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ABSTRACT 

 

Each locomotive has an individual water cooling system, in which water is circulated by a centrifugal water 

pump gear driven from the engine crank shaft. A diesel engine operates efficiently when the water temperature 

is between 63 0C to 83 0C. In I.C. Engines, during the process of combustion gas temperature often reaches 

quite a high value and thus the cylinder walls, cylinder and the piston gets heated. Therefore, the water cooling 

system is provided to overcome seizure of piston & cylinder, loss of power, engine failure, sticking of piston 

rings & excessive wear of cylinder. A temperature of 85 0C for coolant is ideal. Below 70 0C condensation of 

acids would occur causing corrosion & rusting. If the temperature of the cooling water is not controlled it leads 

to either overheating or overcooling of the engine. The cooling system is provided with safety devices, which 

guards against high water temperature & low water level. When the temperature of water reaches a pre-

determined value, an alarm bell starts ringing & simultaneously the engine is returned to the idle value. There 

is also a specific Maintenance procedure of the water cooling system to get the optimum output. In the present 

study, failure analyses of the past few years (2011-2013) have been studied thoroughly. 

 

Keywords: Locomotives; Cooling System; I.C.Engines; Water Temperature; Safety Devices; Maintenance; 
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1.0 Introduction 

 

The Diesel Electric Locomotives have Internal 

Combustion (I. C) Engines. Here the combustion of 

the fuel takes place within the cylinders of the engine. 

After combustion of fuel in an engine about 25 % to 

30 % of heat produced inside the cylinder is absorbed 

by the components surrounding the combustion 

chamber i.e. Piston, Cylinder, Cylinder head etc. 

Unless the heat is taken away from them and 

dispersed elsewhere, the components are likely to fail 

under thermal stress. So, all the I.C.Engines is 

provided with a cooling system [1]. The ALCO 

design diesel locomotives running on the Indian 

Railway have closed circuit pressurized water cooling 

system [1].  

The word 'Locomotive' originates from the 

Latin words 'LOCO' meaning 'from a place' and 

„MOTIVES‟ means 'Causing motion'[1]. 

 

 

2.0 Working of the Water Cooling System 

 

At first the water pump pumps the cold water 

from the expansion tank to the engine block. The 

water then exchanges heat from the various engine 

blocks and becomes hot. A part of the cold water also 

passes through the A.C Element to cool and increases 

the volumetric efficiency of the air sucked by turbo 

charger.  

Now the hot water passes through the bubble 

collector where all the bubbles from in the hot water 

are extracted and sent to the expansion tank via pipes 

to avoid cavitations. After this the hot water passes 

through the radiator core where it is cooled. The cold 

water then passes through the lube-oil cooler and 

extracts heat from the hot lubricating oil. At last the 

water comes back to the expansion tank. This whole 

cycle is repeated countless no. of time till the water 

level in the expansion tank comes below 20 %. 
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The cooling system is a closed system with the 

expansion tank vented to the atmosphere through an 

overflow pipe. Vent lines are provided at after-cooler, 

lube oil cooler, radiators, turbo-supercharger vent box 

& bubble collectors etc to maintain uninterrupted 

circulation of cooling water by eliminating the hazard 

of air locks in the system [2]. 

 

 
 

3.0 General Specifications 
 

Diesel electric Locomotives (engine) 

Total life - 36 years 

ALCO (American Loco Company) 

Locomotives 

Maximum permissible speed of Loco = 121 

km/hr Brand of locomotives used in Railway engines 

RR606 Mg (Lube oil) It is produced by IOCL only 

for Indian Railways. Fuel used: - High Speed Diesel 

(H.S.D) Viscosity limit = 105 - 170 centistokes @ 40 

0C Fuel tank capacity = 36 liters. Water Tank 

Capacity = 1000-1210 liters Coolant used for Anti-

Corrosion = Power cool. It is produced by Hindustan 

Petroleum Co. Ltd (HPCL) Horse Power Generated = 

2600 Water Circulating Pump Speed = 1725 rpm. 

Radiator Fan full Speed = 1200 rpm. Expansion tank 

capacity =155 liters No. of engine cylinders = 16 

Wheel diameter= 1092 mm No. of Batteries (8.8 V 

each, Total 70.4 V) used = 8 

 

4.0 Maintenance 

 

Maintenance of Water Cooling System is very 

much important to get the optimum output. Since 

diesel locomotives run through I.C.Engine so 

temperature is a very important factor & to maintain 

this temperature the maintenance of the Water 

Cooling System is very important. Maintenance of 

the Water Cooling System is done to check the crack, 

material defect, leakage, loose connection of all the 

parts of Water Cooling System. 

 

 

 

4.1. Maintenance schedule 

T-15(15 DAYS) [for P.S.B.], T-20(20 DAYS) 

[for R.S.B]:- Sample of water is tested & if necessary 

cooling water is replaced. In water pump telltale hole 

and in after cooler telltale hole leakage of water is 

checked and necessary action is taken. Radiator core 

is cleaned with compressed air. 

M-2 (2 MONTHS):- Turbocharger water 

return pipes are checked for cracks and water or oil 

leakage from telltale hole of water pump is checked 

and the pump is replaced if leaking. All parts of the 

system are checked for any other leakage. Operation 

of radiator fan is checked. 

M-4 (4 MONTHS):- Hot engine alarm switch 

is checked. 

M-12 (12 MONTHS):- Renew of water and 

oil seal assembly if necessary, after is removed and 

cleaned, flexible water connectors to the cylinder 

heads are checked for any cracks and damages, 

Expansion tank water level is checked. Water 

Cooling System is flushed with suitable cleaning 

solution and refilled. 

M-24 (24 MONTHS):- Radiators are cleaned 

and tested, Radiator fan is removed and 

reconditioned, the Water Cooling System is flushed 

with suitable claiming solution and refilled, water 

hoses are examined and renewed if necessary. 

M-48 (48 MONTHS):- Radiators are removed 

from locomotives and cleaned an tested, radiator fan 

drives are renewed and reconditioned if necessary. 



Survey on Water Cooling System‟s Failure Analysis for Diesel Electric Locomotives 59 
 

5.0 Tests Related to Water Cooling System 

 

1. Magnetic Particle Inspection Dry Test: - It is a 

test for determining cracks in the components 

made up of magnetic material. Here component 

is put into magnetic field and then iron powder is 

sprayed over it. The region where the iron 

powder gets sticked indicates the presence of 

cracks. 

2. Hardness Test: - In the shed Rockwell and 

Vickers hardness test machines are present where 

hardness numbers of various components are 

checked and compared with the standard values. 

3. Dye Penetrate Test: - It is attest to find cracks 

in the different components like water pumps, 

radiator fans etc. Here first the surface of the 

component is cleaned and then red dye penetrate 

is sprayed over the surface. After the developer is 

sprayed over the surface, the region where there 

is crack, it turns white. This is how the cracks 

become visible. 

4. Blue machining test: - It is a test for 

determining the matching of two components. 

Here one face of the component is painted with 

blue colored paint and then the face is allowed to 

touch other face and according to the impression, 

necessary actions are taken [3]. 

 

6.0 System Safety 

The cooling system is provided with safety 

devices, which guards against high water temperature 

& low water level. When the temperature of water 

reaches a pre-determined value, an alarm bell starts 

ringing & simultaneously the engine is returned to the 

idle value.  

High temperature alarm switch: - Engine is 

protected against high temperature by a switch which 

sounds an alarm & on the same locomotives returns 

the engine to idle temperature when the water outlet 

temperature reaches 185 0F.  

Low water level switch: - When the water 

falls below 1 inch from the bottom of the expansion 

tank, the LWLS connected to it shuts down the 

engine through the governor. Warning alarm & lamp 

indication also comes into the driver's cabin.  

Thermostat: - It is a temperature control 

device. We have seen that heat is generated in the 

engine & it needs to be controlled. A thermostat is 

used for this.  

Role of Laboratory: - Corrosion inhibitors are 

widely used with cooling water to ensure protection 

of components from corrosion & cavitation erosion. 

[3] 

 

7.0 Objective:  

To analyze the failure records of the past few 

years of the diesel electric locomotives 

 

 

Survey for the Period from 01/01/2011to 31/05/2013 
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8.0 Results & Discussions 

 

While going through the failure record of past 

few years (2011-2013) I have found many scopes for 

the reduction of the failures. But for doing that I  had 

to analyze the records thoroughly. 

 

 

Though I don't have much knowledge about 

the railway locomotives, but still I have tried my best 

to analyze the records which is described as follows – 
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 –

From line failure we have found out 

 

 
 

Line Failure 

 

 
 

41.9 % of line failure is due to defective 

materials which should be an important matter of 

concern for the railway authorities. It is very 

necessary to check the materials of the components 

on the very time it was supplied and only then it 

should be put to used in the locomotives. The main 

reasons for defective material are – 

• Design deficiency 

• Compositional deviational from the standard 

• Manufacturing defects. 

 

It is seen that almost 12.9% of line is due to 

overdue schedule i.e. the components which were 

meant to be replaced as per schedule were not 

replaced. For example in many locomotives items 

like water pump, extension tanks, Victaulic joints and 

water jumpers are not maintain according to schedule 

for which leakage, loose of joint of joint and other 

failures occurs. 

32.2% of the failures are due to B.W.N. This 

may be because of the negligence & lack of 

knowledge of the technicians. 

Water leakage from telltale hole of water 

pump, loose of nut, water leakage from radiator core 

are the failures which are because of B.W.N but this 

are the failures which should not have been occurred.
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From shed failure data we found that 

 

 

 

Shed Failure 

 

 

 

It is quite clear from the above table that 

almost half of the W.C.S failures are of the water 

pump failure. It is also found that the radiator cores 

suffer many failures. So, proper maintenance of the 

radiator core is required. I have done a very brief 

analysis on the failure records but even then i could 

find so many flaws in the maintenance of the 

W.C.sytem.  

I am quite sure that a proper detailed analysis 

of the failure records done by the specialists on the 

various components will find out many more of flaws 

which will definitely help to improve the overall 

performance of the shed. 

 

 

9.0 Conclusion 
 

From the failure analysis we find that most of 

the failures is because of defective material and this 

type of failures occurs in items like water jumper, 

water pump, vent pipe, extension tank, A.C. Element, 

Radiator fan etc. So, it should be brought under the 

notice of the manufacturer so that they can take 

necessary actions for better quality of the items. For 

that proper study, proper design, proper equipment 

and proper is required.  

Another most important reason for failure is 

overdue schedule so the authority should be strict 

regarding the maintenance. 
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For that proper records should be present and 

regular inspection is required. It is better to use new 

components to replace older ones timely. 

"Bad Workmanship (B.W.N)" is another cause 

of failure. This may be due to the ignorance or due to 

the lack of knowledge. In the whole training period i 

have notice that many technicians have good practical 

knowledge but not much of theoretical knowledge. 

So, there must be a proper platform especially for the 

workers where they can get both practical and 

theoretical knowledge. 

The failure material should be kept for further 

testing so that the actual cause of failure can be 

known and suggestions can be taken from the experts. 

From the failure analysis it was found that 

water pump, radiator core, AC. element, expansion 

tank etc. are the core components of Water Cooling 

System where frequently failure occurs. So, the 

maintenance of these should also be frequent. Experts 

should be available for each part of the items. 

It is vital to control the temperature of the 

water. Regular inspection should be done for the 

same 
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