help of a suction blower which has a 

capacity of 180 m
3
/hour placed on the sampling pipe exhaust on the ETC 

roof connected at Gas room end. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE14: LAYOUT OF LOCOMOTIVE AND ETC CONNECTION 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

FIGURE 15: ROOF CONNECTION OF CHIMNEY AND SAMPLING PIPES 
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FIGURE 16: CHIMNEY EXTENSION FOR LOCOMOTIVE 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 17: BLOWER FOR SUCTION OF EXHAUST 

 

 

3.2Fuel Measurement System Connections 

 

3.2.1 Connect the Fuel Measuring System (FMS) through flexible pipes to the 

fuel system of the locomotive under test. 

3.2.2 The suction point (after the strainer) of the fuel pump of the locomotive is 

disconnected and connected to the inlet of the FMS. 

3.2.3 Outlet of the FMS is connected on the inlet side of the fuel pump of the 

locomotive for gross fuel consumption measurement. 
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3.2.4 After completing gross fuel consumption measurement the FMS is 

connected in the return fuel line of locomotive going to the locomotive 

fuel tank for return fuel measurement. 

3.2.5 After connections of the fuel pipe line start the fuel pump motor of the 

FMS. 

 

 

FIGURE18: SCHEMATIC OF ALCO LOCOMOTIVE FUEL CONNECTION 

 

 
 

FIGURE 19: FMS CONNECTION DURING TESTING 
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3.3Locomotive connection to load box and Auxiliary power connections 

 

3.3.1 Locomotive being tested may be provided with self-load feature or may 

be conventional type. In case of self-load feature the locomotive need not 

be connected to the load box. 

3.3.2 In case the locomotive does not have a self-load feature the locomotive 

needs to be placed on load box and got connected to load box for 

simulating loading during test. 

3.3.3 A four core (Three Phase wire) cable is connected to the suction blower 

on ETC roof for electrical supply to the suction blower. 

3.3.4 Switch on the DG set of the ETC for power supply to MEMS room and 

FMS. 

 

3.4Warm up of Mass Emission Measurement System on the ETC 

 

3.4.1 Open the operational, zero and calibration gases and check the pressure 

settings of gas supply. 

3.4.2 Start the compressor. 

3.4.3 Turn ON the power switch on the rear panel of the OVN. 

3.4.4 Turn ON the power switch at the PSU front panel of MEXA 7100D. 

3.4.5 Check that the power indicator LED’s of all units light up and all the 

LED’s start blinking. 

3.4.6 Turn On the power switch of Opacity Meter. 

3.4.7 Turn on the power switch on the rear panel of the cabinet of MEXA 

1230PM. 

3.4.8 Turn On the power breaker on the front panel of the cabinet. 

3.4.9 Switch on the control PCs and the PC display. Confirm that basic screen 

has started up. 

3.4.10Press the stand by button on the PCs screen until no alarm signal appears.  

 



23 
 

      

FIGURE 20: ANALYZERS AND PC’S OF MEMS SYSTEM 

 

3.5Warm up of Locomotive 

 

3.5.1 Crank the Locomotive and run it at idle notch till the locomotive engine is 

warmed up i.e. engine water temperature stabilizes. 

3.5.2 Check the system for exhaust sample continuity, leakages and working of 

the FMS. 
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 CHAPTER -4 

 

Engine Power Measurement 

 

This section deals with methodology and significance of engine power 

measurement to be done on a diesel locomotive. 

 

1.0 GOAL OF POWER MEASUREMENT  

The goal of power measurement is to establish the power produced by the 

engine, referred to as flywheel or gross power, and does not include parasitic 

power used to support the engine itself, such as fuel pumps, water pumps etc. 

The bulk of engines flywheel power is converted to electrical power to drive the 

traction motors and remainder is used for accessory loads. There are differences 

between the locomotives in quantifying their flywheel power. 

2.0 MEASUREMENT OF ENGINE POWER 

During the measurements, if GHP is getting reflected directly on the 

console of microprocessor enabled locomotives the same is used for 

calculations else voltage and current as measured in the load box are used to 

compute the horse power. Observed horsepower produced is used for 

computation of brake specific exhaust emissions in g/hp-hr. Power and fuel 

rates are utilised as observed values. 

Engine Power may be calculated as 

Power= (V*I)/.746 

 

P=Calculated Brake Horse Power 

V= Observed voltage from load box in Volt 

I= Observed current from load box in Ampere 
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3.0 READINGS FROM LOCOMOTIVE CONSOLE 

Following readings are recorded from the locomotive console /load box – 

 

 

Notch Revolutions 

per minute 

(RPM) 

Power  

(Horse 

Power HP)* 

Boost Air 

Pressure 

(BAP) 

Fuel Oil 

Pressure 

(FOP) 

Idle     

1st      

..     

..     

8th      
 

FORMAT 1: LOCOMOTIVE READINGS 

 

*Voltage and Current are recorded where direct measurement of HP is not 

possible. 

 

 

 

 
 

FIGURE21: READINGS TAKEN FROM LOCOMOTIVE CONSOLE 
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CHAPTER -5 
 

Fuel Consumption Measurement 

This section deals with methodology to be adopted and significance of fuel 

measurements to be made on a diesel locomotive. 

 

1.0 PRINCIPLE 

Diesel fuel consumption rate is measured on mass basis using a mass 

flow meter. The fuel measuring system works on the principle of Coriolis 

measurement. Coriolis forces are generated when a fluid (mass) flows through 

oscillating tubes. Sensors at the inlet and outlet ends register the resultant phase 

shift in the tube's oscillation geometry. The processor analyses this information 

and uses it to compute the rate of mass flow in kg/hour. 

 

2.0 APPLICABILITY 

This method is applicable for measurement of diesel fuel consumption of 

diesel locomotives. 

 

3.0 FUELS USED DURING TEST 

High Speed Diesel meeting requirements as per IS 1460:2005 (latest 

revision) is used as traction fuel over diesel locomotives of IR. The locomotives 

are fuelled at IR fuelling points. High speed diesel is supplied to IR to following 

specifications meeting BSIII/IV standards as per applicable policies over 

different regions of the country.  

Properties as per IS 1460:2005 used on locomotives are – 
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TABLE 4: REQUIREMENTS OF BS II/III AUTOMOTIVE DIESEL FUEL 
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TABLE 5: REQUIREMENTS OF BS IV AUTOMOTIVE DIESEL FUEL 
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FIGURE 22: FUEL MEASUREMENT DURING TESTING 

 

4.0 DATA COLLECTION 

Data from FMS are recorded from the digital panel as per the following format- 

 

Notch FMS 

reading  in 

Main line 

Kg/Hr 

FMS 

reading  in 

Return line 

Kg/Hr 

Net Fuel 

Consumption 

(Kg/Hr ) 

Idle    

1st     

..    

..    

8th     
 

FORMAT 2: FUEL MEASUREMENT SYSTEM READINGS 
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CHAPTER -6 
 

Determination of Particulate Matter Emission 

 

This section deals with principle and procedure to be adopted for measurements 

of particulate matter emissions and procedure for data banking. 

 

1.0 PRINCIPLE 

MEXA 1230 PM continuously analyses Soot, Soluble Organic Fraction 

(SOF) and total Particulate Matter (PM) in engine exhaust online in real time. 

Soot is measured by the diffusion charging method and SOF is measured by the 

dual FID method which uses two heated flame ionization detectors. Total PM is 

obtained by sum of soot and SOF.SOF concentration is calculated as the 

difference between the signals from two FIDs, one FID using a sample line of 

47
o
 C, and the other FID with a sample line of 191 

o
 C. 

 

2.0 APPLICABILITY 

This method is applicable to determination of particulate matter (PM) 

emissions from Diesel Locomotives of Indian Railways. The method is used for 

R&D work and thus draws correlation with dilution tunnel and gravimetric 

method of measurement of Particulate Matter. 

 

3.0 SAMPLING 

Exhaust emission sample of diesel locomotive is collected continuously 

from the exhaust chimney of locomotive. To ensure uniform flow of exhaust 

sample, a suction blower is used which sucks exhaust sample continuously. As 

the exhaust gas flow rates are very high it is assumed that a spatial distribution 

is achieved at sampling point. Further the exhaust temperatures from 

turbocharger chimney at nominal load are in the range of 540
o
C-560

o
C. 

Temperature drop inside the sampling pipe provided in the ETC is dependent on 

the extension lengths used but is considered sufficiently high to result in an 

isokinetic sampling. 

V.K.Khetrapal
Note
Marked set by V.K.Khetrapal
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FIGURE23: SAMPLE PROBE INSIDE ETC FOR MEXA 1230 PM 

4.0 PROCEDURE OF PARTICULATE MATTER DETERMINATION    

Particulate Matter is calculated by sum of Soot and SOF. Soot is 

carbonaceous solid which is formed in fuel rich region in engine combustion 

process. SOF (soluble organic fraction) is made up of heavier hydrocarbon. 

Heavier hydrocarbon is derived from unburned fuel and oil and condensed or 

absorbed on Soot in dilution process.  

In order to measure soot, we use the diffusion charger method. The diffusion 

charger is very sensitive, so the raw exhaust gas should be diluted. In order to 

dilute the raw exhaust gas, an ejector pump is used. Soot mass concentration is 

calculated from DC sensor output. 

For SOF measurement, two FIDs have been utilized and the output difference of 

these FIDs is used for SOF information. The sample is introduced and goes 

through the heated filter which is controlled at 191 °C. The sample is divided to 

two lines.  This line’s temperature is 191 °C and sample is introduced to the FID 

that measure hydrocarbon concentration. Another line’s temperature is 47 °C 

and there is the filter in front of FID. So, the only gaseous HC at 47 degree C 

can be measured by FID. This chart shows the two FIDs output when the actual 

exhaust emitted from a diesel engine is measured. The pink line shows the 

output of 191 °C line’s FID. This means the HC concentration at 191 °C. The 

green line is the output from the 47 °C line. This value means the HC 

concentration that is gas phase at 47 °C. The difference between two FID 

outputs shows the amount of HC that vaporizes at temperature between 47 and 

191 °C. So, we use the difference of HC concentration as information of the 
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amount of SOF mass concentration. By using the coefficient, SOF mass 

concentration can be calculated from the difference of HC concentration. 

 

 
 

FIGURE 24: SCHEMATIC DIAGRAM OF DUAL FID METHOD 

 

 
FIGURE 25: SCHEMATIC DIAGRAM OF DIFFUSION CHARGER METHOD 

 

5.0 DATA COLLECTION 

Soot, SOF and Total Particulate Matter readings are taken directly from 

the PC of MEXA 1230 PM. Text files are saved from MEXA 1230 PM 

analyser. Sufficient number of readings is taken at each notch position after 

stabilizing the flow rate. This data is collated and averaged duly ignoring 
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outliers to get emission values of exhaust at each notch for Soot, SOF and Total 

PM in mg/m
3
. Repeated readings are taken on individual notches and 

multiplicity of data available assists in finding outliers, if any. 

 

FIGURE 26: BASIC SCREEN OF MEXA 1230PM 

TABLE 6: DETAILS OF BASIC SCREEN OF MEXA 1230PM 

 

6.0 PARTICULATE EMISSION ANALYSIS 

6.1Average Particulate emissions - Take the average value for all particulate 

matter from the .txt files obtained from MEXA 1230PM for each notch as 

per following format- 
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Notch  Total PM 

(mg/m3) 

Idle 1  

2  

..  

Average   

1
st
    

2
nd

    

..   

..   

7
th
    

8
th
    

 

FORMAT 3: AVERAGE PARTICULATE MATTER 

 

6.2Particulate Matter Calculations 

  Calculate the final values of PM as per format given below. Calculated 

particulate matter in gm/bhp-hr is given by ratio between weighted emitant and 

weighted HP. 

 

No

tch 

Total PM 

[mg/m
3
] 

B

H

P 

A

/

F 

Net 

Fuel 

(kg/

hr) 

Total exhaust 

(kg/hr) 

Duty 

Cycle 

Weighted 

PM  as per 

duty cycle 

Weighted 

BHP as per 

duty cycle 

 A B C D 
E=                        

D* (1+C) 
F 

G=A*E*F

*1.3!/ 

1000 

H=B*F 

idl

e         

1st         

..         

..         

8t

h         

! Density of exhaust gas considered constant as 1.3 kg/m
3
. 

FORMAT 4: CALCULATED PARTICULATE MATTER DATA 

. 

 



36 
 



37 
 

CHAPTER -7 
 

Determination of Gaseous Emissions 

This section deals with principle and procedure to be adopted for measurements 

of gaseous emissions and procedure for data banking 

 

1.0 EQUIPMENT FOR DETERMINATION OF GASEOUS 

EMISSIONS 

Gaseous emissions are calculated from the MEXA 7100D. This is a gas 

analyzing system for continuous on line measurement of exhaust emissions. It 

consists of CO, CO2, NOx, THC, CH4 and O2 analyzers. MEXA7100D consists 

of five modules. These are Analyzer Racks (ANR), Mounting Analyzers 

(ANA), Power Supply Unit (PSU), Sample Handling System (SHS), Solenoid 

Valve System (SVS) and Main Control Unit (MCU). 

 

2.0 APPLICABILITY 

This method is applicable to determination of gaseous exhaust emissions 

from Diesel Locomotives of Indian Railways.  

 

3.0 SAMPLING 

Exhaust emission sample of diesel locomotive is collected continuously 

from the exhaust chimney of locomotive. To ensure the uniform flow of exhaust 

sample, a suction blower is used which sucks exhaust sample continuously. 

During locomotive testing, the sample of exhaust emissions are routed through 

an exhaust stack extension directly located over the turbocharger exhaust of the 

locomotive .Duct design has been so adopted ,so that it does not cause any 

significant increase in the exhaust back pressure in the engine. Use of flexible 

pipe and linearity of sample is addressed, as far as possible, by locating ETC in 

line with the locomotive under test, at Load Box in a shed. The sample is 

transferred to a sampling pipe inside the MEMS room provided in the ETC. 

Gaseous emissions are sampled from this sampling pipe installed in the ETC. 

Sample probes have been provided in the sampling pipe inside the MEMS room 

for accessibility and safety of measurements. A heated line is used to transfer 

the raw exhaust sample to the emission instrument for analysis. Measured 

gaseous emissions include HC, CO, CO2, O2 and NOx. 
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FIGURE 27: SAMPLE COLLECTION OF MEXA 7100D 

4.0 ANALYSERS AND PRINCIPLE FOR GASEOUS EMISSIONS 

DETERMINATION   

  

4.1Carbon Oxides (CO/CO2) Analyzer Models: AIA-721 A and AIA-722 

These are module type analyzers installed in the analyzer rack (ANR) of 

MEXA-7100D. It uses Non Dispersive Infrared Detectors (NDIR) for 

measuring the concentration of Carbon Oxides (CO and CO2).  

Each constituent gas in a sample absorbs some infra-red at a particular 

frequency. By shining an infra-red beam through a sample cell (containing 

CO or CO2), and measuring the amount of infra-red absorbed by the sample 

at the necessary wavelength, a NDIR detector is able to measure the 

volumetric concentration of CO or CO2 in the sample. This analyzer finds 

reference with Clause 1065.250 [CFR-40: Protection of Environment, Part-

1065-Engine Testing procedure, Subpart-C Measurement Equipments.] 

 

4.2Oxygen (O2 ) Analyzer Model :MPA-720(MPD) 

This is a module type analyzer which is installed in the analyzer rack (ANR) 

of MEXA-7100D.It measures the concentration of O2 in exhaust gas using 

magneto-pneumatic method. Magneto pneumatic oxygen analysis requires 

O2 to be introduced to an alternating magnetic field in a nitrogen stream, 

where O2 is drawn to the stronger side of the field and causes a pressure rise. 

This pressure rise between two detector plates varies depending on the 

presence of O2 in the sample and is measured accordingly. This analyzer 

finds reference with   Clause 1065.280 [CFR-40: Protection of 
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Environment, Part-1065-Engine Testing procedure, Subpart-C Measurement 

Equipments.] 

 

4.3Total Hydro Carbon (THC /CH4) analyzer models: FIA-725 A and FIA 

-721 HA  

FIA -725 A and FIA-721 HA are installed in a separate type oven of MEXA 

7100D.It measures the concentration of THC in exhaust gas by using Flame 

Ionization Detector. (FID)  

The sample gas is introduced into a hydrogen flame inside the FID. Any 

hydrocarbons in the sample will produce ions when they are burnt. Ions are 

detected using a metal collector which is biased with a high DC voltage. The 

current across this collector is thus proportional to the rate of ionization 

which in turn depends upon the concentration of HC in the sample gas. FID 

is immune to presence of H2O, SOx, NOx, CO etc.  

For measurement of methane, by using a FID we get the value of total hydro 

carbons. By using a methane cutter we end up measuring only methane 

hydrocarbons by FID method. However methane is not considered as a 

regulated emission in rail road industry as on date and is a phenomenon 

more prone with use of natural gas as motive fuel hence has not been 

discussed at present. As and when the need arises in future it may be 

considered to be included as part of monitoring protocol. This analyser finds 

reference with   Clause 1065.260 [CFR-40: Protection of Environment, Part-

1065-Engine Testing procedure, Subpart-C Measurement Equipments.] 

 

4.4Oxides of Nitrogen (NOx) Analyzer model: CLA-755 A  

CLA-755A is installed in a separate type oven of MEXA 7100D. It 

measures the concentration of NO and NOx   in exhaust gas by using 

chemiluminescent method.  

When sample gas with NO and Ozone gas is mixed in a reactor, NO is 

oxidized and is transformed to NO2.  A part of NO2 that is generated is in an 

excited state, which means its energy is higher than normal. Excited NO2 

molecules release excited energy as light when returning to the ground state. 

This phenomenon is called chemiluminescence, and the degree of light is 

directly proportional to the quantity of NO molecules before the reaction. 

Thus NO concentration in the sample can be acquired by measuring the 

amount of light emissions. 

NO2 that is in the sample from the beginning does not have 

chemiluminescence and cannot be measured by the detector. Therefore it is 
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converted to NO using a NOx converter before measurement. This analyzer 

is in line with Clause 1065.270 [CFR-40: Protection of Environment, Part-

1065-Engine Testing procedure, Subpart-C Measurement Equipments.] 

 

5.0 DATA COLLECTION 

Gaseous emissions readings are taken directly from the PC of MEXA 

7100D. Before starting the measurement process, ensure there in no alarm 

signal on the screen of MEXA 7100D. If any alarm occurs, use menu driven 

options to rectify the same. Sufficient number of snap shots is taken at each 

notch position after stabilizing the flow rate. This data is collated and averaged 

duly ignoring outliers to get emission values of exhaust at each notch for CO, 

NOx and THC in ppm and the air fuel ratio. Repeated readings are taken on 

individual notches and multiplicity of data available assists in finding outliers, if 

any. 

 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

  

 

 

 

 

FIGURE 28: SNAP SHOT OF GASEOUS MEASUREMENT 

 

6.0 GASEOUS EMISSIONS ANALYSIS 

6.1Average Gaseous emissions - Take the average value (for all gaseous 

emission components) of snapshots taken for each notch as per following 

format- 
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Notch Snapshot 
CO (L) 

ppm 

NOx 

ppm 

THC 

ppmC 
A/F 

Idle 1     

2     

..     

Average      

1st       

..      

..      

8th       
 

FORMAT 5: AVERAGE GASEOUS EMISSIONS DATA 

 

6.2Gaseous Emission Calculations- 

Calculate the final values of CO (L), NOx and THC using constants for 

these gases respectively as per ISO 8178 Part I viz. NOx - 0.001587, CO 

(L) - 0.000966, THC- 0.000479  (Clause 13.4 of  ISO 8178-1). Calculated 

emissions in gm/bhp-hr are given by ratio between weighted emission and 

weighted HP. Air fuel ratio as measured is based on carbon equivalence 

method, when multiplied by fuel consumption at each notch gives the 

amount of air being consumed. Total exhaust is calculated by adding fuel 

consumption and air consumption in kg/hour. Total exhaust in kg/hour is 

used to convert measured values of emissions in ppm’s or vol % to gr/hour 

by multiplying with a constant for that emission constituent as indicated in        

ISO-8178-Part 1 
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N

ot

ch 

CO(L)/N

Ox/THC 

ppm 

B

H

P 

A

/

F 

Net 

Fu

el 

(kg

/hr) 

Total 

exha

ust 

(kg/h

r) 

CO(L)/

NOx/T

HC 

(gm/hr) 

Dut

y 

Cycl

e 

Weighted 

CO(L)/NOx/T

HC as per duty 

cycle 

Weighte

d 

BHP as 

per duty 

cycle 

 A B C D 

E=D

*(1+

C) 

F=A*E

* 

constan

t 

G H=F*G I=B*G 

id

le          

1s

t          

..          

8t

h          
 

FORMAT 6: CALCULATED GASEOUS EMISSIONS DATA 
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CHAPTER -8 

 

Determination of Smoke Opacity 

This section deals with principle and procedure to be adopted for measurements 

of smoke opacity emissions and procedure for data banking. 

 

1.0 PRINCIPLE 

Smoke Opacity of exhaust emission is calculated by using a smoke 

opacity meter which is an in line diesel exhaust smoke meter. It measures the 

relative absorption of the smoke discharged from a diesel engine.  Measurement 

is accomplished by passing light pulses through the engine exhaust stream and 

detecting the loss in light transmission due to smoke with a photoelectric 

detector. The relative light energy loss is translated into both Opacity and 

Smoke density signals, which are displayed digitally at control unit. 

 

2.0 APPLICABILITY 

This method is applicable to determination of smoke opacity of exhaust 

emissions from Diesel Locomotives of Indian Railways. This is measured for 

R&D purpose only which shows the nature of smoke. 

 

3.0 SAMPLING 

Exhaust emission sample of diesel locomotive is collected continuously 

from the exhaust chimney of locomotive. To ensure uniform flow of exhaust 

sample, a suction blower is used which sucks exhaust sample continuously. 

During locomotive testing, the sample of exhaust emissions are routed through 

an exhaust stack extension directly located over the turbocharger exhaust of the 

locomotive .Duct design has been so adopted ,so that it does not cause any 

significant increase in the exhaust back pressure in the engine. The sample is 

transferred to a sampling pipe inside the MEMS room provided in the ETC and 

sampled from this sampling pipe. Sample probes have been provided in the 

sampling pipe inside the MEMS room for accessibility and safety of 

measurements. 
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FIGURE 29: SMOKE OPACITY METER IN SAMPLE LINE 

4.0 PROCEDURE SMOKE OPACITY DETERMINATION   

Smoke opacity is measured through an in line diesel exhaust smoke 

meter. It measures the relative absorption of the smoke discharged from a diesel 

engine.  Measurement is accomplished by passing light pulses through the 

engine exhaust stream and detecting the loss in light transmission due to smoke 

with a photoelectric detector. The relative light energy loss is translated into 

both Opacity and Smoke density signals, which are displayed digitally at control 

unit. Though the calibration range available is from 0 to 100 % literature survey 

indicates maturity of results in the range of 30-70%. 

 

5.0 DATA COLLECTION 

Smoke opacity is measured from smoke meter digital display fitted on 

MEXA 7100D. Care to be taken during preparatory warm up that a zero reading 

reflects on the panel. Record the measurement for smoke opacity for individual 

run notch wise in the following format-  
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Notch Smoke Opacity % 

Idle  

1
st
   

2
nd

   

3
rd

   

….  

…  

…  

8
th
   

 

FORMAT 7: SMOKE OPACITY MEASUREMENT 

 

 

FIGURE 30: DIGITAL DISPLAY FITTED IN PANEL OF MEXA 7100D 

 

6.0 SMOKE OPACITY ANALYSIS 

The maximum value of opacity among the all values from idle to 8th 

notch as per Format 5 is considered for final data sheet. 
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CHAPTER -9 
 

Documentation 

Documentation of the exhaust emission values as obtained for the locomotive 

under test are maintained as per following format- 

 

Emission Obtained as per USEPA 

Type 

of 

Loco 

Loco 

No. 

Power 

(BHP) 

Date of 

Testing 

CO 

(gm/bhp-

hr) 

NOx 

(gm/bhp-

hr) 

THC 

(gm/bhp-

hr) 

PM 

(gm/bhp-

hr) 

Smoke 

Opacity 

(Max) 

% 

         
 

FORMAT 8: LOCOMOTIVE EXHAUST EMISSIONS 
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CHAPTER -10 
 

Calibration of Equipments 

 

MEXA 7100D and MEXA 1230PM is equipped with a self-calibration feature 

and analyzers can be self-calibrated after start of the system. Frequency of 

calibration of the equipment at present adopted is annual. However the same is 

under study and would be fixed subsequently based on experience 

gained/utilization of the equipment. 

 

1.0 PROCEDURE FOR CALIBRATION OF MEXA 7100D BEFORE 

MEASUREMENT 

For optimum stability calibrate the equipment before starting 

measurement and re-calibrate periodically. Operate the calibration after warm 

up over. 

 

1.1Line Calibration 

This operation allows calibration for analysers on a given line. This is the 

normal calibration method for the analysers. Use the following procedure to 

perform line calibration of the analysers. 

 

a. Press the menu button on the basic panel of the PC of MEXA 7100D. 

b. Line Ope./Sel. Is displayed at the command area. 

c. Press STBY button at the measuring lines of Ope./Sel. Menu. 

d. Press the desired line button and select the Cal. Operation. 

e. The calibration is performed automatically according to the calibration 

sequence. 

f. When the sequence is finished, the line automatically resets to stand-by. 

g. If you want to cancel the cal. in progress, press the reset button from the line 

menu to return the stand-by. 

 

1.2Individual Calibration  

Each analyser can be calibrated separately, if required. There are 

automatic and manual calibration procedures. For manual calibration of each 

analyser, we can also perform separate zero calibration and span calibration. 

 

1.2.1 Automatic Calibration 
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a. Press button for the measurement component (CO(H), CO2 etc.) on the basic 

panel of the PC of MEXA 7100D. 

b. First reset the system. Select reset from pop-up menu. 

c. Select the Cal. command from the pop-menu. 

d. This calibration is automatically performed according to the calibration 

sequence. The component returns to stand by after the sequence is complete. 

e. Press the reset button from the component pop-up menu to halt the cal. And 

return to stand-by. 

 

 
 

FIGURE 31: FUNCTION BUTTON DURING AUTOMATIC CALIBRATION 

 

1.2.2 Manual Calibration 

 

1.2.2.1Zero 

 

a.Press button for the measurement component (CO(H), CO2 etc.) on the basic 

panel of the PC of MEXA 7100D. 

b.Select the zero option from the pop-up menu to start the flow of zero gas. 

c.When the display stabilises, select the Cal. option from the pop-up menu to 

perform the zero calibration .Zero calibration is operated by each pressing the 

cal. button. 

d.The zero calibration is performed and zero gas continues to flow. 

e.Continue with span calibration or select the reset command from the pop-up 

menu to return to stand-by button. 

 

1.2.2.2Span 

 

a.Select the span command from the pop-up menu to start the flow of span gas. 

b.When the display stabilises, select the Cal. option from the pop-up menu to 

perform the span calibration. Span calibration is operated by each pressing 

the cal. button. 

c.The span calibration is performed and span gas continues to flow. 

d.Select the reset command from the pop-up menu to return to stand-by button. 
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FIGURE32: FUNCTION BUTTON DURING MANUAL CALIBRATION 

 

2.0 PROCEDURE FOR CALIBRATION OF MEXA 1230PM BEFORE 

MEASUREMENT 

The following 2 patterns of sensitivity calibrations viz. automatic 

calibration and manual calibration of zero point are available on the basic screen 

of MEXA-1230PM. Before starting measurement, perform the automatic 

calibration. For adjusting only zero point during measurement, perform the 

manual zero calibration. 

Automatic calibration: Calibration of the zero point of soot analyser and the 

zero/span points of SOF analyser (HFID-1, HFID-2) 

Manual calibration of zero point: Calibration of the zero point of the SOF 

analysers (HFID-1, HFID-2) 

2.1Automatic Calibration 

 

a.Confirm that the Zero and the HFID Span gases flow into the analysers. 

b.Press the Cal. button on the Basic screen of the PC of MEXA 1230 PM. 

c.The automatic calibration sequence of the soot and the SOF analysers starts. 

d.Confirm that the sequence is completed, and that the analyser returns to the 

status before calibration. 

e.Confirm that no Cal alarm is displayed 

2.2Manual Calibration of Zero Point 

 

a.Confirm that Zero gas flows into the analyser. 

b.Press the Zero button on the Basic screen of the PC of MEXA 1230 PM. 

c.The Zero gas flows into the SOF analyser. 

d.Confirm that the indication value of the SOF analyser is stabilized, and then 

press the Cal button. 

e.Confirm that the indication values almost reach zero, and then press the Reset 

button. 

f. Confirm that no Cal alarm is displayed. 
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CHAPTER -11 
 

Maintenance of Equipments 

Periodicity of major maintenance of the equipments at present adopted is 

annual. However the same is under study and would be fixed subsequently 

based on experience gained/utilization of the equipment.  

 

1.0 PERIODIC MAINTENANCE OF MEXA 7100D 

Besides the annual major maintenance, some specific maintenance is to be 

done periodically for the smooth operation of MEXA 7100D.  

 

1.1 Replacement of Filters 

Various filters viz. SHS, OVN filters are used in MEXA 7100D. These 

filters should be replaced periodically on basis of actual condition of filters. 

Before taking out the filters that are removable from outside, ensure that all gas 

sampling is completed. When replacing the heated filters, exercise enough 

caution not to touch the heated areas without wearing protective gloves. 

Procedure- 

 

a.Remove the filter holder from the unit. 

b.Check the status of filter element and replace it with a new one if it is un-

clean. 

c.Reinstall the filter holder to the unit.  

 

 
 

FIGURE33: REPLACEMENT OF HEATED FILTER 
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1.2 Pressure Check for Utility Gas Supply 

Pressure level should be checked, and corrected if necessary before 

starting the measurement. Follow the following procedure- 

 

a.Set the system to stand-by mode. 

b.Check the pressure settings of each operation gas supply. 

c.Switch the gas line to Zero, span and purge and check the pressure of gas 

supply lines. 

d.Finish the gas sampling. 

 

2.0 PERIODIC MAINTENANCE OF MEXA 1230 PM 

Besides the annual major maintenance, some specific maintenance is to 

be done periodically for the smooth operation of MEXA 7100D.  

 

2.1 Replacement of Filters 

Pre-filter and sampling unit 47°C filter should be checked and replace 

before every measurement on the basis of actual condition of filters by 

following the following procedure. 

 

a.Remove the filter holder from the analysers pre-filter unit. 

b.Check the filter element. If it is dirty, replace it. 

c.Put the filter holder back as it was. 

 

 
 

FIGURE 34: REPLACING ELEMENT OF PRE-FILTER OF SOF ANALYZER 
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2.2 Check the Soot Dilution Ratio 

Soot dilution ratio of soot analyser should be checked periodically to 

ensure the correct dilution ratio in the soot analyser by following the following 

procedure. High quality compressed air which is supplied by oil free scroll 

compressor is used to check the soot dilution ratio. 

 

a.Set the dilution ratio check sequence. 

b.Perform the zero/span calibration of HFID in the SOF analyser area displayed 

under the Soot Dilution Ratio Check area. 

c.Press the Start button in the Soot Dilution Ratio Check area. 

d.The soot dilution check sequence starts and the sequence status is displayed 

in the status box. 

e.When the check sequence is completed and the analyser returns to the Reset 

status, confirm the dilution ratio is displayed in the Dilution Ratio Result box. 

 

 
 

FIGURE 35: SCREEN OF MEXA 1230 PM FOR SOOT DILUTION 

                                 CHECK 
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FIGURE 36: SCREEN OF MEXA 1230 PM FOR SOOT DILUTION     

             CHECK

 

 
 

FIGURE 37: SOOT DILUTION RATIO CHECK AREA 
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List of Abbreviations 

 

Alco  American Locomotive Company   

BAP  Boost Air Pressure 

BHP  Brake Horse Power 

CFR  Code of Federal Register 

CH4  Methane 

CO  Carbon monoxide 

CO2  Carbon dioxide 

DLW  Diesel Locomotive Works 

DLMW Diesel Locomotive Modernisation Works 

EMD  Electro Motive Division 

EPA  Environmental Protection Agency 

ETC  Emission Test Car 

FID  Flame Ionization Detector 

FMS  Fuel Measurement System 

FOP  Fuel Oil Pressure 

GHP  Gross Horse Power 

gm/bhp-hr gram per brake horse power - hour 

HFID  Heated Flame Ionization Detector 

HP  Horse Power 

ICF  Integral Coach Factory 

IR   Indian Railways 

ISO  International Organization for Standardization 

Kg/Hr  kilogram per hour 

LED  Light Emitting Diode 

LHB  Linke Hofmann Busch 

Max  Maximum 

MCU  Main Control Unit  

MEMS  Mass Emission Measurement System 

Mg/m
3
  milligram per meter cube 

NMHC  Non Methane Hydrocarbons 

NOx  Oxides of Nitrogen 

PM  Particulate Matter 

ppm  parts per million 

ppmC  parts per million carbon  

PSU  Power Supply Unit 

RDSO  Research Designs and Standards Organization 
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RPM  Revolution per Minute 

SHS  Sample Handling System 

SOF  Soluble Organic Fraction 

SVS  Solenoid Valve System 
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UIC  Union International des Chemins de fer 

USEPA   United States Environmental Protection Agency  

Vol  Volume 

w.r.t.  with respect to 

%  Percent 

°C  Degree Celsius 
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