
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I am extremely happy to know that STC, Ajmer is publishing this 

text book which will be useful for newly recruited Senior Section 

Engineers and Junior Engineers - electrical. This book will help in 

imparting required basic knowledge of TRAIN LIGHTING AND AIR 

CONDITIONING. 

This course Text book covers the common topics concerned to 

TL system, Air Conditioning fundamental, AC coaches etc. 

I hope this text Book will be beneficial to electrical supervisors as 

well as mechanical supervisors. I wish to congratulate the Principal 

and his team of STC - Ajmer for their sincere efforts under the 

valuable guidance of CWM Ajmer 
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Mechanical and Electrical Supervisors are the backbone of Indian 

Railways. As per instructions from Railway Board, study material 

should be provided to trainees so that they can use it for their study 

and reference.  

In continuation with previous initiatives, STC Ajmer is going to 

publish a Course Text Book on TRAIN LIGHTING AND AIR 

CONDITIONING for initial training of Senior Section Engineers and 

Junior Engineers of electrical department to provide guidelines for        

incorporating the technological knowledge of their field.  

I have learnt that this Course Text Book contains relevant topics 

as per training module. I am sure that this book will provide 

knowledge to all induction course trainees & working supervisors of 

electrical department as well as mechanical wing also. 

I appreciate and congratulate Principal - STC, Ajmer and his 

team for sharing their knowledge and bringing the relevant 

information in the form of Text Book. 
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Publishing a course book on TRAIN LIGHTING AND AIR 

CONDITIONING will be helpful for newly recruited Electrical and 

Mechanical Supervisors during their induction training. 

I am sure; this book will definitely prove highly beneficial for all 

relevant trainee supervisors of coaching maintenance wings at 

Workshop and Division of the Railways. This book covers most of the 

topics concerned to TL & RAC like TL system, AC fundamental, RMPU 

& LHB coaches etc. It will be beneficial to supervisors to improve the 

knowledge and efficiency in day to day working of their respective 

fields. 

 I wish to congratulate the Principal and Instructors of STC Ajmer 

for their efforts.    
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I feel happy in presenting the book of TRAIN LIGHTING AND AIR 

CONDITIONING for Senior Section Engineer / Junior Engineer electrical 

under the valuable guidance of CWM/Ajmer. This book covers most of the 

course contents of syllabus for initial training of SSE/JE - electrical 

department. 

 I appreciate the sincere efforts made by senior instructors of STC Shri 

Suresh Jharotia, and Shri Amar Chand Gaharwal for presenting book in this 

form, which will be highly useful and helpful for imparting knowledge to 

Electrical as well as Mechanical supervisors. 

 This book does not supersede the guideline and policy issued by RDSO or 

Railway Board regarding maintenance.  

Though every attempt has been made to ensure no error in the text 

(printing or otherwise), the possibilities of these creeping into the text is 

always there. I shall be grateful to the readers for pointing out these errors. 

Suggestion for further improvement of the text will be thankfully 

acknowledged and incorporated in the next edition. 
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SYSTEMS OF TRAIN LIGHTING 

Train lighting is one of the important passenger amenities which influence the image of 

Railways. Although first train ran on 16th April 1853 from Mumbai CST to Thane, train lighting 

system through axle driven dynamo pioneered by M/s. J. Stone & Co. came to Indian Railways 

only by 1930. Dynamo / Brushless alternator driven from axle through flat / V belts, supplies the 

load when train is in motion and charges the batteries. The batteries supply the load when train is 

stationary. Following systems for train lighting are presently in use – 

1) Self-generation TL system or Axle driven system working on 110 V DC supply. 

2) Mid-on generation with 415 V, 3 Phase generation AC 110 V utilization. 

3) End on generation with 3 Phase 415 V/ 750 V generations and AC 110 V and    415V 

utilization with two power cars. 

4) Head on generation with 3 Phase 750 V generation with one power car plus feed 

from loco and AC 110 V and 415 V  utilization 

5) Solar light Generation System  

 

SELF GENERATION TL SYSTEM  

This system is a conventional TL system to feed electrical power supply to load. In this 

system, 4.5 KW brushless alternators are driven through V-belts from axle. 

Lead acid batteries 110 V, 120 Ah arranged from 3 cell Mono-block units, are provided 

in the B.G. coaches. Two numbers of emergency feed terminals boxes for B.G. and one number 

for M.G. coach are provided on each end wall for interconnecting the coach to adjacent coach to 

receive power, in the case generation fails. One number emergency terminal box is provided 

centrally on each side of under frame to facilitate charging of battery from external source. For 

BG AC coaches, 18 KW / 25 KW brushless alternators are used. Two such alternators are used 

in AC-2T /AC-3T /Chair Cars and only an alternator is used in First AC coach. Batteries of 800 / 

1100 AH capacity at 10 hr rating are used in I AC / AC-2T / AC-3T /chair car of B.G. Coaches.  
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In non-AC coaches, three phase output from 4.5 KW alternator mounted on the bogie of 

coach is fed to the regulator cum rectifier for rectifying the AC output to DC and regulating the 

output voltage at different speeds and loads. The output from rectifier cum regulator on the under 

frame is brought through cables on the coach. The load is fed through four rotary switches 

(RSW) and fuses connecting circuits L-I, L-II, F and SPM. L-I feeds the essential lighting load 

like lavatories, gangways, doorways and up to 50% of light in each compartment/bays corridor 

lights and night lights, L-II feeds remaining lighting loads, F feeds the fan load and SPM feeds 

emergency feed terminals (EFT). 

An external battery charging terminal (BCT) is provided to charge the battery from 

external charger, if battery is in rundown condition due to failure of alternator. 

MID-ON-GENERATION 
In this system a power car housing DG sets is used in middle of rake. This system is 

chosen for small branch line slow trains having long halts where batteries are likely to remain 

undercharged if conventional axle driven system is adopted. Capacity of DG set will depend on 

composition of rake (usually 30 KVA) and generation is at 415 V, 3 phase, 50 cycle and is 

stepped down to 110 V, 3 Phase, 50 cycles.. The lights and fans in coaches are operated 110 V 

AC through feeders on either side of Power Car. 

 

 

 
 

Fig: Schematic layout of power car for mid-on generation 
 

END ON GENERATION  

Rakes of Trains like Rajdhani / Shatabdi express trains having heavy load of air-

conditioned coaches, pantry cars with electrically operated cooking appliances, Two Diesel 

Generating Sets are housed in coaches known as Power cars to meet the load. Normally 2 power 

cars, one on either side of rake, generate power at 750 V AC or 415 V AC, 3 phase, 50 cycles. 

All the coaches of power cars are interconnected with each other through couplers consisting of 

switchgear flexible cables. Power cars have control panel consisting of switchgear with 
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protective relays. The power at 750 V/ 415 V is stepped down to 110 V AC for lighting and fan 

load in the coaches.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig: arrangement of car in end-on- generation 

 

HEAD-ON GENERATION 
In HOG scheme, power is fed from the electric locomotive to the train to cater for the Hotel 

Load of the train. In electric locomotives, power is taken from the OHE through pantograph to 

traction transformer of the locomotive which is provided with a hotel load winding of 945 kVA, 

at nominal voltage of 750 V single-phase, which varies with the OHE voltage variations. This 

750 Volts single-phase supply is fed to Hotel Load Converter, which gives 750 Volts 3- phase 50 

Hz supply as output, for feeding the hotel load of the train. 

The three phase output supply of the hotel load converter i.e. HOG system is transmitted to 

both the feeder of the existing EOG train through IV coupler. 

The implementation of HOG scheme by manufacturing of 3 phase electric loco with IGBT 

technology having minimum 2x500 KVA hotel load converters on loco and one under-slung DA 

set in SLR for Rajdhani/Shatabdi trains. 

Benefits of HOG 
The main benefits that will accrue with the development of hotel load converter i.e. HOG 

system is described below: 

Increase in revenue and reduction in operational cost 

Based on the analysis/calculations done, IR will be able to earn annually minimum of 

approx. Rs. 476.50 &Rs. 485.88 Lac through NDLS-KLK & NDLS-CDG Shatabdi Express 

respectively by replacing one power car with LHB chair car. The average cost of one loco sets 

hotel load converter is Rs. 120 Lac only. In view of this, revenue of IR will be increased by 

operating more and more LHB based fully AC trains like Shatabdi, Rajdhani and Duronto 

Express. 

 

 

 

 

 

 



4 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
 
 
 
 

Fig: Power circuit Diagram of HOG supply 

Pollution free 

In EOG system, there are two types of pollutions - (i) Air pollution due to burn of High 

Speed Diesel, and (ii) Noise pollution by Train DA sets whereas HOG system is totally free from 

both types of pollutions i.e. air and noise pollutions. 

Carbon Credits 

Carbon credits can be earned by not emitting the carbon dioxide through burning of high 

speed diesel into the environment. IR can also sell this carbon credits in international markets. 

 

SOLAR TRAIN LIGHTING SYSTEM 
Indian Railways aggressively focusing on renewable energy, for that all coaches of a train 

would be lit from power generated by the rooftop solar panels. The solar-panel powered train 

had been tested on the Jodhpur division of the North Western Railways. The DEMU train which 

is being used for the trial run has six coaches, with each coach fitted with twelve solar panels. 

Each solar panel will generate 300 watt of electricity, which means 3.6KW of power per coach. 

This, the Indian Railways says will be enough to provide electricity for lights and fans inside the 

coach.  
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NR has provided Solar lighting based train lighting system in four narrow gauge coaches 

running on Pathankot - Jogindernagar Route in Kangra Valley section and fourteen narrow gauge 

coach running on Kalka-Shimla section on trial basis since 2011. N.R. has also provided one BG 

GS coach no. 20022 GS NR with Solar PV units for technology demonstration in Dec‘14. This 

coach is running in Delhi-Rewari train no. 54085/86. WCR has also provided solar panel on roof 

of BG coach no. 94408 GS on the dated 18 May‘15 for charging batteries & for electrical load 

on trial basis running in intercity Exp (Rewa-Jabalpur). Further, as a part of green initiative on 

Rail coaches and to have extended trials for one year in all weather conditions and understand all 

practical issues. It has been decided that one number of day running intercity express train each 

in NR and SR may be provided with solar panel modules on roof top of alternate coaches for one 

year trial in all-weather condition as per scheme and fifty percent of narrow gauge coach holding 

of PTK-JDNX section & KLK-SHM section should be provided with solar panels for extended 

trial. 

However, enough power could not be generated to run air-conditioners to feed load of ac 

plant due to limited roof area available which is not sufficient for more solar panels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

Fig: Solar Train Lighting System 

 

 

 

 



6 
 

 

 

 

 

 

 

 
 
 
 
 

Fig: Line diagram of Solar T L System 

 

Earlier, solar panel developed by Indian Railway Organization for Alternate Fuel 

(IROAF) were fitted in DEMU. After success of these coaches, the panels are fitted in main 

line coaches also. This system is best suited for slow moving trains which face problem of 

poor battery charging. Recently this system is provided in some trains like Sitapur-Delhi-

Riwari passengers, 14203/04 BSB-LKO Intercity exp., 54255/66 BSB-LKO via Pratapgarh, 

54334/33 BSB-LKO via Ayodhya. 
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BRUSHLESS ALTERNATORS & RRU 

Brushless Alternators 

In SG TL system,4.5 KW and 25KW Brushless Alternators are provided in BG non-AC 
coaches & AC coaches respectively.4.5 kW and 3 kW Brushless alternators are governed by 

RDSO specification EL/TL/47 Re ‘C’. Approved manufacturers for the alternators are: 

 KEL (Kerala Electrical & Allied Engineering Industries) 

 BEACON (Best & Crompton) 

 SIL (Stone India Limited) 

 HMTD Engineering 

 CGL (Crompton Greaves Limited) 

Some other makes are PIPL, STESALITE, IEC, etc. 

Inter-changeability of Components 
Regulators of 4.5 KW Alternator for any make will work for any make of 4.5 kW brushless 

alternators, for same voltage rating. To achieve simplicity in maintenance, brushless alternators, 

having no moving contacts or windings on rotors, have been introduced on 110V.The ratings in 

use are:- 

 4.5 KW, 120V BG non-AC coaches 

 25 KW,130V, alternator for BG AC coaches (new) 

4.5 KW Alternators working principle 
4.5 KW brushless alternator is of totally enclosed construction capable of developing a 

constant voltage of 120V and is used for:- 

 Charging the coach battery. 

 Operation of lights, fans in the coach. 

The alternator consists of two sets of windings viz. A.C. Winding and field winding, both 

accommodated in the stator. The AC windings are distributed in the small slots and field 

windings are concentrated in two slots. Each field coil spans half the total number of slots .The 

Rotor consists of stacked stamping, resembling a cogged wheel having teeth and slots, uniformly 

distributed on rotor surface skewing the rotor axis. 

The core of the stator which is completely embraced by the field coils will retain a residual 

magnetism if excited by a battery once. The flux produced by the field coils find its path through 

rotor. When the rotor is rotated, the passage of rotor teeth and slots alternatively under the field 

offers a varying reluctance path for the flux produced by the field coils. The flux which varies 

periodically links with AC coils and induces an alternating voltage in AC coil. The frequency of 

induced voltage depends on the speed of rotor. The magnitude depends on the speed of the rotor 

and level of excitation. The field is controlled through regulator to attain desired output voltage.” 

With the introduction of roof mounted package units and inverters in self-generating AC 

coaches (AC 2 tier, AC 3tier), there is increase in connected load. To meet the increased load, 

Brushless Alternator of 25KW having same external dimensions as 18 KW Alternators have 

been developed. In the regulator for optimized alternator, of HMTD make, two magnetic 

amplifiers have been used, whereas only one magnetic amplifier has been used in regulator for 

18/25 KW alternator. 
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Fig : Flux Density Distribution Curve 
 

Alternator is mounted on the bogie or suspended from bogie. Bogie mounting is called 

"Transom-mounting" and suspension from bogie is called "under-frame mounting". While all 

new 110V coaches have transom mounted alternators, the old under-frame mounted dynamos 

/alternators have been replaced by transom mounted Alternators at the time of POH. 

Two suspension brackets are securely welded to shell. A shell tube machined after welding 

to suspension bracket houses the suspension bush. This bush is locked in place by two grub-

screws. This suspension pin on which hangs the alternator passes through bush fitted with self-

lubricated CAST-NYLON bushes at both ends which do not require any greasing arrangement. 

Bush is suitable for use with the suspension pin of 31.75/31:65 mm dia. 

18/25 KW Brushless Alternator & Regulator (KEL make) 

Principle of working of 25 KW brushless alternator is same as that of 4.5KW Alternator. 

25 KW alternator is used for AC coaches. The alternator with associated regulator delivers 25 

KW (at a constant voltage of 135+/- 5% from no load to 193A) at all train speeds above 50 

KMPH. Two machines are used for Ac 2T/chair cars and one machine is used for IAC coach for: 

a) Charging the coach battery consisting of 56 cells of 800 AH capacity (1100 AH in new 

coaches). 

b) Supplying the coach loads like compressors, lights and blowers. 
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Principle of Operation 

The brushless alternator is 3 phase Induction 

Alternator without any rotating windings, commutator 

or slip rings. Both the field windings and AC 

windings are located in the stator. The AC windings 

are distributed in 60 slots. The field coils are 

concentrated and forms into two slots. Each field coil 

spans half the total number of stator slots. 

The rotor is made up of silicon steel laminations 

and resembles a cogged wheel. The teeth and slots are 

uniformly distributed on the rotor surface (skewing 

the rotor axis). 

The 25 KW alternators is equipped with two numbers of 200 MM PCD 6 groove V pulley 

and is driven through an axle pulley of 572.6 mm PCD. V belts type - C-122 are used for drive. 

Characteristics of 25kw Alternator 

Output 25 kW 

Voltage 135 V± 5% on D.C. side, (97V, 3 phase AC) 

Current 193 A (Max) on DC side 

*Cut in speed 550 RPM (30 KMPH ) 

**MFO 930 RPM for 135 A at 135 V (51 KMPH) 

Max speed 2800 RPM (Approx. 156 KMPH) 

Class of Insulation F 

Resistance between field 7.3 Ohm 
   

Rectifier-cum-Regulator units for 4.5 kW Alternator (CGL Make) 
The Rectifier-cum-Regulator unit has the following functions:- 

i) Rectifying 3 phase AC output of alternator to DC using full wave Rectifier Bridge. 

ii) Regulating the voltage generated by alternator at set value. 

iii) Regulating output current at set value. 

The main rectifier consists of six silicon diodes adequately rated and mounted on aluminum 

blocks secured on main aluminum heat sinks whose cooling surface is adequately rated and 

exposed to air at the rear portion of box. 

Unit comprises of following main component: - 

a) Three phase bridge output rectifier consisting of six silicon diodes D1 to D6 mounted on 

aluminum blocks secured to main heat sink. These aluminum blocks are suitably insulated 

from the main heat sink electrically by means of MELINEX paper, nylon bushes/washers 

at the same time ensuring proper conduction and transfer of heat generated during 

operation. 

b) Single phase full wave field rectifier diodes D16 and D17 mounted separately on heat 

sinks along with free-wheeling diode D18 suitable for the same. 

Fig : 25 KW Alternator 
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c) Two sensing diodes (D19, D20 for current/voltage sensing) with Zener diode (Z1) which 

acts as reference. 

d) Current transformer (CT) 

e) Main printed circuit board (PCB) with the control circuit and voltage setting 

potentiometer (P1) and current setting potentiometer (P2). 

f) Field transformer (FT) 

g) Magnetic amplifier (MA) 

Diodes D4 to D6 and Dl to D3 make up the positive and negative halves of the main three 

phase bridge rectifier which receives the three phase AC input from the alternator and gives a DC 

output of DC + and DC-. 

The current transformer (CT) senses in all three Phases. The secondary of which has a 

burden resistance (R5) to convert the secondary current into voltage. This AC voltage is rectified 

by diodes D10 to D15 (bridge configuration) and fed to the P2-R3 voltage divider chain. The 

voltage output is rectified (using D7& D9 diodes) and fed separately to the R1-R2-P1-R4 voltage 

divider chain. These two sensed voltages are compared with the reference voltage of the Zener 

diode Z1 and subsequently fed to the control winding of the magnetic amplifier. This enables 

magnetic amplifier to act as ON/OFF switch for controlling the alternator field current and in turn 

the alternator output voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig: Magnetic Amplifier Regulator 
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Characteristics of 4.5 kW Alternator & Regulator 
 

Output 4.5 kW 

Voltage 120V DC 

Current 37.5 A 

*Cut in speed 350 RPM (Approx. 19 KMPH) 

**MFO 600 RPM (Approx. 31 KMPH) 

Max speed 2500 RPM (Approx. 130 KMPH) 

Mounting Transom Mounted 

Drive V belts (4) 

Insulation class 

a) Armature H 

b) Field H 

Bearings 

a) Driving End SKF Roller Bearing NU 311 or equivalent 

b) Non driving end SKF Ball bearing 6309 or equivalent 
 

Regulator 
Type   : Magnetic Amplifier 

Voltage settings : 110-140V DC marked in steps of 5V 

Voltage regulator : within +5% of voltage setting 

Current setting  : 37.5 Amps 

Current limiting : + 15% 

Cut in speed   : The minimum speed which the Alternator can pick up generation. 

    There will be no output below this speed 

Minimum speed         : Although generation picks up at cut in speed, for delivering full 

  Output, speed is higher than cut in speed and is called MFO. 

Power Rectifier: This consists of six silicon diodes connected in three phase full wave 

bridge. The three phase output of the alternator is rectified by these diodes to give a DC output at 

terminals +L and -L. Each diode is protected against transient surge voltage by capacitor Cl. The 

whole bridge is protected against high frequency surges by capacitor C3.The DC output is 

filtered by capacitor C2. 

Current Transformers (CT1, CT2 & CT3): The current transformers are used to sense 

the load current for the current limiter when the primary winding of each current transformer 

carries load current, the secondary winding feeds a three phase voltage to the rectifier RT2 in the 

regulator rack. 

Regulator Rack: The regulator rack consists of the following parts:- 

Excitation Transformer (E.T.): This is a one winding transformer with tapings for input 

and output. The transformer steps down the voltage for the field coils. The output of the 

transformer is taken to the field through the Magnetic Amplifier before being rectified by field 

rectifier diodes.   
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The transformer has five set of terminals. 

Terminals 14 and 15 - Input from Phase 14 and 15 of alternator. Centre tapping, terminal 19, 

goes to the -ve terminal for field supply. Terminals 18 and 161 are the output terminals and go to 

the respective terminals on the Magnetic Amplifier. 

Magnetic Amplifier (MA): The magnetic amplifier forms the nucleus of the regulator circuit. It 

works on the principle of saturation of magnetic core. The equipment has six sets of windings. 

 

 

 

 

Only 10-11 and 20-40 are used in the circuit, 10-11 for voltage and current control, and 20-

40 for gain control. The field current passes through the load winding and offers variable 

impedance to the field circuit. 

Field Rectifier Unit (D3-D4): The two silicon diodes D4 and D3 acts as a full wave rectifier 

for the field supply. These diodes conduct alternatively, when the terminals 18 and 161 become 

positive with respect to the centre tapping 19. 

The rectified current from the diodes is taken through the feedback winding 20-40 of the 

magnetic amplifier. Terminals 20 and 19 form the +ve terminals form the field supply. 

Free Wheeling Diode: In the normal circumstances, this diode D5 has no function. But should 

there be any reason for a surge from the field circuit, which will have a polarity opposite to that 

of excitation, this diode will conduct, avoiding creep age of the surge voltage to more important 

components like Magnetic Amplifier. 

Rectifier Bridges (RT1 and RT2): Each bridge RT1 and RT2 is made up of six silicon diodes, 

connected for three phase full wave rectification. RT1 supplies the rectified voltage for voltage 

detector DT1, which is also the voltage developed by the alternator. RT2 rectifies the three 

voltage developed at C.T. secondary side and supplies to the voltage detector DT2. 

Voltage Detector (DT1&DT2): These voltage detectors serve the function of providing 

necessary "error signal" for voltage regulator and current limiting. 

It consists of a network of Zener diode, potential divider and rheostat. The voltage drop 

across each resistance can be adjusted by varying the resistances Rh1and Rh2. In the case of DT 

1 when the output voltage exceeds the rated voltage of the alternator, the voltage drop across R 1 

will be sufficient to cause Zener break down and this will send a current through the control 

winding 10-11 of the magnetic amplifier. 

Similarly, in the case of DT2, when the current reaches the pre-set present value, the voltage 

induced in the secondary of the current transformers after rectification by RT2 will be sufficient 

to cause conduction of the Zener diode and to produce the necessary error signal to Magnetic 

Amplifier for current control. Zener diode starts conducting only at a designated voltage (Zener 

Two load windings 18-162 and 17-161 

Four control windings 

1.Voltage control 

 

10-11 

2.Current control 26-27 

3.Gain control 20-40 

4.Spare 29-30 (Not shown) 
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voltage). The voltage across the Zener will be maintained even if the voltage input to the circuit 

is increasing. Thus, it serves as a base for comparison. 

Blocking Diodes (Dl and D2): Diodes Dl and D2 are used to block the current from one Zener 

to the other. Diode D1 prevent creeping of current from DT2 to DT l and D2 prevents current 

from DT1 to DT2. This is achieved by the unidirectional property of diodes. 

Working of Regulator: The three phase output from the alternator is rectified by the 

bridge connected silicon diodes. The DC excitation to the field is obtained by full wave 

rectification of alternating current provided through the field transformer and the load windings 

of the magnetic amplifier. 

The voltage induced in the alternator winding is dependent on the speed of revolution of 

rotor and on the excitation current. In the absence of voltage detector and magnetic amplifier, the 

voltage of the alternator will rise indefinitely due to the positive feedback limited only by 

saturation of stator. But as soon as the pre-set voltage is reached, the Zener diode in detector 

DT1 conducts and sends a "Control current" through the magnetic amplifier windings 10-11. The 

flux produced by the control current is in such a way that it opposes the flux produced by the 

load windings, thereby increasing the impedance of field circuit. This increase in field 

impedance reduces the field current and brings back the output voltage to the normal value 

required. 

The current limiting is also achieved in a similar manner. When the pre-determined load 

current is delivered by the alternator, the secondary voltage of the CT after rectification by 

bridge RT2 will provide the necessary "error signal" for the magnetic amplifier. In this case also 

the voltage drop across the resistance R1 will be sufficient to cause the Zener diode in DT2 to 

conduct. The control current from this also passes through the same control winding 10-11. The 

effect of this control current is to retain the current at the limited value and to reduce the voltage. 

For a sustained over-load, the generator voltage will fall to the battery voltage and relieve the 

alternator immediately, thereby reducing the chances of damage due to the load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .  KEL – RRU 
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ELECTRONIC RECTIFIER CUM REGULATOR (ERRU) 

Main features of ERRU with UVC 
 Fast and reliable switching devices. 

 Alternator identifying facilities and Auto setting of parameters such as output DC voltage, 

battery current, load current which in turn increase the life of battery and the alternator 

itself. 

 Monitoring real time value of alternator voltage, load current, battery AH (IN), AH (OUT) 

etc., through interface fitted inside the coach. 

Main advantages of ERRU 
1. Control circuit is Modular type design. 

2. Auto identification of alternator ratings and indications. 

3. Auto setting of parameter of voltage, load current, Battery current, over voltage, over 

current and current limiting for all the regulator of4.5kW, 18kW and 25kW. 

4. UVC is interchangeable with all types of Electronic Regulators from 4.5kW to 25kW. 

5. Close regulation of voltage +/- 2 V over the entire range of load and speed to have uniform 

charging of batteries. 

6. Less voltage and current ripple on Battery Charging current. Controlled Battery charging 

current to have longer life of batteries. 

7. Moulded Hall sensors for current sensing and setting current limit. 

8. Static over voltage protection and latching without battery. 

9. Isopack Power diodes directly mounted on the heat sinks to have better heat dissipation. 

Molded PCBs to avoid dust and vibration problems. 

10. Separate interface unit for monitoring the parameters like DC Voltage, DC current, Battery 

charging and discharging currents, Amp, Hours etc. and it can be downloaded. 

11. This interface has facilities to store AH.IN and AH.OUT, generation and non-generation 

time, total distance traveled by coach and faults occurred in the regulators. 

12. This interface also has Emergency unit. In case of failure of one control unit, the other 

control unit will take care of both regulators. 

Rating and Setting 

 REGULATOR 25 kW 4.5 kW 

 Voltage 130 V 124V 

Rating 
Full load AMP I 193 A 38 A 

Hour Rating AMP 222 A  

 Speed Range 800-2800 RPM 550-2500 RPM 

 Normal 
127 V+/- 0.5 V with 

97 A at 1500 RPM 

124 V +/- 0.5 V with 

19 A at 1500 RPM 

 REGULATOR 25 kW 4.5 kW 

Setting 
Over Load 222 A at 120 V  

Facility available for  setting  120 V, 122V, 124V 

 Load Current 230 A (max.) 42 A (max.) 

 Battery charging current 110 A (max.) 24 A (max.) 
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 Main Components of ERRU 

1. Power Unit 

2. Terminal Box 

3. Universal Voltage Controller (UVC) 

4. Static Over Voltage Protection (OVP) 

5. Emergency Field Extension with interface 

6. High Reliable Components: 

I) Half Effect Sensor. 

II) Isopack Power Diodes. 

Detail of various components of Electronic Regulator 
1. Terminal Box: The terminal box of the ERRU is having terminals like the conventional 

two number DC+ and DC-. The wiring in the coach has to be modified as per the RDSO 

drawing No. ER25-050-RIV.2 for 25 kW and ER4.5-W-001 for 4.5 kW. The terminal box 

also contains an adopter terminal (female) for taking the control and sensing cable to the 

interface mounted inside the coach. 

2. Power Unit: The Electronic Regulator is designed with Power unit and Universal Voltage 

control (UVC) unit, one power unit for all AC coach alternators i.e. 18 kW and 25 kW and 

another Power unit for non-AC coaches i.e. 4.5 kW Alternator. The Universal Voltage 

Controller Unit (UVC) is common for all the regulators of AC and non-AC coach 

alternators. The AC coach regulator can be used for 18 kW and 25 kW Alternator without 

any change in the setting. The regulator identifies the alternator and makes the setting 

according to the power of alternator. 

3. Universal Voltage Controller (UVC) (Drg. No.: ER25-017):  The UVC controls the 

field current to maintain the set output voltage of the alternator. The supply is given from 

one phase of the alternator and rectified using single-phase bridge and given to field coil 

and the power devices. The gate of the power devices is controlled by a micro controller, 

which is programmed with all data as per the requirements of the specification. 

The phase voltage is fed to the primary of the control transformer and the secondary 

tapings are fed to the power-supplying module. The micro controller gets the power and 

information through the A/D converter, multiplexer and isolation amplifier. 

The various data and characteristics of 4.5 kW and 25 kW Alternators are fed to the 

controller and stored. As the train starts moving or as the alternator is driven the micro 

controller automatically gets the information from the alternator and identifies the same. 

As the alternator is identified the settings of various parameters for the particular rating of 

the alternator are set and start working as per the set parameters. 

Hall Effect sensors are used for sensing the output load current and battery charging 

current. The battery charging current is set to limit the charging current as per the battery 

capacity. A bunch of leads through conduit are taken from the UVC to the terminal box 

and then to the interface box mounted inside the coach. 

4. Static over Voltage Protection (OVP): Static over Voltage Protection circuit is 

provided to stop the generation in case of any fault of the components and cause over 

generation. As the voltage goes beyond 142 Volts for more than 3 seconds the OVP circuit 

immediately reduces the field current and latches the output voltage at less than 90 Volts. 

The latching remains without battery. 
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The OVP uses a sensing circuit for sensing the output voltage. The sensed voltage is fed to 

a comparator, electronic relay and a delay circuit. When the voltage exceeds the set value, 

the delay circuit switches on and the comparator gives a pulse to an electronic relay 

connected in series with the field circuit. The opening of the electronic relay prevents the 

output voltage of regulator from rising, above the set value of 142 V.  

After a pre-set delay time, the signal is latched and the field current is not allowed beyond 

a level to generate only the latched voltage of 80 to 90 Volts. As and when the fault is 

removed from the circuit the OVP automatically isolates itself or the latching can be 

removed through a reset switch provided in the circuit. 

5. Emergency Field Extension with Interface: Two regulators are supplied with an 

interface box, which can be fitted inside the coach. The inter face box is provided to 

monitor the set parameters. These parameters are displayed using LCD by a scrolling 

arrangement. The parameters are: 

 DC output current of both the alternators. 

 DC output voltage of both the alternators. 

 Battery current. 

 Battery charging current. 

 Amp hour in. 

 Amp hour out. 

 Total Amp hour in/out. 

 Total kWh charging and discharging 

 Speed of the alternator. 

 Total kWh charging and discharging. 

 Total distance traveled by the coach. 

 Total generation and non-generation time of both regulators. 

 Last 32 faults. 

 Acquisition time. 

 Date & Time. 

6. Data Logger with Interface: A four pin round type connector is provided for 

collecting datas like output voltage, current, battery current charging and discharging 

and speed of the alternator from the regulator. Each regulator can be connected to date 

down loading unit and the above mentioned data can be downloaded at any time. 

Data for seven days are logged and stored in the memory and this can be down-loaded 

using the downloading unit. 

7. OVP Indication and Reset: OVP indication and reset is also provided in the same box. 

The operator can reset incase the OVP operates and disconnects the regulator. All this 

can be done when the train is in movement. 

a) Setting of Parameters: This interface unit is having facilities to change the 

parameter of DC output voltage, output current and battery current incase of 

improper load sharing. This can also be done in running time. 

b) Downloading Unit: A small hand held unit is provided for downloading the data 

stored in the regulator. And this can be taken in to computer and the data can be 

retrieved in EXCEL format. Retrieving format will be as per RDSO‘s specification. 

Downloading can be done in coach running time but it is advised to do in coach 

stopped condition. 
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c) Emergency Field Extension: The same data logger box contains the emergency 

field extension in case of the failure of the control circuit of one regulator. This 

helps the operator to understand the healthy conditions of both the alternators and 

to provide field extension in case of the control circuit of one regulator is defective. 

      Note: 

 Emergency field extension switches can be operated in running condition and for the 

safety, operate only when the train is in the halt condition. 

 Setting of parameters should be done after removing the lock. The locking facility is for 

preventing the unauthorized operation. 

8. Highly Reliable Components: High reliable components are added to minimize the 

failure in the Electronic Regulator. The working principle of the components mentioned 

below is explained here under. 

 Hall Effect Sensor  

 Isopack Power Diodes 

a) Hall Effect Sensor: The Hall sensor is a transformer operating with a balanced 

magnetic flux principle to measure D.C. – A.C– pulsating current with galvanic 

insulation between primary and secondary circuits. The primary current produces 

a magnetic field, which is detected by a Hall Effect device and, via an electronic 

amplifier, is immediately balanced by injecting a current into the secondary 

winding. The secondary current thus injected is the exact replica of the primary 

current times the turns-ratio. This closed loop current sensing is fed into the main 

circuit to limit the output current and protect the equipment from over current. 

b) Isopack Power Diodes: These diode modules contain two diodes in a single 

pack and have a base plate, which is ceramic isolated from the power circuit. They 

can be mounted directly on the heat sinks needing no insulation in between. This 

results in effective heat transfer to the heat sink and thereby reducing temperature 

of the device. These modules are tested for more than 1500 V isolation between 

live terminals and base place. 

 

 

Fig: - Connection between ERRU, BATTERY and ALTERNATOR 

 

 

Alternator 
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Fig: - ERRU - Open view 

A list of Do’s and Don’ts are listed below from the maintenance and troubleshooting 

point of view: 

Do’s: 

 Check all the connections are tight. If found any loose connection, tighten the connection. 

 Connect the cables in correct polarity. 

 Keep the cover closed. 

 Use proper rating of fuse. 

Don’t: 

 Don‘t disconnect any connectors from regulators and UVC. 

 Don‘t bypass the protecting systems OVP and fuse. 

 Don‘t keep the door opened. 

 Don‘t disturb the setting if not require. 

 Don‘t press the LCD display. 

Do’s and Don’ts in CIP and the Downloading Unit: 

Do’s: 

 Connect all the connectors in proper position. 

 Keep normal position always in the emergency field extension unit. 

Don’t: 

 Don‘t remove any connector from the CIP unit. 

 Don‘t damage the LCD display. 

 Don‘t reverse the power supply connection. 

 Don‘t keep open the CIP door. 

 Don‘t keep the downloading unit in high temperature. 

 Don‘t download when the train is running. 

 Don‘t disturb the setting if not required. 
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Periodical Maintenance Instruction for ERRU: 

 Check all the connections are tight. If found any loose connection, tighten the connection. 

 Care must be taken for connecting the terminals in correct polarity. The reverse 

connection may cause severe damage in regulator. 

 Do not disconnect the connectors from UVC and terminals. If any disconnection is found, 

connect the connectors in original position. Do not connect any wrong side and wrong 

connection will cause damage in regulator. 

 Do not keep open the UVC door as well as regulator box and terminal covers. Open door 

may give chance to enter the dust and metallic things inside and this may cause any short 

circuit in the regulator. 

 In case of fuse blown, is suggested to use proper HRC fuse. Do not tie with wire and this 

wire-fuse will cause any damage in the regulator. 

 Protections are safety for our systems; so do not bypass the protecting systems like, OVP 

and fuse. 

 Do not disturb the setting. 

 Store the downloading unit in safe place and do not keep in very high temperature. 

 Do not press the LCD display screen and pressing will cause the damage to the LCD. 

 Use proper tools for opening and removing the units from the regulator. 

Note: The periodical maintenance above can be done once in a month. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig: - HMTD ERRU 
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BATTERIES 

Conventional Lead Acid Cells for TL applications are governed by IS 6848.Type of cells in 

use for train lighting and coach air-conditioning are as under:- 

  

S.NO. 
Capacity of battery 

(AH at 27
o 

C at 10 Hr Rate) 
Type of coach 

1 120 110 V, BG Coaches 

2 450 MG AC Coach 

3 800 II AC BG Coaches (old) (Under Slung type) 

4 
1100 II AC BG Coaches (new) AC2/ 3 Tier Coach 

RMPU 

5 70 LHB EOG type coaches 

6 290 LHB EOG Power car 

   

Principle of Operation: In a charged lead acid cell positive active material consists of lead 

peroxide (PbO2) and the negative of spongy lead (Pb). Dilute sulphuric acid (H2SO4 + H2O) 

serves as electrolyte. 

The overall reactions inside the cell during discharge and charge are represented most 

conveniently by a reversible equation as follows:- 

 

During discharge, the lead peroxide on the positive plates as well as the spongy lead on 

the negative plates are converted into lead sulphate (PbSO4). In this process, sulphuric acid 

(H2SO4) is consumed and water (H2O) is formed. Consequently, the specific gravity of the 

electrolyte falls, the extent of fall being proportional to the ampere-hours taken out. The process 

causes at first a slow, and then a faster voltage drop, until a permissible lower limit (final 

discharge voltage) is reached, which depends on the rate of discharge current. The amount of 

ampere-hours (constant current x time) taken out is called the capacity of the cell at this rate. 

The chemical process during charge is the reverse of that during discharge. The lead-sulphate on 

the positive plates is reconverted into lead peroxide and the lead sulphate in the negative plates 

into spongy lead. Sulphuric acid is formed and the water consumed. The specific gravity of the 

electrolyte rises. There is at first a slow, later a faster rise of cell voltage. From 2.4 volts onwards 

gassing sets in due to a strong decomposition of water into hydrogen and oxygen.  

Violent gassing is injurious to the plate material. So after reaching this gassing voltage the rate of 

the charging current must be limited to within safe permissible values. 

The nominal voltage of a lead acid cell is 2.0 volts. The true open circuit voltage, 

however, is dependent on the specific gravity of the electrolyte and varies between 2.02 to 2.05 

volts. During discharge the voltage depends on the rate of the discharge current. 
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Parts List  

1.  High Resistance Container 

2.  Plate rest 

3.  Positive plate 

4.  Negative plate 

5.  Mitex separator 

6.  PVC packing 

7.  Plastic ladder guard 

8.  Positive pillar 

9.  Negative pillar 

10. H.R. cover 

11. Positive terminal 

12. Negative terminal 

13. Nut,bolt, washers & spring    

     washer. 

14. Micro-porous Vent plug 

15. Sealed Float plug 

16. Bitumen sealing  compound. 
 

 

 

 

 

 

 

 

 

 

Constructional Features Main components of lead acid cell are: 

a. Positive Plates: Usually tubular construction is adopted. Positive plates are made up of 

a number of tubes which contain active materials. Tubes have a large number of minute 

pores which allow the electrolyte to pass through pores freely, while preventing any loss 

of active material. 

b. Negative Plates: Usually consist of a lead grid into which active material is pressed. 

The grids are designed to retain the active material in position. 

c. Separators: Synthetic separators are used between positive and negative plates. The 

separators allow good diffusion of electrolyte. 

d. Container: It is made of hard rubber with high insulating strength to resist acids. 

e. Cell cover: It is also made of hard rubber, resistant to acid having vent and level 

indicator holes. 

f. Accessories: The following are few accessories of a lead acid cell - 

i) Float: The float stem will have markings to indicate the lowest and highest 

electrolyte levels permissible. It should be ensured that the electrolyte level is 

maintained in service by adding pure distilled/ de-mineralized water to IS: 1069. 

ii) Float guide: The float guide is of removable and anti-splash type and facilitates       

unrestricted vertical movement of float stem. During maintenance it is essential to 

ensure that the float assembly is designed to prevent acid splash in service 

(IS:6848). Any defective float guides/assemblies should be replaced promptly. 

iii) Vent plug: This is of the anti-splash type with more than one exit hole. This will 

escape freely but effectively prevent acid particles or spray from coming out. It 

should be ensured that the vent plug is tightened fully whenever the plug is opened 

 

Fig:  Exploded Diagram of Lead Acid Battery 
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during maintenance for checking specific gravity of cell or after topping up 

electrolyte level with distilled water. 

It is necessary to procure all these accessories exactly to the approved                                   

design of the original manufacturers since any defective supply is likely to affect the 

life of cell adversely. 

S No Characteristics of distilled water Limits 

1. pH 6.5 to 7.0 

2. Non-volatile residue 0.001 %  max 

3. Chloride as Cl 0.001 %  max 

4. Ammonia as NH3 0.001 %  max 

5. Heavy metals NIL 

6. Calcium NIL 

7. Manganese NIL 

8. Oxidized matters To pass  KMnO4 test 

9. Electrical conductivity 

(At 27 ± 2 degree C in micro mhos/cm) 

10000  max 

 

 It should be noted that testing of mere PH value alone would not sufficient to assess the 

quality of water used for replenishing in batteries. It is therefore necessary to undertake 

periodic chemical analysis at least once in 3 months and keep a record of these results. 

 In the early days, water intended for storage batteries used to be obtained by coal fired 

steam boilers or electrical distilled water plants. De-mineralizing plants are now 

available in the market and no electrical energy or fuel is required to operate this plant. 

The inlet water is connected to the plant and the treated water is obtained at the outlet 

after passing through chemicals provided for the purpose. A continuous monitoring PH 

meter is also provided in the plant. The whole unit occupies lesser space, is compact and 

neat. Requirement can be picked up from a wide range of capacities available in the 

market. 

 Hydrometer is used to ascertain the specific gravity of electrolyte in a lead acid cell. The 

specific gravity is the relative weight or density of the electrolyte as compared with a 

similar volume of pure water. The specific gravity of a cell should be maintained at the 

value given by the manufacturer in the fully charged condition. This value for fully 

charged cells at 27 Degree C shall be between 1,210 and 1,220 for cells up to 525 Ah 

capacity and between 1.245 to 1.255 for cells over 525 Ah capacity as per IS:6848. 

 Voltmeter is used for taking the individual voltage of cells and the battery as a whole. 

This voltmeter shall preferably be of a dry cell operated digital type with a range of D.C. 

from 0 to 200 V. 

 The rating assigned to the cell or battery is the capacity expressed in ampere-hours (after 

correction to 27 degrees C) stated by the manufacturer to be obtainable when the cell or 

battery is discharged at the 10 Hr. rate to the end voltage of 1.80 V per cell. 
. 

Maintenance: The present and most efficient procedure for the maintenance of lead acid cells is 

to carry out through overhauls, repairs, rigid tests and quality control during POH work of TL / 

AC coaches in the workshops. The work in the maintenance depots is confined only to regular 

and systematic examination, occasional topping up of cells and charging whenever needed. 
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Train lighting batteries of coaches by the very nature of service conditions cannot be 

expected to have steady rate of charge/discharge. They are often left to idle for long duration or 

charged at higher rates. Such strenuous service of these cells therefore calls for systematic and 

thorough examination while in service, prompt remedial measures of defects/replacement of 

cells and quality.  POH work in Shops to achieve the expected life without any loss of efficiency 

below 80 %.Running maintenance of storage batteries falls under four categories:- 

 Trip examination, 

 Fortnightly examination, 

 Quarterly examination, 

 Intermediate overhaul. 

Trip Examination: To know the condition of cells during 'Trip Examination' some cells in a 

battery are treated as 'Pilot' cells. On arrival of train in the maintenance line, disconnection shall 

be done at inter vehicle connections, Recording of the specific gravity of ‘Pilot‘ cells in each 

battery shall be done, Pilot cells in coaches should be changed every month and. Marking of 

Pilot cells should be made as described. Cells were usually provided either in 2 battery boxes of 

6 cells each or 1 battery box of 12 cells in coaches with old DC-.24 V system. Cell number for 

marking pilot cells should be reckoned from left to right while facing the battery box. On receipt 

of coach from POH, the 1st and 12th cells should be marked 'P' in chalk indicating as Pilot cells. 

This should be changed to 2nd and 11th after a month, 3rd and 10th in the next month, and 

so on in the subsequent months. After the cycle is completed, the same cycle should be repeated. 

The idea of changing the Pilot cells is to ensure that true condition of the battery is reflected, till 

the cells are sent for next POH and to take prompt remedial action in case of defects. In case of 

conventional coaches working on DC 110 V system there are two boxes with 28 cells in each. 

Marking of these cells to indicate Pilot cells shall be done as follows:- 

B- 1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

15 16 17 18 19 20 21 22 23 24 25 26 27 28 

B- 2 

29 30 31 32 33 34 35 36 37 38 39 40 41 42 

43 44 45 46 47 48 49 50 51 52 53 54 55 56 

       

 B1 B2 

Month  Pilot cells   Pilot cells  

After POH 1 14 15 28 29 42 43 56 

2
nd 

Month 2 13 16 27 30 41 44 55 

3
rd

Month 3 12 17 26 31 40 45 54 

4
th

Month 4 11 18 25 32 39 46 53 

5
th

Month 5 10 19 24 33 38 47 52 

6
th

Month 6 9 20 23 34 37 48 51 

7
th

 Month 7 8 21 22 35 36 49 50 
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Repeat cycle further. 

 Check the specific gravity of Pilot cells and the total voltage of battery on load at the end 

of charge and record. 

 Keep vent plug tight. Ensure that washer is available for vent plugs. 

 The person in charge of battery maintenance should record all the readings mentioned 

above in his diary and this information should be transferred to the register maintained 

for various trains. 

 Check anti-theft rods and provision of nuts both inside and outside the battery box on 

either side. Replace if found missing. Secure battery box cover finally after all works are 

completed. 

Fortnightly Examination: In addition to the instructions contained under "Trip Examination" 

the following works shall be carried out. 

 Clean the interior of battery box. 

 Clean the cell tops and deposit of sulphate, if any, in inter cell and end cell connections. 

 Remove sulphated inter cell connections, clean the connecting surface with a piece of cloth 

and replace by spare ones. Use fresh fasteners. Sulphated inter cell connections and fasteners 

should be soaked in kerosene oil, cleaned with warm water and kept ready for use. Inter cell 

connections should be provided with both small and large strips and four fasteners each with 

one hexagonal nut, one spring washer to IS: 3063 and 2 steel punched washers to IS: 2016. 

 Remove end cell connectors, clean the connecting surface both in cell and connector 

thoroughly and provide them back. Check for proper crimping of terminal. In case strands of 

connecting cable are found cut at the crimping end, cut wire at the crimping end and re-

crimp with a new inter cell connector. End cell connector conforming to IS: 6848 only 

should be provided. Tinned copper crimping sockets with a single hole, if any, provided as a 

stop gap measure should be replaced by standard end cell connector. Provide end cell 

connectors with both the fasteners each with one spring washer to IS: 3063 and one punched 

steel washer to IS: 2016. 

 Tap float guides and check for free movement, Look for elongated holes in float guides and 

replace such guides. Replace deficient floats promptly. 

 Check whether vent plugs are of the anti-splash type and replace if required. Check for 

blockage of holes due to dirt. Cleaning of blocked holes is necessary to ensure free passage 

of gas from the cell. 

 Check the "make" of cells and the lug date. Different "makes" of cells if found mixed 

together should be replaced by a single "make" of cells. If it is not possible to do this during 

one 'Fortnightly Examination' this should be noted down and attempts made to replace the 

same during the next Fortnightly Examination'. 

 Check whether cell packing is tight and provide additional packing, if necessary. Use only 

hard wood coated with acid resistant paint for cell packing. Never use untreated wood or 

plywood for packing of cells. If any cells are found cracked, replace them promptly. 

 Check-up provision of anti-theft rods and provision of nuts, both inside and outside the 

battery box on either side. Replace deficient rod and nuts. 

 Apply petroleum jelly on inter cell connections and end cell connections. 

 Check battery fuses and replace overheated/incorrect size fuses by correct size 
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 Check battery box fixing nuts for tightness. 

 Record Specific Gravity of individual cells. "Switch ON" full load of the coach and record 

individual voltage of cells and total voltage. "Switch off' load. If the specific gravity is less 

than that painted on the battery box, charge the cells as specified under "Trip Examination" 

after topping up with battery grade water, if required. Use battery charging terminals, 

provided on coaches for charging purposes. Charging should be continued till the specific 

gravity rises, to the value mentioned in battery box, in "Pilot" cells. In case pilot cells show 

no appreciable improvement, check specific gravity of adjacent cells. If the specific gravity 

does not improve in spite of charging, replace the battery by another set and send the 

unloaded battery to Depot/Shop for treatment at the earliest. Cells should be handled with 

due care while unloading and in transit to avoid breakages. Facilities should be created in 

Depot for treatment of cells which do not pick up charge. Sulphation will be the main cause 

for this and the cells can be sent to shops for treatment if the facilities are not available in the 

depots. 

 On completion of charging, record the specific gravity of individual cells. If there is any 

wide variation in the specific gravity/voltage of cells, disconnect and replace those cells 

showing 

 Low specific gravity/voltage by spare ones. In case there are more than l/3rd of total cells 

with low specific gravity, the entire set should be replaced. Cells showing reverse voltage, 

zero volts should be withdrawn and replaced by charged cells. 

 Record individual voltage of cells and the total voltage on full load of the coach. 

 Change the marking of the "Pilot" cell. 

Quarterly Examination: In addition to the instructions contained under "Fortnightly 

Examination" give an equalizing charge as given below: 

 Switch OFF load. Charge the cells at 50% of normal rate of charge i.e. at l/20th of the rated 

capacity of cells. Record hourly cell voltage and specific gravity readings. 

 Terminate charging when 3 successive readings are constant. Record specific gravity and no 

load voltage of each cell 15 minutes after terminating charge. Specific gravity should be 

between 1.210 and 1.220 for cells up to 525 Ah, the voltage should not be less than 2.1 V. If 

there is wide variation in the specific gravity and voltage readings, such cells have to be sent 

to shops for treatment. 

Intermediate Overhaul:  Instructions given under "Quarterly Examination" should be 

followed. 

Initial Filling and First Charge 

Electrolyte: 

 The cells are supplied in dry uncharged condition. These require diluted battery grade 

Sulphuric Acid of Specific Gravity as laid down by the manufacturers (1.18 - 1.22), 

corrected up to 27 degree C, as electrolyte for Initial Filling. This can be prepared by mixing 

concentrated battery grade Sulphuric Acid (as per IS:266) of sp. gravity. 1.835 with Water 

of approved quality approved quality (as per IS; 1069). 

 It is important that the acid and the water should preferably be free from harmful impurities 

like Iron, Arsenic, Ammonia, Nitrates and Chlorides, but in any case below the specified 

limits as per IS:266 & IS: 1069. 
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MIXING PROPORTIONS, TO PREPARE ELECTROLYTE FOR 

INITIAL FILLING USING 1.835 SPG ACID. 

 

To get approx. 100 Liters  

Of Electrolyte of Sp. Gr. 
Take To Mix Water in Liters Liters Acid 

1.180 86 17 

  1.220  82 21 

The diluting and mixing of 1.835 acids should preferably be done in Lead Lined tanks. 

However, this may be done in Ebonite boxes or Polythene tanks if adequate precautions are 

taken to regulate the rate of the acid addition to a safe level, which does not generate excessive 

heat. 

1. Take the estimated quantity of distilled or de-ionized water in the tank and to this go on 

adding the estimated quantity of concentrated acid at a slow rate, while keeping the mix 

well stirred, say with a plastic or wooden ladle. After complete mixing allow the acid to 

cool down to the ambient temperature. 

2. It may be noted that while preparing dilute acids, concentrated acid should always be 

poured in to water and never water in to acid. 

3. Do not allow the acid to come in contact with skin, clothing or any other material which it 

might damage. If some acid should, however, get spilled on the skin, rinse promptly with 

clear water and wash with soap. Bicarbonate of soda solution (1/2 kg. to 5 liters of water) 

will neutralize the acid spilled on clothing or other materials. Apply until bubbling stops 

and then rinse with clear water. 

4. In our country, the standard temperature to measure sp. gravity of any electrolyte is 27 
0
C  

C. As such, if the electrolyte temperature differs from this reference temperature while 

taking sp. gravity readings with a hydrometer, the readings require correction. For every 10 

degree C above 27 
0
C, add 0.007 or seven points to the sp. gr. reading on the hydrometer 

and for every 10 
0
C below 27 

0
C, subtract 0.007 or seven points from the readings. 

Initial Filling: 

1. Remove the vent / filler plugs and fill the cells, with the previously prepared and cooled 

electrolyte, till the lower marking on the float indicator stem just appears above the float 

plug. 

2. The approximate quantity and sp. gravity of the electrolyte for initial fillings are given in 

Table II. 

3. After filling, allow the cells to rest for a period of around 16 - 24 hours. 

4. During the rest period there will be some fall in the level of electrolyte. Restore this with 

some more electrolyte, before putting the cells on first charge, 

5. Now the cells are ready for first charge. 

First Charge: 

1. Select a D.C. source of 50% higher voltage and current capacities as compared to the 

battery voltage and maximum current requirement. Connect the positive of the source to 

the positive of the cell battery as marked on the terminals and negative of the source to 

the negative of the cell / battery also as marked on the terminals. 

2. Now charge the cells at the specified rate for 80/100 hours as indicated in manufacture.  
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During the charging it is not advisable to allow the temperature of the electrolyte to 

exceed 50 degree C. So, should it cross 45 degree C, reduce the charging rate to half the 

value and increase time proportionately. If the temperature continues to rise towards 50 

degree C, stop charging immediately, and recommence only after the electrolyte has 

cooled down below 50 degree C. The total charge input should equal Time x I (where I is 

the specified charging current). While charging, there will be some fall in the level of 

electrolyte due to loss of water by gassing. Restore this at intervals, say 24 hrs. by adding 

required quantity of approved quality of water into the cells. 

3. It is necessary to start adjusting the sp. gravity of electrolyte to 1.215 ± 0.005 (with RPg-

800, 1.250± 0.005) corrected to 27 degree C, at about 10-hours prior to the completion of 

charge; so that the adjustment is complete before the completion of charge. 

4. If the sp. gr. is higher than specified, withdraw some electrolyte from the cells and 

replace with equal quantity of water. Charge for about one more hour. Check the sp. 

gravity and repeat, if necessary.  

5. If the sp. gr. is lower, withdraw some (say 100 ml) electrolyte and replace with 

concentrated acid of sp, gr. 1.400. Charge for 15 minutes. Check the sp. gravity. Repeat, 

if necessary. 

Note: 

After adjustment of the sp. gravity of the electrolyte the cells must be gassing freely for a 

minimum period of two hours of charging. This helps in proper mixing of the electrolyte. 

After standing on open circuit for neither less than 12 hours nor more than 24 hours from the 

completion of a full charge, the battery shall be discharged through a suitable resistance at a 

constant current I = 0.10 x C10 amperes, and the discharge shall be stopped when the closed 

circuit voltage across the battery terminals fall to 1 .80 volts per cell (Refer IS: 6848-1979). 

The battery shall be charged at the normal charging 

Features affecting life of Lead Acid Batteries: Life obtained on Railways in case of 

conventional lead acid cells and batteries is not very encouraging and varies from 3 to 4 years. 

Life of lead acid cells is affected due to the following features: 

A. Necessity for frequent topping up cells: There are practical constraints in frequent 

topping up of cells in rake considering the unhygienic surroundings, enormous quantities 

of distilled / de mineralized water required, manpower requirements for completion of 

topping up process in limited time, difficulties in attending cells in rear row, spilling of 

electrolyte. Lapses in topping up the cell, however, seriously affect the life and 

performance of cells. 

B. Leakages of electrolyte on lid and on container body: During transit/handling/storage 

some cells develop fine cracks in container body and result in leakages in services later 

on. Cases of spillage of electrolyte while topping up the cells also occur. These 

leakages/spillages result in undesirable leakage currents and even self-discharge of cells. 

C. Failure of one cell in Mono-block unit: Cases of failure of one cell in 3 cell Mono-

block unit have been occurring frequently. 

D. Undercharging / Overcharging: In case of unforeseen detentions, failure of 

regulator/alternator, undercharging occurs. In day time, in winter, or in SLRs, the cells 

are likely to get overcharged if voltage setting in regulator is not properly adjusted. These 

features affect the life of battery. 
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Low Maintenance Batteries:  In the low maintenance version, modifications have been made 

in the chemical composition of grid-structure of plates to reduce water losses in service. While 

grid structure of conventional lead acid battery contains antimony more than 3.5%, in that of 

Low maintenance version has a lower antimony content of 1.8 to 3.5 %. Reduction of antimony 

content helps in reduction in loss of water in the electrolyte in service. Antimony is added to give 

strength to lead spines. Selenium is added to compensate the reduction of antimony content. 

These batteries should not require topping up earlier than 9 months, as laid down in RDSO 

Specification No.EL/TL/55 (Revision 'B'). The batteries are provided with micro porous vent-

cum-filling plug, which allows free escape of gases evolved during service but does not allow 

electrolyte to come to surface of lid. A sealed float guide is provided to reduce the water loss. 

These batteries have been provided on some ac coaches. 

Valve regulated Lead Acid (VRLA) batteries / SMF batteries: To overcome problems of 

frequent topping up, and leakage of electrolyte, sealed maintenance free lead acid batteries, 

termed as SMF (VRLA) batteries have been developed and are now used in most of the ac 

coaches. These batteries are governed by RDSO specifications EL/TL/59. Electrolyte in these 

batteries is in immobilized form and these can be used in any position - horizontal or vertical. 

The batteries are supplied by manufacturers duly charged and no initial charging is required. 

Such a battery requires no topping up and maintenance except periodic cleaning of terminals.      

It has self-sealing vent plug which normally does not open out in service. 

These batteries are also called Sealed Maintenance Free (SMF) Batteries. 

Components of VRLA batteries:  

 Safety Valve: When the internal pressure increases abnormally, the safety valve opens to 

release gas from the cell to restore the normal pressure. 

 Flame Arresting Vent Plug: Provides with the explosion-proof filter constructed of 

aluminum oxide. 

 Container & Lid: Made of Polypropylene Co-polymer (PPCP). 

 Positive Plate: With lead-calcium-tin alloy grid providing lower corrosion and less self-

discharge rates. 

 Separator: Made of high Absorbent Glass Mat woven with excellent porosity (AGM 

type). 

 Negative Plate: With lead-calcium-tin alloy grid providing lower corrosion and less self-

discharge rates. 

 Electrolyte: Dilute sulphuric acid without any impurity. 

Recombination Principle:  The charge and discharge reaction of the lead acid battery can be 

expressed by the following equation: 
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In a conventional flooded battery, towards the end of charge major part of the energy supplied by 

charging is dissipated by electrolyzing the water in the electrolyte generating Oxygen at the 

positive plate and Hydrogen at negative plate. These gases are lost in a flooded system through 

the vent holes causing steady depletion of water and therefore requiring periodic topping up. 

In a VRLA system the design is such that negative plates are never fully charged-even 

when the positive plate is fully charged and hence almost no Hydrogen gas generates from the 

negative plate although Oxygen is generated from positive plate. This Oxygen gas generated at 

the positive plate migrates towards the negative plate and reacts with the freshly formed spongy 

lead and turns into lead monoxide. The lead monoxide in turn reacts with the Sulphuric Acid to 

turn into lead Sulphate resulting in the negative plate to be partially discharged. 

To summarize the Oxygen evolved at the positive plate is absorbed by the negative plate 

without being released to the outside. The negative plates being always in a state of partial 

discharge never generate Hydrogen. This completely prevents loss of water. 

Some features of VRLA Batteries: 
The Pure Lead-Tin range offers the customer the highest energy density of any lead acid battery 

anywhere. The battery is constructed around a complex thin plate, pure lead-tin grid which 

packages more power in a smaller space. The plates being made of high purity lead last longer, 

offering excellent life. The proven benefits of this superior technology are high performance, 

quick recharge capability, high energy density and a long service life. The 6V & 12V mono 

blocks are available in capacities ranging from 12AH to 150AH. 

Benefits of VRLA battery: 

 Maintenance-free and spill-proof. This enables flexible mounting. 

 Wide operating temperature range (-40C to +50C) 

 High energy density (gravimetric and volumetric) 

 Good charge retention leading to long storage life 

 Low internal resistance ensures quick recharge 

 Excellent high rate capability permits use of smaller capacity batteries 

 Superior raw materials for good performance and life 

 Excellent deep discharge recovery characteristics 

 UL recognized plastic components 
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Comparison of VRLA Batteries & Flooded Batteries 

Valve-regulated batteries (VRLA) Flooded Batteries 

With robust Dry Fill Gel Technology or 

AGM (Glass Mat Technology). Both 

systems are maintenance-free 

With high-performance tubular plates or 

compact block batteries with grid plates. 

No liquid electrolyte- no spilling Classic, robust lead-acid battery 

technology with liquid electrolyte 

No insulation faults due to wet batteries. High operational safety even under rough 

conditions. 

No wet, sticky or corroded battery boxes. Water top-up systems for group or 

individual 

No risk of excessive or insufficient 

topping –up. 

Full capacity from charge retention (no 

standby capacity reduction). 

Reduced risk of fire caused by neglecting 

to top-up. 

High mechanical strength and resistance 

against vibration and shock due to proven 

design 

Full capacity from charge retention (no 

standby capacity reduction). 

Can be recycled easily and completely 

Proof against deep-discharge in 

accordance with DIN 43 539 T5 
- 

Very low self-discharge, long storage 

period. 
- 

High mechanical strength and resistance 

against vibration and shock due to the 

VRLA design. 

- 

Can be recycled easily and completely. - 

 

 

Chemical   changes between Electrodes  
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CARRIAGE FAN 

General: 

400 mm, 300 mm and 200 mm sweep carriage fans are used on Indian Railways in SG, 

MOG, and EOG coaches where the system voltage could be DC 110 V or AC 110 V. As a 

passenger amenity item, carriage fans have to be maintained in such working condition as to 

obtain good air flow and trouble free service for ensuring maximum passenger satisfaction. 

Specification:  

Railway carriage fans are either of the fixed or swiveling type and conform to 

specificationIS: 6680. Performance requirements of these fans are as follows: 

Performance Data 

Requirement 

DC Fan Sizes AC Fan sizes 

400 

mm 

300 

mm 

200 

mm 

400 

mm 

300 

mm 

200  

mm 

Minimum Air in m
3
/min 50 37 20 65 30 14 

Maximum Electrical 

Power (input in Watts) 
35 29 18 60 40 28 

Maximum Weight in kg. 15 14.5 10 15 14.5 10 

Such design performance of the carriage fan can be maintained in service only by 

efficient maintenance of its vital accessories such as carbon brushes, brush holders, springs, 

commutator, bearings, regulator and its resistance etc. Parts when replaced should be to 

correct specifications to ensure efficient performance of fans. 

Accessories: 

 Regulator: This shall conform to IS: 6680. The regulator is provided for regulating 

fanspeed in upper class coaches. It should be ensured that the fan is capable of starting 

up from rest with the regulator at the lowest speed step when 85 % of the rated voltage 

or the lowest voltage of the voltage range of fan is applied. 

 Fuse Protection: Tinned copper fuse of 35 SWG is provided as protection for each 

fan.This safeguards the fan from surges and short circuit and isolates the circuit in case 

of faults in the sub-circuit. 

 Gimbal ring: This shall conform to IS: 6680.This is provided in upper class coaches in 

swiveling type fans, so that the passenger can keep the fan angle to any position desired 

by him for comfort. 

Maintenance:  

The aim in maintenance is to reduce or compensate for the wear-and-tear in operation 

so that the installation continues to function well and give good service. Preventive 

maintenance covers the following four basic aspects:- 

1. Systematic checking of the carriage fan while in service. 

2. Localization of defect, rectification and restoration of normalcy, if necessary, by 

replacement of the defective/Worn-out parts. 



32 
 

3. Analysis of the basic cause of failure and taking remedial action to avoid/ minimize 

recurrence. 

4. One of the basic causes of passenger complaints is excessive noise of fans and steps 

should be taken to minimize the noise level. The acceptable level of noise shall be less 

than 80 db. 

Running Maintenance:  

The nature of defects in carriage fans mainly come under the following categories: 

1. Excessive noise and vibrations. 

2. Excessive sparking/blackening of commutator and excessive wear of carbon brushes. 

3. Inadequate air delivery. 

4. Poor insulation. 

Remedial action to be taken in respect of the defects mentioned above is explained in 

the following sections. 

Excessive Noise and Vibrations: 

Excessive noise and vibration may be due to the defective bearings, loose cage guards, 

loose fan blade rivets, incorrect blade angle and profile and wrong balancing of blades. 

1. Bearing should be of standard quality. Radial ball bearings with designation "10BC02-

6455" to IS:6455 are prescribed for use on Railways carriage fans. The nominal 

dimensions of ball bearings are 10 mm (ID), 30mm (OD) and 9 mm (Width). These 

bearings shall be with normal tolerance and normal radial clearances to IS:5692 and 

IS:5935 respectively. 

2. As an alternative, sintered bush bearings to grade I.B-1 of IS:3980 are also used on the 

blade end of the fans. These bearings shall have nominal dimensions with tolerance of 

9.589 (± 0.118 mm) (ID), 15.989(± 0.21mm) (OD) and 20.6 (± 0.165mm) length. 

Lubrication pad is provided with sintered bush bearing to ensure required lubrication at 

the bearing. Procedure/ instructions to be followed, during the removal and fitment of 

sintered bush bearing and its lubrication at the bearing. 

3. Mishandling of the fans during storage, maintenance or due to vibrations in service 

would cause the cage wires come out of its fixations. This will create abnormal noise 

with vibration and consequent passenger complaint. 

4. Proper care should be taken in handling the fans and in case any wire of the cage guard 

is found loose out of its fixation, it should be repaired or the cage guard be replaced. 

Besides, the tack welding of the radial ribs should be checked and attended. 

5. Fans blades should be checked for loosening of rivets and for any distortion in profile, 

correct blade angle and balancing to minimize excessive vibrations and noise of the 

fans. 

6. Fans should also be checked for wrong balancing. The static balancing could be 

observed/ checked by revolving the blade at slow speed and checking position of stops 

of blade. Prior to the above checking, the fan blade should be checked for any 

distortion in profile of blade angle. An unbalanced fan blade should be rejected and 

replaced with good one. 

 



33 
 

Trip Attention:  
     Following scheme is prescribed for all trains primarily or secondarily maintained at a depot: 

1. Switch on each fan individually. Check starting of fan when switched on. In upper class 

coaches, check fan for starting in the lowest position of regulator and also for variation 

of speed. If the fan does not start, short the switch terminals with a small piece of wire 

temporarily. If the fan starts, this will indicate that the controlling switch/regulator is 

defective. Replace defective switch/regulator. 

2. If the fan does not start when the switch terminals are shorted proceed as follows. 

a. Test for supply at the connector terminals near the fan with switch on, if there is no 

supply, the wiring is defective and has to be attended. 

b. Open dust cover in case of swiveling fans and remove fan body fixing screws in case of 

fixed fans. Remove carbon brushes. Check carbon for condemning size, proper 

bedding, correct spring tension and correct grade of brush (RDSO SKEL 3722). Check 

for free movement of brush in brush holder (RDSO SKEL 2680). Replace defective 

brushes/springs. Ensure proper bedding. 

c. If the commutator is dirty, clean the surface with flint paper of 2/0 size. 

d. If the commutator surface is grooved or the segments are found pitted in one or more 

locations, replace the fan by an overhauled fan. The defective fan can thereafter be 

rectified by replacement of the defective armature by a good one. If spare armature is 

not available send defective fan to shop for attention. 

e. If the fan is noisy, check for loose blades/fan guards and tighten, if the noise is due to 

bearings, replace the fan fey a good one. 

3. Check the individual fuse for fans and ensure it is of correct size (35 SWG tinned, 

copper) 

4. Clean fan body and guard thoroughly. 

5. In swiveling and bracket fans, free movement of fan for keeping at the desired angle as 

also the fan remaining at this angle should be ensured. 

6. In swiveling and bracket fans, ensure that the fan dust cover is promptly replaced, after 

attention and also that the nylon cord provided to prevent loss of fan dust cover is 

available in position. 

7. The MCB controlling the fan circuit shall be checked for correct rating (35 A) and 

proper functioning and replaced if found defective. Any temporary fuse used shall be of 

22 SWG tinned copper only. 

8. Note down the total number of fans in each coach and the number, of fans found 

defective on arrival. Defective fans shall include fans which require push start. Note 

down the total number of fans in the entire rake and the number of fans found 

defective. Such records may be maintained for each train, rake-wise. The aim is to 

achieve cent percent working of fans. 

9. All fans as per scale laid down for the various types of coaches shall be available in the 

coach. In case it is necessary to remove any fan for attending to major defects and no 

spare fan is available, a Deficiency Label shall be affixed near the fan point. In case no 

Deficiency Label is available, Theft Memo shall be issued to the security branch. 

10. Deficiency of fans shall be promptly made good when noted by any Depot irrespective 

of whether the train is primarily maintained or not except in case of recurrent large 

scale deficiencies of foreign Railway's coaches. The depot/ Rly entrusted with primary 

maintenance shall be advised by message whenever the deficiency is made good or 

when large scale deficiencies are noted on arrival. 
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CARRIAGE LIGHTING 

General: 

Electric supply for carriage lighting is provided from:  

a. Axle driven generators in conjunction with storage batteries on D.C. 110 V system. 

b. Diesel generator sets with step down transformers on A.C. 110 V in MOG system, 

c. Diesel generator sets with step down transformers on A.C.110V in E.O.G system. 

Level of Illumination: 

The level of illumination to be attained in various types of coaches shall be as follows: 

Class of coach Minimum illumination level. 

First class 

30 Lux 

60 Lux 

Second class 

16 Lux 

40 Lux 

Postal 40 Lux 

Dining/Pantry 30 Lux 

Lavatories Corridor in first class 16 Lux 

Lavatories and Corridor and other 

class 

11 Lux 

 The level of illumination shall be measured on a horizontal plane 840 mm above floor 

level and 500 mm from back of every seat. Average illumination shall be obtained by 

dividing the sum of illumination at each seat by the number of seats. While conducting 

the test, the windows and doors shall be closed to avoid outside lights influencing the 

readings. Degree of uniformity of illumination, which is ratio of level of illumination at 

the least favorable seat (minimum level) to the average level of illumination, shall not 

be less than 1:3. 

 In the corridors, the value of illumination level shall be taken on a vertical plane along 

the center, of the corridor at a point 840 mm above the floor level and between each 

compartment door with lights inside the compartment switched on and windows on the 

corridor side as well as compartment side closed. 

 Indoor ways and vestibules, the reading shall be taken adjacent to the door or vestibule 

at height of 840 mm from floor level. 

 In lavatories and toilets readings shall be taken in the centre of the compartment at a 

height of 1500 mm above the floor level. 
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Wattages of Lamps: 

 The wattages off incandescent and fluorescent lamps to be used in various classes of 

compartmentsare as under: 

A) 
Ceiling light fittings in I, II&III AC, II Sleeper, 

postal vans and dining cars on DC 110 V sys. 

18 W, 2 ft. long fluorescent 

lamps with inverters 

B) 
—Do— on AC: MOG system in I class and II 

class 

18 W fluorescent lamps with 

inverters 

C) 
—Do— in I class, II class and dining cars on dc: 

110 V system including Lavatories corridors and 

passages 

2 ft. 18 W twin tube 

fluorescent with inverters 

D) 
Ceiling light fittings in II class lavatories and 

passages of all coaches and reading lights in I 

class working on : 110 V 

18 W fluorescent lamps with 

inverters 

E) Reading light fittings in I&II AC coaches working 

on dc: 110 V 

15WPygmyincandescent 

lamps. (Halogen Lamps used 

in LHB coaches) 

F) 
Night light fittings with blue globes in all coaches 

wording on dc: 110 V 

15WPygmy incandescent 

lamp 

*New LED lamps 9 watt/5 watt are being provided in new coaches and replaced 

during POH 

Lighting Circuit: 

The lighting circuit cable (LC) form the under frame to junction box in the roof is 

divided into two circuits through miniature circuit breakers of 35 A capacity for each of the 

circuits LI + and L2 +, Circuit LI + feeds the essential lights which fulfill the minimum 

lighting requirements in a coach satisfactorily.  

These include lighting in the lavatories, gangways, doorways and up to 50% of lights in each 

compartment /bays, corridor lights and night lights. Circuit L2 + feeds all the lights other than 

essential and includes reading lights in I& II class AC coaches. 
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FIG: Schematic diagram of SG TL system 110 volt D.C 

 

Maintenance: 

 The transparency or reflecting power of all exposed -surface, and lamps and-fittings 

would deteriorate due to the formation of a film of dust or dirt. This would, result in reduction 

of the level of illumination to very low levels within a comparatively short period. Proper 

maintenance is therefore necessary to keep up the initial illumination values. 

 The level of illumination will very much depend upon the reflecting properties of the 

interior surfaces of the coach. It is important that the coach interior is finished in light colors 

and maintained well for good illumination. 

Trip Attention:  

 Switch on each lamp. If the lamp does not glow, check-up lamp and replace, if fused. If 

the lamp is alright, check-up control fuse and replace. If the fuse is alright, check-up 

plunger or loose connection and rectify defect. If the switch is alright, check-up lamp 

holder for stuck up plunger or loose connection and rectify defect. If there is no defect 

in the lamp holder, check-up for supply at the holder terminals and if the wiring is 

found defective, mark the coach "Sick" and arrange for attention in maintenance lines. 

 Note down the coach number, total number of lights in each coach and the number 

defective/missing lights on arrival. 

 Replace switch covers and Rise covers promptly, if any of them are missing, promptly 

replace them. 

 If any dome cover is open or not secured properly, rectify defect, if any and secure. 

120 
AH 
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 Replace broken glass domes. 

 In case of berth lights in first class, check-up for free movement of shutters. Replace 

defective berth lights. 

 Clean side lamp glasses and red shield inside the lamp in SLRs. Check up for free 

movement of operating handle and oil, if necessary. 

 Clean tail lamp glass and the reflecting surface inside. 

 In case of fluorescent light, check-up holders, starters, inverters and fitting wiring and 

rectify defect/replace component. Replace faded and broken covers promptly. 

 Check-up MCBs for light circuits LI & L2 in junction box for proper operation and 

replace defective MCBs. Watch for loose connections in MCBs to bus bars and rectify. 

Ensure that MCBs are provided separately for LI and LII circuits. 

 Check-up tightness of terminal connections in HRC fuse for negative circuit in junction 

box and rectify defect, if any, 

 Remember that fuses & MCBs are safety devices provided for isolating the supply in 

case of faults. Never by-pass or use incorrect fuses as this may result in serious failures. 

 Take care to see that surfaces such as ceiling, paneling, seats, etc. are not dirtied while 

attending the fittings. 

Fortnightly Examination (FNE): 

 In addition to the items listed out under "Trip Examination" proceed as follows. 

 Open each fitting with the dome key and clean the dust in the fitting both inside and 

outside. Ensure free operation of locking mechanism and replace defective fitting. 

Clean glass domes with wet cloth first and then with a clean dry cloth. 

 Replace rusted, fittings and fittings with poor reflecting surface. 

 Check-up wattage of lamps and replace by correct wattage 

 Check-up whether switches are marked to indicate lighting control 'L', night light 

control ‘NL’, side lamps in guards compartment as 'SL', tail lamps as ‘TL-Rear’, ‘TL- 

Front’ luggage room as ‘LRL’. If not stencil legends with fluorescent paint. 

 Check up all lighting circuit fuses in each coach for correct sizes and replace if 

necessary. Stencil the size of fuses near the locations, if not already done. 

 Mark inspection covers for Distribution fuse boards as DFB, if not already done. 

 Switch on full load and record voltage at battery terminals, junction box and extreme 

light point. The drop should not exceed 1.5 V at any point. 

 Thoroughly clean metal guards for roof light fittings in luggage rooms and paint, if 

necessary. 

 Provide spare fuse wire for use in the branch circuits on the bobbin located on the 

distribution fuse board. 
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En-route Attention:  

 If there is total darkness, check-up functioning of MCBs and replace if necessary. 

Sometimes staff inadvertently connects both L-I and L-II circuits to one MCB and this 

may lead to tripping of MCB. Provided individual MCBs or connect them 

independently through ruses of correct size. 

 Test for supply in the junction box. If there is no supply, check-up battery fuse and 

replace. 

 If battery fuse in intact, it is possible that battery is completely drained. Provide 

emergency feed from adjacent coach after switching off L-II circuit in both the coaches. 

Advise appropriate station by message for attention. 

 In case few lights are not glowing, check-up DFB and replace fuse. If the fuse is 

alright, check-up individual lamps and replace fused lamps. 

 In case coaches arrive with dim lights, check-up and replace missing belt in generating 

equipment, Provide emergency feed from adjacent coach switching off L-II circuit in 

both coaches. Advise appropriate station by message for attention. 
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MAINTENANCE SCHEDULES 

  

Schedule “A”- Train Passing Stations Schedule:  

Take position at the end of the platform in which the train will be entering the station and 

observe the condition of the under frame mounted electrical equipment and roof as the train is 

passing to detect. 

 Deficiency of belt 

 Loose axle pulley 

 Infringement with moving dimension 

 Coaches in dim/dark condition. 

Deficiency of Belt: If no belt is available, provide connection from adjacent coaches through 

emergency feed terminals for the affected coaches duly switching off one light circuit in each 

coach which feeds the supply and the one which receives the supply. Inform by special message 

through control and confirm by a wire to the next TL maintenance station to replace missing 

belts, giving coach numbers. 

Loose Axle Pulley: Exhibit danger signal in the affected coach and tighten axle pulley bolts after 

positioning the pulley. If it is found not possible to tighten the axle pulley, secure or remove the 

axle pulley depending upon the condition for safety of operation. Remove alternator belt, load 

the axle pulley, if removed, in the same train and inform terminal station by wire for attention. 

Provide through connections from adjacent coach duly switching off one light circuit in each 

coach. 

Infringement with moving dimension: Exhibit danger signal in the affected coach and remove 

infringements. Advise primary maintenance depot and the terminal station for attention as 

needed by a wire. 

Coaches in dim/dark condition:  Check-up junction boxes of coaches with no lights and 

replace fuses/ switch on tripped MCBs. If the fuses and MCBs are intact, provide through 

connections from adjacent coaches, duly switching off one light circuit in the coaches feeding 

the supply and the one receiving supply. Advise terminal station/primary maintenance depot by a 

wire. 

Defective generating equipment should not be interfered with. Belt shall be removed and 

noted label affixed on such equipment. Advise terminal station. Contact the train guard or fitter 

accompanying the train and obtain the particulars of any defect or complaints and attend to same. 

In case major defects cannot be rectified with the scheduled time of halt, accompany the train 

and rectify defects. Advise by message to the next maintenance station for further attention 

required. 

A blown fuse should only be replaced by correct size fuse as stenciled near the equipment.  

If a fuse blows repeatedly, a noted label shall be affixed and the terminal station advised by a 

wire. Enter en-route condition of coaches, indicating name of station and also attention given. 

Fire in coaches: In case of fire in coach, the coach should be electrically isolated in the 

following manner: 

a. Disconnect inter vehicle connections or EFT connection, if any. 

b. Remove battery fuses. 

c. Remove alternator belts              d.    Remove alternator regulator field fuses. 
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Schedule “B” - Round Trip Schedule: 

General: 

Immediately after arrival of train in the platform, feel the body of alternator with the palm or 

temperature sensor and ascertain whether it is 'cold', 'warm' or 'very hot'. Check whether the belts 

are in case of 'cold' condition. Record condition of lights and fans i.e. whether the lights are 'dim' 

or 'dark' and whether fans are working. In case the train is not received at the station by the 

maintenance staff. The information regarding the arrival condition mentioned above is observed 

by the train receiving staff shall be passed on to the maintenance staff at the earliest for their 

guidance while doing the maintenance works. 

Maintenance lines: 

As soon as the rake is berthed in the maintenance lines and before commencing the work, a 

standard caution board shall be clamped to the rail on either side of the rake by the Electrical 

Supervisor/Electrical fitter in charge of the maintenance of the rake. Rail locks shall be used on 

either side of the rake, in addition, wherever this is feasible. Check the report received from 

platform receiving staff and concentrate first on attending to defects in these coaches. Proceed as 

follows in respect of other equipment. 

Axle Pulley: 

Check axle pulley for breakage of any part, i.e. flange etc, any cracks or other abnormalities. 

Replace/repair the pulley on condition basis. 

Check for any sign of shifting or looseness of axle pulley on the axle by observing the white 

band mark provided on the pulley face and the axle at the time of fitment of axle pulley. Check 

the correct gap between the two halves of the axle pulley. Replace axle pulley if the gap is less 

than that specified. 

Axle pulley   Drg. No   Gap between two halves 

         Max  Min 

SKEL     3723    4.5 mm 3.0 mm 

SKEL     1476    4.0 mm 1.0 mm 

IRS EA -    140 M    3.0 mm 1.0 mm 

In case the gap between two halves is less than the minimum of 3 mm in the case of pulleys 

to drg No. SKEL 3723, it indicates incorrect profile of machining of the axle pulley and pulley 

seat on the axle and the same should be checked. Axle pulley with gap less than 3 mm shall not 

be permitted and also no packing of any kind shall be provided under the pulley to maintain this 

gap. Gap shall be checked with the help of Go’ and 'No Go' gauges. 

In the case of pulleys to drg. No. SKEL 1476 and IRS EA-140 M, if the gap between the 

two halves is less than 1 mm, the axle pulley shall be replaced and the grips provided on the 

removed axle pulley shall be replaced and re-machined to form matching set. Check for tightness 

of axle pulley by tapping (the holding bolt) with light (1kg.) hammer.  

If it gives a clear metallic sound, the pulley is tight. Dull sound indicates loose bolt and the 

bolt should be tightened. In case of difficulty in tightening the bolt in site, the coach shall be 

marked sick and called to the sick line for thorough attention.  

Under no circumstances, a coach with loose axle pulley bolt shall be permitted to work on 

line, as this is a safety hazard. Loose bolts shall be tightened to a torque of 30 kgm. Check 

availability of check nuts proper locking and use of split pins in all fixing bolts. 
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Check for signs of misalignment of generator. Shine on axle pulley surface will indicate 

riding of belt and if it is on one side close to the pulley flange and belt has frayed edges on one 

end, it indicated misalignment which should be checked and adjusted. 

Alternator Pulley: 

 Check for any breakage, crack or looseness of Alternator pulley. Replace/repair pulley on 

condition basis. 

 Check castle nut on Alternator pulley for availability and soundness of split pin, Replace, if 

necessary. Never reuse a removed split pin as this is likely to break and result in the pulley 

working out, which is a safety hazard. 

 Check for riding of belt on the pulley by observing the shine on the pulley surface and adjust 

for any misalignment of Alternator. 

Tensioning Gear: 

 Check the tensioning gear for its unrestricted movement and locking arrangement. If the 

movement is found jammed, the same should be attended threads and links lubricated with 

grease after thorough cleaning. 

 Replace tension rod, if the threads are found worn out. 

 Check availability of split pin on tension rod and replace, if found missing. 

 Check for existence of tension springs. Ensure that the lock nut is tightened whenever 

tensioning is done. 

Alternator: 

First attend to alternators in coaches, which have arrived "cold" as noted or reported by train 

receiving staff. Proceed as follows: 

 Check-up field fuse. If found blown, replace. 

 Check-up connections in alternator and rectifier regulator for tightness. If this is alright, 

remove belt from alternator. 

 Use testing machine for testing alternator in situation. Connect the portable dc 110V 

equipment to the battery and couple the machine with the castle nut of alternator pulley 

after removing the split pin. Check-up voltage in alternator terminals, regulator terminals, 

DC output terminals in regulator and dc terminals in alternator. Provide a new split pin for 

pulley castle nut on completion of work. 

 Checkup condition of safety chain and availability of split pins in safety chain bolts. 

 Checkup alternator suspension bracket and tension gear for any damage and replace, if 

necessary. 

 Adjust tension with the help of tensioning rod and alternator tension spring. Check up and 

tighten loose bolts in terminal box covers. 

 Remember that alternator requires very little maintenance, while in service. Check 

availability of split pin for alternator castle nut. 

Rectifier Regulator: 

Clean regulator externally. Open regulator terminal cover and watch for signs of overheating 

in any terminals. Check up for loose connection and tighten. If the terminal board is found 

affected due to heat, replace it. 
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Schedule “C” - Fortnightly Schedule: 

Alternator: 

 In addition to the works mentioned in schedule B, carry out the following. 

 Check tightness of terminal connections in alternator, blocking diodes, alternators and 

rectifier regulators. Use proper tools for checking tightness. 

 Thoroughly clean externally the alternator and regulator. 

 Open inspection covers of alternator and regulator cover. Blow dust with a portable 

blower. Secure back covers tightly. 

 Lubricate all moving parts in suspension brackets. 

 Do's and Don’ts of Alternator / Regulator: 

 Do not energize field from battery in case of failure of field circuit diodes in regulator. 

Apart from non-regulation, this may result in damage to field windings. 

 Do not reverse F+ and F- connection. 

 When measuring continuity of alternator field winding, it is most important to observe 

proper polarity i.e. positive connected to F+ as otherwise the alternator will not self-

excite. 

 Do not use megger for checking diodes and transistor. Use only a multi-meter or a 

transistor tester. 

 Whenever the pulley is removed from the shaft, check key & key way for wear. If the key 

& key way are good, tape key to the shaft to that the right key is used while re-fixing the 

pulley. 

 Use the correct flat washer as per drawing while fixing the castle nut of alternator pulley. 

Incorrect washer is likely to result in play between pulley and castle nut, loose pulley and 

consequent damage to shaft. 

 Use proper tools for tightening connections. Loose connections will lead to heating at 

terminals and result in failure of alternator/regulator. 

 Use heat sink compound while replacing diodes and power transistors. 

 Ensure that DC+ and DC- are connected to battery positive and battery negative 

respectively. Wrong connections will damage main diodes. 

 Do not meddle with potentiometer settings in regulators as this will adversely affect 

regulation. Regulator shall be tested in test arm for voltage and current. 

 Fortnightly Schedule of Maintenance for Primarily maintained Coaches: 

A) Alternators: 

 Remove belt and clean alternator externally. 

 Check suspension gear and lubricate. 

 Check safety chains for breakage and availability of split pins in all fixing bolts. 

 Clean the threads of belt tension adjustment gear and lubricate threads, check availability 

of split pin in the belt tension rod. 

 Open alternator terminal cover and checkup terminals for over-heating and terminal base 

for any charring marks. Replace defective terminal boards. Check up for loose 

connections and tighten up with box spanner of correct size. 

 Checkup clamp provided for outgoing cables from alternator below alternator terminal 

box for proper grip on cables, and to prevent movement on run. Check and ensure proper 

fixing of flexible pipes and end fittings. 
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B) Alternator Regulator: 

 Clean regulator externally. 

 Open terminal cover and check terminals for overheating and terminal base for any 

charring marks. Replace defective terminal boards. 

 Open regulator front cover and blow out dust with 110V DC electric blower. Check-up 

field fuse and replace by correct size. Watch for any visual defects. 

 Secure regulator front cover and terminal cover properly 

 Couple a portable 110 volts DC machine to the alternator pulley castle nut after removing 

.the split pin and the belt. Check for output in alternator terminals, regulator A.C. 

terminals and D.C. terminals to ensure that generation is alright. In case of no output D.C. 

side of regulator, remove regulator and replace by regulator of the correct type, tested in 

test bed. 

C) Axle Pulley: 

 Watch for shifting of axle pulley by observing the white band on either side of pulley. 

Position pulley properly, if found shifted and tighten nuts with torque wrench. 

 Check tightness of nut and also availability of check nuts and split pins in all fixing bolts. 

D) Battery: 

 Clean battery box externally. Remove battery box front door or open the top half (where 

the bottom portion is tack welded) and clean the inside portion of front cover. Check for 

availability of anti-theft rod. Replace, if deficient. 

 Clean cell top thoroughly. 

 Remove sulphate inter-cell connections. Clean the inter cell connection strip and the lugs 

and reconnect by using a fresh fastener. Ensure use of flat and spring washers for 

connections. The old fasteners can be taken to the repair shop of the depot, cleaned 

thoroughly removing sulphation and kept ready for re-use. 

 Remove end cell connections, clean the connectors and the lugs thoroughly and 

reconnect. Replace deficient end cell connectors. If strands are found cut in end cell 

connections cut cable near the connector, use an end cell connector and reconnect. 

 Remove vent plugs and checkup ventilating holes for blockage & remove blockages. 

Replace non-standard vent plug. Ensure that washers are available for vent plugs. 

 Tap floats and checkup free movement of floats. Watch for worn-out holes in float guides 

and replace. Replace defective floats. 

 Check individual voltage and specific gravity of cells with full load 'ON' and record. 

Replace broken/defective cells. 

 Check for loose connection in battery fuse terminals and correct size of fuse. Check for 

availability of bushes in cable entry holes of battery box and replace, if necessary 

 Watch for low level of electrolyte in cells and top up with pure distilled water only. 

 Apply petroleum jelly on all inter cell and end cell connections. 

 Check tight packing of cells and use additional packing if found necessary. 

 Charge cells, if necessary at normal rate or boost rate of charge.  

 Record specific gravity of pilot cells on completion of charge. 

 Enter date of FNE and station in the front cover inner side of battery box. 
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E) Junction Box: 

 Open front door. Check all connections in MCB-cum-fuse panel for tightness. Check 

availability of terminal lugs for all cables injunction box and provide if necessary by 

terminal lugs of correct size. 

 Check MCBs for lights, fans and EFTs for correct capacity and proper operation. Replace 

defective MCBs. If MCBs are not readily available, provide re-wirable fuses of 

appropriate ratings. Checkup negative fuse and replace if necessary by HRC fuse. If 

rotary switches are provided instead of MCBs, check for proper operation. Checkup HRC 

fuses provided with rotary switches for correct rating and replace, if necessary. 

 Close front door and secure properly by the lock. 

F) Light Fittings: 

 Open fitting with dome key and clean glass dome with a dry clean cloth both inside and 

outside. Replace dome if found broken. 

 Checkup lamp holders for loose connections. Checkup lamps for correct wattage. Replace 

defective holders and fused lamps. Secure fitting with dome key after completing the 

work. 

 In case of side lamps in Guard's compartment, check rotating handle for free movement 

and lubricate, if necessary. Clean lens on both sides of tail lamp and red shield with clean 

cloth. 

 Clean fixed tail lamp lens. 

 Ensure provision of lamps and blue glass domes for all night fittings. 

G) Fans: 

 Clean guard and body of fan externally. Open guard mesh and clean fan blades. Check 

fan blade fixing screw for tightness. 

 Remove body fixing screws in fixed fans/dust cover in swiveling fans and checkup 

carbon brushes for correct grade, length and bedding. Check carbon brush springs for 

tension by the feel of hand. Replace defective brushes and springs. Bed the new brushes 

before providing in fans. 

 Check commutator for grooving/pitting marks and replace fans if necessary. Clean dirty 

commutator with flint paper of zero grade. 

 Checkup fixing bolts of fans for tightness. 

 Checkup connections for tightness in the connectors provided in fan base. Checkup 

insulation of flexible leads from the connectors to the fans and replace if necessary 

 In the case of swiveling type fans checkup gimbals rings for tightness and easy 

movement of fans for positioning in the required direction. 

 In first class coaches and inspection carriages check regulator switch for proper control of 

speed in the different positions. Replace defective switch. 

 Replace missing dust covers of swiveling type fans. 

 Check fans for noisy working of bearings, slow working and sluggish starting and replace 

defective fans 

 Secure close mesh guard properly after the work is completed. 

 Ensure that fans start immediately on switching ON. A fan which requires a push start is 

considered as defective, and should be rectified during FNE. 
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H) Switches: 

Check each switch of lights and fans for proper fixing and operation. Replace defective 

switches. Switches should be provided in the locations intended for them and provided for 

operation by passengers. 

I) Distribution Fuse Boards and Fuse Cut-outs: 

Check distribution fuse boards and fuse cut outs for lights and fans for tightness of 

connections and provision of correct size of fuses in the fuse terminals. Replace missing 

distribution fuse board covers promptly. 

J) Call Bells in Saloons: 

Check calls bells and indicators for proper operation. Check connections in call bells 

pushes and call bells & tighten up if necessary. 

K) Refrigerators: 

 Checkup DC contactors for proper operation and clean dirty contacts (in case of DC 

refrigerator). 

 Clean refrigerator both internally and externally. 

 Check control fuses and replace overheated fuses. 

 Check compressor belts in case of open type compressor and adjust tension. 

 Check-up functioning of thermostat and proper cooling. 

L) Emergency Feed Terminals (EFTs): 

 Checkup supply and marking of polarity in EFTs. 

 Replace missing EFTs and those without wiring nuts. 

M)  General: 

 Checkup earth in coach with test lamp. Trace out fault in case of defect and rectify. 

 Record results of fortnightly examination. 

 Check proper alignment of belt by watching the same on alternator pulley and axle pulley 

and correct alignment. 

After putting on the belt over the alternator, use belt tension gear for tightening of belt and 

ensure that the alternator is proper. 

 

Monthly, Quarterly, IOH (9 months) and POH (18 months) of ICF coaches to be carried 

out as per latest RDSO guidelines. 
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END ON GENERATION 

With the increase in demand for faster trains having limited halts and improved 

passengers amenities like - air conditioning, fluorescent lighting, catering from pantry cars, 

Rajdhani/ Shatabdi Express services have been introduced on many routes. 

Rajdhani Express train, were initially introduced on NDLS - Howrah, New Delhi-

Bombay Central routes. These trains operate at 130-140 kmph. To reduce the resultant noise 

and dust problems, all the coaches including the service coaches like pantry-car of the trains, 

occupied by operating personnel like Guard and the crew in the power car are sealed and hence 

air-conditioned. Since the power required for operating air-conditioning load, cooking ranges/ 

refrigerators/ bottle coolers in pantry cars is considerable, use of power cars equipped with 

Diesel generating sets is the only way, at present. 

Connected Load of Typical Rajdhani service (Mumbai central - New 

Delhi) is as under: 

Sr No. Type of Coaches No. of Coaches Load in KW Total load in KW 

1. A.C. 3 T 8 40.00 320.00 

2. A.C. 2 T 6 34.75 208.50 

3. A.C. First 1 15.75 15.75 

4. A.C. Pantry 2 76.75 153.50 

5. AC. Power Car 

(working) 
2 49.00 98.00 

6. Total 19 - 795.75 ( about 800) 

Assuming a diversity factor of 0.7,   

 Max demand KW = 800 X 0.7,  

    = 560 KW  

Old rakes of Rajdhani express working in EOG system were provided with three power cars 

having generation & supply voltage at 415 V, 3 Phase. 

To reduce with number of power cars from 3 to 2 and to feed the entire load of train 

from either of power cars, the capacity of DG sets has been increased from 250 KW to 500 

KVA and generation voltage has also been increased from 415 V to 750 V with a view to 

overcoming the of voltage drop in feeding system. 750 V power cars are the first and last 

vehicle in the EOG rake. Schematic diagram of the EOG system is at Fig. 

Two feeders run all along the entire rake through I.V. couplers. Each coach on the rake 

is provided with the control, distribution and feeder changeover arrangements in the 750/ 415 

V control panel. 750 V, 3 phase supply is stepped down to 415 V, 3 phase50 cycles by a step 

down transformer to feed the A.C. equipments. 
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To make coach suitable for 415V supply system, contactors with interlocks are 

provided to bypass the step-down transformer. The 415 V, 3 phase supply is stepped down 

through 415V/ 190V, Delta Star transformer. A separate panel is provided for control and 

distribution of 3 phase 4 wire, 190 volts for working lights and fans at 110 V, single phase. 

Emergency lights provided in the power cars comes 'ON' automatically through No-

Volt contactor which energizes lamps from batteries as soon as main power supply interrupts. 

 

Fig: Schematic Diagram of 750V EOG-System 

 

P - I.V. COUPLER PLUG, 750V 

S - I.V. COUPLER SOCKET, 750V 

1 - D.G. SET-A, 750V, 500KVA 

2 - D.G. SET-B, 750V, 500KVA 

3 - POWER CONTROL PANEL 

4 - 750/415 V, 50 KVA STEP DOWN TRANSFORMER -1 

5 - 750/415 V, 50 KVA STEP DOWN TRANSFORMER -2 

6 - RADIATOR FAN-1, EXHAUST FAN 1& 2 

7 - RADIATOR FAN-2, EXHAUST FAN 3 & 4 

8 - MAIN FUSE DISTRIBUTION BOARD 

9 - A/C CONTROL PANEL 

10 - DISTRIBUTION TRANSFORMER 415/190 V 

11 - LIGHT AND FAN PANEL 

12 - FEEDER CHANGEOVER CONTACTOR 

13 - SYSTEM VOLTAGE SELECTOR CONTACTOR BOX 

14 - EMERGENCY BATTERY CHARGER 

15 - EMERGENCY BATTERY BOX 

16 - AC LOAD 

17 - LIGHT AND FAN 

18 -  THROUGH FEEDER A, 750V, 3 PHASE 

19 -  THROUGH FEEDER B, 750V, 3 PHASE 

 

Capacity of Brushless Alternators and of Diesel Engine: 

Load on both the feeders 560 KW 

Load on each feeder - 280/0.8 KVA 

Required output of Alternator ~ 350 KVA 

500 KVA capacity alternators are being used to cater the future increase in load, de-

rating factor, unbalance in the load etc. 
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Two types of Diesel Engines are being used for high capacity 750 V Power cars. 

Kirloskar Cummins. KTA - 1150 G – 450 BHP at 38 degree C 

    – (427 BHP at 55 degree C) 

INTACH 3406 B – 398 BHP at 55 degree C 

Kirloskar, Cummins Engines are coupled with brushless Alternator of KEC make 

(Kirloskar Electric Company Bangalore). INTACH 3406 B engines are coupled with Brushless 

Alternators of KEL (Kerala Electrical) make. 

Principle of working of Brushless Alternator: 

Unlike brushless Alternators used in self-generating coaches, which have no windings 

on rotor and are less efficient, Brushless Alternators used on EOG system have windings both 

on stator as well as rotor. Brush gear is eliminated with provision of rotating diodes in the 

excitation system. A sketch showing the principle of working is at Fig. 

Three phase output is collected from stator of main Alternator (G) & field is wired on 

rotor. 

Three phase output from stator is also rectified and through a regulator (Rg) fed to the 

stator of Exciter (E) which is mounted on main shaft. Three phase Output from rotor of Exciter 

(E), is rectified through rotating diodes and fed to the rotor of main Alternator (G). The need 

for brushes is therefore eliminated. 

 

 

Fig: Brushless Alternator principle 

 

Diesel Engine Protection: 
Following protective devices are provided for Diesel Engine: 

 High water temperature 

 Low lubricating oil 

 Low water level in radiator  

 Over speed 
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Fig: Coupler of EOG System 

 

The high water temperature protective device cuts off the load automatically and the 

engine returns to idling speed and the other devices cut-off the load as well as shut-down the 

engine. All the protective devices are designed to give audio-visual indication when they 

operate. 

Alternator Protection: 

Alternators are provided with following protective devices: 

 Alternator overload. 

 Under voltage. 

 Earth leakage. 

 Short circuit 

Feeder Protection: 

Following devices are provided for feeder protection 

 Feeder Earth leakage.  

 Feeder overload 

Fire Extinguishers: 

Each power car is provided with 2 nos. of 5 Kg. capacity dry chemical powder type fire 

extinguishers conforming to Spec. IS-2171. The chemical powder used is to specification IS: 

4308 specification for dry powder for the fighting. One of the fire extinguishers is located in 

the alternator room and the other in the engine room. 
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LHB EOG POWER CAR 

INTRODUCTION 

The Rajdhani / Shatabdi rakes work on the principle of End-On-Generation system i.e. 

provision of two power cars, one on the front and other on the rear. Each power car is equipped 

with two Diesel Alternator sets to supply Electrical load to the coaches through two set of 

feeders running along the rake and coupled in between with the help of inter vehicle couplers. 

These couplers also carry the earth wires and 2 wires for the control circuit. 

Presently the diesel alternator set provided in the power cars is the updated version, 

EPCB norms compliant engine with and installed capacity of 490 BHP at 60
0 

C at 1500 rpm. 

 

DIESEL ENGINE 
 

The Diesel Engine provided is turbo charged, water cooled delivering 490 BHP at 60
0
 C 

at 1500rpm coupled to 500 KVA alternators. These powers cars meet the various loads for the 

coach including the pantry equipment and air conditioning load of the coaches. 
 

At present there are three makes of Diesel alternator sets provided on the LHB Power Cars: 
 

 Kerela Electric & Allied, Cochin. 

 Kirloskar Electric Company, Bangalore. 

 DeevGensets, Silvasa. 
 

The engine provided by M/s Cummins i.e to cat no KTA19G5I is CPCB (Central 

Pollution Control Board, Ministry of Environment and Forests) compliant as regard to emission 

norms as certified by Automotive Research Association of India (ARAI), Ministry of Surface 

Transport. 
 

The diesel alternator sets generally conform to the details as indicated: 
 

Output Power : 500 KVA at NTP 
System Voltage : 750 volts AC,3-phase 
Frequency : 50 Hz +\- 3 % 

Power Factor : 0.8 

 

Various makes and their catalogue nos. are as indicated below: 
 

Crompton Greaves engine: 
Engine TBD41V12P  
Alternator       TA3560 L7-SP 

KEL engine: 

Model no.       KTA19G5I 

Alternator        TA3560 L7-SP 

 
Alternator 

The alternator provided has a capacity of 500kVA, 0.8 pf 3phase, 4 wire 750 volts50 HZ 

+\- 3 %. The alternator used is self-ventilated brushless design with voltage regulation of dual 

type i.e both electric and electronic. The electrical control is through compound transformer or 

magnetic amplifier and electronic regulation through solid state automatic voltage control and 

sensing from all the three phases. The combined regulation is 2.5 % approximately. Standby 
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facility is provided to ensure voltage regulation within 5 % even in the event of failure of 

automatic voltage regulator and this standby facility is automatically cut in with the help of 

OVR/UVR which indicates through two LED‟s of the failure of AVR and that the system is in 

manual mode Automatic voltage regulator is suitably mounted in the power panel. The alternator 

has a stator, rotor insulation of H class and exciter insulation class F. The alternator is capable of 

handling 30% unbalance load in any of the phases with current in any of the phases not 

exceeding the rated current with regulation maintained at 5%or less or 2.5% or better in manual 

and AVR mode of operation respectively. Alternator is designed such that the total harmonic 

distortion is below 5% of the rated capacity. Alternatively a neutral reactor 125 volts, 50 amps, 

150 Hz is to be provided in LHB coaches. 

 Layout 

The Diesel alternator sets are placed back to back at the centre of the coach. Layouts for 

the LHB type coaches is as per drawing no. LP90100. 

Engine Cooling 

The engine is water cooled and supplied with radiator suitable for separate mounting at a 

remote location to facilitate cooling by fan directly driven by 40HP, 3-phase, 415 volts, 50 Hz 

motor wherein the impeller sucks in outside air through the radiator fins and blows out upwards 

through the duct to the roof. Air delivery is approximately 18 cubic metre per sec. at 60 mm 

water gauge. 

Exhaust Arrangement 

The exhaust outlet locations are fixed for all makes of the engine such that the silencer 

provided on the specially designed dished roof portion is connected by means of flexible metal 

hose to the engine which is lagged and enshrouded all round with aluminium sheet to provide a 

positive and effective thermal insulation. The outer surface of the silencer is treated with special 

process of aluminium metallizing as an anti-corrosive measure. 

Fuel System 

Two under-slung fuel tanks are provided in the under frame with an individual capacity 

of 1540 litre. The engines are fed through respective tanks and the tanks are connected through 

an equalizing pipe with a cut off valve in-between. 

Engine Room Ventilation 

Two centrifugal type blowers per DG set are provided at the cant rail level of capacity 

25000 CMH at 30mm WG each are provided such that the air is drawn from the engine room 

through the opening on the false ceiling and blown out laterally through rectangular louvered 

openings provided on either side on the sloping roof sheet. To minimize the air dust ingress in 

the engine room four hatch door louvered openings with dry type re-usable, fire retardant, non-

woven synthetic media with a filtering capacity of upto20microns are provided. The blowers are 

driven by 415volts, 3-phase, ac motors of 5 KW. 

Engine Room Filters 

To minimize the dust into the engine room through the four hatch doors louvered 

openings, dry type, re-usable fire retardant, non-woven synthetic media panel filters, with a 

filtering capacity of upto 20 microns size dust particles have been used for both LHB and Garib 

Rath power cars. Each filters module comprises of 9 detachable panels 



52 
 

Fuel Transfer Pumps 

The engine installed by Greaves Cotton has a fuel pump provided to suck the fuel from 

the diesel tanks provided at the bottom 

 Battery 

For starting the engine 290 Ah Lead acid battery is provided to feed the power to the 

engine starter motor for cranking one engine at a time by means of change over switch for the 

two DG sets. 

BASIC FEATURES OF POWER CAR 

S. no. Particulars  

1 Coach length 23.5 meters 

2 Speed potential 160 kmph 

3 Roof Mounted AC Unit 1x7Ton 

4 No of Transformers 3 x 60 KVA, star-star 

5 Pump equipment One set of two pumps 

6 Pump controller Provided 

7 Water storage tank 1 x 685 litres 

8 Engine 2 x 490 BHP 

9 Alternator 2 x 500 KVA at NTP 

10 Radiator fan 2 x 40 HP 

11 Ventilation fan motor 4 x 7.5 HP 

12 Starter battery 2 x 290 Ah 

13 Smoke detector Provided 

14 Temperature controller Fine control in5 steps 

15 Humidity controller Provided 

16 Window size Bigger 

17 Anti-skid device Provided 

18 Braking Disc braking 

19 IGBT battery charger Provided 

20 Battery 70 Ah for DC control of power panel 

21 Disconnecting and earthing device Provided 

22 Transformer fuse Provided inside the power panel 

23 Insulation monitoring device Provided 

24 Self diagnostic system Provided 

25 Flap motor to adjust fresh air Provided 

26 Temperature sensors NTC type 

27 Suction discharge pressure indicated  on panel provided 
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PROTECTIONS 

The diesel alternator set for the power cars are provided with various protections and 

safeties for the safe working of the rakes 

FOR DIESEL ENGINE 

High water temperature:- 

 The high water temperature switch is mounted on the engine and senses the temperature 

of water in the cooling jacket of the engine. The device is set at 97 Deg. C for putting off the 

engine. Once the ICHT closes, water temperature indication comes on and the common fault 

relay is energized. 

Over speed of the engine:-  

Over speed switch ICOS mounted on the engine senses the over speed when the engine 

governor fails. When the engine RPM exceeds the set value, it’s NO contact closes the over 

speed relay OSR. One of the NO contacts of the OSR maintains the supply to OSR and another 

contact closes and completes the CFR circuit. The over speed is set at 1800 + - 4.5 % RPM. 

Lube Oil Pressure:-  

The lube oil pressure switch is mounted on the engine senses the lube oil pressure. The 

NC contact of the lube oil pressure switch remains open when the lube oil pressure is sufficient. 

When the pressure is below the set value, the switch closes the LOP relay. One of the NO 

contacts of the LOP maintains the supply to LOP relay and another NO contact energizes the 

CFR circuit. 

At the time of starting one of the NC contact of the start push button opens the LOP 

circuit. It is a positive interlock that ensures that the engine does not stop for the want of lube oil 

pressure build up at the moment of starting. A delay contact of the Time delay relay for the 

starter solenoid (FSRD) relay keeps the LOP circuit closed. Once engine starts, the lube oil 

pressure develops, opens the oil pressure switch ICLOP (Internal Combustion Engine Low Oil 

Pressure) which keeps the LOP de-energised as long as there is sufficient pressure of the lube oil. 

The permissible limits for Cummins engine is 3.16-6.33 kg/sqcm. 

 
Low water level switch:-  

A low water level switch has been provided on the top of the radiator for sensing the 

presence of water in the radiator. If ever the water level goes down below a certain level, it gives 

a indication on the panel and the same can be integrated in the panel control circuit for switching 

off the load or the engine. 

Alternator Protection 

Alternator Overload: -  

This protection is in built in the ACB. The ACB has an integrated solid state relay of 

thermal overload type which incorporates the following precautions:- 

1. Short circuit 

2. IDMT and Overload 

3. Earth Fault 

Whenever the fault conditions are sensed, IDMT relay picks supply to the alternator fault relay. 

The ACB provided is to cat no. CNCS800of M/s L&T/ cat no S800 of M/s GE with and without 
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microprocessor control based protection measurement and communication unit to catalogue no 

RMS-9D of M/s GE or equivalent. 

 

Under voltage relay:-  

When the voltage of the alternator falls below the set value of 687 volts (380 at 415 volts 

side). The NC contact of UVR closes on due to dropout of UVR and energizes the time delay 

relay. The ON delay contact of the timer closes after few seconds and energizes the AFR. The 

NO contact of the AFR energizes the auxiliary relay of the ACB (24 volts DC) and this relay de-

energizes the415 volts trip relay of the ACB resulting in tripping of the air circuit breaker. The 

relay is supplied by M/s NOVAGO, Chennai. The technical details are as under:- 

Auxiliary voltage   – 440 V. AC 

Contact rating    – 2 amps inductive at 24 V. DC 

Monitoring system voltage  – 750 V., 3 Phase, 50 Hz, 4-wire 

Contacts    – 2 N/O + 2 N/C independent 

 
Earth Leakage Relay: -  

The relay supplements the earth leakage feature already incorporated in the solid state or 

thermal type relay of the ACB. Core balance transformer operated earth leakage device detects 

any earth fault caused either in the alternator winding or in the cables from the alternator to the 

control panel up to the core balance transformer. 

It’s NO contact energizes the earth leakage relay ELR. One of the NO contacts of ELR 

energizes the Earth fault indication lamp and AFR circuit. Another NO contact of ELR maintains 

the supply to ELR itself, even after ACB has been switched OFF. This protection is mainly for 

the alternator /interconnecting cables between the ACB and the alternators. The technical details 

are as under: 

 

a. Size of cable   – 150 sqmm 

b. Auxiliary supply voltage  – 440 volts ac 

c. Contact arrangement  – 1 N/O + 1 N/C independent 

d. Contact rating   – 230 V., 50 Hz, 5 amps, AC resistive 

e. Suitable for 750volts, 3 phase, 50 Hz, 4-wire system 

Short Circuit: - 

 This feature is incorporated in the ACB .This results in the instantaneous tripping of the 

ACB, when set value of the current is sensed. 

 Feeder Protection 

The two individual feeders are protected by individual contactors, with the following: 

Earth Leakage:-  

The protection scheme for the conventional (3 wire system) and LHB type (4 wire 

system) relay is different 

These Power cars are equipped with residual current type relays .The relay provided for 

the protection was originally of ZAHRA make which was finally changed to MICOM make due 

to malfunctioning. The MICOM make relay is Universal programmable relay which can be 

programmed to suit to the usage. The relay is used as an over current relay to protect the EOG 

feeder. 
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EARTHING CONCEPT 

Based on the IS:3043, the system of earthing in LHB Power Car is as follows: 

Neutral of the generator car is earthed through a neutral reactor i.e. exposed conductive 

parts are connected to electrically independent earth electrodes. The generators' neutral point is 

earthed thus creating a TN-net continuing to coupling receptacles and transformers. Switch 

cabinet S2 contains a central PEN-bar to which the earth of generators and bus bars are 

connected. 

The 60 kVA transformer operates as isolating transformer. The secondary neutral point is 

not earthed, thus an IT-net exists. The working stock bodies are separately or commonly 

connected with an earthed protective wire. No active IT-net conductor is directly earthed so that 

in case of insulation failure only a low fault current caused by the capacitances of the cables to 

earth can flow. The fuse is not triggered so that the power supply is maintained even in case of 

single line-to-earth fault. This means that the reliability of this kind of networks is higher than in 

other networks. In case of a second fault one of the two faulty devices will be switched off 

before the permissible contact voltage of 50 V is reached. The double-pole 110V DC mains is 

equally unearthed which means for the consumers that they are double-pole protected. Keys on 

the switch cabinet door and the voltmeter permit to measure the voltage between positive and 

negative potential of DC mains and earth. In such a way the mains insulation condition can be 

checked. For monitoring the AC mains insulation protective devices are used, their function is 

described later. Accordingly in the Generator-cum-brake van earthing points are provided to 

earth in the under frame for followings: 

 Battery Box 

 Battery fuse boxes (positive and negative) 

 Transformer container 

 Tank for fresh water 

 Brake PCB 

 Diesel tank 

Use of Wheel Set Earthing Device 

This equipment is provided to bypass the fault current from the bearings and not to allow 

the current to pass through the bearings which may become defective and affect the life of the 

bearings. 

LHB coaches are provided with power transformer of star -star connection. The generator 

neutral is connected to star point of the generator. Due to star –star connection 3rd Harmonics 

are generated and triple frequency which is normally three times the normal current flowing 

through the neutral conductor. To overcome the problem one reactor is provided in between the 

generator neutral and the local neutral, which restricts the 3rd harmonic component to go back to 

the generator. As per latest RDSO specification, harmonics should not be more than 5%. 

Insulation Monitoring Device 

Insulation Monitoring Device is provided in the LHB Power car, which gives indication 

in case the insulation of the system is less than the preset value of the device. Insulation 

measuring device monitors the insulation resistance of unearthed AC and 3 phase mains (IT-

NETs). A measuring DC voltage is created in the device. The positive pole of measuring device 

is applied to the mains, which is to be monitored and the negative pole is applied to earth through 

an electronic measuring circuits. These terminals are permanently monitored and in case of 

failure (when ohmic insulation between mains and earth falls below the set value and closes the 

measuring circuits) a signal LED flashes and a luminous display on the switch cabinet door is 

activated. 
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MID-ON-GENERATION 

Introduction:  

Effectiveness of generation system in coaches of a rake is assessed with reference to an 

index known as Generation/non-generation ratio, which is a ratio of period of generation to the 

period of non-generation of train .Slow branch line trains having long halts, could have Gen / 

Non Gen. ratio less than 2 and superfast trains could have Gen / Non Gen. ratio as high as 6. 

Slow trains with G/NG ratio less than 2 are likely to have problems in meeting the load, 

as the batteries will remain undercharged and could become prematurely ineffective. 

Mid-On-Generation system, which is based on meeting load through DG sets in a power-car is 

recommended for such services to meet TL load satisfactorily. 

General layout of power car is shown at Fig. It will be seen that only a part of coach is 

used for DG sets. 

 

 
 

Fig: Schematic layout of power car for mid-on generation 

Brief Description of "MOG" Power Car: 

a) MOG Power car is equipped with 2 DG sets each capable of taking full load. This 

power car is marshaled at the middle of rake so that it has to feed 6 coaches on either 

side. 

b) Generation is at 415 V, 50 Hz having step-down Transformer (Delta/star) 415 V/ 110 

Volts for distribution. 

c) Load distribution among 3 phases is so that phase to earth voltage remains minimum. 

d) Power car is capable of feeding both sides of the rake. 

e) D.G. Set is mounted on common frame made out of I- section of steel. 

f) Anti-vibration mountings are provided to the set so that vibrations can be minimized. 

g) Tier coupling in between alternator and diesel engine to transfer mechanical power 

and absorb the jerks due to misalignment. 
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h) Exhaust pipe lagged with asbestos rope so that the engine room does not get heated 

up. 

i) Engine room is ventilated so that sufficient air for radiator and engine suction is 

available. If possible, filters are required to be provided to reduce dust. 

j) Capacity of diesel tank is sufficient to work the power car continuously for 30 hrs. 

k) Provision of baffles so that at the time of braking diesel may not get accumulated on 

one side i.e. towards direction of train and engine getting air locked. 

l) Provision of battery charger for starting of diesel engine. Battery box is mounted 

under frame while charger is inside the power car with fine and coarse charging. 

m) Sufficient light in power car to have quick location of defects in case of failure. 

n) 24 V plugs in engine/alternator room and also near electric panel for hand lamp. 

o) Sitting and resting seats for crew of power car. 

p) Inter vehicle coupler junction boxes transformer contactor switch etc., of requisite 

capacity as per code of practice. 

q) Panel indicating meters of direct acting, indicating type conforming to IS 1248-1968 

with selector switches, wherever essential. 

r) Transformer is solidly earthed. 

s) Safety devices for engine and alternator are incorporated. 

There is one power car attached at the middle of rake, which supplies both sides 3 phase 

110 V AC supply from 2 DG sets capacity, 30 KVA each. One set shall be capable of feeding the 

whole rake, while other set is stand by. 

 

 

 

Fig : General Layout of rack of  MOG system 

 

Advantages: 

i) System is reliable as compared to self-generation system. 

ii) Maintenance of batteries and other under frame equipments is eliminated. 

iii) Fluorescent lighting can be used for better amenities, simplicity in maintenance of AC 

fans. 

Drawbacks: 

i) Staff to operate DG set is required. 

ii) Dependence on HSD oil. 

iii)Noise and smoke pollution. 
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FIRE HAZARDS 

Excessive current in the cables is the only probable cause of electrical fires on coaches. 

The excessive current in the cables can result either due to inadequate size of cables used in the 

circuit or any short circuit in electrical circuit. 

Sizes of the cables on different circuits on the coaches have already been standardized 

and included in specificationEL/TL/48 and if proper care is taken during wiring of coaches, this 

cause can be eliminated and hence need not be discussed further. 

This leaves short circuit on coach wiring as the only cause of excessive current and 

therefore complete care is to be taken to ensure that  

i) Cause of electrical short circuits on the coaches are avoided; 

ii) In case electrical short circuits take place, the protective device in the circuit should 

isolate the fault instantaneously without causing damage to the cables; 

iii) In case the electrical fire does break out, it should be ensured that the fire does not spread, 

for which equipment and material used in wiring should be of good quality particularly 

where fire retardant properties of the item have been specified. This includes items like 

cables and PVC conduits, boards, paints on wooden members in the vicinity of the wiring 

etc. 

Cable Sizes: 

 Aluminum conductor PVC insulated un- sheathed cables to IS:694 are specified for use in 

coach wiring. Sizes of cables for various circuits on coach wiring shall be as per 

Annexure-I(as specified in RDSO's drawing no.SKEL-3928 alt-l) 

 Flammability test has now been included as an acceptable test under clause 15.2 of IS:694-

1990(Third Revision). 

Earth Checking: 

 The train lighting wiring is on two-wire unearthed system and therefore at least two earths 

one on positive polarity and the other on negative polarity are necessary to cause short 

circuit through the coach body, (counting the possibility of direct short between the cables 

of opposite polarities because of segregation of positive and negative wiring on 

superstructure). Thus earthing of wiring on the coach is first stage cause short circuit and 

should therefore be checked promptly. The earth will be checked both on positive and 

negative wire separately and the procedure for earth testing and the trouble shooting along 

with sample equipment (Earth indicating lamp) recommended for earth checking. 

 Light point, fan point and the switches are particularly prone to earthing in metal bodied 

coaches and therefore to minimize its possibility, proper attention is required to be paid at 

the time of fitment of the lamp holder, brush holder of the fan and toggle switches and 

while carrying out their maintenance in service. 

 The insulating bush in the mounting lug of the fan shall not be provided. The diameter of 

the mounting hole provided in the mounting lug shall be of 9 mm. It shall be ensured that 

fan base of all the fans have a live contact with the coach body. 

 All electrical fittings both on super structure and on under frame shall be mounted directly 

on the coach body and not electrically insulated. 
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Air Clearances: 

Air clearance of 10 mm has been specified between any live part and the coach body and 

4 mm between parts of opposite polarities. (EL/TL/48 clause 3.9.4) This is primarily to ensure 

adequate separation to facilitate ease of fitment and maintenance in service. In case of clearance 

being inadequate, there can be a possibility of short circuit caused by the working tools or other 

inadvertent causes on thecoach. It is therefore important that adequate clearance as specified is 

maintained in all fittings etc., between live parts and earth or between parts of opposite polarity. 

Damaged Insulation: 

 Cable insulation on coaches get damaged in various ways resulting in earth on wiring 

which in turn may cause short circuit. Therefore, insulation damage should be prevented 

and attended promptly. 

 It is noted that for testing the maintenance staff many times adopt dangerous practice of 

chipping the cable insulation. This leaves a permanent scar on the cable insulation and 

even its subsequent taping with tape will not be quite satisfactory. Staff should be educated 

and asked not to chip cable insulation in middle and to test feed etc. in course of 

maintenance at terminals only. 

 The cables passing through the holes in the metallic members on the coach are liable to get 

their insulation punctured because of pressing and chafing against the sharp edges. This 

may result in earthing in the coach. This should be protected against by providing proper 

PVC grommets to BS:1767 or grade 6 of IS:5831 with non-inflammable properties. 

 At cable terminals, cable lugs should always be taped to insulate the bare portion of the 

conductor, if any, and also portions where the clearances are critical. 

 Crimped connections are to be made properly. The poor joint will cause heating, damaging 

the insulation of the cables at the end. A poor joint can always be detected easily by feeling 

the temperature of the socket with full load current passing through it. A hot terminal 

indicates either and improper connection or a bad crimped joint. 

 While cause of damage to cable insulations as detailed in paragraphs above should be 

checked, a record of insulation of the coach wiring should also be maintained to monitor 

the health of insulation of wiring. 

 Coach insulation test: Insulation resistance of coach should be measured with 500 V. 

Meggar. 

Procedure to be adopted for insulation measurement shall be as under: 

i) Superstructure wiring and under frame wiring will be tested separately for which the 

main negative fuse in the junction box will be opened and controlling switch L1, L2, 

F+, SPM1,SPM2 will be kept off. 

ii) Insulation resistance will be measured with all fittings and equipment connected both 

on under frame & superstructure. The under frame wiring will be tested with battery 

fuse open. 

iii) Insulation resistance under fair weather conditions will be minimum 2 Mega Ohm. 

However, under adverse (highly humid/wet) weather conditions, the minimum 

insulation up to 1 Mega Ohm, will be acceptable. 

iv) In case insulation resistance is found less than mentioned in. para above, individual 

sub Circuits at junction box, i.e. L1, L2, F + SPM1 and SPM2 for super structure 

wiring will be meggared separately and the coach will be treated to have passed the 
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test if insulation resistance value of these feeders individually is within the limits 

prescribed in paragraph above. 

Rewiring: 

 Rewiring of the coach shall be planned on the basis of cab life on the 20 years. However, 

after 15 years of service, the coach wires shall be subjected to simple tests, during POH 

and if the insulation is found not passing tests, the coach shall be taken up for rewiring 

along with its POH. The test procedure and the requirements of tests are given in 

Annexure-IV. 

 Coach shall be taken up for rewiring after 20 years of service. However, if for certain 

specific reasons, coach is not taken up for rewiring, the rewiring will be deferred only if 

cable passes the test of Annexure IV. 

 Notwithstanding the above, coach shall be taken for rewiring or for replacement of 

certain portion of wiring as and when they are found mechanically damaged and 

tampered with. The coaches with tampered, damaged and loose wiring are dangerous 

because of their proneness to earthing and short circuit and as such should not be 

permitted in service. 

Battery box: 

 The mono-block of battery shall be arranged in single row perpendicular to track, inside 

sturdy steel box and secured to under frame by bolts and nuts, lock nuts or split pins as 

per ICF drawing no. ICF/SK-7-1-306 for BG and MG coaches. FRP trays shall be 

provided at the bottom of the battery box to avoid corrosion of battery box from spillage 

of acid. The battery box shall be suitable for accommodating 18 mono-blocks of battery 

conforming to RDSO's spec. no. EL/TL-38 (Rev. B) with amendment no. 1. The box 

shall be provided with ventilating grills to permit flow of outside air over the cells. A 

drain pipe shall be provided at the bottom of the box to allow split acid or water to drain 

out. The location and a design of the ventilation and drain arrangements shall be such as 

to avoid ingress of dust into the battery box. Provision shall be made on the front cover 

for part opening for inspection and maintenance of the cells. The cells shall be tightly 

packed by wooden packs inside the battery box in all skies except at top. The battery box 

and wooden packs shall be protected against corrosion by battery acid by two coats of 

acid resistance paint as per RDSO specn.no. EL/TL/19-1973, Appendix E. In addition, 

wooden packs shall also be protected against attack by vermin. The battery box shall 

have minimum 150 mm clearance at the top of battery for maintenance of cells. 

 The battery fuses shall be located in a battery charging socket and fuse box to RDSO's 

Drg.no.SKEL-3930. This box shall be provided adjacent to the positive end of the battery 

box and shall be accessible without the necessity of entering between the track rails 

conforming to specn.no.IS:9925-1961 shall be provided according to coach loads. 

 Mild steel rods threaded at both end shall be fixed to the battery boxes after loading the 

cells as an anti-theft arrangement in accordance with para6.12 of IRS Specn.no.E-

45/1977.  
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Protective Devices: 

 Notwithstanding the above precautions, the possibility of short circuit on coach cannot be 

discounted altogether and, therefore, protective devices are necessary to afford protection 

in the event of any short circuit or excessive current on the coaches. As mentioned earlier, 

short circuits are the only probable cause of electrical fires and, therefore, if provision of 

proper protective devices is ensured, it will go a long way in avoiding incidence of fires of 

electrical origin on coaches. 

 On coaches rewirable fuses and HRC fuses have been standardized. The sizes and the rated 

current of these protective devices for different circuits are given below and it should be 

ensured that only correct size of these devices are put on the coach. 

 The quality of protective devices is also important and should conform to their relevant 

specification, while rewirable fuses and HRC fuses as at Table 1 shall be procured by 

Railways from renowned sources approved by RDSO/Railways. 

Segregation of Positive & Negative Cables: 

The wiring on the under frame and end walls of the coach shall be run in Rigid steel 

conduits and on the superstructure in Rigid PVC conducts and the positive and negative cables 

shall be segregated by running them in two separate conduits. 

Note: The phase & field cables from the alternator to terminal box shall run in one flexible 

PVC conduit arid-from terminal box to Rectifier-cum-Regulator and from Rectifier-cum-

Regulator to under frame terminal board (UTB) in one rigid steel conduit. 

Coach Wiring-Accessories: 

Connectors: 

Wiring for fan point, berth light, step light, tail light and side light fittings on the coach 

shall be terminated in a connector. This will ensure that when these fittings are removed from the 

coach, the coach wiring is not disturbed and remains in position with its opposite polarities 

terminals adequately apart. 

The connectors are covered under IS:6896 and shall be of tough non-ignitable moulding 

material or rigid PVC. 

Cleats: 

The cleats used in coach wiring shall be of rigid PVC with non-inflammable properties. 

However, wooden cleats pressure impregnated with ASCU fire retardant can be used but they 

shall be further provided with two coats of fire retarding paint of approved make. 

Grommets and Bushes: 

Grommets used in coach wiring on coaches to protect cable insulation shall be of hard 

PVC as per BS:1767- 1951 or to grade 6 of IS:5831. The bushes used on coaches at various 

locations shall be of the same class of PVC with non-inflammable properties. 

Conduits: 

Flexible PVC conduits shall be used for toilet wiring under the water tank. The flexible 

PVC conduits shall conform to IS:6946. 
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Rigid PVC conduits used in wiring at other locations on the coach shall be as per 

IS;9537.The PVC conduits both flexible and rigid shall be for fire retardant class and shall pass 

flame retarding test as specified in specification IS:9537. 

Insulation tapes: 

PVC adhesive tapes to IS:7809 Part III, Section 1 shall be used in the coach wiring. The 

thickness of the tapes shall be of 0.20mm, 0.22mm, or 0,25mm. Tapes with backing material as 

cloth or equivalent and meeting the test requirements (specially fire retardant properties) to 

TS:7809 Part-2 can also be used. 

Distributions fuse board and terminal boards: 

Various terminal board and panel boards used in each wiring shall be of FRP with fire 

retardant properties to ICF specification no.ICF/ELEC./866. 

Wood and Fire Retardant paint: 

 Insulating blocks are provided for the lamp holders and switches to insulate the fittingfrom 

the coach body. Blocks shall be of seasoned hard teak wood. 

 All the wooden boards, blocks and cleats used in the wiring or in the vicinity of the 

wiringshall be painted with two coats of fire retardant paint as approved by RDSO. 

 The following fire retardant paints are approved by RDSO and they only shall be used for 

painting cleats and wooden blocks and other wooden boards in vicinity of wiring in coach: 

i) Acrylic superlac plastic emulsion paint of M/s Shalimar. 

ii) Fire resistant paint, light grey of M/s Jenson & Nicholson. 

iii) Mica base fire retardant paint of M/s Central Glass and Ceramic Research Institute. 

Maintenance schedules: 

Round trip maintenance schedule: 

 The loose and exposed/hanging wiring shall be secured and properly covered. In case of 

wiring needs replacement, the coach shall be taken for repairs. 

 Look for any overheating of terminal and cable insulation etc. This is to be checked by 

switching ‘ON' the coach load and then feeling the temperature of various terminals by 

hand. An overheated terminal can be either due to looseness or because of defective 

jointing (crimping). The terminal should therefore, be tightened and if joint is heated the 

crimping be redone. 

 Check for proper sizes of fuses: An overheated fuse can blow prematurely and therefore 

should be replaced. Check for proper securing and tightness of connections.HRC fuses 

should be checked for correct size, connections and if it is healthy. Replace if blown and 

tighten connections, if found loose. 

 Provide tape at terminals and overheated portion of cable insulation at terminals. 

 Check earth on coach wiring and attend if an earth is noted as per procedure given in 

Annexure -III. However, in emergencies, a coach with negative earth fault which could 

not be attended can be given in service but then the coach will be taken up for repairs 

during next trip. Before allowing such coach in service, a particular check will be made 

that all protection devices are properly provided. The coach shall also be marked with 

defect and noted for attention during next trip. 
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Workshop and Sick Line Schedule: 

 In addition to items mentioned above, insulation resistance of coach wiring shall be 

measured on all coaches before being turned out of shops/sidelines after repairs in 

accordance with procedure. 

 The wiring shall also be checked for proper wiring practices in terms of specifications. 

 Cable joints should be avoided. In case of joints in cable, if seen during POH in the 

workshop, replace the cable. 

Jointing & Crimping: 

Jointing by crimping also known as compression jointing, is quick and comparatively 

Inexpensive and has been adopted for coach wiring. 

Crimping: 

 Remove insulation from the conductor, 1 mm longer than the inner length of the barrel of 

the socket/sleeve to be crimped. 

 Apply a thin coat of inhibiting grease of approved make over the conductor, 

 Select the right size of socket/sleeve. Cross sectional area (mm
2
) stamped on the socket 

should match with the cross-sectional area of the cable conductor. 

 Remove the sealing plug from the open end of the socket and ensure that a thin coat of 

inhibiting grease provided by the manufacturer of the socket is intact and the inner 

surface is free from dirt. If not, remove the old inhibiting grease, clean and apply a thin 

layer of fresh inhibiting grease. 

 Crimp with appropriate crimping tool and die as recommended by the manufacturer of 

the socket. The cross-sectional area marked on the recommended die should match the 

cable. Only the correct socket, die and crimping tool will ensure reliable joint. 

 After crimping, verify that the cross-sectional area impressed by the die, and the cross-

sectional area stamped on the socket. 

 Apply insulating tape on the joint where required. 

 Recommended sizes of the socket/terminal sleeves which are based on diameter over the 

conductor stipulated in IS:694-1990 are given in table. 
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RAKE LINKS 

Introduction: 

The basic requirements for rail transportation system are: 

 Railway track, 

 Signaling and telecommunications, 

 Rolling stock which contains locomotives, coaches and wagons, 

 Maintenance and operating personnel of these assets. 

Railway track and signals are fixed assets and these are must for running of trains 

irrespective of the number of trains run, whereas the rolling stock and crew requirement are 

based on quantum traffic to be handled. As such, careful planning is required in acquisition 

and utilization of the coaches, especially the A.C. coaches, since they are costly assets. 

Minimum turn-round time will increase the number of trips which, in turn, yield greater 

dividends with minimum number of coaches. 

Object: 

The object of rake links is to ensure optimum utilization of coaches with minimum lie-

over period at destination as well as availability of coach for trip and schedule inspection on 

due date so that the same is maintained in good fettle for reliable service. Rake links indicate 

the sequence in which coaches have to operate. Rake links give all the information about the 

movement of coaches at a glance and can be used as a ready reckoned by operating staff. 

In order to achieve maximum utilization of the rakes, rake-links are prepared in such a manner 

that the coaches are kept on run for the maximum number of hours each day with the minimum 

detention at the terminal stations. Ideal rake-link is one in which lie-over of coaches at 

destination is minimum, utilization (km earning per coach per day) is maximum. 

Points to be kept in Mind while Preparing Rake-Links: 

 Coaches shall be made available for carrying out trip inspection at terminal stations. 

This shall be indicated in the rake-link itself. Coaches are to be made available to the 

owning depots for carrying out maintenance schedules such as monthly, quarterly, 

POH, etc. 

 At terminal stations, a minimum time of at least 3 hours shall be provided for 

connecting other link trains, to avoid link failure as far as possible. Should the rake 

become non-available for its pairing train for any reason, then it is considered as 'Link 

failure'. 

 Rake stabling siding shall be available at the terminal stations close to the station 

platforms to avoid unnecessary movement in shunting. 
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TROUBLE SHOOTING INSTRUCTIONS FOR EARTH ON 

COACH WIRING  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 

         

 

 

 

 

 
 
 
 
 
 
 
 
 

 
 

                                
  

(1) 
Lamps do not 

glow at all. 

(2) 
Both lamps 

glow unequally. 

(3) 
Both lamps 

glow equally. 

(4) 
One lamp glows 

bright, while other 
one is not glowing. 

Either one or 
both the lamps 
are defective. 
Replace the 
defective lamps 

and re test 

i) Battery box leaky. 
ii)  Partial earth on +ve 

/ -ve wiring (not 
serious but should 
be attended as early 
as possible as per 
the sequence) 

Coach wiring is 
healthy. 

Earth fault is either in +ve / 
-ve wiring, the polarity 
given by the glass window 
of the device thus, 
“POSITIVE EARTHED” or 
“NEGATIVE EARTHED” by 
the brightly burning lamp. 

Examine junction box, distribution fuse board and emergency feed terminal boards at both the ends and 
check for physical contact of any terminal/led wires with Earth. Insulate the terminals/leads properly 
and repeat the test. 

Connect the earth indicating device to the EFTB 
 

Only one lamp glows. Both lamps glow. 

Coach wiring is healthy. Separate the body wiring from junction box and re-test. 

Only one lamp glows.  Both lamps glow. 

Fault in under frame  

*Positive earth Negative earth 

Disconnect Fan -ve cable in the junction box & re-test 

One lamp glows. 
Isolate SI- &SII- & re-

test 

Both lamps glow. Fan 
circuit defective 

locate defect 

One lamp glows. L- 
defective. Locate 

defect. 

Both lamps glow. SI or SII 
defective. Isolate each other 
and detect defective section. 
sectionction.defective. Locate 

defect. 
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If fault is in under-frame wiring, connect the earth indicating device at the battery 

terminals and test. 

Positive earth: 

Locate defective section of the under frame positive cables by disconnecting each cable 

from the under frame terminal board. 

Negative earth: 

Locate defective section of the under frame negative cables by disconnecting each cable 

from the under frame terminal board. 

Note: 

 (i) A coach may have multiple earth faults which is a rare occurrence. By the procedure given 

above, second fault, if any, can be detected only after the first one has been put right. Hence it is 

necessary to test the entire wiring every time has been put right. 

(ii) If the fault/faults are not located, the coach should be sent to workshop. 

 
 
 
 
 
 
 
 

One lamp burns 
LI+ defective 
Isolate each light 
point of LI circuit 
individually at 
DFB. Repeat test 
Till defective 
section is 
detected 

*Positive earth 

Disconnect Fan +ve cable in the junction box & reset 

 
One lamp glows. Isolate SI+ &SII+ & re-test 

Both lamps glow. F+ defective. Reconnect F+ 
and isolate each fan individually at DFB. 

Repeat test till defective section is detected. 
locate defect 

One lamp glows. 
Roof LI+ or LII 

defective.  

Both lamps glow. SI+ 
or SII+ defective. 

Isolate S+ and retest. 

Both Lamps burn 
LII+ defective. 
Isolate each light 
point of the LII 
circuit at DFB. 
Repeat test till 
defective section 
is detected. 

One lamp burns 
SII* defective. 
Check the 
defective section 
(as indicated by 
the lamp 
marking) till the 
defect is 
detected 

Both lamps burn 
SI+ defective. 
Check the 
defective section 
(as indicated by 
the Lamp 
marking) till the 
defect is 
detected. 
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OPERATING ACTIVITIES 

Preparation of Coach: 

General checks in air conditioned coach: 

Before placing the AC coach at starting station, this should be pre-cooled. The AC coach 

attendant should check the followings: 

1. Visually inspect, both upper and under frame and ensure all fittings are intact at their 

places. 

2. In under frame check alternator, axle pulley, „V‟ belts of alternators, compressor & 

condensers (in case of under slung), battery etc. if any abnormality found rectify or 

inform the concerned supervisor/ mechanic, for rectification. 

3. In upper frame check control & power panels, fan and light fittings etc.. 

4. Check the battery voltage. It should be above 118V at „OFF‟ load & 115V on „ON‟ load. 

5. Check the position of „RSW I‟ & „RSW II‟ is normal and ensure that the mains and LVR 

indication (U/S) is glowing in control panel. 

Start the control panel and observe the reading of „LP‟ HP, OP gauges (U/S). 

i. Suction pressure gauge reading should be 2.6 – 2.8 kg/cm2. 

ii. Discharge pressure gauge reading should 12.6 - 15.5 kg/cm2. 

iii. Oil pressure gauge reading should be 5.6 - 6.3 kg/cm2. 

iv. Feel the temperature suction side cold, delivery side hot and liquid line should be warm. 

Operating procedure for AC coaches: 

 Ensure coach voltage by pressing voltmeter switch (118V off load). 

 Keep 400A RSW1 in ALT 1, 2 position. 

 Keep the 300A, RSW2 in power panel on Inverter 1&2 position. 

 Latch ON the MCCB in the inverter and keep the inverter switch in ON position and 

observe input DC voltage in the voltmeter (110 V D.C) and AC output voltage 415V. 

 Put ON the main supply by putting rotary switch RSW1 in ON position. This will cause 

the RED, YELLOW & GREEN (Power supply) indications to glow. This rotary switch 

should be switched OFF only in case of repairs/servicing of the unit or control panel. 

This is necessary to ensure healthy power supply to crank case heaters even the unit is 

OFF. Normal ON/OFF operation of the unit is achieved using RSW2. 

 Check that all the MCBs are ON and the „POWER ON‟ (RED) LED is ON. Ensure that 

RSW5 is at position Comp.1 & 2 ON. 

 Place RSW3 on AUTO position and ensure the contacts of CD1 & CD2 close 

immediately and CP1 & CP2 contactors close after a time delay of 120 sec &150 sec 

respectively. 

 Observe and ensure that there is no trip indication in the LED indication panel of AC 

control panel. 
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 After closing of CP1 & CP2 contacts check the load current in the inverter output side 

ammeters (21-23 Amps). 

 Follow the same procedure for the other side AC plant. Ensure working of plant on 

AUTO mode. 

 Switch ON the WRA/ Monoblock pump motor and check for availability of water in the 

toilets and wash basins. 

 Record the temperature of each unit (PP and NPP side) at Electronic thermostat display 

unit. If Electronic thermostat is not there, the temperature may be measured by portable 

thermometer near the return air grill. 

 Do not operate the alternator rotary switches (300 amps capacity) on load. This can 

cause damage to the switch, electronic components and the V-belts. 

 For failure noticed enroute, if any assistance is required at the enroute station, message 

should be given to the SE/JE of the station concerned in advance with a copy to the 

primary and secondary maintenance depots concerned. 

 

The following interlocks have been provided in the control panel to ensure sequence of plant 

operation: 

 If blower motor is not ON, other equipment cannot get switched ON. 

 If Vane Relay is not ON, “AIRLOSS” LED will glow and no other equipment except 

the blower can get switched ON. 

 One condenser fan is ON, the compressors can get switched ON. 

 However, if either condenser fan is defective, one of the compressors operation should 

be disabled by using RSW5. 

 If Heater is ON, compressor cannot be switched ON. 

 Heaters can be switched ON only if both condenser fans are OFF. 

 

Pre-cooling procedure: 

 Place 63A change over switch in the AC control panel on external position. 

 Switch „ON‟ one of the AC plant preferably NPP side when the external power supply 

is not extended to battery charger. 

 Connect Female socket end to the coach and male socket end to the pre-cooling socket. 

 Switch „ON‟ the MCCB at Pre-cooling male socket. 

 Ensure the 3-Ph supply in the AC control panel and switch ON the other AC plant 

through inverter only. 

 Ensure that centre zero ammeter reads charging Amperes depending upon battery 

condition. 
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TEMPORARY CONNECTION: 

DC-DC Feed Extension Procedure: 

A. From Power Panel to Power Panel (RMPU): 

a. Switch OFF AC plants before extending TC from DC Power Panel to DC Power Panel. 

b. Remove 250A inverter +VE, -VE fuses in the power panel for one of the inverter 

supply. 

c. Extend the DC supply from (2514 or 2513) terminals of power panel of healthy coach to 

terminals of (2514 or 2513) power panel of defective coach with 2 core 35 sq. mm 

copper cable as shown in the figures. 

d. Remove the battery fuse of the defective coach. 

e. After ensuring through feeding connections, re-insert the 250A fuses of the inverters in 

both the healthy and defective coaches. 

f. Switch on AC plant by balancing the load on both coaches to avoid over loading of 

healthy coach alternators and batteries 

B. Power Panel(RMPU) to/from AC Control Panel (U/S Type): 

a. Switch OFF AC plants before extending TC from DC Control Panel to DC Power 

Panel. 

b. Remove 250A Inverter +VE, -VE fuses in the power panel for one of the inverter 

supply. 

c. Extend the DC supply from (2514 or 2513) terminals of power panel of 

healthy/defective coach to terminals (B +VE, B -VE) of control panel of 

defective/healthy coach with 2 core 35 sq. mm copper cable as shown in the figures. 

d. Remove the battery fuse of the defective coach. 

e. After ensuring through feeding connections, ensure no switch is in ON condition then 

re-insert the 250A fuses of the inverters in both the healthy and defective coaches. 

f. Switch on AC plant by balancing the load on both coaches to avoid over loading of 

healthy coach alternators and batteries. 

Through Feeding Procedure (Non-Ac Coaches): 

Actions to be taken in healthy coach: 

1. The availability of power supply in the 

emergency fed terminal should be 

ensured. 

2. Only one dark coach should be extended 

feed supply from one healthy coach. 

3. Before connecting, the polarity of healthy 

coach as well as dark coach should be 

checked. 

4. L-II circuit of the healthy coach shall be 

switched off before connecting supply to 

the dark coach. 
 

Fig:-Switch board   
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5. The rotary switch SPM I & II (socket paralleling main) shall be kept in ON position 

        Actions to be take in defective coach and feed extension: 

1. The earth fault shall be checked with the help of test lamp. If earth fault is there then feed 

extension should not be done. 

2. The rotary switch SPM I&II (socket paralleling main) shall be kept in ON position. 

3. Remove (+ve) fuse from battery box and (-ve) fuse from main junction box to disconnect 

the power supply of battery L-II & fan circuits of the dark coach shall be switched off 

before connecting supply from healthy coach. 

 

 

 

 

 

 

 

 

 

Fig: +VE & -VE EFT Terminals 

4. The feeding shall be given to L-I circuit only of the dark coach from healthy coach. 

5. The defective coach shall be attended and feed cable should be removed at the first 

available opportunity by TL staff. 

6. The size of cables for feed extension shall be of 16 mm
2
 PVC aluminum/ 2.5 mm

2
 

elastomeric cable/ 2.5 mm
2
 e-beam copper cable. 

7. The length of the wire for feed extension shall be 2 x 1.5 meter (for both terminals). 

8. Both ends of the cable shall be provided with suitable size of lug. 

9. The cables shall be secured tightly by screws or bolts, nuts and plain washer. The proper 

tightness of the connections should be ensured. 

Through feeding when AC Coach is in Between Two TL Coaches: 

1. Switch off the SPM RSW in healthy coach. 

2. Remove –VE fuse in failed TL coach and switch off Lights and fans. 

3. Extend the TC from healthy coach EFT to AC coach EFT. 

4. Ensure the connectivity of the EFT cables on both ends of the AC coach. 

5. Extend TC from the other end of the AC coach EFT to failed TL coach EFT. 

6. Before switching on the SPM RSW, Switch off L2 circuit in the healthy coach. 

7. Switch on SPM RSW and ensure the availability of supply in Roof Junction box of failed 

TL coach. 
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8. Switch „ON‟ L1 circuit and Fan circuit in the failed TL coach. 

9. Always remember that when extending TC from one coach to other coach, switch off L2 

circuit in both the coaches to avoid over loading of alternator of the healthy coach. 

 

 

 

    TC    TC 

Work to be carried out on reaching the destination: 

1. The failures which occurred during the outward journey should be reported at the 

destination to the officials in charge in a written statement and obtain acknowledgement 

from them. Also ensure that the failures have been attended. 

2. Ensure that arrangements are made for charging the coach during stabling at the 

destination station. 

3. On return to the headquarters, escorting staff will hand over the coach to the platform 

electrical staff in all respects along with the logbook. In case of any equipment failure or 

unusual occurrence, it should be reported to the SE/JE in person and submit a detailed 

report of the problems and explain them besides making entry in the logbook before 

breaking off duty. 

  

 
Healthy TL Coach 

 
AC Coach 

 
Defective TL Coach 
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General Abbreviations: 

ACCA AC Coach Attendant ACCI AC Coach Mechanic 

Ah Ampere hour Alt Alternator 

Amp Ampere CD1 Condenser Motor1 

CD2 Condenser Motor2 CP1 Compressor motor1 

CP2 Compressor motor2 DP Double pole 

EFT Emergency Feeding Terminal ELD Earth Leakage Detector 

    ERRU Electronic rectifier cum regulator unit FDB Fuse distribution board 

HP High pressure HRC High rupturing capacity 

INV Inverter IR Insulation resistance 

LED Light Emitting Diode LP Low pressure 

MCB Miniature circuit breaker MCCB Moulded case circuit breaker 

–VE Negative NPP Non Power panel 

OHP Over heat protection OP Oil pressure 

OVP Over voltage protection OVR Over Voltage Relay 

+VE Positive PP Power panel 

PVC Poly Vinyl chloride RMPU Roof mounted package unit 

RRU Rectifier cum Regulator unit RSW Rotary Switch Way 

SG Self-generating SMF Sealed Maintenance Free 

SMI Special Maintenance Instructions TC Temporary connection 

TDR Time delay relay TP Triple pole 

ACCN Ac coach 3 Tier ACCW AC coach 2 Tier 

ACCZ AC Coach Chair Car FAC First AC Coach 

FACCW First AC cum 2 Tier AC Coach    WGSCN 
BG Self Generating Sleeper 3 

Tier 

WGACCN BG Self Generating AC 3 Tier WGACCW BG Self Generating AC 2 Tier 

   WGSLR 
BG Self Generating Second Guard 

Cum Brake Van 
MPCB Motor Protection circuit breaker 

    SPM Sub Paralleling Main  SPG Specific Gravity 

 



 

73 
 

DISASTER MANAGEMENT 

Duties of electrical escorting staff in case of emergency: 

In the event of accident/ disaster, escorting staff shall contact train conductor/guard and 

shall be ready for any type of help and same should be informed to electrical controller. 

Derailment/ collision (including level crossing accidents): 

 Immediately check lights in the coaches and provide light in dark coaches. 

  Provide light at accident site. 

 Take necessary actions as a man of common prudence will take not only to help the 

stranded passengers but also to arrange such helps as would be demanded by the 

circumstances. 

 Help in extricating the trapped passengers/bodies. 

Fire in train: 

 Immediately isolate the affected coach/coaches electrically. Use fire extinguisher to 

extinguish fire to the extent possible. 

 Immediately check lights in the coaches and provide light in dark coaches. Provide light 

at accident site. 

 Take necessary actions as a man of common prudence will take not only to help the 

stranded passengers but also to arrange such helps as would be demanded by the 

circumstances. 

 Help in extricating the trapped passengers/bodies. 

Cyclone/storm/ flood: 

  Immediately isolate the affected coach/coaches electrically. 

 Shall immediately check lights in the coaches and provide light in dark coaches. Provide 

light at accident site. 

 Take necessary actions as a man of common prudence will take not only to help the 

stranded passengers but also to arrange such helps as would be demanded by the 

circumstances. 

 Help in extricating the trapped passengers/bodies. 

Reported bomb in train: 

 Immediately isolate the coach in which the bomb has been reported with assistance from 

C&W staff/Division. 

 Immediately check lights in all the coaches including non-AC coaches and provide light 

in dark coaches. 

 Immediately isolate the power cars in case of Rajdhani/ Shatabdi trains. 

 Help the passengers in moving out from the coach. 

 Open/ break the emergency window of affected coach. 

 Take necessary actions as a man of common prudence will take not only to help the 

stranded passengers but also to arrange such helps as would be demanded by the 

circumstances. 
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Explosion of bomb in a train: 

 Immediately isolate the coach/ coaches electrically. 

 Use fire extinguisher to extinguish fire. 

 Immediately check lights in all the coaches and provide light in dark coaches. Help in 

extricating the trapped passengers / bodies. 

 Open emergency / break the window of affected coach. 

 Inform the passenger of other coaches to evacuate to avoid the possibility of casualty 

due to bomb explosion in other coaches. 

 Take such necessary actions as a man of common prudence will take not only to help 

the stranded passengers but also to arrange such helps as would be demanded by the 

circumstances. 

Operation of fire extinguishers clamp: 

 Update knowledge on fire extinguisher types and operating 

them. 

 Do not panic when coach catches fire.  

 Remove the seal & clamp of the fire extinguishers. 

 Find out the base of the fire. 

 Hold the nozzle and aim towards near to the base of the fire. 

 Hit the operating knob and ensure that the powder is sprayed 

properly. 

 Ensure the fire is totally extinguished and it is cooled. 

 Isolate the fire equipment from the circuit. 

Electric shock: 

 Electric shock occurs when an electric current flows through the body. The human body 

is made up of 60% to 70% water. This makes it a good conductor of electricity. Burns, damage to 

internal organs, heart rhythm problems, and death can result from electric shock. 

 What to do when a person received an electric shock: 

 Switch off the current, if possible, by removing the fuse or switching off the circuit 

breaker. 

 Do not touch/ remove the victim from the electric source until the power source has 

been shut off. 

 Separate the person from the source of electric current using a dry broom handle or 

other type of non-conducting material such as wood or rubber. 

 Do not touch the victim with your bare hands, as electric current will pass through you 

as well. 

 Let his head be slightly lower than the rest of the body, and raise his legs. 

 Inform TTE/conductor and call any Doctor, if available in the coach/train to attend the 

injured person. Inform this incidence to electrical control. 
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LHB VARIANT EOG NON-AC COACHES  

GENERAL DESCRIPTION 

These LHB variant new generation passenger coaches are being manufactured with 

stainless steel shells to increase the life span of coaches. These new generation passenger 

coaches have better parameters of passenger comfort, safety and reliability in comparison to 

conventional ICF design coaches. These coaches are fitted with FIAT bogies. The End on 

Generation (EOG), Linke Hoffmann Bosch (LHB) variant Non AC (TL) coaches can be broadly 

classified into following types: 

i. LHB variant General Second Class EOG Non AC Coaches= LS 

ii. LHB variant 3 Tier Sleeper EOG Non AC Coaches =LWSCN

iii. LHB variant EOG Non AC Chair Car= LWSCZ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: Exterior and Interior views of LHB EOG Non AC Coach
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Fig: Exterior and Interior views of LHB EOG Non AC 3 Tier Sleeper Coach 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig: Exterior and Interior views of LHB EOG Non AC Chair Car 
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End on Generation (EOG) System: 

End on generation (EOG) system envisages the equipment of the power car in the front 

and rear end of a rake with diesel generating sets generating power at 750 V, 3 phase, 50 Hz ac 

supply with appropriate arrangement for the control and distribution to the entire rake 

composition through two sets 3 phase, 4 wire, 750 volts feeders. Feeders are taken to each coach 

in the rake composition with the help of inter locked electrical couplers. 

LHB variant non AC EOG coaches are equipped with 9/15 KVA step down transformers 

for stepping down 750 V, 3 Φ AC, 4 wire, 50 Hz supply to 415 V/ 190V, 3AC, 4 wire, 50 Hz 

supply. Power cars at both ends take entire load of whole rake, which includes air conditioning 

(if AC coaches in rake), light and fan circuit, and regulated battery charger circuit and mini 

pantry equipment (if chair cars in rake). Each power car has two DG sets (normally out of which 

one DG set is standby). 

 

 

Fig: End On Generation System 

The neutral point of the 3 phase winding of the generator is solidly earthed in the power 

cars. The neutral conductor of the 750 volts, 3 phase, 4 wire system shall not be earthed at any 

other point in the rake composition.  

Electrical features Of LHB Variant EOG Non-AC Coaches: 

 Constant voltage regulated battery charger. 

 Onboard Switch Board panel with controls of lighting and fan and their fuses. 

 Under slung panel for 750 volt and 415/ 190 volt supply. 

 Onboard supply only 110 volt dc and 190/110 V ac for mobile charging sockets. 

 Provision of Dry type Transformer without encapsulation. 

 Elegant interior light fittings. 

 Integrated modular mini pantry unit in Chair cars. 

 Provision of Measuring and Monitoring relays in Feeder circuit. 

 Wheel set earthing equipment for high life of axle bearings. 

 Provision of under slung mounted earthing and disconnecting device.   

 Provision of under slung mounted water raising pump with pump controller (in 3 tier 

sleeper coaches only). As per Railway board L.no.2010(M)(PU)/1/28 dtd.06.03.2012, 

overhead water tanks are to be provided and WRA are to be eliminated. 

 Cable protection system with IP-67 protection and UL-94 V0 fire retardant. 

 Provision of Emergency Feed Terminal (EFT) in future coaches and the same is to be 

implemented during POH in existing coaches. 

 Provision of Battery Charging Terminal (BCT) in future coaches and the same is to be 

implemented during POH in existing coaches 
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ELECTRICAL ITEMS FITTED IN VARIOUS COACHES : 
(Latest revision/alteration/amendment is applicable) 
 

S.No. ITEM Reference 

Specification/Drawing 

Second 

class 

(LS) 

3 Tier 

Sleeper 

(LWSC

N) 

Chair 

Car 

(LWSC

Z) 

1. Set of panel RCF EDTS-355,REV-

1,AM-2 
√ √ √ 

2. Transformer,9KVA/15kva,

750/415/190V AC 

RDSO/PE/SPEC/TL/01 
58-2010,REV-0, Type-Ist 

√ 
(9kVA) 

√ 

(9 kVA) 

√ 

(15 kVA) 

3. VRLA battery, 110v,   70 

Ah 

RDSO/PE/SPEC/AC/00 

09-2008,REV-1,AM-

1,ANNX-A 

√ √ √ 

4. Constant voltage 

regulated battery charger 

RDSO/PE/SPEC/AC/12 

9-2009, REV-1 
√ √ √ 

5. Battery fuse box (+ve) RCF LW71001 Alt. f √ √ √ 

6. Battery fuse box (-ve) RCF LW71002 Alt. f √ √ √ 

7. Battery Charging 
Terminal (BCT) 

RDSO/PE/SK/TL/0179 

-2014 Rev. ‘0’ 
√ √ √ 

8. Emergency feed 
terminal (EFT) 

RDSO/PE/SK/TL/0179 

-2014 Rev. ‘0’ 
√ √ √ 

9. 100 VA Transformer 750/110 

V for Feeder 

contactor control 

 
√ √ √ 

10. Zs coupling, 400 

Amp, 750v,3-ph,50hz 

RCF EDTS-105,REV-

E,AM-1,2 & 3, CORE-

1,TYPE-Ist 

√ √ √ 

11. Feeder junction box RCF EDML-020,REV-I √ √ √ 

12. Wheel set earthing 

equipment 

RCF EDTS-101,REV- 
C,AM-1 

√ √ √ 

13. Self priming mono-block  

pump-(To be eliminated as 

per Railway Board 
Directives) 

RCF EDTS-186, REV- 

A, AM-1 & 2 
--- √ ---- 

14. BLDC Fan RDSO/PE/SPEC/TL/ 

0021-2005,REV-2,COR- 

1, BLDC 

√ √ √ 

15. Exhaust Fan for Lavatory  √ √ √ 

16. Fluorescent lamp(FL) RCF CC76213 √ √ -- 

17. FL, CFL double RCF LW76055 -- -- √ 

18. Emergency Lighting Unit 

(ELU) 

RCF EDTS-151,REV-

C,AM-1 & 2 
√ √ √ 

19. Passenger alarm coach 

indication light (PACIL) 

RCF LW76005 
√ --- --- 

20. Passenger alarm 

reservation chart Indication 

light (PARCIL) 

RCF CC76238 

--- √ √ 

21. Door way light (DL)/ 

gangway light(GL) 

RCF CC76216 
√ √ √ 

22. Lavatory light (LL) RCF LW76033 √ √ √ 

23. Night lamp (NL) RCF CC76289 -- √ -- 
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24. Switch plate assembly RCF EDML- 

127,REV-0, 
√ -- --- 

25. Switch plate assembly RCF EDML-086,REV-4, -- √ --- 

26. Switch plate assembly RCF EDML-125,REV-0, -- -- √ 

27. Set of cage clamp RCF CC72069/CC72070 √ √ √ 

28. Distribution panel for 

pantry equipments 

RCF CC72172 
-- -- √ 

29. 

 

Material list for 

compartment light 

RCF EDML-126,REV-1 
-- -- √ 

30. 

 

Mini pantry (LHBEOG 

type) 

RCF EDTS-339,REV-B 
-- -- √ 

 

Description of Various Electrical Equipments: 

Brief description of various electrical equipment fitted in different types of Non AC LHB 

EOG coaches are described here. 

 Set of Electrical Panels: 

(Ref: RCF EDTS-355, REV-1, AM-2) 

The set of panels comprises of the various cubicles consisting of power and control 

switchgear as mentioned below. Provision of halogen free electron beam irradiated cables 

conforming to RDSO specification no. ELRS/SPEC/ELC/0019 Rev-2. 

i. High Voltage Cubicle (under-slung mounted) 

ii. Battery Charger Box (under-slung mounted) 

iii. Low voltage panel (onboard) 

High Voltage Cubicle (under-slung mounted): 

This cubicle is made of stainless steel 

fabrication and mounted in under-slung in the 

coach. This panel houses the disconnecting and 

earthing device, switchgear and fuses for 750 V, 

415 V, 190 V, 110 V, Pump controller, Anti skid 

device, MMR, RCBO (Residual Circuit Breaker 

with Overload), rotary switches for feeder selection 

etc. From the front of the panel all the equipment 

can be access for maintenance. For this front 

covers are provided with hinges and locking 

arrangement. The box is earthed with two earthing 

terminals on top and bottom on diagonally opposite 

ends. 

Disconnecting and Earthing Device: 

A disconnecting and earthing device along-

with high voltage fuses are mounted inside the 

panel. It is an OFF load device rated for 63 amps at 

750 volts fed from Generator Car through ZS 

couplings. It has two positions ON & EARTH. 

The main function of this device is to separate the 
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two feeders (input supply) and simultaneously 

earthing 750 volts network of the coach in case of 

emergency like contactor jamming or maintenance 

of coach even during running of coaches. 

Low voltage fuses for transformer 

secondary and other 415/190 volt circuit fuses and 

RCBO (Residual Circuit Breaker with Overload) 

 
 

 
 

 
   

 
 
 
 
 
 
 
 
 
 
 

  

 

Rotary switch for selecting net-1, OFF, net-2 

Rotary switch for selecting remote and local control of supply. 

 
 
 

H01  H02 
 

 
 
Rotary switch for local/ remote selection 

Rotary switch for feeder selection 

 

 

 

 

 

Fig: Rotary Switch Control with Remote 

 

 

 

 

Fig: Battery charging connection 
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Regulated Battery Charger:  

The under-slung mounted cubicle (as per 

RCF drg. no. LS 71104/EDTS 355) houses the 

regulated battery charger along-with connectors. 

This cubicle is totally enclosed and IP 53 ingress 

protection. Constant Voltage Regulated Battery 

Charger (Ref: RDSO/PE/SPEC/AC/0129-2009, 

REV-1) is provided for rectifying AC supply into 

DC for providing power supply in the coach at 110 

V DC and at the same time to charge the VRLA 

batteries provided in the coach. 

The battery charger is forced air cooled, IGBT 

based and DSP (digital signal processor) controlled 

working on a nominal input supply of 415 V, 3 

phase, 50 Hz fed from 750/415 V transformer. 

 

Transformer 9/15 kVA 750/415 /190 V AC: 

(RDSO/PE/SPEC/TL/0158-2010, REV-0) 

This is a 3 phase dry type distribution transformer designed for LHB type NON AC EOG 

coaches for providing power to coaches from 750 V supply of power cars. There are two types of 

transformer i.e. type I- 9 KVA for general II
nd

 class and 3 tier sleeper coaches (train lighting load 

6.5 KVA, 415V, +2.5 KVA, 190V AC) and Type II for chair cars (pantry load and train lighting 

load 12.5 KVA, 415V, +2.5 KVA, 190V AC). 

Both types of the transformers are star-star-star connected, dry type and air cooled. The 

class of insulation of winding is class “H”. Transformer is fitted under slung with 4 nos. anti 

vibration mountings. Following protection fuses are provided in transformer: 

 

For 9 KVA transformer: 

HT HRC fuse 3.3 kV, 20 Amps. – 3 nos. 

LT HRC fuse 500 V, 16 Amps – 6 nos. 

For 15 KVA transformer: 

HT HRC fuse 3.3 kV, 32 Amps. – 3 nos. 

LT HRC fuse 500 V, 32 Amps – 6 nos. 

 

This is housed in stainless steel housing with IP 67 protection and over all dimensions, 

construction and mounting of the transformer is same as in 60 KVA transformer of LHB AC 

coaches. 

 

 
Regulated Battery Charger 

 
Fig: Transformer 
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Valve Regulated Lead Acid (VRLA) Battery110 V (9 modules of 12 volt, 70 Ah): 

(Ref: RDSO/PE/SPEC/AC/0009-2008,REV-1,Amend. No.-1, Annexure-A) 

VRLA battery requires no topping up under normal working conditions and minimal 

maintenance during lifetime of battery. It has self sealing safety valve, which normally does not 

open out during service. 

These coaches are provided with 9 

modules of 12 volt 70Ah, VRLA battery in series 

in one battery box mounted in under-slung. The 

auxiliary power required for charging is supplied 

by a regulated battery charger at constant voltage 

based as required by the battery. Current limit for 

battery charging is 20 Amp at constant voltage 

with the voltage setting at 122.0 ± 1.0 volt. 

Module Salient Features: 

 Capacity : 12 V, 70 Ah (at 27° C) battery 

module 

 Container : PP-CP (Poly Propylene Co-

Polymer) V2 grade/ ABS(Acrylonitrile 

Butadiene Styerene) FR V2 grade 

 Rate of Discharge :  10 hr 

 Handle is provided on container instead of lid. 

 

Battery Fuse Box +ve and –ve : 

(Ref: RCF drg. no. LW 71001, LW71002) 

Battery fuse boxes (+ve and –ve) are 

provided in under frame supported on brackets by 

fixing bolts. These boxes are properly earthed by 

earth cable. These are totally covered and locked 

by hinged bolts. 

 

Fuse Rating +ve 32 Amp/ 660 V = 01 no. as 

Fuse Rating -ve 32 Amp/ 660 V = 02 nos. 

 

Note: As per RDSO letter no. 

EL/0.6.2/LHB/EOG/Non AC dated. 19.06.2014, 

the main battery fuses are to be of 40 A instead of 

32 A, as the fuse provided in negative of rotary 

junction box is 40A. 

 

 

 
Battery Box & Batteries 

 
Battery Fuse Box (+ ve) 

 
Battery Fuse Box (- ve) 
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ZS Coupling, 400A, 750V, 3-PH, 50HZ : 

(Ref: RCF EDTS-105,REV-E,AM-1,2 &3,CORE-1,TYPE-Ist) 

Under-frame mounted Inter-vehicular coupler unit are used for transmission of 3 phase, 

5 wire, 750 V, 50 Hz power supply from power cars to rake/ coaches (LHB type) working on 

End On Generation (EOG) system. 

Various sub assemblies of IVC are given as under: 

i. Jumper Plug Assembly – RCF Drg. no. LW 71301 – 2 nos. 

ii. Coupling Socket Assembly – RCF Drg. no. LW 71300 – 2 nos. 

iii. Blind Socket Assembly – RCF Drg. no. LW 71302 – 2 nos. 

            Coupling Socket 

        Assembly 

 

 

 

 

 

 

Jumper Plug Assembly 

 

 

 

Blind Socket Assembly 

Figure: ZS Coupling 

As per amendment 3 to EDTS 105 issued on date11.04.2014, the material of Ratchet 

assembly has been changed from the existing brass to Stainless steel casting in order to 

eliminate the incidences of theft. 

Feeder Junction Box: 
(Ref: RCF EDML-020, Rev. 1) 

Two types of feeder junction boxes are provided on the LHB coaches as given under: 

 Feeder junction box- plug side – RCF Drg. no. LW 71006 – 2 nos. 

 Feeder junction box- socket side – RCF Drg. no. LW 71007 – 2 nos. 

 

 

 

 

 
 

Fig: Feeder Junction Box 
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Wheel Set Earthing Equipment: 

(Ref: RCF EDTS-101,REV-C,AM-1) 

Wheel set earthing equipment for the wheel set is 

provided to prevent return current flow through the axle 

bearings and likely damage. Thus the earthing contact 

system acts as a current bridge that creates a connection 

by means of wiper contact (brush) from the stationary 

bogie frame to the rotating wheel set. 

This set comprises following subassemblies per bogie: 

i. Wheel set earthing equipment with stainless steel 

braided earthing cable : RCF drawing no. LW 71231 – 

1 set 

ii. Earthing resistor assembly 0.1 Ohm (RCF drawing no. 

LW 71246) with mounting bracket (RCF drawing no. 

LW 71247) and grounding cable (RCF drawing no. 

LW 71248) – 3 sets 

 

Self-Priming Mono-block Pump: 

{To be discontinued in future production as per Railway Board L. No. 2010/M (PU)/1/28 

dated. 06.03.2012}(Ref: RCF EDTS-186, REV-A,AM-1&2) 

Mono-block pump set are used on non AC 3 tier sleeper coaches for lifting water from 

main tanks mounted on the under frame to auxiliary tanks. The water raising 3 phase horizontal 

centrifugal self-priming mono-block pump with thermal switch as protection device embedded in 

the motor are designed as per RDSO specification no. RDSO/PE/SPEC/AC/0022 (Rev. 0). 

The pumps are mounted on the under frame on a cradle arrangement with interconnecting 

stainless steel piping arrangement. Microprocessor based pump controller is programmed for 

alternate loading of pumps during operation, isolation of faulty pump, overload protection, 

running time etc. The pump controller is located in 750 V HV panel in under frame. 

The nominal input voltage to controller is 110 V AC/DC. The controller is preset to run 

one of the pumps for a period of 4 hrs. (Adjustable) continuously and then automatically switch 

over to the other pump for same duration to enable equal loading of the pumps. 

 In the event of failure of any one of the pumps, the controller automatically switches 

over to the other pump. It is also possible to run the pumps in manual mode by selection through 

a rocker switch provided on the controller. 

 

 

 

 

 

                    Fig: Pump controller                               Fig: Mono-block pump set 

 
Wheel set and earthing equipment 

 
Earthing resistor assembly 
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On Board Rotary Switch Panel: 

(Ref: RCF EDTS-355, Rev.01) 

The on-board panel houses the rotary switch panel as used in conventional coaches for 

distribution of light and fan. This also houses rotary switch for feeder selection to select the 

feeders as provided in the under-slung HV cubicle and rotary switch for mobile charging socket 

along-with connectors, push button for testing AEL is also provided in this box. This cabinet is 

made of CRCA (Cold Rolled Close Annealed) sheet of thickness 2 mm and powder coated to 

Siemens grey shade. 

 

 

Fan: 

(Ref: RDSO/PE/SPEC/TL/0021-2005,REV-2,COR-1,BLDC) 

Brushless DC carriage fans of sweep 400 mm, working on 

110 V DC supply are being provided in railway coaches which 

requires minimum maintenance. The fan is suitable for working in 

voltage range 90-140 V DC. The motor of the fan is permanent 

magnet type, light in weight, and small in size without field 

winding, brushes and commutator. The permanent magnet is 

fitted on rotor embedded in slots. 

 
Fig: BLDC Fan 
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Fan blades are designed as per RDSO drg. no. 

RDSO/PE/SK/TL/0108-2008 (Alt.1), (Rev. 0) and are easily 

replaceable. SKF make 6201 ZZ ball bearings or equivalent 

in NBC/FAG make bearings are used. A band of colour of 

about 20 mm wide over the periphery of the fan body 

approximately at its middle portion is applied as a colour 

code for the following: 

Dark Green: BLDC fan without hall sensor 

Dark yellow: BLDC fan with hall sensor 

Fluorescent Light (FL) Fitting: 

(Ref: RCF Drg. no. CC76213) 

Fluorescent light (FL) fitting works at110V AC/DC 

ballast and is provided with polycarbonate diffusers.  

Universal type AC/DC ballast conforms to RDSO  

spec. no. RDSO/Spec/TL/0011-2000 rev.1.These  

fittings are provided in general II
nd 

class coaches and 

in 3 tier sleeper coaches. 

In chair car ceiling light double FL fitting a sper RCF drg. no. LW76055 are provided. These 

fittings comprise 2 nos. 14 watt T-5 lamps and LED light for night lamp. 

Emergency Lighting Unit (ELU): 

(Ref: RCF EDTS-151, Rev. C, Amndt.1 &2) 

This unit has an inbuilt charger, adequately rated battery and interlocks. In General 

lighting inside the coach is provided by 110 V AC or 110 V DC supply from battery. During 

extreme emergencies like derailments and accidents, the supply system fails causing total 

darkness inside the coach. To facilitate easy exit of passengers and their immediate rescue 

during such emergencies, these emergency lights are provided. 

These lights are provided in doorways and inside the coach (4 nos. in each coach) which 

will illuminate automatically on failure of normal power supply or dropping of supply voltage 

to a certain value inside the coach simulating accident conditions. These light fitting can work 

up to 6 hrs continuous illumination. 

Each emergency light unit consists VRLA battery of 

6 AH capacity fixed inside the unit and LED cluster type 

lamp unit. Healthiness of battery voltage is indicated by 

one AMBERcolour LED and if battery is discharged, a 

REDcolour LED glows. 

 

 

 

Fig: Fluorescent Light Fitting 

 

 

Fig: Chair Car Fittings 

 

Fig: Emergency Lighting Unit 
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Wiring Scheme: 

(Ref: RDSO Specification No. EL/TL/48 (Rev.1) –2005) 

The general schematic wiring diagram is illustrated in RDSO Drawing No. SKEL-3928 

Alt. 2 which is to be followed for super structure of the coach. 

The lights are arranged in two circuits (L-I, L-II) and fans in one circuit-F, each 

controlled by a rotary switch. Each circuit of lights and fans is protected by HRC fuse which 

acts as back up protection in case of any short circuit fault, isolating the faulty circuit only. 

 

              Fig: Rotary Junction Box                            Fig: Fuse Distribution Boards 

The circuit L-1 have essential/emergency lighting circuit which also include all 

Lavatory lights, 50% of compartment lights, doorway lights, Night lights in all types of II
nd

 

Class coaches. The L-II light circuit feeds all the balance lights in the coach. 

Glass fuses of proper rating protect the branch circuits for lights and fans. These glass 

fuses are located on a distribution fuse board. All branch circuits are protected by the fuses, 

both on negative and positive sides. The grouping of negative wires is done in such a manner 

that the group load is within the capacity of the distribution fuse board and arrangements are 

identical on positive and negative sides. 

Positive and negative wires shall be run in separate conduits on opposite side wall of the 

coach. 

Mini pantry equip. for LHB EOG non AC chair car: 

(Ref: RCF EDTS-339, Rev. ‘B‘) 

Mini pantry equipment for LHB EOG Non AC chair car  

comprises following: 

Equipments are made of stainless steel:     

a. Hot case     01 no. 

b. Refrigerating unit (Bottle cooler)  01 no. 

c. Storage compartment with sink  01no. 

d. Water boiler    01 no. 

e. Bottle cooler/ deep freeze   01 no. 

f. Cup board     01 no. 

 

Fig: Mini Pantry Equipment 
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Hot Case: 

The hot case to RCF Drg. No. LW73209 is meant to 

keep warm and warm up respectively precooked dishes in  

casseroles. To fulfill this requirement, the hot case is divided 

into 2 separate parts. The temperature of these divisions is 

separately controllable by thermostat switches. 

Technical Details: 

Overall dimensions H = 1095 mm. 

    W = 850 mm 

    D = 515 (475 + 40)mm 

Power supply  230V +/- 10%, 50Hz +/- 3% 

Thermostat  Range 30°C to 110°C 

Trays   34 nos. x 3 mm dia. stainless steel wire   mesh trays 

 

The hot case is provided with a circulating air system (blower) to maintain evenly warm 

up. The blower, heating elements and switchgear in the control panel is easily accessible for 

maintenance. In order to maintain uniform temperature inside the compartments, thermostatic 

control is provided and initially set at 80°C. A safety thermostat at factory preset is provided to 

avoid excessive heating of the cabinet in case of blower motor failure. 

Items of Hot Case: 

Item Brief description Qty. 

Hot air fan/ Blower 
Cat. No. QLZ06/3000(LH) 01 

Cat. No. QLZ06/0030(RH) Insulation class ‘H‘ 01 

Tube air heating elements M/s  Escorts/  Eichen  make  300mm  long (maximum) 02 

Rotary switch 16A, 2pole, 

2 way with OFF 
SG 16/61079 

02 

Indicators (LED type) 

i.Red 

ii.Green 

 

For blower & heater ‘ON‘ 

 

04 

For power ‘ON‘ 01 

Thermostat Model No. EWS 110 2 

Safety thermostat Temperature setting shall be at 95°C 2 

 Trays 3mm dia stainless steel wire mesh trays 34 

 

 

Fig: Hot case 
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Refrigerating Unit/ Bottle Cooler: 

To keep the 120 nos., 1 litre bottles of drinking mineral water bottles at a temperature 

level of 3°C to 5°C refrigeration unit is provided. A circulating fan is provided at the top of 

the unit for air circulation and uniform cooling. 

 

Technical Details:  

a. Overall dimensions 

H = 1750 mm 

W = 550 mm 

D = 515 mm (including door) 

b. Power supply 230V +/- 10%, 50Hz +/- 3% 

c. Thermal insulation 
Foamed polystyrene (Styrofoam) 

 Or polyurethane foam 

d. Thermostat Danfoss KP-61/ALCO/Honeywell make 

e. Compressor R134a charged compressors 

f. Condenser  and  evaporator coils comprise of copper tubes and aluminium fins 

g. Condenser and evaporator fans impeller 230mm dia type-A 

h. Shut off valve indfoss/ danfoss make. 

 

Bottle Cooler cum Deep Freezer: 

To keep the food/ drinks in cold storage, a refrigeration unit conforming to OGA Drg. 

No. LI73001 is provided for different cooling temperatures. The refrigeration unit consists of 

the following compartments: 

1) Deep freezer compartment: 

The deep freezer is to freeze and 

preserve ice cream. The permanent 

temperature setting shall be at least -

18°C. The temperature setting range is 

from - 18°C to -25°C. 

2) Cooling compartment: 

The cooling compartment is to 

simultaneously cool curd & other cartons 

to a temperature level of 3°C to 5°C. The 

unit has shelves/ trays for storing the 

cartons vertically pulled out for easy 

handling. 

 

Fig: Bottle Cooler cum Deep Freezer 
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3) Bottle cooler compartment: 

The bottle cooler is to simultaneously cool 12 nos., of 1 litre bottles of drinking water to 

a temperature level of 3°C to 5°C. 

Technical Details: 

a. Overall dimensions 

Height = 775mm 

Depth = 520 mm 

Width = 850mm 

b. Max. Power 400 Watts 

c. Operating voltage 230V +/- 10%, 50Hz +/- 3% 

d. Thermostat make/Range 

Dan Foss KP-61/Alco/Honeywell make 

 Deep freezer:- 18°C to -25°C\ 

 Bottle cooler: 0 to + 10°C 

 Cooling compartment : 0 to +10°C 

e. Thermal insulation 
Foamed polystyrene (Styrofoam) or polyurethane 

foam 

f. Compressors R134a charged compressors 

g. Condenser and evaporator fans Impeller 230mm dia type-A 

h. Condenser and evaporator coils Comprising of copper tubes and aluminium fins 

i. Shut OFF valve Indfoss/ Danfoss make 

 

Water Boiler: 

The water boiler is rectangular type design conforming 

to RCF OGA drawing no. LW73208. Indications are provided  

on the terminal box for power ‘ON’ and heater ‘ON’. 

 

   

 

 

 

 

Fig: Water Boiler 
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Technical Details: 

a. Capacity of water boiler 25 liters (approx.) 

b. Power supply 230V AC ±10% 50Hz±3% 

c. Heating element 2 x 1500 Watt tube type emersion heating element 

d. Thermostat Range 40-110°C to IS:3017 (latest) 

e. Overall dimensions 

Height = 675mm (max.) (600 + 75mm) 

Width = 275mm (max.) 

Depth = 380mm (max.) 

f. Thermal insulation 
Rock wool plate/ bonded mineral wool having bulk 

density of 40-50 Kg/Cu.m 

g. Water Inlet 15mm bore stainless steel pipe 

h. Water outlet 15mm bore stainless steel pipe 

 

Storage Compartment with Sink: 

Below the water boiler an open cupboard 

compartment is provided. This comprises a stainless steel 

work surface with a surrounding raised edge (no slanting 

drip surface) and drawn type sink to dimensions 330 x 

255 x 125 mm. 

 

 

 

Cupboard: 

A wall mounted cupboard without door (2 

shelves) is provided for storage of vacuum flask and 

cups toas per drawing no. LJ73002. It is provided 

with aluminumbar to prevent the vacuum flask and 

cups falling out.Unit is fabricated form 1.0mm thick 

high grade Stainless Steel sheet. 

 

 

 
 

Fig: Storage Compartment with Sink 

 
Fig: Cup Board 
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Ratings of important equipment: 

SN Equipment Rating Qty/ Coach 

1 Step down Transformer 750 V / 415V AC, 3 Ø, 15 / 9 kVA 1 

2 Battery 120 Ah, 12 V Mono-block, VRLA 
9 Mono 

blocks 

3 
Regulated Battery 

Charger 

Input: 415V, 3 Ø, AC, 50 HZ 

Output: 110 V DC 
1 

4. 
Self  Priming  Mono 

Block Pump 

3 phase 415 volt, 0.5 HP, 1.1 Amp, 2800 rpm, 

connection - Y, pump size  25x25  mm,  head  8  

m., discharge 2520  LPH, insulation class – F, 

02 

5. 
100 VA Transformer for 

Feeder contactor control 
100 VA, 750/110 V 02 

 

Electrical load chart: 

LHB EOG Type Non-AC GS (LS) Coaches  

110V DC Load: 

Item 

Code 
Description Wattage 

Qty per 

Coach 

Loads in 

Watts 
Drawing 

FL Fluorescent Light 20 20 400 CC76213, Alt 'd' 

DL Doorway Light 20 6 120 CC76213, Alt 'd' 

GL Gangway Light 26 2 52 CC76216, Alt 'd' 

LL Lavatory Light 13 4 52 LW76033, Alt 'c' 

AFL 
Accidental 

Emergency Light 
10 4 40 

IEDTS-151,R- C,AM-1 

&2 

PACIL 
Passenger  Alarm 

Light 
10 2 20 LW76005, Alt 'e' 

F Fan 38 30 1140 RDSO/PE/SPEC/TL/0021 

 Total Load   1824  

110V AC Load: 

MCS 
Mobile Charging 

Socket 
15 20 300 EDML-127,REV-1 

 Exhaust Fan for 

Lavatory 
 04   
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LHB EOG Type NON-AC 3 Tier Sleeper (LWSCN) Coaches: 

110V DC Load: 

Item 

Code 
Description Wattage 

Qty per 

Coach 

Loads in 

Watts 
Drawing 

FL Fluorescent Light 20 20 400 CC76213, Alt 'd' 

DL Doorway Light 20 4 80 CC76213, Alt 'd' 

GL Gangway Light 26 2 52 CC76216, Alt 'd' 

LL Lavatory Light 13 4 52 LW76033, Alt 'c' 

NL Night Light 10 10 100 CC76289, Alt 'a' 

AEL 
Accidental 

Emergency Light 
10 4 40 

IEDTS-151,R- C,AM-1 

&2 

PARCIL 

Passenger  Alarm 

cum Reservation 

Chart Light 

21 2 42 LW76005, Alt 'e' 

F Fan 38 30 1140 RDSO/PE/SPEC/TL/0021 

 Total Load   1906  

110V AC Load: 

MCS 
Mobile Charging 

Socket 
15 20 300 EDML-127,REV-1 

 Exhaust Fan for 

Lavatory 
 04   

 

LHB EOG Type NON-AC 3 Tier Sleeper (LWSCN) Coaches: 

110V DC Load: 

Item 

Code 
Description Wattage 

Qty per 

Coach 

Loads in 

Watts 
Drawing 

FL 
Fluorescent Light 

(28w+Nl-2w) 
30 10 300 LW76055, Alt 'e' 

DL Doorway Light 26 4 104 CC76213, Alt 'd' 

GL Gangway Light 26 2 52 CC76216, Alt 'd' 

LL Lavatory Light 13 4 52 LW76033, Alt 'c' 

AEL 
Accidental 

Emergency Light 
10 2 20 

IEDTS-151,R- C,AM-1 

&2 

PARCIL 

Passenger  Alarm 

cum Reservation 

Chart Light 

21 2 42 CC76238, Alt 'd' 

F Fan 38 36 1368 RDSO/PE/SPEC/TL/0021 

 Total Load   1938  

110V AC Load: 

MCS 
Mobile Charging 

Socket 
15 17 255 EDML-127,REV-1 

 Exhaust Fan for 

Lavatory 
 04   
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LHB VARIANT EOG NON-AC COACHES 
 ELECTRICAL MAINTENANCE SCHEDULE 

Introduction: 

The LHB variant of Non AC coaches is quite similar to LHB AC coaches except AC unit 

and its switchgears. The maintenance practices for these coaches are also more or less similar 

to LHB AC coaches. The various maintenance schedules and their periodicity are prescribed 

same as in case LHB AC coaches. [Ref: Railway Boards letter no.95/M(C)/141/1 (LHB) Pt. 

dated. 08.05.08]. 

Periodic Maintenance Schedules:  

 Schedule D1    : Trip / Weekly 

 Schedule D2    : Monthly ± 3days 

 Schedule D3    : Half Yearly ± 15 days 

 Shop Schedule (SS-1), IOH  : 18 Months / 6  Lakh kms whichever is earlier 

 Shop Schedule (SS-2), POH  : 36 Months /12 Lakh kms whichever is earlier 

The EOG LHB Non AC coaches mainly comprises of second class (GS/LS) coaches, 3 

Tier Non AC sleeper coaches and Non AC Chair cars. The electrical equipment of these 

coaches have been described earlier. The equipment wise maintenance activities of above 

schedules and procedures for SS-1 and SS-2 are described in this chapter. 

Internal light and fan fittings: 

 Activities 
TI 

(D1) 

HY 

(D3) 

a. Check visually for any damages. √ √ 

b. 
Check function of lights, fans and emergency lights and 

replace defective lights/fans if any. 

√ 

 

√ 

 

c. Check and clean lamp shades/ covers/ fan body -- √ 

d. Clean and blow internally fan housing. -- √ 

e. Check working of all light and fan switches. √ √ 

f. Check working of mobile charging sockets and switches. -- √ 

g. 
Replace broken reflectors, shades, defective 

invertors and holders 
-- √ 

h. All shortages are to be replenished. -- √ 
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Battery and battery box: 

 Activities 
TI 

(D1) 

M 

(D2) 

HY 

(D3) 

IOH 

(SS-1) 

POH 

(SS-2) 

a. 
Visually check battery box and suspension for 

any damage or irregularity. 
√ √ √ √ √ 

b. 
Check container and inter-block connections 

and clean, if necessary. 
-- √ √ √ √ 

c. Check battery connections for tightness. -- -- √ √ √ 

d. 
Clean battery connections and apply petroleum 

jelly or Vaseline. 
-- -- √ √ √ 

e. Remove the batteries from battery boxes. -- -- -- √ √ 

f. 
Clean and repair battery boxes and repaint with 

anti corrosive epoxy based paint. 
-- -- -- √ √ 

g. 
Check intactness / tightness of suspension 

arrangement of battery box. 
-- -- -- √ √ 

h. 

Clean thoroughly corrosion / sulphation of 

connectors etc. and protect them from further 

corrosion by applying petroleum jelly or vase- 

line. Change connectors and fasteners on 

condition basis. 

-- -- -- √ √ 

i. 
Record lug date to determine the life of the 

battery. (codal life) 
-- -- -- √ √ 

j. 

Charge the battery fully till 3 constant hourly 

readings of voltage indicates the conditions of 

a fully charged cell. 

-- -- -- √ √ 

k. 

Carry out the capacity test 

Charge the battery fully till 3 constant hourly 

readings of voltage indicates the condition of a 

fully charged cell. Discharge the battery at 10 

hours discharge rate. While discharging, record 

the voltage. Record the capacity of the battery 

during discharge. It should not be less than 

80% of the rated capacity. 

-- -- -- -- √ 

 
 
 



96 
 

l. 

In case while discharging, any of the battery 

voltage falls below specified limit within 08 

hours disconnect the battery from the circuit 

for treatment with 01 or 02 cycles of slow  

charge  &  discharge  as  per manufacturers 

maintenance manual. (RDSO SMI no. 

RDSO/PE/SMI/TL/0024- 2012 (Rev.2) 

-- -- -- -- √ 

m. 
After 2 cycles of charge & discharge, recharge 

the battery fully. 
-- -- -- -- √ 

 

Battery charger: 

 Activities 
TI 

(D1) 

HY 

(D3) 

a. 
Visually check Battery charger box suspension 

arrangement for any damage or irregularity. 
√ √ 

b. Check the functions of battery charger -- -- 

c. 
Check the male & female connector pin for any 

overheating mark etc. 
-- -- 

d. 
Check intactness/tightness of suspension arrangement of 

battery charger box. 
-- -- 

e. 
Open the cover of battery charger and clean with soft 

brush & vacuum cleaner. 
-- -- 

f. 
Check the loose connection and overheating marks and 

take corrective action. 
-- -- 

g. 
Take IR of live terminals to body. It should be more than 

as specified in Table- 2.1. 
-- -- 

h. Replace cover sealing gasket. -- -- 

i. Clean and check ducts for ventilation in box -- √ 
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Transformer: 

 Activities 
TI 

(D1) 

HY 

(D3) 

a. 
Visually check Transformer suspension arrangement for 

any damage or irregularity. 
√ √ 

b. 
Open the cover and clean with compressed air/ vacuum 

cleaner. 
-- √ 

c. 
Check loose connection, overheating marks, fuses 

condition and take corrective action. 
-- √ 

d. 
Take IR of live terminals to body. It should be more than 

as specified. 
-- √ 

e. Ensure proper clamping of cable conduits. -- √ 

f. Check intactness/tightness of suspension arrangement. -- √ 

g. Check sealing gasket and replace if required. -- √ 

h. Check grommets of all  cable-entry holes -- √ 

i. 
Check / replace mounting bolts with grade of 10.9 (high 

tensile). 
-- √ 

j. Check/replace Anti Vibration Mounting (AVM) pad. -- √ 

Electrical panels (Under slung HV and Onboard Panel): 

 Activities 
TI 

(D1) 

HY 

(D3) 

a. 
Visually check all under-slung panel suspension arrangement for 

any damage or irregularity. 
√ √ 

b. 
Visually check panel covers for proper fitment along-with Their 

securing arrangement. 
√ √ 

c. 
Clean the panel with blower and vacuum cleaner and check 

for any loose connections. 
-- √ 

d. Check panel covers hinges and gasket for proper condition. -- √ 

e. Check the availability of proper rating HRC fuses -- √ 

f. Replace if fuse is blown/ missing. -- √ 

g. Check rotary switches for proper working. -- -- 
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h. 
Check intactness/tightness of suspension arrangement of 

under-slung panels and 
-- -- 

i. Ensure all  cable entry holes are provided with grommets -- -- 

j. Check the contacts of power contactors and other contactors. -- -- 

k. 
Check the connection of switchgear terminal blocks for 

overheating and tightness. 
-- -- 

l. 
Check the fixation and terminal connections of pump 

controller. 
-- -- 

m. Check all the earthing shunts and replace, if required. -- -- 

n. 
Take IR of live terminals to body for power and control 

supply. 
-- -- 

o. 
Replace MCBs for pantry equipment and MPCB for pumps 

on condition basis. 
-- -- 

p. 

Check condition of contacts by measuring the contact area, 

mili-volt drop etc. Replace them on condition basis if fails in 

test. 

-- -- 

q. 
Check disconnecting &earthing device complete rotary 

switch. 
-- -- 

r. 
Replace open type control fuse unit for HT circuit with fuse 

base holder assembly unit. 
-- -- 

s. 
Ensure working of MMRs (750Volts &415Volts) & their 

replacement with new ones in II
nd

 POH. 
-- -- 

t. Replace Hurting connectors / Cage lamps -- -- 

u. Replace K-01, K02, K24, K25 in II
nd

 POH. -- -- 

v. Replace all rotary switches -- -- 

w. Ensure internal wiring dressing and securing properly -- -- 

Mini pantry items for chair cars: 

 
Activities 

TI 

(D1) 

HY 

(D3) 

a. Check working of all mini-pantry equipment. √ √ 

b. Clean all the pantry equipments thoroughly. -- -- 

c. Check and record current drawn by compressors for bottle -- -- 
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cooler & deep freezer. 

d. Clean the condenser of refrigerator and deep freezer. -- -- 

e. 
Check starting capacitor value with LCR meter. If value is 

low, replace it. 
-- -- 

f. Check the working of starting relay for compressors. -- -- 

g. Clean the boilers for removing scaling etc. -- -- 

h. Check working of thermostats of boilers. -- √ 

i. Check the heating element of boilers and replace if required. -- √ 

j. Check for any leakage. -- √ 

k. Check the working of thermostats of hot case. -- √ 

l. Check the working of indication lamps. -- √ 

m. Check the insulation resistance of live terminals to body. -- -- 

n. Check earthing of each equipment. -- -- 

o. Replenish the item if found deficient. -- √ 

p. Replace dented/pitted doors of Deep freezer. -- -- 

q. 
Replace hot water boiler /geysers with new one on condition 

basis. 
-- -- 

r. 
Replace complete Heater assembly with new one on condition 

basis. 
-- -- 

s. Replace dented/pitted doors of Hot cases. -- -- 

 

(As per RDSO specification and code of practice for wiring in 750 volt End-On-Generation 

system coaching stock, No. ELPS/SPEC/EOG/0l) 

Sr. 

No 

Circuit 

Voltage 

Capacity of 

Megger used 

Min. value of IR 

required 

Actual Value 

observed 

Remarks 

1. 750V 1000V 05 MΩ  OK / Not OK 

2. 415V 500V 03 MΩ  OK / Not OK 

3. 230V 500V 02 MΩ  OK / Not OK 

4. 190V 500V 02 MΩ  OK / Not OK 

5. 110V 500V 02 MΩ  OK / Not OK 

6. 24V 100V 01 MΩ  OK / Not OK 
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AIRCONDITIONING FUNDAMENTALS 

BASIC TERMINOLOGIES: 

Kilo-Calorie: 

 It is defined as the amount of heat to be added (removed) to raise (lower) the 

temperature of one Kg of water by one degree Celsius. 

BTU: 

It is defined as the amount of heat to be added (removed) to raise (lower) the 

temperature of one pound of water by one degree Fahrenheit. 

 1 Kilo - calorie = 3.97 BTU 

Sensible heat: 

 It is that heat which when applied to a body, results in a rise of its temperature. It is the 

heat which is sensed by a thermometer. 

Latent heat: 

 It is that heat which when applied merely changes the state of substance, whether solid, 

liquid or, gas, without causing any change in its temperature. 

  Latent heat of fusion of ice:   80 k. cal/kg. (144 BTUs/lb) 

 Latent heat of evaporation of water:  538.75 k. cal/kg (970 BTUs/lb) 

Enthalpy: 

 It is a calculated property of vapor which is defined as "Total heat content". It is the 

sum of the sensible heat" and latent heat. 

Critical temperature (Tc): 

There is a certain temperature for every liquid or gas, which is called its critical 

temperature. When a gas is above its critical temperature, any amount of increase in pressure 

cannot liquefy it. When the temperature is below its critical point, the gas can be liquefied 

without lowering its temperature, by merely increasing the pressure. 

Temperature and Pressure relationship: 

Water boils at 100°C when the pressure on it is atmospheric. If the pressure is increased 

to above atmospheric, the boiling point increases and if the pressure is decreased to below 

atmospheric, the boiling point decreases. Boiling water does not necessarily have to be hot, 

because if there is vacuum over the surface of the water, it will boil at a very low temperature. 

The same thing is true in regard to other liquids such as, the various refrigerants which are 

used to produce low temperatures. These refrigerants have the same properties as water except 

that the range of their boiling points is lower. 

Psychrometry: 

The measurement of moisture content in air is known as Psychrometry. The air is 

mainly a mixture of dry air and water vapor. The relative amount of water vapor in the 

atmosphere is very small variations in this amount as well as changes in temperature are very 
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significant and important in air conditioning. The following terms are in use in study of air-

vapor mixture. 

Dry Bulb Temperature (DBT): 

 It is the temperature of air as measured by an ordinary thermometer. 

Wet Bulb Temperature (WBT): 

 It is the temperature of air as measured by an ordinary thermometer, whose glass bulb 

is covered by a thin cotton sleeve soaked in water. When the sleeve is wetted, mercury column 

of the thermometer will be observed to start dropping down, until it finally settles down at a 

definite minimum value. This is because the water in the WB takes away its latent heat, as it 

gets vaporized from the mercury in the bulb as a result of which the bulb gets cooled and the 

mercury column shows a low temperature. 

 The drop in the temperature depends upon the relative humidity of the surrounding air. 

When air is heated, the DB increases; WB also increases, but at a slower rate and therefore, the 

difference between DB and WB widens indicating a lower humidity. When air is cooled, it 

becomes more and more humid, until it becomes fully saturated and the difference between DB 

and WB goes on getting reduced until it is zero at saturation. At saturation DB and WB are 

equal. If cooling is continued further some of the moisture contained in the air gets thrown out 

and will condense, since air has only a limited holding capacity for water vapor. 

Dew Point Temperature (DPT): 

 It is the temperature of air at which the moisture of air starts condensing on the surface. 

The relative humidity at dew point is 100%. 

Effective Temperature (ET): 

 It may be defined as an arbitrary index that combines into single factor the effect of 

temperature, humidity and air movement on human comfort in a noise free environment. This 

corresponds to a DB temperature of saturated air at which a given percentage of people feel 

comfortable. Thus an effective temperature of 21°C can be expressed as 23°C DB at 70% RH 

or 25°C DB at 30% RH. 

Humidity: 

The amount of water vapor present in the air is called humidity. 

Specific Humidity: 

The amount of water vapor present in one kilogram of air is called specific humidity. 

Relative Humidity: 

It is the ratio of the actual amount of moisture contained to the maximum amount 

required for maximum saturation and is expressed as a percentage. 

RH = Actual amount of water vapor present * 100 / (Maximum amount required for 

saturation)   
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Psychrometric Chart: 

The chart graphically shows the various 

properties of air based on 1 kg of dry air. These 

charts are based on barometric pressure of 

101.325 K Pa. The data obtainable from these 

charts is of invaluable use in ascertaining the 

condition of air outside as well as inside to be air 

conditioned for the calculation of heat load and 

preparation of air conditioning schemes, it is 

necessary to understand these chart. The data that 

is obtainable from these charts is DB 

temperature, WB temperature, relative humidity, 

dew point temperature, sensible heat, latent heat 

and total heat etc. 

Sling psychrometer: 

 Sling Psychrometer is used to measure 

both the dry bulb and wet bulb temperatures at 

time. These temperatures are a measure of 

humidity content in air. The instrument frame 

holds the thermometer. One mercury in glass 

thermometer whose sensing bulb is bare to 

directly contact the air and to measure the 

temperature which is called as the dry-bulb 

temperature. Other mercury in glass 

thermometer whose sensing bulb is covered 

with a cotton or muslin wick made wet with 

pure water. This sensing bulb covered with the 

cotton wick moistened is made to contact the 

air and the temperature indicated by this 

thermometer is called as the wet bulb-

thermometer. 

           The instrument frame carrying the 

thermometer is covered by a glass casing. A 

swivel handle is attached to frame-glass casing 

– thermometer arrangement to ensure that the 

air at the wet bulb always in immediate contact 

with the wet wick. When a thermometer bulb is 

directly exposed to an air-water vapor mixture, 

the temperature indicated by the thermometer is 

the dry-bulb temperature. When a thermometer 

bulb is covered by a constantly wet wick and if 

the bulb covered by the wet wick is exposed to 

air water vapor mixture, e, the temperature 

indicated by the thermometer is the wet bulb 

temperature. 

 

Fig: Sling Psychrometer 

 

Fig: Digital Hygro Thermometer 



103 
 

FIRST LAW OF THERMODYNAMIC: 

 The first law of thermodynamics is a version of the law of conservation of energy, 

adapted for thermodynamic systems. The law of conservation of energy states that the total 

energy of an isolated system is constant; energy can be transformed from one form to another, 

but cannot be created or destroyed. 

SECOND LAW OF THERMODYNAMIC: 

 Mechanical energy cannot be obtained from a source of heat energy unless the source 

of heat energy undergoes a drop in temperature. 

    OR  

 Heat will not flow “up a temperature hill” unless energy is supplied to force it to do so. 

All air conditioning mechanisms are designed and built on the principal on above basic law of 

thermodynamic. 

Refrigeration: 

 It is the process of removing heat at a low temperature level and rejecting it at a high 

temperature level. The refrigeration system depends for its action on the following principles.                            

 Latent heat principle 

 Expansion  principle 

Latent heat principle: 

 Any substance in passing from liquid (gaseous) state to gaseous (liquid) state absorbs 

(give up) at constant temperature a specific quantum of heat known as the latent heat of 

evaporation (condensation). 

Unit of Refrigeration (TR): 

 The unit employed for designating air conditioning capacity is a “Ton of 

refrigeration”. It may appear strange that a unit of weight should be used for measurement of 

refrigeration which concerns heat. This is a legacy of the past, when ice was used for cooling. 

The capacity of a plant is said to be One Ton, if it is capable of extracting heat at a rate 

equivalent to that required to freeze one American ton (2000Ibs) of water at 0
0
C in to ice at 

same temperature in 24 hours.  One Ton of refrigeration is the heat required to melt 2000Lbs 

of ice at 0
0
C into to water at same temperature in 24 hours. 

   Latent heat of fusion of ice  =  144 BTU/lb 

   1 Ton of Refrigeration  =   2000*144 BTU/24hrs 

   =  12000 BTU/hr 

   =  200 BTU/minute 

   Or 

   Latent heat of fusion of ice  =  80 k. Cal/kg           

   1 Ton of Refrigeration  =  2000*80/(2.204*24) k.Cal/hr 

=  3023.98 k.Cal/hr 

=  3024 k.Cal/hr 
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Refrigeration Effect: 

The quantity of heat that each kg of refrigeration absorbs from refrigerated space is 

known as the refrigeration effect. For when 1kg of ice melts , its absorbs from the surrounding 

air and from adjacent objects an amount of heat equal to latent heat of fusion .If ice melts at 

0
0
C , it will absorb 80 k.Cal/kg, so the refrigeration effect of 1kg of ice is 80 k.Cal. 

Air conditioning: 

 Air conditioning is the science of maintaining the atmosphere of any enclosure at any 

required temperature and humidity. In addition to the factor of temperature and humidity, the 

factor of air motion, air distribution and air purification are also taken into consideration. 

Air conditioning essentially involves- 

Supply of sufficient quantity of fresh air continuously after filtering to make it dust free 

and keep body odour, smoke and carbon dioxide within low limits. 

 Cooling the air in hot weather and heating in winter to maintain to inside temperature at 

right value. 

 Humidifying or dehumidifying the air so as to keep the relative humidity of the 

atmosphere inside at require level 

 Securing sufficient air movement without producing draughts. 

Difference between Refrigeration and Air conditioning: 

 Air conditioning deals with human comfort, while refrigeration deals with preservation 

of perishables. 

 Air conditioning involves both heating and cooling while refrigeration has only cooling. 

Principle of operation of vapor compression system of air conditioning: 

The vapor-compression uses a circulating liquid refrigerant as the medium which absorbs 

and removes heat from the space to be cooled and subsequently rejects that heat elsewhere. 

The Figure depicts a typical, single-stage vapor-compression system. All such systems have 

four components: a compressor, a condenser, a thermal expansion valve (also called 

a throttle valve or metering device), and an evaporator. Circulating refrigerant enters the 

compressor in the thermodynamic state known as a saturated vapor and is compressed to a 

higher pressure, resulting in a higher temperature as well. The hot, compressed vapor is then in 

the thermodynamic state known as a superheated vapor and it is at a temperature and pressure 

at which it can be condensed with either cooling water or cooling air flowing across the coil or 

tubes. This is where the circulating refrigerant rejects heat from the system and the rejected 

heat is carried away by either the water or the air (which ever may be the case). 

The condensed liquid refrigerant, in the thermodynamic state known as a saturated liquid, 

is next routed through an expansion valve where it undergoes an abrupt reduction in pressure. 

That pressure reduction results in the adiabatic flash evaporation of a part of the liquid 

refrigerant. The auto-refrigeration effect of the adiabatic flash evaporation lowers the 

temperature of the liquid andvapor refrigerant mixture to where it is colder than the 

temperature of the enclosed space to be refrigerated. 

The cold mixture is then routed through the coil or tubes in the evaporator. A fan 

circulates the warm air in the enclosed space across the coil or tubes carrying the cold 

refrigerant liquid and vapor mixture. That warm air evaporates the liquid part of the cold 

https://en.wikipedia.org/wiki/Refrigerant
https://en.wikipedia.org/wiki/Gas_compressor
https://en.wikipedia.org/wiki/Condenser_(heat_transfer)
https://en.wikipedia.org/wiki/Thermal_expansion_valve
https://en.wikipedia.org/wiki/Throttle
https://en.wikipedia.org/wiki/Boiling_point#Saturation_temperature_and_pressure
https://en.wikipedia.org/wiki/Condensation
https://en.wikipedia.org/wiki/Boiling_point#Saturation_temperature_and_pressure
https://en.wikipedia.org/wiki/Flash_evaporation
https://en.wikipedia.org/wiki/Evaporates
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refrigerant mixture. At the same time, the circulating air is cooled and thus lowers the 

temperature of the enclosed space to the desired temperature. The evaporator is where the 

circulating refrigerant absorbs and removes heat which is subsequently rejected in the 

condenser and transferred elsewhere by the water or air used in the condenser. 

To complete the refrigeration cycle, the refrigerant vapor from the evaporator is again a 

saturated vapor and is routed back into the compressor. 

 

Fig: Schematic diagram of Air Conditioning system 

 

The operation of refrigeration cycle may be divided in two zones, first zone from discharge 

side of compressor (HP - side) to expansion valve and second zone from expansion valve to 

suction side of compressor (LP - side). 

https://en.wikipedia.org/wiki/Refrigeration_cycle
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Fig: The basic refrigeration cycle 

Constituent parts of vapour compression system: 

Basically the equipment consists of  

1. Compressor  

2. Condenser 

3. Expansion valve  

4. Evaporator  

5. Liquid Receiver  

6. Dehydrator cum filter  

Compressor: 

It has twofold function. It remove vapor from the evaporator at a rate which will permit 

steady state condition of temperature and pressure in the evaporator. It compresses and discharge 

vapor at a high pressure and high temperature enough to permit heat rejection along a descending 

temperature gradient to the cooling water or air of the condenser. 

Condenser: 

It is intended for cooling the hot gas and liquefying it under pressure .It may be air cooled 

or water cooled. 

Expansion valve: 

It functions is to control and regulate the rate of flow of liquid Freon under high 

pressure and allow it into the evaporator under low pressure. Expansion valves are flow-

restricting devices that cause a pressure drop of the working fluid. The valve needle remains 

open during steady state operation. The size of the opening or the position of the needle is 
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related to the pressure and temperature of the evaporator. There are three main parts of the 

expansion valve that regulate the position of the needle. A sensor bulb, at the end of the 

evaporator, monitors the temperature change of the evaporator. This change in temperature 

creates a change in pressure on the diaphragm. 

 

 

 

 

Fig:-Expansion valve 

 

 

For example, if the temperature in the evaporator increases, the pressure in the diaphragm 

increases causing the needle to lower. Lowering the needle allows more of the working fluid into 

the evaporator to absorb heat. The pressure at the inlet of the evaporator affects the position of 

the needle and prevents the working fluid from flowing back into the compressor. Since the 

pressure before the valve is higher than the pressure after the valve, the working fluid naturally 

flows into the evaporator.  

The pressure at the inlet of the evaporator acts on the diaphragm. There is also a spring 

providing a constant pressure closing the valve needle. The spring constantly restricts the amount 

of working fluid entering the evaporator. The pressure spring can be adjusted to increase or 

decrease pressure based on temperature needs. The pressure created by the spring acts on the 

opening of the valve. When the pressure of the sensor bulb acting on the diaphragm is greater 

than the combined pressure of the evaporator and spring, the valve opens to increase the flow 

rate of the working fluid. An increase of flow rate lowers the temperature of the evaporator and 

allows for more heat absorption. 
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Fig: Normally controlled Expansion Devices 

 

 
 

Fig: Thermally controlled Expansion Devices 

Evaporator: 

This constitutes the cooling unit, in which the liquid Freon under low pressure evaporates 

and in doing so it takes away its quota of latent heat thereby cooling the medium surrounding the 

cooling coil. 

Liquid Receiver: 

The refrigerant liquid leaving the condenser is led into the liquid receiver from where it 

proceeds to the expansion valve on the evaporator. The liquid receiver is a cylindrically 

container which contain a reserve of the liquid refrigerant. 

Dehydrator cum filter: 

The moisture may freeze and block the expansion valve orifice and also cause corrosion 

in working part. The hydrator is a drawing device containing silica gel or other similar drawing 

agent inserted in the refrigerant line for removing moisture from the refrigerant while in 

operation. A filter is also usually incorporated, to prevent small particles or scales in pipe 

blockage the fine orifice in the expansion valve. 
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Refrigerants: 

Mechanical cooling is based on the use of certain low – boiling point substances, 

called refrigerants, as heat transfer media. They accomplish heat transfer by means of a 

cyclical thermodynamic process which involves two changes of state. Refrigerants absorb 

heat as they evaporate at a low temp and pressure and they surrender this heat (and also the 

heat equivalent of compressor work) as they condense at higher temp and pressure. 

 

Desirable properties of refrigerant: 

1. The refrigerant shall be non-poisonous. 

2. It shall be non-inflammable. 

3. It shall be non-corrosive. 

4. It shall be non-irritating. 

5. It shall have no harmful effect on the taste, color or aroma of food and drinking water. 

6. It shall be cheap and readily available in the market. 

7. It shall high latent heat of vaporization. 

8. It shall have low boiling point. 

9. It shall have low value per Kg when in gaseous state. 

10. It shall have high coefficient of performance. 

11. Easy detection of refrigerant leakage. 

 

Recently, refrigerant R-22 is being used in AC plant of conventional RMPU AC coaches, 

R-407 in new LHB AC coaches and R-134a in under slung type AC coaches.  
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COMFORT AIR CONDITIONING 

Air conditioning deals with the comforts of human beings in an enclosed conditioned space 

is known as Comfort Air Conditioning. There are a number of factors that influence the comfort 

conditions. The effects of all these factors individually and collectively have been discussed here. 

Introduction 

The term 'Air Conditioning' was coined by Mr. S.W. Cramer in 1906 while he was making 

efforts in putting the air in a fit condition for the textile industry. The term has since come into use 

in its broader sense implying control of any or all of the physical or chemical properties of air 

within any enclosure. 

Comfort air conditioning has been defined by Dr. D.W. Carrier as under: 

“Artificial simultaneous control within enclosures of variable humidity, temperature, air motion 

and air cleanliness.” 

Odour control is another factor concerning comfort which has been subsequently included in the 

above definition. 

Any change in these conditions results in a change in the physiological functions of the 

body and the body tries to adjust itself to the changing outside conditions. The performance of 

adjustments takes time and sensation of comfort or discomfort would depend upon the quick or 

slow adjustment. Often the adjustment may not be reached with consequent increase in discomfort. 

What is comfort? 

           Comfort is a subjective quantity related to the ease with which an individual maintains a 

thermal balance between, himself and the environment. As such, feeling of great satisfaction with 

surrounding conditions may provide physical comfort. But human beings are complex in nature 

and feeling of comfort in them may depend upon state of mind, physical condition and state of 

activity. Moreover, feelings of individual comfort may differ for the same individual at different 

times. It may depend upon degree of acclimatization or even dress. So a compromise regarding the 

average standard of comfort and the individual characteristics has to be made. This compromise 

should be on the side of actual natural conditions prevailing at a time, to make the process of 

conditioning cheaper. These standards have been adopted based partly on experience and partly on 

tests conducted on individual. 

Effect of temperature and humidity on comfort in an enclosure space: 

It is observed that till the inside temperature is in the thirties there is little or no discomfort 

but as the temperature enters forties, physiology and physiological effect become significant and a 

critical point is reached. When the temperature reaches 42
0
C with relative humidity of 70%, some 

physiological change start to occur. The plus rate increases about one beat per minute per hour and 

body temp increases approx 0.1
0
C per hour. Above this state the body is incapable of adapting 

itself without severe discomfort. The extent of hazard depends on the period of exposure. 

Increase in humidity has also the same qualitative effect as increase in temp in view of the 

reduced dissipation of heat. In addition high humidity reduces the apparent freshness of air in the 

enclosed space and seemingly accentuates odour. From comfort considerations it is considered that 

70% relative humidity should be considered as about the maximum in an enclosed space. 
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Air motion: 

The effect of motion on comfort is complex, but three principal effects may be considered: 

Movement of air over the body increases the rate of heat and moisture dissipation above the 

still air, thereby modifying the feeling of warmth or coldness. In a room of 21
0
C and 45 % RH, air 

moving at 125M per minute, a person may feel 3 degree cooler because of air motion. But an 

increased air velocity may cause discomfort. It is stated that people in an area with an average air 

velocity of 64 to 80 Kmph are found to be deficient mentally and physically. 

It improves mixing of room and conditioned air. In order to avoid under stratification and 

drafts it is necessary to effect a thorough mixing of conditioned air and room air with outside air. 

Even if the temp of the moving air is the same as the room temperature, a higher velocity 

producing drafts may give uncomfortable sensation. 

It provides a feeling of freshness. Movement of air results in stimulation of exposed areas 

of the body as the stimulation is the result of a change. It is obvious that the changing place of air 

outside is more pleasing than a closed atmosphere in a room. 

Air purity: 

Air is required by the human body for supply of oxygen for the breathing process. It is 

necessary that this air should be free from bacteria and harmful organic matter. The bacteria may 

be passed with the atmosphere through respiration, coughing or sneezing , handkerchiefs, clothes 

etc. and an effective removal of these harmful agents is necessary in re circulated air . 

An individual on an average consumes approx. 0.6 M3 of oxygen and gives out 0.17 m
3
 of 

CO2 every hour. An increase in CO2 content in the room would mean in reduction in O2 content 

with consequent difficult experienced in breathing. With 2% CO2 concentration, breathing 

difficulty starts and at 6% concentrated; it becomes very difficult to breathe until at 10 %, loss of 

consciousness may occur. the danger due to lack of Oxygen does not, however exists in the normal 

working as enough air is supplied for other factors such as odour removal to offset any shortage of 

O2. Bacterial contamination of air is particularly troublesome in re circulated air system. If 

ventilation to an extent of 3-4 air changes per hour is provided this would ensure sufficiently clean 

atmosphere. If ventilation to an extant to 3 to 4 air changes per hour is provided this would ensure 

sufficiently clean atmosphere. Use of ultraviolet light, chemical agents (propylene glycol) and 

ozone and throw away type of filters are also restoring to for complete bacterial elimination.  

Odour removal: 
The sensation of odour is felt through the olfactory bulb when those are exposed to 

contaminated air. The level of odour concentration at which its detection begins by the 

olfactory nerves varies from individual to individual, but average values have been worked out 

so that the level of dilution of these odours is kept lower than the detection value. Even though 

sensation of odours may not be felt after a little time of getting accustomed to the odours , still 

the psychological effect persist and result in loss of appetite  and worsening health. 

Odours may be self-oxidizing or non self-oxidizing type. Human odours are self-oxidizing 

type i.e. these oxidize themselves after sometime if sufficient mixing volume is available. Thus 

body odours disappear from a room within a short time after the occupants have left. Because of 

self oxidization the required ventilation rate decreases as the air space per occupant is increased. 

Thus, ventilation provided to overcome non self-oxidizing odours is enough to provide for body 

odour elimination through oxidization. Tobacco odours are not removed except through ventilation 

i.e. concentration is reduced to a level that it is beyond the perception of detection. Ventilation 

@4.25 cubic meters per person is considered suitable rate for this odour elimination. ASHRAE 

tables are available for finding out the ventilation requirements depending upon the occupancy for 

odour removal. It may, however, be noted that extent of odour trouble depends upon personal 

cleanliness of occupants as well as on state-of-activity. 
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PERFORMANCE OF AIR-CONDITIONING SYSTEMS 

Introduction: 

Net refrigerating effect, KW per ton of refrigeration and C.O.P are of extreme importance 

in the design and operation of A.C. systems. The value of these factors depends on the refrigerant 

used, efficiency of the components and the temperatures of evaporator and condenser. 

Refrigerating effect: 

The quantity of heat that each Kg of refrigerant absorbs from the refrigerated space is 

known as the refrigerating effect, For example, when one Kg of ice melts, it absorbs from the 

surrounding air and adjacent objects an amount of heat equal to its latent heat of fusion. If the ice 

melts at 0°C, it will absorb 80 K cal/kg, so the refrigerating effect of 1 kg of ice is 80 K. cal. While 

selecting a refrigerant, care must be taken to ensure that it has better refrigerating effect. 

Efficiency of refrigerating machine: 

A refrigerating machine is a reversed heat engine and similar principles of efficiency are 

involved in both. The efficiency of a heat engine operating on Carnot cycle between temperature 

limits T1 and T2 is given by the following formula. 
 
             T1–T2 

Efficiency =     Where, Ts are in Kelvin.  (T2 <T1) 

                                                 T1 

Since the refrigerating machine is a reversed heat engine theoretical Carnot efficiency for a 

refrigerating machine is given by the following formula. 
 

         T2 

Efficiency =  
                   T1 – T2 

Where, T1 is the condenser temperature (absolute) 

T2 is the evaporator temperature (absolute) 

Co-efficient of performance (C.O.P.): 

The co-efficient of performance of a refrigerating cycle is an expression of the cycle 

efficiency and is stated as the ratio of the heat absorbed in the refrigerated space to the equivalent 

heat energy supplied to the compressor. 

Heat absorbed from the refrigerated space  K. Cal 
C.O.P. =            =      

Equivalent heat energy supplied to the compressor.  KWH 

 

KW per ton ratio: 

A measure of refrigerating machine efficiency that has been used is KW per ton. On an 

actual performance test under "standard" conditions for the type of service intended, the net output 

cooling rate in K. Cal / hr. is determined The average KW input to the machine during the test is 

also measured. The KW per ton ratio (KW/ton) is then calculated. 
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Energy efficiency ratio (E.E.R.): 

A recently popular measure of efficiency, especially for unitary conditioners of small to 

medium capacity is the ratio K Cal per hour per watt (K.cal/hr-W). This measure is called the 

"Energy efficiency ratio" (E.E.R.). The average cooling capacity of the unit is determined by a test 

run under standard conditions. The average power input to the condensing units in watts is 

measured. From this data the E.E.R. can be calculated by using the following formula. 

                   K.cal/Hr (cooling rate) 

E.E.R.  =   

                Watts input 
 

Expressing energy efficiency as Star Rating: 

As per Bureau of energy efficiency standards and guidelines the energy efficiency of an 

electrical equipment, machine or plant may be expressed in terms of star rating. In any 

particular category like design, capacity or applications any plant consumes least power for 

same output is ranked as 5 Star. The equipment may be ranked in similar manner from 5 Star 

to 1 Star depending on their power consumption for same output. 

 

 

 
 

Fig: BEE Star rating Certification for an AC Split Unit. 
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HEAT LOAD CALCULATIONS 

AC air conditioned coach has to work under widely varying conditions of ambient 

temperature, latitude, passenger load etc. In deciding the capacity of the plant, certain assumptions 

regarding number of adverse conditions of the working are to be made and based on these 

assumptions the plant capacity required is worked out. 

RDSO specification No. TRC-1-72 stipulates certain standard comfort conditions, volume 

of fresh air required per passenger per minute, coefficient of heat transfer for various parts of the 

coach etc. 

Data and constants used and the assumptions made are, 

ABBREVIATIONS: 

 T.D : Ambient temperature difference. 

 T.D.S : Solar temperature difference. 

 K : Coefficient of heat 'transfer-K cal/Hr/m
2
/°C. 

U : Coefficient of heat transfer for window due to solar heat gain. 

G.D : Grains difference. 

COEFFICIENT OF HEAT TRANSFER (k) in k-Cal/Hr/m
2
/°C For, 

 Wall and end partitions = 0.615 

 Roof    = 0.65 

Floor    = 0.72 

Window (Conduction) = 1.94 

‘U’ for window  = 5.34 

The internal temperature in relation to the outside temperature and relative humidity to be 

maintained when operated with full complement of'46 passengers, lighting and fan load etc. 

      

 DBT WBT RH Moisture grains 

 
0
C 

0
C % * 

Outside conditions 45 25 - 82 

Inside conditions 25 ~ 40 56 

 T.D. = 20   G.D. = 56 

 

CONNECTED ELECTRICAL LOADS INSIDE A.C. COMPARTMENT 

Fluorescent lights 2' long   = 30 nos. 

Incandescent lamps    = 16 nos. 

Fans      = 8 nos. 

Blower Fan motors (0.65 HP)   =  2 nos. 
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1.  Heat gain due to conduction    = AxKxTDX3.97 BTU/Hr. 

 Side wall: 50.78 x 0.615 x 20 x 3.97 = 2479.64 BTU/Hr. 

        (624.59 K.Cal/Hr.) 

 Roof:  49.324 x 0.65 x 20x3.97 = 2545.61 BTU/Hr. 

        (641.21 K.Cal/Hr.) 

 Floor:  46.208 x 0.72 x 20x3.97 = 2641.62 BTU/Hr. 

        (665.4 K.Cal/Hr.) 

 End partition: 2x6.17x0.615x(20–3)17x3.97 = 512.288 BTU/Hr. 

 Window: 5.466 x 2 x 1.94x20 x 3.97 = 1683.8 BTU/Hr. 

 

 Total:  2479.64 + 2545.61 + 2641.62 + 512.288 + 1683.8 

              = 9862.954 BTU/Hr.   ----------- (I) 

 

2. Solar Heat Gain    = A x K x TDS x 3.97 

 Side wall: 25.39 x 0.615 x 9 x 3.97 = 557.92 BTU/Hr. 

         (140.53 K.Cal/Hr.) 

 Roof:  49.324 x 065 x 10.55 x 3.97 = 1342.81 BTU/Hr 

         (338.24 K.Cal/Hr) 

 Window: 5.466 x 5.34 x 95.55 x 3.97 = 11071.34 BTU/Hr. 

         (2788.75 K.Cal/Hr) 

 Total:  557.92 + 1342.81 + 11071.34 = 12972.069 BTU/HR --------- (II) 

 

3. Heat gain due to passengers (BTU/Hr.) 

 Specific heat (S.H)    = 205 x No. of passengers. 

 Latent heat (L.H)    =  195 x No. of passengers. 

 S.H + L.H     = 400 X No. of passengers. 

        = 400 x 46 = 18400 BTU/Hr. (III) 

4. Heat gain due to ventilation (BTU/Hr.) 

 Specific heat (S.H)    = 1.08 x Q x TD x 9/5 

        = 1.08 x 568.33 x 20 x 9/5 

        = 22096.67 BTU/Hr. 

        = (5565.91 K.Cal./Hr) 

 Latent heat (L.H)    = 0.68 x Q x Gd 

        = 0.68 x 568.33 x 26 

        = 10048.07 

        = (2531 K.Cal./Hr) 

 Total      = 22096.67 + 10048.07 

       = 32144.7 BTU/Hr  ---- (IV) 
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5.      Heat gain due to elect, appliances 

 Wattage x 3.4 BTU/Hr,  or  H.P. x 3600 BTU/Hr. 

Fluorescent Light 20W = (20 x 1.2) W. 

      = 1.2 x 20 x 3.40 x 30 

      = 2448 BTU/Hr. 

      = (616.62 K Cal./Hr) 

  Incandescent lamps  = 15 x 16 x 3.40 

      = 816 BTU/Hr 

      = (205.54 K.Cal/Hr) 

 

Fan    = 29W x 8 x 3.4 

      = 788.8 BTU/Hr. 

      = (198.69 K.Cal./Hr) 

 

Blower fan   = 0.65HP x 2 x 2545 

      = 3308.5 BTU/Hr 

      = 833.37 K.Cal./Hr 

 

  Total    = 2448 + 816 + 788.8 + 3308.5 

      = 7361.3 BTU/Hr. 

      = 1854.22 K.Cal / Hr   -------- (V) 

 

Total of l + II + III + IV + V = 80741 023 BTU/Hr (20337.78 K.Cal/Hr) 

 

Heat gain due to infiltration @ 10%  = 8074.1 BTU/Hr. 

      = (2033.78. K.Cal./Hr) 

 

Gross Total Heat gain    = 81003 07 - 8100.3 

      = 88815 BTU/Hr. 

      = (22371.56 K.Cal./Hr) 

 

Refrigeration capacity (TR) = 88815 = 7.4 TR 

     12000 

 

    =      22371.56 = 7.4TR 

                3024 
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AIRCONDITIONING OF RAILWAY COACHES 

Introduction: 

Passengers in a railway travel are adversely affected by infiltration of air unpleasantly 

laden with dust due to open windows. This is more so in case of high speed passenger carrying 

trains. Secondly for a tropical country like India, the temperature varies from 46 degree C during 

summer to 2 degree C during winter. Air conditioning of railway coaches is, therefore, necessary 

for the maximum comfort and wellbeing of passengers in a railway travel. In keeping with 

modern trend, air conditioning of coaches for upper class travelers and lately even for lower 

class travelers have been introduced by the Indian Railways. 

Special problems faced in rail air conditioning: 

As compared to the normal buildings, Air conditioning of Railway coaches poses the 

following additional problems: 

1. Requirement of very high reliability standard. 

2. Equipment should be light in weight. 

3. Equipment should take minimum space. 

4. Available power, generally at 110V D.C. has to be utilized. 415 V, 50 Hz, 3 Ph, 

industrial power is available only on a few nominated trains like Rajdhani and 

Shatabdi Express. However, in such cases, the flexibility of attaching and detaching 

coaches is lost 

5. Due to large number of passengers in small space, the space left for air circulation is 

limited. 

6. In the Railway coaches, where people move in and out at all hours of the day, to 

sudden changes in temperature, which may cause chill or heat are to be avoided. 

7. Rapidly changing ambient conditions as the train moves from one part of the country 

to another. 

8. Excessive vibrations. 

9. Dusty atmosphere. 

10. Vandalism and abuse. 

11. Flying ballast hitting the equipment. 

12. Safety of passengers and trains. 

13. Dirty environment for the maintenance staff. 

14. Restricted time available for maintenance. 

 

All these problems have to be solved within a comparatively small outlay, so that air 

conditioned travel can become more comfortable. 
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Requirements of railway coach air conditioning system: 

1. Supplying clean fresh air at a controlled uniform temperature. 

2. Catering, within the confines of the Railway carriages to the continuously changing 

number of passengers. 

3. Providing for heating as well as cooling on a train that travels through areas of widely 

differing climate during its journey. 

4. Operation of the equipment from power generated, stored and controlled on the train. 

 

Classification of air conditioned coaches: 
 

Air conditioned coaches 
 

         SG Coaches    

 

EOG Coaches   

                      

                      

    BG         MG       

 

                     

                     

                      

AC AC AC Compo 1
st
   AC 2T       

3T 2T Chair Car site ACC           

    

  

                

                    

       AC  AC AC 1st Pantry Dining Power 

       3T  2T Chair ACC Car Car Car 
 

 
Description of power supply: 
 
SG Coaches: 
 

The electrical power for the self-generating type of coaches is derived from the alternator 

mounted on bogie transom of the coach and driven by the axle through 'V belt drive as long as 

the coach is in motion at the minimum full load output (MFO) speed of the alternator. During 

stationary or when the coach is running at less than MFO speed the entire coach load is met by 

the battery of 800 AH capacity. Provision for charging and pre cooling the coach from external 

supply has been made by means of battery charger, 200A rating mounted on the coach under 

frame. Two numbers of 415 V, 3 ph, ac, pre cooling sockets have been provided diagonally on 

the end walls. The alternator working in association with rectifier cum regulator gives an output 

of 18 KW at 130 V, DC in the under slung type of AC coach, whereas the alternator capacity is 

25Kw in the RMPU AC coach. One alternator set per AC plant has been fitted in the self- 

generating type AC coaches. 
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Fig : Schematic Diagram of Power Supply for RMPU AC Coach 
 

EOG Coaches: 

The electrical power supply for end on generation type AC coaches is derived from 

separate generator cars marshaled at the ends of the train formation, with generation and 

transmission voltage of 415 V, 3 ph, AC.  

The power for individual coaches is tapped by means of rotary switch from any one of 

the double feeders running along the coach leading from the power cars, and coupled between 

coaches by means of inter-vehicular couplers. The air conditioning equipment works at 415V, 3 

phase AC supply and train lighting equipment work at 110V, AC, obtained between phase and 

neutral derived from a 3 KVA, 415/190V, 4 wire step down transformer. 

Driving equipments: 

Driving equipments consist of motors for driving the compressor, condenser impeller 

fans and the evaporator blower fans. The driving motors in self generating type coaches are all of 

D.C. machines needing more care for attention of commutator and brushes. The E.O.G. type 

coaches are provided with 3 phase AC squirrel cage induction motors for driving the AC 

equipments. 
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AC equipment in railway coaches: 
 

This consists of the following: 

 

1. Evaporator Unit. 

2. Compressor. 

3. Condenser Unit. 

4. Gauge panel. 

5. A/C control panel. 

6. Air Duct. 

7. Refrigerant piping & joints. 

8. Wiring. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG:-Arrangement of AC equipments in under slung type AC coach 
 

Major equipments like compressor, compressor motor, condenser, condenser fans, liquid 

receiver are mounted in bogie and evaporator, blower motor, expansion valve, heater etc. are 

provided on roof near first cabin of coach on both sides. 
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Evaporator Unit: 

The evaporator unit consists of a thermostatic expansion valve, a heat exchanger, a 

resistance heating unit and centrifugal blower driven by a motor. The thermostatic expansion 

valve controls quantity of high pressure liquid refrigerant and allow expanding to a lower 

pressure corresponding to the load demand. The expanded refrigerant passes through the 

distributor into the heat exchanger consisting of finned copper tubes. The return air from the air 

conditioned compartment (75%) is mixed with fresh air (25%) and this mixture is drawn/ blown 

through the heat exchanger, where heat in the air is transferred to the cool refrigerant causing 

cooling of the air and the evaporation of the refrigerant inside the tubes. The cooled air is led 

through the ducting to the various compartments and diffused by means of air diffusers Filters 

are provided in the fresh air and return air path to eliminate dust. When the outside ambient 

temperature is very low, heater is switched on according to the setting of the thermostats. 

Compressor: 

The refrigerant vapor drawn from the evaporator is compressed by means of a multi 

cylinder reciprocating compressor and compressed to a pressure ranging from 10 to 15 Kg/Cm
2
 

according to the load demand. The work done by compressor raises the temperature of the 

refrigerant vapor. 

Condenser: 

The condenser serves the function of extracting the heat absorbed by the refrigerant vapor 

in the evaporator and the heat absorbed during the compression process. The condenser consists 

of a heat exchanger, which is forced-air-cooled by means of two or three axial flow impeller 

fans. The refrigerant vapor is liquefied when ambient cool air is passed through the heat 

exchanger. The refrigerant liquid leaving the condenser is led into the liquid receiver from where 

it proceeds to the expansion valve on the evaporator. The liquid receiver is a cylindrical 

container which contains a reserve of the refrigerant liquid. A dehydrator and filter are also 

provided to ensure that the refrigerant is free from moisture and dust particles. 
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Gauge panel: 

Gauge panel consists of pressure gauges (HP, LP, and OP) and pressure cutouts to protect 

the compressor against, (i) High pressure, (ii) Low pressure and (iii) low oil pressure. 

High pressure cutout: 

It is a safety device against build up of excessive delivery pressures and protects the 

compressor and piping system from damage. It is a pressure operated switch which switches off 

the compressor drive motor when the pressure exceeds a preset value (17.6 Kg/Cm
2
 or 250 PSI). 

The plant cannot be restarted unless the cutout is reset manually. 

Low pressure cutout: 

It is also a pressure operated switch similar to the H.P. cutout switch, but it shuts down 

the compressor if the suction pressure drops down below 0.7 Kg/Cm
2
 or 10 PSI. It protects the 

system against unduly low evaporator temperatures and formation of frost on the evaporator. No 

manual reset is provided on this and therefore the compressor starts automatically if the suction 

pressure rises above the pre-set value. 

Low oil pressure cutout: 

It ensures adequate lubrication of compressor to avoid piston seizure due to less 

lubricating oil or failure of oil pump. This cutout is set at 2.5 Kg/Cm
2
 or 36 PSI. 

A/C control panel: 

The control of the air conditioning system is achieved by means of air conditioning 

control panel. The design of the various elements in the control panel takes into account the 

system safety requirements. The safety requirements for the operation of the A/C system are 

listed as under: 

 The working of the blower fan of the evaporator and the blower fan of the 

condenser has to be ensured before the compressor starts functioning. 

 Suitable protection to ensure adequate lubrication of compressor to avoid piston 

seizure. 

 The excessive pressure on the discharge side of the compressor (High Head 

Pressure) should be avoided. 

 The suction pressure should not be lower than 0.7 Kg/Cm
2
 to prevent frosting of 

the evaporator. 

 The compressor motor has to be soft started to limit the sudden in rush of starting 

current. 

 A suitable interlock has to be provided to ensure that heater is not on, when the 

compressor is working. 

 A low voltage protection for compressor motor to ensure that voltage does not go 

below 100 volts in order to avoid undue drain on battery. 

 The blower fan has to come 'ON’ before the heater comes 'ON'. Over load 

protection and short circuit protection for all electrical circuits. The A/C control 

panel incorporates all the above safety requirements. 
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Fig:- Control circuit of conventional under-slung type AC coach 

 

 

  



124 
 

 
 

Air duct: 

The air conditioning system includes three air ducts as follows: 

 Fresh (Inlet) air duct. 

 Return air duct. 

 Main air duct. 

Fresh (Inlet) air duct: 

 This is provided at the rate of two per AC plant. It is mounted on the side wall just below 

the roof evaporator unit. There is an opening in the side wall with louver hinge door arrangement 

and with the provision to house a fresh air filter. The fresh (inlet) air duct has been designed with 

damper valve to control the quantity of fresh air to be drawn into the compartment. This 

arrangement has been standardized for all types of air conditioned coaches. 

Return air duct: 

Actually there is no separate return air duct provided in A/C coaches. In the case of A.C 

two tier coaches and A.C. chair car, the return air is drawn through the return air filters directly 

from the nearest compartment in 1st class A.C. coach, the corridor acts as return air duct and the 

return air is drawn through return air filters located at the corridor ceiling near the first 

compartment. 

Main air duct: 

The conditioned air from the evaporator unit is blown into the main air duct by means of 

two centrifugal blower fans driven by a motor with double extended shaft, The air is distributed 

to each compartment in the case of 2 tier sleeper coach and full AC first class coach through 
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adjustable diffusers. In the case of AC chair cars, the conditioned air from the main air duct is 

distributed along the hall through longitudinal apertures suitably set at factory. The main air duct 

has been provided with central diagonal partition making it two independent taper ducts so that 

each compartment is influenced by the diffused air of both plants. Further air distribution to the 

entire compartment is maintained at constant velocity. The cross section of the main air duct has 

been designed in such a way that air velocity inside the duct shall not be higher than 350 

meter/min. in order to reduce turbulence and noise due to air motion in the duct. For the same 

reason the main air duct has been connected to evaporator outlet by means of an intermediate 

transition duct made of fire resistant canvas to prevent transmission of noise produced by the 

blower unit- The aperture of air diffuser has been designed to deliver the required quantity of air 

into the compartment at a velocity not greater than 250M/min. This diffuser is provided with a 

knob to deflect the air to the required angle. By the above arrangement the air velocity inside the 

compartment obtained is between 6M/min. to 12M/min. (0.1 M/sec. to 0.2M/sec.) at the face 

level of the passenger. 

Refrigerant piping and joints: 

The refrigerant piping consists of the suction line (from the evaporator out let to 

compressor inlet) discharge line (from compressor outlet to condenser inlet) and liquid line (from 

the liquid receiver to the inlet side of expansion valve), connections to the gauge panel from the 

compressor delivery side (high pressure side), low pressure side and from the compressor crank 

case. The lubricating oil connections are also part of the piping system Only copper pipes to 

specification BS: 2017-63, C-106 Sec - 3 are used. Main pipelines are jointed with couplers or 

elbows by means of silver brazing where as joints to various components like gauges pressure 

cutouts, hand shut off valves, expansion valve, strainer etc. are connected by means of flare 

joints to facilitate easy removal of the above elements for replacement and inspection. 

Temperature setting: 
The temperature inside the air-conditioned compartment is controlled by mercury in glass 

thermostats or electronic temperature sensors with different settings. Operation of cooling or 

heating takes place in accordance with ambient conditions. 

The temperature control thermostats are fitted in the return air passage. Two types of 

thermostats are used, one for controlling the cooling and the other for controlling the heating.  

Capacities of AC plants provided in various types of U/S Coaches: 
 
Sr. 

No. 
Type of Coach 

No. of AC 

Plants 

Calculated AC 

Load of coach 

Capacity of AC 

Plants provided 

1 BG AC 1
st
 class 1 5.30 6.7 TR x 1 

2 BG AC 2 Tier 2 7.48 5.2 TR x 2 

3 BG AC Composite coach 2 7.97 5.4 TR x 2 

4 BG AC Chair Car 2 11.10 6.7 TR x 2 

5 MG AC 2 Tier 1 6.39 6.7 TR x 1 
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Maintenance schedule for air-conditioned coaches: 

 The following are the various maintenance schedules carried out on air-conditioned    

coaches: 

1. Trip schedule. 

2. Monthly schedule. 

3. Three monthly schedules. 

4. IOH schedule- nine months 

5. POH –eighteen months. 

Recommended standard facilities for POH of AC coaches: 

 The receiving shed should have a pit of 1.35M width, 1.3M depth and 30M long to 

facilitate unloading/loading of equipment. Track and pit centre line are located 1M off 

from the shed centre line. 

 The equipment unloaded from the coach may be moved to the respected sections of the 

shop by means of mechanized transport facilities. 

 After completion of overhaul work, equipments may be loaded on the coach kept in the 

receiving line and the coach shall be brought to the shed having wider line with pit of 5M 

width for final testing and detailed examination of under-frame equipment. 

   Standard facilities for POH of AC Coaches: 

     Requirements for the pit 

 For loading and unloading facilities the pit width shall be 1.35M (0.50 in M.G.), length 

30M and depth 3M with steps on both sides. 

 For detailed exam/testing of under-frame equipment, a pit having width of 5M shall be 

provided. 

 The walls of the pit shall be watertight. The pit floor shall have slope of 1 in 300 towards 

one end with sump. 

 Suitable pump shall be provided for pumping out water from the pit. 

 Watertight fittings shall be provided in the sides of the pit at intervals of 6M. 

 24 VDC two pin sockets 3 nos. on each sides of the pit for hand lamps. 

 The wider pit shall be provided with 2 D.C motor drives of capacity 25 KW each for 

testing of alternators. 

   Final testing of AC coach after POH (U/S type): 

 Visual inspection of coach for proper fitment of equipments. 

 Ensure the refrigerant pipes are properly clamped. 

 Suction pipe for proper lagging. 

 Ensure all the modifications are complied. 

 Check safety chain and tension rod of B.L. Alternators for proper fitness. 

 Under frame cables leading to Alt. are properly cleared. 
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 Check earth leakage by two lamp method. 

 Check refrigeration system for any leakage before gas charging, 

 Vacuum test (for 12 hrs.) 

 Pressure test (by charging Freon 12 or CO2 gas). 

 Vacuum test for 15 minutes for dehydration of refrigeration system. 

 Check control panel and ensure that proper fuses are provided. 

 Check contactors, relay and switches for correct sequential operation. 

 Ensure that time delay in operation of contactor No.12, 13, 13A is 2.5 sec. 

 Check heaters for correct operation. (Remove short between 1H 3 - 1H 4) 

 Check hooter for proper operation. 

 Start the plant and check condenser motor, compressor motor, blower motor for and 

abnormality, 

 Check leakage of air from doors 

 Check oil level in compressor, the level should be when operating - 1/2 bull's eye. 

 Check for proper working of capacity control solenoid valve. 

 Run the plant for 4 hrs. An equivalent heat load (Convector heater) should be kept for 

performance test of plain 

 If new expansion valve is provided during POH, it should be set. 

 Ensure that batteries are in fully charged condition. 

 Take coach on trial run. Alternately test the alternator, regulator and AC plants for proper 

working with the help of variable speed drives in the shops itself. 

 Ensure that both the alternators are sharing load equally during run. If not set both the 

alternator panels. 

  General checks: 

 Suction pressure gauge reading should be 2.6- 2.8 Kg/Cm
2
. 

 Delivery pressure gauge reading should be 10 - 12 Kg/Cm
2
. 

 Oil pressure should be minimum 3 Kg/Cm
2
 above suction pressure. 

 Feel temperature - Suction should be cold and sweaty. Delivery should be very hot and 

liquid line should be warm. 

  Problems in AC coaches: 

 Gas leakage in pipeline from joints in the control equipment. 

 Premature failure of shaft seal of compressor. 

 High heat in condenser leading to leakage of refrigerant. 

 Difficulty in cleaning of condenser. 

 V-belt failure. 
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 Compressor motor failure. 

 Condenser motor failure. 

 Dehydrator defective. 

 PCB defective in regulator. 

 

  Service trouble: 

   HP cut out operates due to - 

 Malfunctioning of the cutout 

 Condenser fan motor failure. 

 Condenser fins and tubes dirty 

 Any stop valve is closed or partly closed. 

 Freon gas over charged. 

 Air in the system. 

 

   LP cut out operates due to – 

 

 Malfunctioning of LP cut out. 

 Gas leakage or under charge 

 Compressor motor running at less speed. 

 Internal valves of compressor not operating efficiently. 

   

  Insufficient cooling may be due to - 

 Thermostat not operating properly.  •System under charged with Freon. 

 Compressor motor running slow.     •Choke in the system. 

 Any of the stop valve closed            •Expansion valve choked or not opening sufficiently. 

 Condenser fins choked                     •Evaporator fins choked. 

 Air filters for return air choked.       •Capacity control not working properly. 

 

   Excessive cooling may be due to - 

 Thermostat not operating.                •Compressor motor failing to stop. 
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ROOF MOUNTED AIR-CONDITIONING PACKAGE UNITS FOR 
RAILWAY COACHES 

Brief description: 

The roof-mounted AC equipment for AC coaches of Indian Railways would provide 

more comfortable journey and also help attach more coaches in the superfast trains like Rajdhani 

Expresses. These roof-mounted AC units of new design are more efficient and lightweight and 

are manufactured indigenously. 

Two high capacity packaged air-conditioning units of minimum of 7.0 TR of cooling in 

45°C ambient i.e. 14.0 TR for one coach, will replace the present under frame open type AC 

system of capacity 5.2 TR each (Total 10.4 TR) for each coach. Two packaged units are used in 

one coach each mounted above the toilets on both ends supplying conditioned air into a tapered 

duct to serve the coach end to end. The units (two in each coach) are fitted with 4 compressors 

but operate under normal with 3 compressors and the 4th one act as standby and works only 

during peak days of the summer. 

Compressors are started in sequence with time delay to reduce the peak demand of 

electricity during start ups. These units are thus more energy efficient and are more reliable than 

the existing open units and would be better in operation. 

The high capacity AC units of roof mounted type are a fore runner to futuristic super fast 

trains. This unit can work on E.O.G. systems in addition to S.G. systems. The roof mounted unit 

needs approximately 11.5 KW, 20 ampere at normal condition. 

Modular type AC units for rail coaches are a major breakthrough in rail-coach 

technology. A modular type roof-mounted packaged AC unit for rail coaches, the first of its kind 

brings India abreast with the latest in the state of the art of air-conditioning technology prevalent 

the World over. The units are extremely energy efficient and reliable. They use two hermetically 

sealed compressors of half capacity in each packaged unit. These compressors are specially 

developed for rolling stock application under varying dynamic conditions after rigorous testing 

and trials before being used in the AC units. 

Present system: 

The AC coaches running on Indian Railways can be broadly divided into three 

categories: 

 Self generating (S.G.) coaches. 

 End-On-Generation (EOG) coaches. 

 HOG System. 

Self-Generating Coaches: 

Power supply demand for AC equipments is met from axle driven transom-mounted 

brushless alternator which is rated for 110 V DC supply. At low speeds and during halts the 

power requirement is met from 110 V lead acid battery housed in battery boxes mounted on the 

under frame of the coach. 
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End-On-Generation Coaches: 

AC coaches draw power from the diesel-generating sets carried in coaches put in the 

front and rear of the rake, functioning at 415/750 V, 3 phase, 50 Hz AC supply. The power is 

distributed to entire rake and thus to each coach through two sets of 3 phase 415/750 V feeders. 

Each coach is provided with control, distribution and feeder changeover arrangement on 415/750 

V control panel. The AC equipments operate at 415 V, 3 phase, 50 Hz AC supply. 

The air conditioning system in both types (SG or EOG) of Indian Railways stipulates use 

of open type compressor, condenser, liquid receiver with dehydrator separately mounted on the 

under-frame of the coach. The evaporator comprising cooling coils, heater elements and blower 

fans with motor is mounted between coach roof and false ceiling. The conditioned air is blown 

through the central duct and distributed inside the coach through adjustable grills diffusers. 

Draw-backs of conventional AC system: 

The existing system using open type compressor poses problem such as refrigerant 

leakage from pipes and their joints heavy weight, large space occupation, more maintenance 

problems, consuming more power and thus less energy efficient. 

Salient features of Roof-Mounted AC Package Units: 

 Light in weight, saves fuel for hauling. Total weight of both units is 900 Kg as compared 

to 2700 Kg for conventional AC unit. Saves in fuel consumption. In the Rajdhani express 

e.g. the total weight reduction in 20 coaches (1.8 x 20 = 36 MT) equals the weight of one 

coach. Therefore, one additional coach can be hauled. 

 Keeping in view the low price and light weight, the unit pays for itself in one year 

operation. 

 Low cost of installation at the coach building factory since the system is factory made, 

assembled, gas charged and tested for performance prior to delivery. 

 The installation requires simply lowering the unit in the false ceiling above the toilets on 

both ends of the coach and connection of wiring, drain pipe and flexible duct. 

 In case of failure, replacement of the unit with new unit can be done in less than two 

hours by simply lifting the defective unit by a crane and lowering the new one in place. 

 The A.C unit remains outside the partition wall and therefore, no chance of water leakage 

on passengers 

 Fresh air is taken from the roof through condenser area which gives a relatively clean air 

free of the smells of toilets which are common in conventional A.C. coaches. 

 Hermetically sealed system with no fittings or openings, thus it presents little potential of 

gas leakages and break-downs. 

 The unit is almost maintenance free since it uses 3ph AC motors which have no 

commutators or brushes to wear out. 

 Uses more environment friendly refrigerant R-22 and very small quantity less than 3 Kg. 

 Mounted on the roof, thus dirt or dust collection in condensers is negligible and therefore, 

requires practically no maintenance or water spraying on condenser coils. 

 No chance of damage due to flash floods during the monsoons. 



131 
 

 No chance of damage due to cattle-run. 

 Energy efficient - uses less electricity, saves fuel for generation. 

 Humidity control in monsoons possible through use of microprocessor - based control 

system. It will also provide optimum use of all equipments and even wear to compressors 

through rotation of operation. 

 

Comparison of Roof-Mounted AC system with conventional under-frame 
hung AC system: 

Sr. 

No 
Description Roof Mounted AC Unit Conventional AC Unit 

1 Weight 900 KG 2700 KG 

2 Installation time 4 hours 4 days 

3 Refrigerant R-22 (CHClF2) R-134 A 

4 Refrigerant Charge Less than 3.0 Kg 15-20 Kg 

5 System design Hermetically sealed Open 

6 Ref. leak potential Nil Enormous 

7 Maintenance Little Heavy 

8 Dust collection Little Heavy 

9 
Damage due to 

cattle run 
Nil Heavy 

10 

Damage due to 

flash 

Floods 

Nil Heavy 

11 Performance Excellent 
Deteriorates quickly due to 

dust collection under coach 

12 Technology Latest Old and obsolete 

13 
Water drop on 

passengers 
Nil Sometimes 

14 Fresh air 
From roof (Does not take 

toilet smell) 

From sides (Takes toilet 

smell) 

15 Capacity control 
25-100 % 

(4 Compressors) 

50-100% 

(2 Compressors) 

16 
Down time for 

repair 
4 hours (Replace unit) 

Very long (Requires repairs 

to be made on coach itself) 
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Performance of Roof Mounted AC Package Units: 

Major problems/short comings experienced by railways with roof mounted AC Package 

units are, 

 Gas leakage. 

 Water ingress into corridor. 

 Tripping of packages through safety cut-outs. 

 Failure of AC control panel 

Gas leakage 

This problem was more acute in packages of one particular make. Analysis of problem 

indicated that this was due to, 

 Packages were not subjected to the vibration test. 

 Inadequate securing of refrigerant piping. 

 Non-securing of compressor top resulting into excessive vibration in discharge pipe. 

 Defective pack-less vibration eliminator (particular lot). 

 Other manufacturing shortcomings like longer length of charging line, unsatisfactory 

brazing etc. 

The concerned firm in consultation with RDSO and IIT, Delhi, has carried out following 

modifications: 

 Securing refrigerant piping properly specially at the places where vibration levels were 

found to be on higher side by IIT, Delhi, 

 Securing the compressor at the top and using solid mounting pads. 

 To replace pack-less vibration eliminators with U loop. 

 To improve the general workmanship and conducting tests more rigidly. 

Water ingress into corridor 

This problem can be classified into two categories; 

 Problems related to rain water 

 Problem related to condensate water. 

Major factors contributing to first problem were, 

 Inadequate/ineffective drainage area 

 Interfacing between trough and package not water tight. 

 Package not of standard design and not water tight. 

 

Inadequate/ineffective drainage area 

This is considered to be the major culprit. It is felt that if it is corrected there will be 

considerable improvement. Drainage area has now been increased to about three times of the 

earlier and also made effective by taking if vertically downward from the bottom of the trough. 
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Interfacing between trough and package not water tight 

 In earlier design, packing provided between package and trough was getting dislodged 

due to sustained vibrations. Now the arrangement has been modified to have single gasket under 

point pressure mounting with skirting all around the opening. 

Package not of standard design and not water tight 

 Water was found to be entering into the corridor through evaporator area and other 

structural members of the package due to not standard design and evaporator section not being 

water tight. This stands corrected now. 

Problem related to condensate water 

This problem can be further divided into two categories: 

a. Condensate water dropping into corridor. 

b. Condensate water carried over by blower and thrown into duct. 

Problem 'a' has been observed in both packages while problem ‘b’ is confined to only one make 

of package units. 

Causes of the problem as identified are: 

 Condensate water collected into drip tray not getting drained off effectively due to non 

provision/removal of air trap (U-trap) at the outlet of condensate drain or due to improper 

slope of the external drainage connections. This stands corrected now. 

 Defective drip tray design in respect of inadequate depth and covering at the top. 

 Clogging of filters - This needs to be looked into by Railways. 

In the latest packages condensate drain has been taken towards condenser area and provision 

of U-trap is in the scope of package manufacturer. This is expected to eliminate the problem due 

to negative pressure of blower over drip tray getting partly neutralized by condenser and also the 

intact provision of U-trap. Design of drip tray has also been modified to provide maximum 

possible depth. It is felt that if the filters are periodically cleaned problem will not be 

experienced. 

For the existing coaches modifications have been evolved and demonstrated on three 

ACCNs with full trough. Modification in respect of coaches with half trough is under validation. 

Modifications require two inputs: 

a. Modification in trough. 

b. Modification of old packages to make them conforming to latest design. 

While input 'a' is to be arranged by railways on their own, for input 'b' RCF has entered into 

contracts with package manufacturers for which even the cost will be born by RCF. It has also 

been jointly decided by RDSO & RCF to try out flat roof mounting arrangement of AC package 

on few coaches for which drawings are to be given by RDSO. 

Tripping of packages through safety cut-outs 

This problem was experienced during the peak of summer. To overcome the problem, 

RDSO's relevant specification has been revised specifying the satisfactory functioning of the 

package at an ambient of 57°C. 

Failure of AC control panel 

Initially AC control panels supplied by different manufacturers were of different designs 

and layouts which were causing lot of problems. Subsequently, RCF standardized the layout and 

design of control panel to have 100% interchangeably among different makes. The procurement 
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of panels was offloaded to industry as package manufacturer did not respond promptly enough 

and also due to price implications. However, in these panels, problem of coordination and poor 

quality of particular make of switchgear items were reported by railways. Railways have been 

advised to replace this particular make of items by Siemens make which can be made available 

by RCF. 

Accordingly a decision has been taken to procure the control panel from package 

manufacturers along with AC packages. Earlier, there were two types of control panels one with 

110V AC control supply and other with 110V DC supply. Specification of control panel has 

been revised by RDSO. Now there will be only one type of control panel (with 110V AC control 

supply) for both SG and EOG type coaches 

 

 

 
 

 

Fig:-Control circuit diagram with thermostats 
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Fig:-Control circuit diagram after sensing 

 

Circuit Description:  

Operating voltage of control circuit is 110 V AC received after tapping down 415 V AC 

by control transformer in control panel. After ensuring various required conditions such as 

operation of Blower motor, vane relay, overload relay, interlocking, condensor motor, etc. 

control supply passes to cooling or heating circuit.  

Further the circuit operates on healthy condition of various safety devices like HP cut out, 

LP cut out, OHP cut out etc.  
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AC 3 TIER SLEEPER COACHES (RMPU) 

Technical details: 

The A/C unit shall be capable of maintaining inside conditions as under: 

     DBT  WBT  RH 

     0C  0C   % 

Outside (Dry Summer)   45   25   - 

Outside (Wet Summer)    40   28   - 

Inside (Dry & Wet Summer)   24    -  40 

Each coach shall be provided with two roof mounted A/C units each with a minimum 

cooling capacity 20,000 K Cal/hr (6.6TR). The roof mounted A/C package unit shall generally 

confirm to RDSO spec. No ELPS/SPEC/AC/01. 

Refrigerant Compressor: 
Hermetic or semi-hermetic refrigerant compressors working with Freon-22 (mono chloro 

di fluoro methane) are provided in the A/C package unit. The compressor motor is rated for 

415V, 3Ph, 50 HZ, AC Power Supply. 

Make & Model  – Kirloskar Hermetically Sealed. 

Power Consumption  –    5.25KW +/-20% depending upon ambient temp. 

Current (Amps.)  –   8.25 +/- 25% at 415V, 3Ph, 50HZ, AC  

Power Factor   – 0.8 

C.F.M.    – 12.033 

Volume   – 117.65 CC/Rev. Refrigerant Condensers 

Refrigerant Condenser: 
Condenser Coil  – Fin-on-Tube 

Face Area   – 0.67 M
2
 x 2 

Material of tube  – Copper 

Tube O.D.   – 9.62 mm 

Fin material   – Aluminium 

Fin Thickness   – 0 19 mm 

No. of Fins/cm   – 4.3 +/- 1 

Refrigerant   – R22, Less than 3.0Kg each circuit 

Condenser Fan              – Propeller type (2 No) 

Diameter   –  533.4 mm (21 x 2) 

Air Flow (CFM)  – 5000 min. x 2 

Pressure (External Static) – Open to atmosphere 

Speed (RPM)   – 1400 +/- 10% 

Motor size   – 1 H.P x 2 

Current consumption (Amps) – 1.8 +/- 10%x2 at 415V, 3 Ph, 50 HZ, AC 

Power Factor   –   0.7 

 

The condenser motor shall confirm to 15:325-1970 with IP 55 protection confirming to 15:4691-

68. 
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Evaporator Unit: 

Evaporator Unit  – Fin-on-tube type 

Face Area   –   0.265 M2 x 2 

Material of tube  – Copper 

Tube O.D.   – 9.62 MM (3/811) 

Fin Material   – Aluminium 

Fin Thickness   – 0.19mm 

No. of fins/cm   – 4.3 +/- 1 

Evaporator Fan  – Centrifugal type blower 

Diameter   –   254-279 mm (10º-11 º) 

Air Flow (CFM)  –   2000 (3400 cubic mtr/Hr.) 

Pressure (External Static) –   20 mm. Min. water gauge 

Speed (RPM) Motor size – 1400 +/- 10% 

Speed (RPM) Motor size – 1.5 Hp 

Current consumption (A) –  2.2 +/- 10% at 415V, 3ph, 50HZ, AC 

Power Factor   – 0.7 

The evaporator blower fan motor shall generally conform to IS : 325 with IP 44 protection as 

indicated in IS : 4691-68. 

Air circulating system: 

The AC system is designed to introduce fresh air at the rate not less than 0.35 M
3
/min/ 

person into the A.C. compartment. Keeping in view the above requirement of fresh air, quantity 

of fresh air per package unit will not to be less than 11.7 Cu M/min. 

The main duct carrying conditioned air is so designed that the air velocity inside it does 

not exceed 360 m/min. The air distribution system is so designed as to ensure that the max. air 

velocity at 150 mm below duct/diffuser is 10m/min. and at 1.2 m from floor level is 15m/min.  

Four types of diffusers are used in the conditioned compartment for distribution of cool air. Type 

'A' larger diffuser and type B smaller diffuser are provided on the main duct. Type 'C' and type 

'D' diffusers are provided on the branch ducts for transverse and longitudinal berths respectively. 

Branch ducts of size not less than 50 mm is brought down near the window from the main duct 

on both sides. The diffusers on both the branch ducts are mounted in the inclined position to 

direct cool air towards lower berths. The branch diffuser on the longitudinal berth's side is 

provided with adjustable vanes to control quantity of cool air. The diffuser on branch ducts for 

transverse berths is made in two parts, each part directing cool air towards the lower most berths 

of the bay. These are also provided with variable vanes. 
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POWER SUPPLY ARRANGEMENT 

The electrical load in the coach is fed through two sets of 415V, 3Ph, AC, 4 wire feeders 

run along the rake and coupled to the coach with the help of inter vehicular couplers. Each coach 

on the rake is provided with the control, distribution and feeder changeover arrangement on 

415V control panel. The 415V, 3Ph, supply is transformed with the help of a 415/190V, 

delta/star, 3Ph, transformer of 3KVA capacity for supplying the light and fan loads. 

A separate control panel/junction box is provided inside the coach for control and 

distribution of 3Ph, 4 wire, 190V (110V, 1Ph) system for lights and fans. Two sets of latched and 

electrically interlocked coupling of cable and plug socket and dummy socket one at each end 

panel of the coach is provided for transmitting the feed to the adjacent coaches on either side. 

Water raising apparatus is fed at 240V, 1Ph, 50 HZ, AC. One emergency lighting battery 

24V, 90AH. is provided on the under frame to feed emergency lights in case of failure of power 

supply. One battery charging transformer rectifier unit is provided on the under frame to charge 

emergency lighting battery. 

 

Fig: Power Schematic Diagram for RMPU 
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25 KVA ON BOARD INVERTER FOR SG-AC COACHES 

Introduction:   

25 KVA inverters are provided on self generating (SG) type AC coached fitted with roof 

mounted AC package unit. These SG AC coaches are provided with 110V battery in parallel 

with belt driven alternator and rectifier cum regulator to supply input DC voltage 90V to 140V 

with 15% ripple to the inverter unit, which is giving 415V ± 5%, 3 phase, 50Hz ± 3% PWM 

supply as output to feed air conditioning & 110V AC coach fan load of the coaches. Inverter is 

fitted with IGBT semiconductor power devices. 

 

Rating: 

DC Input  

Rated supply   :  90Vto 140 V dc with 15% ripple 

Rated input current  :  250A 

AC Output 

 Output voltage  :             3 phase, 3wire, 415V±5% PWM sine wave 

Output frequency  :  50 Hz ± 3% 

Output power factor  :  0.8 

Rated output current  :  35A 

Rated output power  :  25 KVA at 0.8 p.f. 

Sine filter output voltage :  415 V ± 5% 
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Nominal set limits: 

Input Overload  :  300A 

Input under voltage  :  < 90V 

Input over voltage  :  > 170V (154V + 15% ripple) 

DC link under voltage  :   350 V DC 

DC link over voltage  :   700 V DC 

Output overload  :   250A for 10 seconds 

General: 

Operating temperature Range :   - 5° C to 55°C 

Cooling   :   Forced air cooling by fan 

 

FUNCTIONAL ELEMENTS: 

 Input dc choke 

 Step up chopper 

 Inverter 

 Control and driver electronics 

 DC – DC converter 110V/ 24V 

 Earth leakage detector (ELD) 

 Over Voltage Monitor (OVM) 

 Display Card with LEDs 

 Sine filter 

 Switchgear 

For heat dissipation, an axial flow fan is used. The cooling air for the power sections is 

drawn in through ventilation grills in the lower part of the rear wall of the panel and hot air is 

discharged through slots in the top cover with canopy arrangement. 

OPERATION: 

Indications: 

The status as well as faults is indicated by meters and LED indications on the Display 

Interface Module, mounted in the converter and visible through a transparent acrylic sheet on 

the door. 

Starting the Converter: 

 The sequence for switching the inverter ON should be as below:  

 Check whether Q1 and S1 are in off position. If not, Q1 and S1 to be switched off. 

 Ensure that dc input supply of correct voltage and polarity is available at input terminals 

C and D 
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 Check whether OVM & ELD are in healthy condition. 

 Switch on Q1. The input dc voltage can then be observed on voltmeter P1. 

 Observe ‘24V dc on’ LED (H1) on Display Interface module (A11) glowing. 

 Check ‘To earth’ push-button on K1 is in pressed condition. 

 Switch ‘ON’ S1. Observe converter on LED (H2) on the Display Interface module (A11) 

glowing. On receiving this switch on command, the step up chopper section builds up the 

dc link voltage. After the dc link voltage has reached above its minimum acceptable 

level, the inverter section ramps up and generates three phase 415V, 50 Hz PWM supply 

at the converter output terminals U2, V2, W2. 

 Check 3 Phase line voltage on voltmeter P3. 

 After approximately 30 seconds of switching S1 on (the time required for dc link voltage 

build up and ramp up of inverter), the loads can be switched on, through the AC control 

panel. 

 Check the load current through each of the three phases on ammeter P4. 

Precautions during Converter Operation:  

The following precautions should be taken when the converter is in running condition: 

 The converter starts the various motors of the AC unit, direct-on line. Hence it is 

preferable that the entire load of the A.C. unit is not switched on at the same time. 

 During converter operation on load, the dc input supply to the converter should not be 

disconnected. 

 The converter starts the various motors of the AC unit, direct-on-line. Due to thermal 

considerations, it is preferable if the compressor load of the A.C. unit is switched on max. 

10 times in an hour. 

Stopping the Converter:  

The sequence of switching the converter off should be as given below: 

 The entire load on the converter output should be switched OFF one by one. 

 Switch S1 should be switched OFF. 

 MCCB Q1 should be switched OFF. 

 

Inverter may be of on-board type or under slung type. Some common makes of inverter are as 

under: 

 SIEMENS 

 HI RECT 

 HI REL 

 HITACHI 

 AAL 
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Safety precautions: 

Hazardous voltages of over 650V are used in the operation of this converter, and can 

cause severe personal injury or loss of life. The following precautions should be observed to 

reduce risk of injury or death. 

 Only qualified service technicians of Railway/ Manufacturer’s should be allowed to test 

and repair the converter or parts thereof. 

 Keep all covers in place and doors closed during normal operation. 

 Make sure that the voltage has dropped completely before touching any electrical 

contacts. Non-observance can lead to severe or fatal injury. 

 Should it be necessary during commissioning to take measurements with the power 

turned ‘ON’, do not touch any electrical contacts during such work and keep one hand 

completely free and outside the electrical circuitry. 

 Ensure that the test equipment is in good and safe operating condition. 

 Stand on an ESD approved insulated surface while performing commissioning/ testing 

work with the power ‘ON’, being sure not to be grounded. 

 When working on the connected motor or motor supply cable, ensure that the input 

MCCB of the converter is in ‘OFF’ position. 

 All work on the converter and its installation must be carried out in accordance with 

locally applicable electrical wiring regulations. This includes proper grounding to ensure 

that no accessible part of the converter is at any hazardous potential. 

 Failure to ground the converter properly can result in the surface of the converter carrying 

hazardous voltages, which may cause severe injury, loss of life or considerable damage to 

property. 
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WATER SUPPLY ARRANGEMENTS 

        As the most of roof area over toilets is occupied by AC unit, there is very less space 

for water tank to store water for various requirements like lavatories, cleaning, wash basin etc. 

To overcome this problem, the main water tanks are attached with bogies of coach and an 

auxiliary small capacity tank is provided at the roof of toilets. To raise the water from main tank 

attached to bogie to auxiliary tank at roof, there are two types of arrangements provided namely, 

 Compressor type. 

 Pump type 

COMPRESSOR TYPE 

In some of RMPU AC coaches, two air compressors are provided, one working and 

another as standby. Air compressor feeds pressurized air in to main water tanks attached to bogie 

of coach. A pressure limit switch is provided for automatic operation and safety. Operating range 

of Compressors are 10 psi for cut out as auto switching off and 5.0 psi for cut in as auto 

switching on. 

 

 

Note: 

 Filling cap should be intact. 

 No air/water leak should be there in pipelines. 

 Malfunctioning of pressure limit switch. 
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PUMP TYPE: 

MONO-BLOCK PUMP IN CONVENTIONAL RMPU AC COACH 

 

 

 

 

 

 

 

Water is pumped in the coach from under slung water tanks through Mono-block 

pumps. Equipment works continuously and water is pumped in a Auxiliary tank mounted 

over the toilets. The extra water overflows from Auxiliary tank to the main tank through a 

recycle pipe. 

 

MONO-BLOCK PUMP IN LHB RMPU AC COACH 
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AIR-CONDITIONING OF LHB COACHES 

Introduction: 

LHB coaches are coaches of special design being now manufactured by RCF 

Kapurthala on the basis of design and technological transfer from M/S ALSTHOM LHB. The 

air-conditioning of these coaches incorporate micro-processor controlled air-conditioning 

system with a number of advanced technical features for comfort air-conditioning. The 

important features of air-conditioning are as follows: 

The various RMPUs used in LHB coaches are: 

 Sidwal make 

 Fedder Lloyd make 

 Amit engineering make 

 Lloyd Electric makes. 

The AC system is described below based on Sidwal make RMPU ac coach package unit 

and their systems. 

Roof Mounted AC Package Unit (Sidwal make): 

              The AC system for all type of coaches and generator cars of Indian railways provides 

the following functions in all rooms used by either the train staff of passengers, such as the 

passenger compartment, staff compartment, WC, kitchen and rooms accommodating the 

switchgear. 

 Ventilation 

 Air heater 

 Air cooling 

 Air dehumidification 

 Air filtering 

Construction: 

 The coaches are provided with two Nos. of compact air conditioning units each and the 

generator cars with one air- conditioning unit each. However the units used in the different car 

type are identical. 

The AC system for the Passenger and Generator cars consists of the following assemblies: 

1. Compact air conditioning unit 

2. Duct system 

3. Exhaust air system 

• Exhaust air unit 

• WC/WC exhaust fan 

• WC/switch cabinet exhaust fan 

4. Circulating air duct system 

5. Fresh air screen 

6. Open/closed-loop control devices 

7. Sensors 
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Fig: LHB AC Coach Power Supply Distribution Control Circuit 

 

 

 

 

 

 

 

 

 

  

 

Fig- Control panel in LHB coaches 
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FIG:- Roof Mounted Air Conditioning Unit 

 

Compact Air Conditioning Unit 

The compact air conditioner unit has been designed for the air conditioning of 2 tier, 3 

tier & chair car for Indian Railways. 

The outside air (fresh air) is sucked in via the two fresh air screens and their air filters 

on the carriage side wall. It is mixed in the unit with the outside air/ re-circulating air ratio can 

be set by means of air dampers, the positions of which are controlled by the computer of the air 

conditioning system 

             The dimensions of the air conditioning units have been designed to match the car 

profile. Being installed in a recessed trough, it does not protrude from the car profile. 

              The compact air conditioning unit has two separate cooling circuits consisting of the 

following components: 

1. Two hermetic refrigeration compressors with oil heaters 

2. Two condenser with cu pipes and al. Fins 

3. Two axial fans for cooling the condensers 

4. Two evaporators 

5. Two twin-sucking radial fans for the supply air (driven by the motor) 

6. Three maintenance covers 

7. Two air inlets for circulating air 

8. One air outlet for supply air 

9. Control and safety devices 

10. Pipelines/fittings 

11. Two mixed air filters 
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OPERATING MODES: 

Preheating and cooling operation: The outside air dampers are closed to facilitate rapid 

heating up or cooling down of the carriage. 

Normal operation: In the normal operating mode, the dampers are set to ensure the envisaged 

fresh air volume of 21 m
3
/h per person. 

Emergency operation: Should the AC system fail due to a failure of the power supply, the 

adjusting dampers of the circulating air duct close so that the system is operated exclusively with 

outside air. 

The supply air fan of the compact air conditioning unit sucks the air from the mixing 

chamber across the two mixed air filters and evaporators and forces it via the electric heater into 

the supply air duct of the carriage. 

The condenser fans concurrently suck fresh air via ventilation slots provided on both 

sides to cool the compressor-condenser section. The supply air is first carried via silencers into 

the thermally insulated supply air duct, which is diagonally split in the longitudinal direction. 

The air is then supplied via openings in the bottom into a compensating chamber and from there 

via the perforated ceiling into the passenger compartment. 

Controller: 

All controlling and regulating functions are performed by the digital controller. It is built 

in an EMC proof standard plug-in rack using so-called 19” technology that is designed for plug-

in cards of Euro card form factor. This rack contains all required electronic cards needed for the 

unit. This combination of cards and wiring between the cards has been specifically designed that 

have been used for many years in high quantities in various railway HVAC equipments. 

All signals are passed into this device via 2 front-sided multiple cable connectors on 

position X1 and X2, where as 110V supply is located on a separate front side connector on card 

A1of controller. 

Software / operating modes:   The control of air-conditioning system is divided into the 

following operating modes: 

 Test mode 

 Emergency mode 

 Control mode 

 

Test mode: 

       This mode only supports a test run that uses the dedicated service program 

PRUEFWIN (in case of Sidwal) and a PC. The PC is connected to a/c computer via the serial 

port. There is one, command “H”, for “test mode”. The software will switch off all outputs and 

enter testing mode for duration of 2 hours. During this time any output may be manually. Set or 

reset with the help of „Z‟ command, to escape prematurely from testing mode the HVCV 

controller must be reset by powering off and on the 110V supply. Then the user can test the 

individual operating functions of the system. 
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Emergency mode: 

If a measuring sensor fails, the system continues in emergency mode. This mode consists of 

two steps: 

Outdoor temperature sensor Defective. 

Step 1: Evaluation is taken over by the sensor of 

other system. 

Step 2: Fixed value of 20 
0
C. 

Duct air temperature sensor Defective. Control together with room temperature. 

Room air temperature sensor Defective. 

Step 1: Evaluation is taken over by the sensor of 

the other system. 

Step 2: Control according to duct temperature and 

outdoor temperature. 

Set point generator defective. Controlled to fixed value of 23 
0
C. 

Room and duct sensors Defective. 
Turn off heating and cooling Ventilation is 

possible. 

Control mode: 

In controlled service, the air-conditioning units are controlled by a microcomputer. This 

is a fully automatic operating mode. Depending on the ambient temperature, the available modes 

of heating, ventilating, cooling and dehumidifying are controlled. 

Temperature regulation in pre-heating and pre-cooling 

 Pre-heating uses maximum heater output until an indoor temperature of at least 14ºC, the 

system changes to “heating in controlled service” mode. 

To save energy, only re-circulated air is used in pre-heating mode. In this mode the fresh 

air/re-circulating air flap is set to extreme position, i.e.100% re-circulated air”. The output must 

be active at least for ninety seconds to ensure that the flap goes to full open position. Besides the 

exhaust air fan must not be running in pre-heating mode of the system. 

Like in pre-heating, pre-cooling also uses maximum cooling output. Pre cooling starts 

when temperature is greater than 28ºC when the controller cuts in, the required voltage is fed. 

When the room temperature of 28ºC is reached latest, however, after 30 minutes, the system 

changes to cooling in controlled service mode. 

To save energy, only re-circulated air is used in pre-cooling mode. In this mode the fresh 

air/re-circulated air flap is set to extreme position, i.e. “100% re-circulated air” and the exhaust 

air fans are turned off. 

Temperature regulation in heating, ventilation and cooling modes:  

The room temperature is exclusively controlled by the microcomputer. 
Cooling circuit control 
If a cooling power request is received, a safety check is made before the compressor is turned on. 

The following information is available and should be observed: 

 Thermal monitoring of the condenser fan 

 Suction pressure message 

 High pressure message 
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Dehumidification: 

 The dehumidification function is available at cooling mode step 2. It is used if the 

relative humidity of the room air rises to 60%. This condition is monitoring by the moisture 

sensor in input C7S3. If the relative humidity is less than 60%, a simulated temperature of 

below 60°C is measured (Approx. 10 KΩ). When the sensor switches, this resistance is reduced 

via a measuring bridge so as to enable measurement over (approx.1 KΩ). During 

dehumidification, the room temperature is controlled by the extra heater. Extra heating is 

maintained until 

 The cooling power of the second step becomes insufficient to maintain the room the 

moisture sensor relative humidity of less than 60%. 

  Temperature even at maximum cooling output, or 

 In dehumidification service, a max 50% of the cooling output is allowed to ensure that 

the combined power consumption of the refrigerating and heating units does not exceed the 

maximum cooling output. This is ensured by limiting the dehumidification function to cooling 

step 2. The higher power consumption that would be needed if 2 compressors were turned on 

simultaneously is avoided by delaying the start of the second compressor by 5 second. 

 

Room set point temperature in cooling mode / Heating mode: 

Sr. 

No 
Summer Winter 

1. 20.0 
0
C 17.0 

0
C 

2. 20.5 
0
C 17.7 

0
C 

3. 21.3 
0
C 18.3 

0
C 

4. 22.3 
0
C 19.0 

0
C 

5. 23.2 
0
C 19.7 

0
C 

6. 24.0 
0
C 20.0 

0
C 

7. 25.0 
0
C 21.0 

0
C 
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TRANSPORTATION CODE FOR THE LHB COACH 

 

Sr. 

No 
TYPE OF COACH CODE 

1 AC FIRST CLASS SLEEPER- (EOG) LWFAC 

2 AC FIRST CLASS SLEEPER- (SG) LWGFAC 

3 AC SECOND CLASS SLEEPER- (EOG) LWACCW 

4 AC SECOND CLASS SLEEPER- (SG) LWGACCW 

5 AC THREE TIER CLASS SLEEPER- (EOG) 
LWACCN 

 

6 AC THREE TIER CLASS SLEEPER- LACCN (SG) LWGACCN 

7 

AC DOUBLE DECKER AC CHAIR CAR (EOG) ACCC DOUBLE 

DECKER 

 

ACCC 

DOUBLE 

DECKER 

8 AC HOT BUFFET CAR LWCBAC 

9 

LHB GS EOG coach fitted with the new inner spring design of 

secondary suspension (LW05127) with a combination of existing 

LG05101 outer spring (Shalimar coach secondary outer spring) and 

Rubber spring with 36 mm shim. 

LS4 

 

10 NON AC SECOND CLASS THREE TIER–(SG) LWGSCN 

11 NON AC- LUGGAGE CUM GUARD VAN(SG) LGSLR 

12 AC CHAIR CAR EXECUTIVE CLASS LWFCZAC 

13 AC CHAIR CAR LWSCZ AC 

14 GENERATOR CUM LUGGAGE& BRAKE VAN LWLRRM 

15 EOG NON AC HOT BUFFER LHB COACHES LWCB 

16 EOG AC FIRST CLASS CUM AC TWO TIRE LHB COACH LWFCACCW 

17 

II class non-AC EOG LHB variant in BG coach fitted with 

modified suspension on FIAT bogie with suspension to Drawing 

No. LG 90018 with 32 mm shims without 2 under slung water tanks 

of 685 Lt capacity, luggage rack shifted upward by 440 mm. 

LS 2` 

 

18 

18 II class non-AC EOG LHB variant in BG coach fitted with 

modified suspension on FIAT bogie with suspension to Drawing 

No. LG 90019 with 32 mm shims without 2 under slung water tanks 

of 685 Lt capacity, luggage rack shifted upward by 440 mm. 

LS 3 

 

19 
EOG non AC chair car LHB variant coaches fitted with FIAT bogie 

with 16.25 t axle load 

LWSCZ 
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Electrical Features of Original LHB EOG AC Coaches: 

1. IGBT based battery charger. 

2. Micro-controller based Roof Mounted Package Unit (RMPU) for Air Conditioning.  

3. Microprocessor based pump controller unit 

4. Integrated, modular single Switch Board Cabinet with controls of AC, lighting 

&     pantry etc. 

5. Light weight epoxy moulded transformer. 

6. Modular and elegant interior light fittings and reading lights.  

7. Integrated modular pantry unit. 

8. Provision of electron beam irradiated cables. 

9. Provision of Measuring and Monitoring relays in Feeder circuit 

10. Online insulation monitoring. 

11. Uniformity of illumination. 

12. Wheel set earthing equipment for high life of axle bearings.  

13. Provision of earthing and disconnecting device. 

14. Cable protection system with IP-68 protection and UL-94 fire retardant.  

15. Screw less, modular elegant switches. 

16. Additions / Modifications done. 

17. Provision of Emergency Battery charger. 

18. Provision of Dry type Transformer without encapsulation. 

DESCRIPTION OF COACH EQUIPMENT 

These coaches are equipped with following equipment: 

Switch-Board Cabinet- S1 

Coaches are provided with modular, integrated single cabinet designated switch board 

cabinet comprising all necessary equipment for control and protection of following coach 

systems: 

1. Microprocessor based Heating, Ventilation & Air conditioning

2. Lighting

3. Pantry

4. Anti-skid protection

5. Train Destination Indicator

6. Public Address system

7. Sanitary system (except W.C. control)

8. Regulated IGBT based Battery charger

9. Disconnecting and earthing device.         

10. On-line insulation monitoring relays.

Main Features of Air Conditioning System 

 Microprocessor controlled Roof Mounted AC package unit. 

 Humidity control

 Capacity control (30 % - hot gas by pass)

 Pressure transducers for LP/ HP measurement

 Damper control motors

 NTC type temperature sensor
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Technical Data (Output data per unit) 

Cooling capacity 22.5 kW (to= 6°C, tk= 55°C) 

Heating capacity 6.1 kW, 415 V, 3 Ø, AC, 50 Hz 

Compressor motors 6.5 kVA (t0= 6°C, tk= 55°C) 

Nominal power 12.6 kVA (t0= 12.5°C, tk= 65°C) 

Max. power 415 V, 3 Ø, AC, 50 Hz 

Fan motor axial (for condenser) 1HP, 415V, 3 Ø, AC, 50 Hz 

Fan motor radial (for evaporator) 1.5HP, 415V, 3 Ø, AC, 50 Hz 

Air volume  

Required air supply (m
3
/hr) 2800 

Fresh air supply (m
3
/hr) 820 

Max. power input, cooling (kW) 13.25 

Max. power input, heating (kW) 13.5 

Max. power input, dehumidifying (kW) 16.7 

Refrigerant R-22 

Weight (kg) 630 

Dimensions (mm)   2200 x 2000 x 500 

Quantity of refrigerant 6 kg/unit 

 

  General Data 
 Compressor 

 Hermetically sealed scroll compressor 

 Each with min 3.5 Tr capacity at 60 Deg C condensing and 5 Deg C evaporating 

 Total rating of ac package unit not less than 7 Tr. 

 Heat Exchangers 

 Air cooled 

 Copper tubes with aluminium fins 

 Filters 

 Each unit has 2 fresh air and 2 mixed air filters 

 Material is progressively structured , non – woven break resistant, 

thermally bonded synthetic material  

 Humidity Control 

 Restricts the humidity level to 60 % 

 Monitored by Hygrostat 

 Desired temperature is attained by switching on heaters (50 %), such 

that the combined power consumption does not exceed the permissible 

power. 

 

 Sensors 

 NTC type sensors 
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 Settings are achieved by rotary switch provided on the control panel. 

 

Position of 

switch 

 

 

Temperature 

   

Cooling 
 

Heating 
  

1 20.0 Deg C  17.0 Deg C 

2 20.5 Deg C  17.5 Deg C 

3 21.2 Deg C  18.2 Deg C 

4 21.9 Deg C  18.9 Deg C 

5 22.6 Deg C  19.6 Deg C 

6 24.3 Deg C  20.3 Deg C 

7 25.0 Deg C  21.0 Deg C 

 

 Protections 

 LP, HP cut outs have been provided in the refrigerant circuit 

 Overheat protector has been provided in the heater circuit 

 ESTI protection has been provided in the heater circuit to operate at 60 Deg 

C in case of failure of overheat protector 

 Individual protection has been provided by MCB‟s 

 In-built overheat protection has also been provided in the motors 

which are interlocked with microprocessor. 

 

MAIN TRAIN LIGHTING EQUIPMENT 

 110V, 70Ah VRLA battery

 Battery fuse box

 Battery charger

 Internal light fittings

 

 

 

 

 

 

 

    



155 
 

Ratings of Important Equipment: 

 

 SN Equipment   Rating Qty/ Coach  

       

 1 Step down Transformer 3 Ø, 750 V/ 415V AC, 60kVA 1  

      

 
2 Battery 

70 Ah, 12 V Monoblock, Lead 

Tin/ VRLA 
9 Mono blocks  

 3 Sealed Compressor 3 Ø, 415 V AC 4  

      

 4 Condenser Motor 1 HP, 3 Ø, 415 V AC 4  

      

 5 Blower Motor 1.5 HP, 3 Ø, 415 V AC 2  

      

 6 Condenser Coil Fin on tube type 4  

      

 7 Cooling Coil Fin on tube type 4  

       

 8 Heater Unit 3 Ø, 415 V AC, 6 kW 2  

       

 9 Monoblock Pump 3 Ø, 415 V AC, 0.5 HP 2  

       

 10 Emergency Battery Input : 220 - 230V, 1 Ø 1  

  Charger Output : 110 V DC   

      

 11 Regulated Battery Input: 415V, 3 Ø, AC 1  

  Charger Output: 110 V DC   
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AIR CONDITIONING OF OTHER INSTALLATIONS 

Window type units: 

Air conditioners of the window type, are completely self-contained units, with the 

compressor, condenser, evaporator, refrigerant piping and air filter, all assembled in a very 

compact assembly. The window units are usually of 1/2 to 2 tons capacity and fitted with 230 V 

motor up to 3 HP. Modern tendency is to employ sealed type motor-compressor units with the 

refrigerant piping system sealed-in with brazed joints, so that the leakage of gas is virtually 

eliminated and the unit may serve for long periods with hardly any attention. In these units 

expansion valve and liquid receiver are not provided. The refrigerant is controlled with the 

capillary system. The unit is so designed that it can be mounted on the window with small 

bracket from outside. Window units are particularly adopted when only few rooms are to be air-

conditioned and they are widely separated. 

Window type unit has following advantages; 

 Maintenance cost is less and very little, since the system is sealed. 

 Ducts are not required. 

 Occupy less space. 

 Shaft seal is eliminated. 

 No alignment problem. 

 Better-cooling of compressor motor from the suction gas. 

The greatest disadvantage of the system is that since everything is sealed, no repair can 

be carried out in field. The unit has to be repaired in workshop after cutting the sealed housing. 

The first cost of installation becomes 50 to 100% costlier than central unit when a number of 

units are employed for air-conditioning a large area. 

Periodic maintenance: 

To enable the conditions of both of the atmosphere and unit to be healthy it is imperative 

to give a periodic maintenance to the unit. The period is to be fixed as per the experience 

gathered or as specified by the manufacturer. 

The following are the important aspects to be looked after during maintenance. 

 Give attention to condenser coil, cooling coil and fan. 'Dust off these either by 

compressed air or brush it. CO2 may be used if available. 

 Hold the naked light in front to check the cleanliness in between. A hooked wire 

should be used to remove the foreign material Cooling coil need not be cleaned so 

frequently. 

 Fresh air ducts should be cleaned and checked. 

 Check the compressor mounting springs if external mounting is done. Replace them if 

necessary. Spring tends to lose its tension with age and this leads to noisy operation 

of the unit. 
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 Check the earthing connections. 

 If necessary oil the dampers. View the unit slope. 

 It should be 1/2 to 3/4" towards outside. 

 Check the air fillers. 

Package unit: 

These units are functionally similar to the window models but are very much bigger in 

size and therefore arranged for floor mounting. These are available in several capacities i.e. 4, 6, 

8 and 12 tons. These units contain all elements for cooling, dehumidifying, ventilating and 

circulated air and are quiet in operation. In larger sizes, the condenser is often water cooled and 

the necessary pipe connections will have to be made. The compressor unit may be of the 

hermetically sealed, semi-sealed or open type. The control panel is conveniently located and 

provided with a 3 position switch marked 'OFF‟, 'Fan', and 'Cool', in addition to a knob for 

setting the temperature at which the thermostat is to function. The disadvantage, however, is that 

the cost of installation is much higher than that of a central plant especially if large area has to be 

air-conditioned. 

Central plant: 

A central plant with full ducting is best suited for air conditioning of large buildings, 

theatres, halls and un-partitioned offices. In the central plant system, the air conditioning plant, 

comprising two or more heavy compressor units including the ancillary equipment like 

condensers and evaporators are located at a central point usually at the ground floor or basement. 

The conditioned air is delivered through a ducting system to all parts of the building. A duplicate 

ducting system is required to lead back the return air from inside, back to the central plant, to be 

dehumidified, cooled and recharged with fresh ventilating air to be circulated once again. 

The ducts are usually bulky and cumbersome as they have to handle large quantities of 

air. To accommodate them and keep them out of sight is a problem which often poses structural 

difficulties. In a large hall, network of ducting would be required to distribute the air uniformly 

to all parts. Individual DAMPER VANES are necessary to control the amount of air admitted at 

each outlet, as also at points where smaller ducts branch out. A considerable amount of 

adjustment and experimentation would be required to maintain the temperature variation within 

1 or 2
O
 C over all parts.  

One advantage of this system is that the processing of air is centrally controlled and 

therefore a high standard of efficiency can be maintained. The compressor plant itself being large 

is sturdy and robust and could operate for long periods with little attention. Normally there 

should be at least two complete independent units, one a working set and the second a standby. 
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Fig: Schematic diagram of A.C. system 

 

 

 

Fig: Central plant air conditioning system 
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Apart from the objection of the large ducting, the other inherent disadvantages of the 

central plant system are: 

 Adjustment of individual room temperatures, as required from time to time is not 

possible. 

 Therefore, the system is definitely wrong for buildings which are spilt up into a 

number of small rooms, offices, hotel rooms and so on. 

 It permits mixing of air, cigarette smoke, bacteria and odours between different areas 

and offices. 

 The ducting occupies an appreciable space. 

Desert cooler: 

The desert cooler works on the principle of evaporative cooling. A fan sucks outside air 

through a continuously wetted pad. The air in passing through the wetted pad gets cooled and 

humidified and this air is circulated into the room, where it picks up sensible heat and maintains 

fairly comfortable conditions as fresh air is continuously pumped into the room. The air from the 

room should be allowed to escape out through an opening at the farthest end of the room. 

WATER COOLERS AND REFRIGERATORS: 

Refrigerator: 

The majority of domestic refrigerators operate on the vapour compression system, the 

basic unit being a hermetically sealed electrically driven compressor unit which may be of the 

rotary pump type or reciprocating type. The unit is mounted at the base of the cabinet. The 

refrigerant commonly used is Freon22. The motor is generally of the high torque squirrel cage 

induction type using split phase design or employing capacitor start principle and operating on 

AC 230 volts 50 Hz supply. 

The usual expansion valve is done away with and replaced by one or more capillary. The 

evaporator piping is fastened round and brazed to the freezer box. The condenser too is greatly 

simplified by laying the condenser tube to and fro over a single metal sheet and plate acts as a 

heat sink and dissipates the heat to air currents on the two sides of it. This type of construction 

eliminates the need for a condenser cooling fan. The top of the food storage space is reserved for 

the freezer unit for making ice cubes or storing foods for long periods at a low temperature. The 

rest of the cabinet interior gets cooled by convection currents of air set up by the freezer unit. 

The compressor unit starts and stops automatically under the control of an adjustable thermostat 

which in turn operates a relay. 

Water coolers: 

Water cooler is a machine working on refrigeration system for cooling water for drinking 

purpose. The drinking water having temperature between 10
O
C to 13

O
C is preferred. As for the 

refrigeration system it is same which is utilized in air conditioning, refrigerators, etc. The water 

coolers can be classified into two main categories: 

 Instantaneous water coolers 

 Storage type water coolers 
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It consists of a fabricated metal sheet work and the refrigeration equipments are installed 

inside. There is no storage tank for storing and cooling the water. The water is being cooled by 

the refrigerant no sooner the water flow starts. That is why, the name is given instantaneous 

water cooler. Here both evaporator coils and refrigerant coils welded together or one coil is 

passed inside the other coil (i.e. tube in tube arrangement) so that the maximum efficiency can be 

achieved. The evaporator unit is also insulated to avoid the flow of surrounding heat. The 

refrigerant takes away heat from water and changes to vapour. The compressors used are 

normally hermetically sealed. The condenser is air cooled and a separate motor is provided for 

cooling the condenser. The capacity of this type of water coolers is small and another 

disadvantage is that in case of electric supply failure cooling of water will not take place. 

Storage type water cooler: 

As the name employs, there is water storage tank depending upon the capacity of plant. 

The water is stored in stainless Steel tanks, G.I. tanks, or brass tanks. The evaporator coils are 

welded outside around the storage tank for heat exchange between the water in the tank and 

refrigerant passing through the evaporator coils. The condensing unit will continue to run so long 

the water temperature is not attained. The compressor used is sealed as well as open type. The 

refrigerant is being controlled normally with capillary in sealed units and expansion valve in 

open type units. In some of storage water coolers the evaporator coils are directly kept in water 

as heat exchange will be good. But disadvantage is that the mineral salts of water get deposited 

over the evaporator coils and further heat exchange does not take place. In such cases the coil 

must be cleaned from the water, surface regularly. 

In addition to the above two types of water coolers, there are storage-cum-instantaneous 

type also. In this type, there is chiller of the cylindrical type in which a coil is inserted. First the 

refrigerant is expanded in the chiller coils, whereas water is flowing in the chiller, as such water 

gives heat to the refrigerant and then the same water flows in the tanks. The refrigerant, after 

passing through the chiller coils is again passed in the outer tube of the evaporator coils fitted on 

the outside of the tank, that is why, it is called instantaneous cum storage type of water cooler. 

Maintenance of refrigerators and water coolers: 

Small refrigerators, water coolers and domestic air conditioners employing sealed type 

units are designed to operate satisfactorily, for long periods without any-attention if used; with 

reasonable care. Leave well alone is an excellent rule to follow, tinkering should never be 

permitted. The insulation resistance of the wiring and bonding to earth of the body of the 

equipment should be checked at intervals of say once in 6 months to ensure safety. Defrosting 

the cooler unit and giving a general cleaning is necessary every now and then. 
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SAFETY DEVICES & ARRANGEMENTS IN RMPU 

Fuse: 

In electronics and electrical engineering, a fuse is a type of low resistance resistor that 

acts as a sacrificial device to provide over-current protection, of either the load or source circuit. 

The essential component is a metal wire or strip that melts when too much current flows through 

it, interrupting the circuit that it connects. Short circuits, overloading, mismatched loads, or 

device failure are the prime reasons for excessive current. Fuses can be used as alternatives 

to circuit breakers. 

MCBs: 

An MCB or miniature circuit breaker is an electromagnetic device that embodies 

complete enclosure in a moulded insulating material. The main function of an MCB is to switch 

the circuit, i.e., to open the circuit (which has been connected to it) automatically when the 

current passing through it (MCB) exceeds the value for which it is set. It can be manually 

switched ON and OFF as similar to normal switch if necessary. 

Over load Relay: 

Thermal overload relays are economic electromechanical protection devices for the main 

circuit. They offer reliable protection for motors in the event of overload or phase failure. The 

thermal overload relay can make up a compact starting solution together with contactors 

Vane Relay: 

Vane Relays are used in AC track circuits. A vane of an aluminium alloy is secured to a 

horizontal shaft, with a trunnion at each end, which is supported by bearings. They accurately 

position the vane in the air-gap between the two magnetic field structures with ample working 

clearance. The local and control windings are fastened to the base of the relay, thus 

providing conduction of heat from the coils and laminations to the outside air. Both the vane 

and magnetic structure are compact, yet are designed for correct distribution of mass 

and magnetic flux. Pushers of insulated material transmit the movement of the vane shaft to the 

contacts. These contacts are similar to the ones used in DC relays, being flat springs moulded in 

a phenolic block.  

Over heat Protection (OHP): 

It is safety device to protect over- heating of heater. When the heater temperature is 

above 65 C then OHP operate and break the control supply of heater. 

HP Cut Out (415–430PSI): 

 It is a safety device against build up of excessive delivery pressures and protects the 

compressor and piping system from damage. It is a pressure operated switch which switches off 

the compressor drive motor when the pressure exceeds a preset value (17.6 Kg/Cm2). The plant 

cannot be restarted unless the cut out is reset manually. 

  

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Electrical_engineering
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Sacrificial_device
https://en.wikipedia.org/wiki/Overcurrent
https://en.wikipedia.org/wiki/Electrical_network
https://en.wikipedia.org/wiki/Short_circuit
https://en.wikipedia.org/wiki/Circuit_breaker
http://www.electricaltechnology.org/2014/11/types-of-switches-electrical.html
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LP Cut Out (30-40PSI): 

It is also a pressure operated switch similar to the H.P. cut out switch, but it shuts down the 

compressor if the suction pressure drops down below 0.7 Kg/Cm2. It protects the system against 

unduly low evaporator temperatures and formation of frost on the evaporator. No manual reset is 

provided on this and therefore the compressor starts automatically if the suction pressure rises 

above the pre-set value. 

OP Cut Out (U/S): It ensures adequate lubrication of compressor to avoid piston seizure due to 

less lubricating oil or failure of oil pump. This cut-out is set at 2.5 Kg/Cm
2
. 

Others : 

 Interlocking in control circuit  

 ELD in inverter to protect from leakage current. 

 OVP in RRU/ERRU against over voltage protection. 

 MMR Relay in LHB coaches . 

 Provision of fire extinguisher in every AC coach. 

 Fusible links in heater circuit of AC coach. 

  

Duties of Supervisor: 

 An electrical supervisor must carry out various administrative tasks on top of their 

supervisory role, which can include maintaining supply inventory, budget planning, 

and estimating project costs. 

 In addition to heading a team of electricians and ensuring all safety standards and 

compliance codes are upheld, electrical supervisors schedule and train workers and 

maintain equipment. 

 They also must be able to troubleshoot electrical problems and have the ability to 

plan and improve electrical and circuitry layouts. Having an associate's or bachelor's 

degree is required for this profession, as is possessing strong leadership skills. 

 Electrical supervisors are experienced electricians who lead, motivate, monitor and 

oversee a team of electricians to ensure they produce quality work. They provide 

technical guidance regarding the installation, maintenance and repair of electrical 

systems. 

 Prospective electrical supervisors should seek an associate's degree in an engineering 

or technical field or a bachelor's degree for the possibility of greater career options. 

 Common job duties for electrical supervisors include making schedules, assigning 

work and training employees. 

 Electrical supervisors motivate electricians to increase their productivity and meet 

work goals. 

 They also ensure the proper maintenance of equipment, compliance with electrical 

codes and adherence to safety regulations. 
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 Electrical supervisors assist with electrical system installation, troubleshooting and 

repair as needed. 

 Designing electrical systems and circuits, as well as contributing to improved designs 

and manufacturing processes are other common job functions. 

 Relevant work experience may be gained through an apprenticeship program, and the 

BLS reports that job opportunities for these professionals should see positive growth. 

Set of tools for maintenance of AC-plant: 

 Flaring Tool 

 Pinch off tools 

 Tube –cutter 

 Swaging Tools 

 Spring Tools 

 Lever type tools 

 Hammer 

 Adjustable spanner  

 Spanner set 

 Measuring tape 

 Screw Driver set 

 Brazing Tools set 

 Rounded nose pliers 

 Plain cross cut pliers 

 Line tester 

 Multi meter 

 Tong tester 

 Thermometer 

 Test lamp 

 Pressure compound gauge 

 Hygrometer 

 Psychrometer 

 Halide test lamp. 
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Duties of AC escorting staff before departure: 

Duties of AC coach attendant: 

1. To appear in prescribed uniform and have his badge fixed on it for easy identification by 

the passengers. 

2. To be present one hour before the scheduled departure of the train. 

3. To check that all internal electrical fittings in the coach provided for the comfort and safety 

of passengers are intact and in working order. 

4. To monitor electrical/ mechanical defects developing in the coach and call maintenance 

staff for attending whenever necessary. 

5. To assist the AC coach mechanic in pre-cooling of the coach well before commencement 

of the journey. 

6. Assist AC coach mechanic to take reading of pressure at panel board, discharge pressure of 

refrigerant and oil pressure of compressor and voltage, current of the alternators and 

battery etc. from time to time and make entries in the log book and in form AC coach 

mechanic in case of any abnormalities in the readings. 

7. To assist the AC coach mechanic in the rectification of minor faults in the AC coach 

equipment en route. 

8.  Keep doors closed during run & open at station when train is stopped. 

Duties of AC coach mechanic: 

1.  Should be available in the coach one hour before schedule departure of the train. 

2. Check logbook of the coach for any entry by the maintenance staff and act accordingly. 

3. Check the condition of V-belts in stable condition. It should be 6+6 from the primary 

depot. 

4. Check OFF load battery voltage. It should be approx. 118V. 

5. Record all parameters of the equipment in the logbook. 

6. Check whether the coach is pre-cooled or not. If not, pre-cooling should be done after 

placement of the train and pre-cooling should be removed 10 minutes before departure of 

the train. 

7. Switch OFF one of the AC plant before removing pre-cooling cable from external supply. 

8. Check all the grills inside the coach. These should be in open condition. 

9. Check all lights, emergency lights, fans, night lamps, reading lamps & mobile charging 

sockets. 

10. Attend complaint of passengers, if any. 

11. Should do temporary connection in TL coach also, if required. 
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Duties of AC escorting staff during run: 

1. As the coach picks up speed after its commencement of journey, observe the reading of the 

voltmeter and ammeters of alternators, to ensure that they are working and write down the 

parameters in the logbook for every two hours. 

2. Observe the function of AC plants by noting the load currents on the inverters and also 

cooling effect inside the coach. 

3. Record temperature in the logbook for every 2 hours. 

4. If any abnormality is observed, first note down the same in the logbook and try to solve the 

problem to the extent possible. 

5. Frequently check the AC control panel indicators for any faults. 

6. Change the working of WRAs/ Mono-block pump for every 6hours if AUTO Mode is not 

in service. 

Instructions for AC escorting staff: 

1. To be cautious about un-claimed baggage/luggage. 

2. Check working of AC plant/light/fans & reading lights etc. 

3. Check cleanliness of compartment. 

4. Keep panel shutter closed with latches already provided. 

5. Ensure following in the coach: 

 Pre-cooling cable, Emergency feed cable. 

 Carry standard tool kit box. 

6. Use fire extinguisher in case of fire. 

7. Open emergency window in case of emergency. 

8. Troubles shoot line failure immediately. 

9. Communicate line failures &Non-AC certification, if any. Inform to base depot 

&destination depot immediately. 

10. Fill logbook details properly. 

List of spares required for AC escorting staff: 

Sr. 

No. 

Description Qty 

1. 4 sq mm PVC copper wire in two pieces for manual 

operation of  the ERRU/RRU 

15m 

2.  . Inter-cell connection leads along with nut and bolts. 2+2 

3. Carbon brushes for blower, condenser & compressor motor 

for underslung coaches. 

1set 

4. HRC fuses 400A,250A,160A,125A,63A,40A,20A,10A&6A 2set 

5. CFL &choke 2 

6. Cotton cloth for cleaning 1m 
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Fuses in SG conventional (u/s) type AC coaches: 

Sr. No TYPE CAPACITY LOCATION 

1 HRC 315A Negative and Positive terminal of cell bank 

2 HRC 250A Both plant negative and positive supply 

3 HRC 160A Incoming supply from alternator regulator 

4 HRC 100A 
Positive supply of control panel for 

cooling plants 

5 HRC 60A For positive supply of heating control panel 

6 HRC 2A For negative control supply 

7 
Bottle type 

Cartridge 
10A,20A Blower and condenser motor supply 

 

MCBs & Fuses in SG RMPU type AC Coaches: 

Sr. No TYPE &No CAPACITY LOCATION 

1 Main MCBTP 63A Power input to RMPU equipment 

2 MCB TP1,2,3 6A Blower motor & Condenser motor 

3 MCB TP4,5 32A Compressor motor 

4 MCB TP6,7 16A Heater 

5 MCB DP8 2A Incoming of Control transformer 

6 MCB DP9 4A Outgoing of Control transformer 

7 MCB TP 16A For WRA 

8 HRC-F3 10A ERRU field fuse 

9 HRC-F1,F2 160A ERRU main fuse 

10 HRC 400A Positive and negative of battery 

11 MCB DP 0.6A Inverter cooling fan 

12 MCCB DP 250A Inverter input 

13 MCCB DP 300A( Siemens) Inverter input 

14 HRC fuse 20A In ERRU/RRU before capacitor 
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RSWs IN SGAC COACHES (As per RCF drawing no.CC70401, CC72405): 

S. No. RSW No. CAPACITY LOCATION 

1 RSW1 500A For alt1, alt2 and battery at power panel 

2 RSW2 300A For Inv-1 & Inv-2 at power panel 

3 RSW3 16A For inverter selector of WRA/ mono-block pump at 

power panel 

4 RSW4 16A For Fans circuit at power panel 

5 RSW5 10A L1&L2 circuits at power panel 

6 RSW6 2A Night lamps at power panel 

7 RSW7 10A For WRA selection at power panel 

8 RSW1 63A Power ON RSW at AC control panel 

9 RSW2 16A For blower ON at AC control panel 

10 RSW3 16A For auto/manual mode selector RSW at AC 

Control panel 

11 RSW5 6A For compressor selector, bypass RSW at AC 

Control panel 

12 

 COS-1 & COS-

2, RSW1, 

RSW2, RSW3, 

RSW4 

63A 
Changeover switch for selection of power supply 

Changeover control box 

 

Components of AC control panel in ICF RMPU: 

1. Overload relay (O/L)  

 O/L–1 -    For evaporator blower motor. 

 O/L–2&3 -    For condenser motor1&2. 

 O/L–4&5 -    For compressor motor1&2. 

2. Timer Delay Relay  

 T.D.R.–1&2 -    For compressor motor1&2. 

3. Contactors  

 C-1 -     For blower motor. 

 C-2&3 -    For condenser motor1&2. 

 C-4&5 -    For compressor motor1&2. 

 C-6 -    For heater bank1&2. 

 AC-1 -    For auxiliary contactor. 

4. Rotary switch  

 R.S.W.–1 -    For3ph AC, main supply „ON/OFF‟. 
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 R.S.W.–2 -    For control supply „ON/OFF‟. 

 R.S.W.–3 -    For VENT/AUTO/MANUAL COOLING/ 

MANUAL HEATING. 

 R.S.W.–5 -    For compressor by pass mode selection. 

5. O.H.P. –1&2 -    Foroverheatprotectionofheater1and2. 

6. Electronic thermostat -    For controlling heating/cooling. 

7. V.R.–1andV.R.2 - Vane relay for check air loss in the air supply to both 

side blower. 

8. Transformer - 415V/ 110V, step down transformer for control circuit. 

Safety precautions: 

The following precautions should be observed to reduce risk of injury or death: 

1. Keep all covers in place and doors closed during normal operation. 

2. Ensure that the test equipment is in good and safe operating condition. 

3. When working on the connected motor or motor supply cable, ensure that the input 

 MCCB of the converter is in „OFF‟ position. 

4. If smoke /fire observed anywhere in the coach then switch „OFF‟ power supply 

 immediately. 

Safety tips for prevention of fire: 

1. Ensure provision of two numbers of dry powder type fire extinguishers in A.C. 

 coaches. 

2. Ensure that no protection is by-passed. 

3. Proper rating of MCBs / fuses shall be used. 

4. Look for any overheating sign after putting on all loads. 

5. Loose or temporary connection, hanging wires/ exposed joints etc. should not be 

 allowed. 

6. Check condition of PVC bushes/ glands provided in junction-boxes. Replace worn-

 out bushes/ glands during schedules. 

7. Check condition of insulation especially in junction-boxes. Don‟t permit damaged/ 

 broken/ cracked insulation. 

8. Rubbing of cables shall not be permitted. 

9. Check physical condition of wire/ cables for external damage and overheating marks, 

 discoloration of lugs due to excessive flow of current/ overheating. 
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OPERATION OF AC COACHES 

Preparation of coach: 

General checks in air conditioned coach: 

Before placing the AC coach at starting station, this should be pre-cooled. The AC coach 

attendant should check the followings: 

1. Visually inspect, both upper and under frame and ensure all fittings are intact at their 

places. 

2. In under frame check alternator, axle pulley, „V‟ belts of alternators, compressor & 

condensers (in case of under slung), battery etc. if any abnormality found rectify or 

inform the concerned supervisor/ mechanic, for rectification. 

3. In upper frame check control & power panels, fan and light fittings etc.. 

4. Check the battery voltage. It should be above 118V at „OFF‟ load & 115V on „ON‟ load. 

5. Check the position of „RSW I‟ & „RSW II‟ is normal and ensure that the mains and LVR 

indication (U/S) is glowing in control panel. 

Start the control panel and observe the reading of „LP‟ HP, OP gauges (U/S). 

I. Suction pressure gauge reading should be 2.6 – 2.8 kg/cm2. 

II. Discharge pressure gauge reading should 12.6 - 15.5 kg/cm2. 

III. Oil pressure gauge reading should be 5.6 - 6.3 kg/cm2. 

IV. Feel the temperature suction side cold, delivery side hot and liquid line should be warm. 

Operating procedure for AC coaches: 

 Ensure coach voltage by pressing voltmeter switch (118V off load). 

 Keep 400A RSW1 in ALT 1, 2 position. 

 Keep the 300A, RSW2 in power panel on Inverter 1&2 position. 

 Latch ON the MCCB in the inverter and keep the inverter switch in ON position and      

observe input DC voltage in the voltmeter (110 V D.C) and AC output voltage 415V. 

 Put ON the main supply by putting rotary switch RSW1 in ON position. This will cause 

the RED, YELLOW & GREEN (Power supply) indications to glow. This rotary switch 

should be switched OFF only in case of repairs/servicing of the unit or control panel. This 

is necessary to ensure healthy power supply to crank case heaters even the unit is OFF. 

Normal ON/OFF operation of the unit is achieved using RSW2. 

 Check that all the MCBs are ON and the „POWER ON‟ (RED) LED is ON. Ensure that 

RSW5 is at position Comp.1 & 2 ON. 

 Place RSW3 on AUTO position and ensure the contacts of CD1 & CD2 close immediately 

and CP1 & CP2 contactors close after a time delay of 120 sec &150 sec respectively. 

 Observe and ensure that there is no trip indication in the LED indication panel of AC 

control panel. 
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 After closing of CP1 & CP2 contacts check the load current in the inverter output side 

ammeters (21-23 Amps). 

 Follow the same procedure for the other side AC plant. Ensure working of plant on AUTO 

mode. 

 Switch ON the WRA/ Mono-block pump motor and check for availability of water in the 

toilets and wash basins. 

 Record the temperature of each unit (PP and NPP side) at Electronic thermostat display 

unit. If Electronic thermostat is not there, the temperature may be measured by portable 

thermometer near the return air grill. 

 Do not operate the alternator rotary switches (300 amps capacity) on load. This can cause 

damage to the switch, electronic components and the V-belts. 

 For failure noticed en route, if any assistance is required at the en route station, message 

should be given to the SE/JE of the station concerned in advance with a copy to the 

primary and secondary maintenance depots concerned. 

The following interlocks have been provided in the control panel to ensure sequence of plant 

operation: 

 If blower motor is not ON, other equipment cannot get switched ON. 

 If Vane Relay is not ON, “AIRLOSS” LED will glow and no other equipment except the 

blower can get switched ON. 

 One condenser fan is ON, the compressors can get switched ON. 

 However, if either condenser fan is defective, one of the compressors operation should be 

disabled by using RSW5. 

 If Heater is ON, compressor cannot be switched ON. 

 Heaters can be switched ON only if both condenser fans are OFF. 

PRECOOLING PROCEDURE: 

 Place 63A change over switch in the AC control panel on external position. 

 Switch „ON‟ one of the AC plant preferably NPP side when the external power supply is 

not extended to battery charger. 

 Connect Female socket end to the coach and male socket end to the pre-cooling socket. 

 Switch „ON‟ the MCCB at Pre-cooling male socket. 

 Ensure the 3-Ph supply in the AC control panel and switch ON the other AC plant 

through inverter only. 

 Ensure that centre zero ammeter reads charging Amperes depending upon battery 

condition. 
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TROUBLE SHOOTING 

Trouble shooting instructions for RMPU AC coaches 

  

No generation: 

At Power Panel 

1. RSW 1 in Power panel should be on Alternator 1, 2 & 

battery position. 

2. Check the incoming and outgoing supply at RSW1. If 

RSW1 defective/ burnt, by pass it and incoming +VE’s of 

alt1, alt2 & battery to be connected to incoming of RSW2. 

 

 

At Alternator: 
 

1. Ensure the availability of V-belts. 

 

2. Check the continuity of field & 

phase windings at alternator 

terminals for open/ short circuit 

fault with multi-meter and earth 

fault with meggar of suitable 

range. 

 

If the coach was in ideal condition for a 

long time, to gain the residual 

magnetism, check the field winding of 

alternator with 110V DC in series with 

test lamp of 25W/ 40W. 

 

 

At RRU/ ERRU: 

1. Check the condition of OVP. If it is in tripped 

condition, reset it. 

2. Check and ensure the availability of 110V DC in 

RRU/ ERRU at DC +VE, -VE terminals. 

3. Check the condition of field fuse and 

its tightness. 

 

 

 

Capacitor 
OVP Reset 

button 
Universal 

Voltage 

Controller 

 
RSW -1 in power 

panel  

 Alt1 

+VE 

Alt2 

+VE 

Battery  

+VE 
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4. Check the condition of HRC field fuses (6 Amps) & main fuse (160 Amps) in the 

RRU/ ERRU. Replace them, if blown out. 

5. Check the continuity of field & phase windings for open circuit with multi-meter. 

6. Excite the field separately. If not succeeded, give external excitation to alternator. 

 

110 V DC Low Voltage: 

At RRU/ ERRU: 

1. Check continuity of field after disconnecting from ERRU field terminals. 

2. Check for any loose connections at field terminals. If loose, tighten them. 

3. Check the condition of field fuse and its tightness. 

At Battery: 

4. Check for loose connection at inter-cell connections and battery end connections. If 

loose, tighten them by torque wrench only at recommended torque. 

5. Record OFF load/ ON load voltages of each cell. If any cell found reverse/dead, bypass 

them. 

6. Even though if the voltage is not improved, provide TC from the adjacent coach DC-DC 

supply 

Inverter not working: 

At Power Panel: 

1. Check for availability of supply at incoming and 

outgoing terminals of RSW2 in power panel and 

check the position, it should be in INV 1&2 

position. 

2. Check the condition of RSW2. If found 

defective, bypass it. 

3. Check the 400A, 250A HRC fuses in power 

panel. If blown out, replace them. 

 

At Inverter: 

1. Check and ensure the availability of input 110 V 

DC supply at the inverter MCCB. 

2. Check 350A HRC fuses and replace if blown out. 

3. Check 4A glass fuses in 24V control circuit of 

inverter. Replace it, if blown out. 

4. Check the condition of Earth Leakage Detector 

(ELD). If it is in tripped condition, reset it. If 

ELD is not holding, check for earth leakage in the 

coach. If ELD is found defective, bypass it by 

connecting wire on terminal 18 to terminal 20 of 

ELD (On board type Siemens). 

 

HRC Fuses in power Panel 

 

350A HRC    Input to 

Inverter 

Fuse   MCCB 
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Inverter tripping on “on load”: 

At AC Control Panel: 

1. Switch off all MCBs of blower, condensers, 

compressors, heaters in the control panel 

(MCB-1 to_MCB-6) 

2. Switch ‘ON’ the inverter again. If the inverter 

is working on OFF load, switch ‘ON’ the AC 

plant equipment MCB’s one after other as 

following: 

a. Switch ‘ON’ blower MCB-1. If 

inverter not tripped, switch ‘ON’ 

condenser motor-1 MCB-2. 

b. If inverter not tripped, switch ‘ON’  

condenser motor-2 MCB-3. 

c. If inverter not tripped, switch ‘ON’ compressor-1 MCB-4. 

d. If inverter not tripped, switch ‘ON’ compressor-2 MCB-5. 

3. Switch ‘OFF’ faulty equipment MCB on which the inverter trips. 

 

Inverter tripped on “off load”: 

1. Check for fault indication in the inverter panel. 

2. Check for short circuit/ earthing of power cables between Inverter output and 

AC control panel terminals. 

3. If no fault is found, then give message to next major station for 

necessary attention. 

4. Set on emergency mode and use three compressors  

only. 

 

Inverter tripping on stabling: 

1. Check the individual cell condition. Isolate/ 

bypass the defective cells. 

2. Check the input DC voltage at inverter. It 

should not be less than 90V to avoid input 

under voltage fault. 

3. Even though the voltage is not improved, 

provide TC from the adjacent coach   

 

Over load- 

   MCB 

Electronic 

thermostat 
RSW-

1 Main 

MCB 

415/110V 

Transformer 

 

-VE terminal +VE terminal 
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AC plant not working: 

Power Indication LED Not Glowing: 

Check the following at control panel: 

1. Check the position of 63A changeover switch. It should 

be in Inverter position and ensure the availability of 

three phase supply at incoming and outgoing terminals 

of Change over. If found defective, bypass it. 

 

2. Check the healthy condition and availability of 3-phase supply at incoming and outgoing 

terminals (361,362,363) of 63A RSW1 and 63A Main MCB (358,359,360). If found 

defective, bypass it. 

 

 

 

 

 

 

 

 

 

 

 

 

3. Check the working condition and availability of control supply at incoming (358,359) 

and outgoing (370,371) terminals of MCB-8 of 415/110V AC control transformer. If 

supply is not available, extend the supply from bus bar to the control transformer 

bypassing MCB-8 and record in the logbook for further rectification. 

4. Check control transformer, if found defective extend the control supply either from 

110V AC fans or adjacent coach AC control panel temporarily. 

5. Check working condition of MCB-9 at incoming (36,100) and outgoing terminals 

(10,100). 

6. Ensure availability of control supply on RSW2 at terminal (10, 12). If found defective, 

bypass it. 

Note: In case of SG AC coaches, control supply to MCB-8 shall be given from two 

phases directly from inverter to TC-1 & 2 instead of bus bar. 

 

 

 

 

63 A CHANGE OVER 

SWITCH 

 

 

I/P MCB-8 for 

Transformer 

 O/P MCB -9 for T/F RSW-1 

Control T/F 

Main MCB 

63A 
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Blower motor not working: 

Red light of over load ‘ON’: 

Check the following at control panel: 

1. Check MCB-1 and ensure supply voltage of 

415V AC, 3-Ph at outgoing terminals of 

MCB-1 (343,344,345). If found defective, 

bypass it. 

 

 

2. Check Over load relay (OL-1) 

a. If it is in tripped condition, check the 

over load setting (2.1 to 3.1A) and 

reset it. 

b. Check the supply from RSW2 to 

Blower OLP NC point wire No.12 

and outgoing wire No. 13. If supply 

not available at wire No.13, short 12 

& 13 wires. 

Note: Before bypassing OL-1, ensure the 3 -ph 

supply is available at T1, T2, T3 terminals of 

blower motor to avoid single phasing. 

 

 

3. Check the incoming (322, 323, 324) and outgoing 

(301,302, 303) terminals of blower contactor C1. If 

found defective, bypass it. 

 

4. Check ‘NO’ interlock of Auxiliary contactor (AC-1). 

If found defective, bypass by shorting 18, 19 terminals. 

 

Note:    If blower motor is still not working and it seems to 

 be defective, give message to next major station for  

 necessary attention. 

 

 

 

 

 

 

12  13 

Overload Relay 

Overload 

Relay 

 

 

Auxiliary contactor AC-1 
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Air loss indication red LED glowing: 

1. If blower is ON but indication LED not 

glowing, check as per para. above. 

2. Check the direction of rotation of blower 

motor, if it is rotating in reverse direction, 

inter change any two phases of T1, T2, T3 

(301, 302, 303) power terminals. 

3. Check Vane Relay flapper/ switch contact/ 

connection. If found defective, bypass Vane 

Relay by shorting 44, 46 control terminals. 

4. Note: Before shorting Vane Relay terminals, 

ensure that blower is rotating in right 

direction. Put off MCBs of Heater circuit. 

 

5. Check whether the fresh and return air 

filters are not clogged. If clogged, clean the 

filters 

 

Note: Put a handkerchief or paper at return air 

grill inside the coach. If it is sucked, it means 

that the blower is running in correct direction. 

 

 

Auto/ Manual Indication LED not glowing if mode selector RSW-3 is put to their 

respective position 

1. If air loss indication LED is glowing, check the cause of air loss  

as per para. 

2. Check the condition of RSW-3 incoming supply at wire 

No.19 and outgoing wire No. 23 for cooling mode and wire 

No. 24 for heating mode. If supply not available at 23, 24 

wires, short 19, 23 for cooling and 19, 24 for heating. 

Cooling Indication LED not glowing in Manual/ Auto mode: 

       If air loss indication RED LED is glowing when RSW-3 is 

       in manual/ Auto mode, check causes of air loss and take  

       remedial action as per para above. 

 

 

 

Short 44 & 46 terminals 

Control terminals block in 

AC Panel  

l

o

c

k

 

i

n 

AC PANEL  

RETURN AIR GRILL 

 

 

INDICATION PANEL 

RSW-

3 

RSW-

2 



177 
 

Condenser Motors Not Working: 

CD1 or CD2 over load indication RED LED glowing when RSW3 is on cooling 

mode: 

1. When cooling indication LED is not glowing in 

manual/ auto mode, then take remedial action as 

per para above. 

2. Check mode selections switch RSW3 as per para 

above. 

3. Check over load relay (OL-2, OL-3). 

a. Check the incoming supply from wire No.23 

and 40 at heater contactor (C6). If found 

defective, bypass it (by shorting 23 & 40). 

Note: Heater MCBs should not be kept ‘ON’ while 

bypassing. 

b. If OL-2 and OL-3 are in tripped condition, 

check the over load setting (1.7 to 2.1A) and 

reset it. 

c. If OL-2 and OL-3 are found defective, bypass them by shorting 40 with 41 and 40 

with 43. 

Note: Before bypassing OL-2 and OL-3, ensure 3-ph supply is available at T4, T5, T6 for CD1 

and T7, T8, T9 for CD2 terminals of condenser motors to avoid single phasing and measure the 

load current taken by the condenser motor in each phase. 

4. Check MCB-2 & MCB-3 and ensure supply voltage of 415V AC, 3- ph at outgoing 

terminals of MCB-2 (346, 347, 348) of CD-1 and MCB3 (349, 350, 351) of CD-2. 

If found defective, bypass it. 

5. Check supply at the incoming 

terminals of contactor (C2) (325, 

326, 327) of CD-1, contactor 

(C3) (328, 329, 330) of CD-2 

and out- going terminals of 

contactor (C2) (304, 305, 306) of 

CD-1, contactor (C3) (307, 308, 

309) of CD2 respectively. If 

found defective, bypass them. 

 

Compressors Not Working: 

 

Compressor-1/ 2 over load red indication LED glowing: 

1. Ensure both the condenser motors are working. If not, 

 refer para above. 

2. Check output at TDR 1 &TDR2 

 

 

 

OL-2 OL-3 C6 CONTACTOR 

 

AC CONTROL PANEL 

           

     AC CONTROL PANEL 

 



178 
 

3. Check the working condition of RSW5. If it is defective, bypass it. If supply not available, 

check the continuity of wire No. 48 at outgoing terminal of RSW5 from C2, C3 

contactors. 

4. Check over load relays (OL-4, OL-5). If: 

i. They are in tripped condition, check the over load setting (7A -12.5 A) and reset it. 

ii. OL-4 and OL-5 are found defective; bypass them by shorting 52 with 54 and 63 with 

65. 

Note: Before bypassing OL-4 and OL-5, ensure 3-ph supply is available at T10, T11, T12 for 

CP1 and T13, T14, T15 for CP2 terminals of compressors to avoid single phasing and measure 

the load taken by the compressors in each phase. 

5. Check MCB-4 & MCB-5 and ensure supply voltage of 415V AC, 3- ph at outgoing 

terminals of MCB-4 (352, 353, 354) of CP-1 and MCB-5 (355, 356, 357) of CP-2. If found 

defective, bypass it. 

6. Check the incoming terminals of contact or (C4) (331, 332, 333) of CP-1, contactor (C5) 

(334, 335, 336) of CP-2 and outgoing terminals of contactor (C4) (310,311,312) of CP-1, 

contactor (C5) (313, 314, 315) of CP2 respectively. If found defective, bypass the 

contactors. 

HP1 or HP2 red LED glowing: 

1. Check the working condition of the condenser motors. 

2. Check the condition of HP1/ HP2 cut out switches. If tripped, reset it manually.(Setting 15 

PSI) 

LP1 or LP2 red LED glowing: 

1. Check and clean wire mesh 

2. Check the load of respective compressors with clip on meter. If current drawn is less than 

6.5 Amps, replenish gas where ever possible. 

3. Ensure that return air filters are clean. 

4. Check and ensure that all the grills are in open condition. 

5. Check the direction of rotation of blower as per para above. 

6. Check LP1 or LP2. If defective, bypass by shorting 29, 31 for LP1 and 35, 37 for LP2. 

 

WRA/ MONOBLOCK MOTORS NOT WORKING: 

 

1. Check for availability of 3-ph supply at inverter selector 

 RSW3. If supply not available on output side of RSW3,  

bypass it. 

 

 

 

RSW Switches for WRA 

Selection 
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2. Check the incoming (4151, 4152, 4153) and 

outgoing (4157, 4158, 4159) terminals of 

MCCB and ensure availability of 3-ph 

supply. If found defective, bypass it. 

3. Check for availability of 3-ph supply at 

inverter selector RSW7. If supply not 

available on output side, bypass it. 

 

4. If MCB trips again due to internal fault of the 

motor, change the position of RSW7 to the 

another motor. 

Note:  WRA motors are working but water not coming in the toilets, release the air lock 

by pressing flush-out valve in the toilets. Ensure proper tightness of the water filling 

pipe caps. 

. 

Alternator separate excitation procedure: 

1. Remove the existing field wires (F 

+VE, F -VE) at RRU/ ERRU 

terminal block before extending the 

separate excitation.  

2. Ensure continuity of the alternator 

field wires with millimeter and 

healthiness of power diode. 

3. Extend  6  cell  connections  (12V 

RRU/ERRU supply) from battery as  

follows:  

a. Connect the wire from first cell 

  positive terminal to alternator 

  field +VE terminal duly    

  providing switch control in  

  between at main door handle, for 

  switching OFF the separate  

  excitation while Stabling  

 1100 AH battery. 

b. Connect 9
th

 cell –VE terminal to alternator field -VE terminal. 

c. Incoming supply to extension terminal from RRU/ERRU shall be 

 disconnected. 

 

 

 

 

 

 

Water Pump with controller 

 

 

 

 

Field 

+VE 

Field 

-VE 

 

+VE of 

First 

Cell 

-VE of 

9th Cell 
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RATING OF MAJOR EQUIPMENTS IN AC COACHES 

TYPES OF COACHES WORKING WITH SG SYSTEM: 

 Under slung type AC coaches. 

 Roof Mounted Package Unit type AC coaches. 

 Non AC coaches. 

Under slung type SGAC coaches: 

These coaches are also called conventional type SGAC coaches. These coaches are 

equipped with following equipment: 

SN Equipment Rating 

Qty/ Coach 

1
st
 AC Others 

1 Alternator 130 V DC, 18/22.75 kW 1 2 

2 RRU 130 V DC, 18/22.75 kW 1 2 

3 Battery 800 Ah Low maintenance Lead Acid 56 cells 

4 V-belt C-122 1x(6+6) 2x(6+6) 

5 Compressor ACCEL/ Carrier 1 2 

6 Compressor Motor 8.5/10 HP, 110 VDC 1 2 

7 Condenser Motor 1.5 HP, 110V DC 2 4 

8 Blower Motor 1 HP, 110V DC 1 2 

9 Condenser Coil Under slung 1 2 

10 Cooling Coil Over the corridor 1 2 

11 Heater Unit 110V DC, 6 kW 1 2 

12 WRA 1 HP DC motor 2 

 

Now for better reliability 1100 Ah VRLA batteries are being retrofitted. 
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Roof Mounted Package Unit type SGAC coaches: 

These coaches are also called RMPU type SGAC coaches. These coaches are equipped 

with following equipment: 

SN Equipment Rating 
Qty/ Coach 

1st AC Others 

1 Alternator 130V, 193A DC, 25kW 1 2 

2 RRU/ERRU 130V,193A DC, 25 kW 1 2 

3 Battery 1100 Ah, VRLA 56 cells 

4 V-belt C-122 1x(6+6) 2x(6+6) 

5 Sealed Compressor 3 Ø, 415 V AC 2 4 

6 Condenser Motor 1 HP, 3 Ø, 415 V AC 2 4 

7 Blower Motor 1 HP, 3 Ø, 415 V AC 1 2 

8 Condenser Coil Roof Mounted 2 4 

9 Cooling Coil Over the corridor 2 4 

10 Heater Unit 3 Ø, 415 V AC, 3 kW 2 4 

11 WRA/ Mono-block Pump 3 Ø, 415 V AC, 1 HP  2 

12 Inverter 
Input: 110V DC, 25 kW 

Output: 3 Ø, 415 V AC 
1 2 

TYPES OF COACHES WORKING WITH EOG SYSTEM: 

 Under slung type AC coaches 

 Roof Mounted Package Unit type AC coaches 

 LHB type AC coaches 

 Generator Cars 

 AC Pantry Cars 

Under slung type EOG AC Coaches: 

These coaches are also called conventional type EOG AC coaches. These coaches 

are equipped with following equipment: 

SN Equipment Rating 
Qty/ Coach 

1
st
 AC Others 

1 Step down Transformer 3 Ø, 750 V AC/ 415V AC, 50kVA  1 

2 Battery 120 Ah, 6V Mono-block, Lead Acid 4 Monoblocks 

3 Compressor ACCEL 1 2 

4 Compressor Motor 15 HP, 415V, 3 Ø, AC 1 2 

5 Condenser Motor 1.5 HP, 415V, 3 Ø, AC 2 4 

6 Blower Motor 1 HP, 415V, 3 Ø, AC 1 2 

7 Condenser Coil Under slung 1 2 

8 Cooling Coil Over the corridor 1 2 

9 Heater Unit 415V, 3 Ø, AC, 6 kW 1 2 

10 WRA/ Monoblock Pump 1 HP, 415V, 3 Ø, AC  2 
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11 Emergency Battery Charger 
Input: 415V, 3 Ø, AC 

Output: 24 V DC 
 1 

12 Lighting Transformer 
Input: 415V, 3 Ø, AC 

Output: 110 V, 3 Ø, AC 
 1 

Roof Mounted Package Unit type EOG AC Coaches: 

These coaches are also called RMPU type EOG AC coaches. These coaches are 

equipped with following equipment: 

SN Equipment Rating 
Qty/ Coach 

1
st
 AC Others 

1 Step down Transformer 3 Ø, 750 V AC/ 415V AC, 50kVA  1 

2 Battery 120 Ah, 6V Mono-block, Lead Acid 4 Mono-blocks 

3 Sealed Compressor 3 Ø, 415 V AC 2 4 

4 Condenser Motor 1 HP, 3 Ø, 415 V AC 2 4 

5 Blower Motor 1 HP, 3 Ø, 415 V AC 1 2 

6 Condenser Coil Roof Mounted 1 2 

7 Cooling Coil Over the corridor 2 4 

8 Heater Unit 3 Ø, 415 V AC, 3 kW 2 4 

9 WRA/ Mono-block Pump 3 Ø, 415 V AC, 1 HP  2 

10 
Emergency Battery 

Charger 

Input: 415V, 3 Ø, AC 

Output: 24 V DC 
 1 

11 Lighting Transformer 
Input: 415V, 3 Ø, AC 

Output: 110 V, 3 Ø, AC 
 1 

 

SPECIFICATIONS OF EQUIPMENT ( SG ) 

ALTERNATOR 

Capacity    : 25 KW 

Voltage    : 130 V ± 5% on DC side (97V, 3 Phase, AC) 

      193 A max on DC side. 

Cut in speed    : 380 rpm (30 kmph) 

MFO     : 700 rpm (51 kmph for approx 135A at 135 V) 

Maximum speed   : 2500 rpm (156kmph)  

Mounting    : Transom mounting 

Belts     : V-belts (C-122) 

Resistance between field terminals : 7.3 Ω 

Resistance between phase terminals : 0.08 Ω 

Alternator Pulley   : 200 mm PCD 6 groove pulley 

 

RRU/ERRU 

Capacity    : 18/25 KW 

Voltage    : 130 V ± 5% DC 

Current    : 18 KW – 140 A DC max 

      25 KW – 193 A DC max 
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BATTERY 

Capacity    : 1100 Ah 

Voltage    : 2V 

Type     : VLRA 

 

BATTERY CHARGER 

Input Voltage    : 3-Phase, 415 V, 50 Hz. 

Input Current    : 45 A 

Output Voltage   : 130 V DC 

Output Current   :  200 A 

 

AC WRA/ MONOBLOCK 

Voltage    : 3-Phase, 415 V, 50 Hz. 

Capacity    : 0.5 HP 

 

INVERTER 

Capacity    : 25 KVA 

DC Input    : 90 V – 140 V DC with 15% ripple 

Rated input current   : 250 A 

AC Output    : 3 Phase, 3 wire, 415 V ± 5% PWM sine wave 

Output frequency   : 50 Hz ± 3% 

Output power factor   : 0.8 

Rated output current   : 35 A 

POWER PANEL EQUIPMENT 

Voltmeter       : 0-200V DC 

Centre-zero Ammeter      : 500-0-500A DC 

Ammeter for Alternator-I & II     : 0-300A DC 

RSW1 (Alternator supply selector rotary switch)  : 400/500A 

RSW2 (Inverter supply selector rotary switch)  : 300A 

Capacity of HRC Fuse between RSW1 & RSW2  : 400A 

Capacity of HRC Fuse for inverter supply (RMPU)  : 250A 

Capacity of HRC Fuse for AC plant 1&2 supply (U/S) : 160A 

Transformer for fans, mobile/laptop charging  : 2 KVA, 415V / 110V DC 

RSW3 for Inverter Selector     : 16A 

Input side MCCB for 440/110V transformer   : 16A 

Contactor cum MCCB for WRA    : 16A 

RSW4 for fans      : 16A 

RSW5 for Lights      : 16A 

RSW6 for night lights      : 16A 

RSW7 for WRA selector     : 16A 

MCBs for +ve, -ve circuits of FTLs/ CFL Night  : 6A 

Lamps, fans, Mobile charging inverter 
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AC CONTROL PANEL EQUIPMENT (RMPU) 

RSW1        : 63A 

MCB TP       : 63A 

MCB TP for blower, condensers    : 6A 

MCB TP for compressors     : 32A 

MCB TP for heaters      : 16A 

MCB DP for Control T/F     : 4A 

Contactors for blower, condensers    : 6A 

Contactors for compressors     : 32A 

Contactor for heater      : 16A 

Control Transformer      : 415/110V DC 

 

SPECIFICATIONS OF RMPU EQUIPMENT 

Compressor 

Make Copeland scroll 

Power Consumption 5250W ±20% depending on ambient temperature 

Current 8.5A ±25% at 415V AC 3-Ph 50Hz depending on ambient temperature 

Power factor 0.85 

C.F.M (Displacement) 12.033 CFM, R-22 Vapour 

Volume 117.65 cc / revolution 

 

Evaporator Motor 

Type Centrifugal type Centrifugal type 

Diameter 10”(250mm) 11”(280mm) 

Air Flow (CFM) 4200 cu mtr/Hr ± 10% at 20 mm 

water gauge 

4200 cu mtr/Hr ± 10% at 20 mm 

water gauge 

Pressure (External 

Static) 

25 mm Minimum water gauge 25 mm Minimum water gauge 

Speed 1415 ± 10% RPM 1400 ± 10% RPM 

Capacity 1.5 HP 1.5 HP 

Current 2.6A ± 10% at 415V AC, 3-Ph, 50 

Hz 

2.6A ± 10% at 415V AC, 3-Ph, 50 

Hz 
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Condenser Fans 

Diameter 24” 21” 

Air Flow 4000 x 2 (6800 cu mtr/Hr x 2) at 

7mm static 

3825 x 2 (13000 cu mtr/Hr 

minimum) 

Speed 910 ± 10% RPM 1400 ± 10% RPM 

Motor Capacity 1 HP x 2 1 HP x 2 

Current 2.1A ± 10% x 2 at 415V AC, 3-Ph, 

50 Hz 

2.2A ± 10% x 2 at 415V AC, 3-Ph, 

50 Hz 

 

Evaporator Coil 

Face area 0.254 sq mtr x 2 0.265 sq mtr x 2 

Material of Tube Copper Copper 

Tube O.D. 9.525 mm (3/8”) 9.62 mm (3/8”) 

Fin Material Copper Copper 

Fin Thickness 0.127mm 0.14mm 

No. of fins/ 25mm 15 15 

 

Condenser Coil 

Face area 0.7376 sq mtr x 2 0.67 sq mtr x 2 

Material of Tube Copper Copper 

Tube O.D. 9.525 mm (3/8”) 9.62 mm (3/8”) 

Fin Material Copper Copper 

Fin Thickness 0.127mm 0.14mm 

No. of fins/ 25mm 15 15 

Refrigerant R-22, less than 2.5 kg each circuit R-22, less than 3.0 kg each circuit 

LP Cutout range 35 ±2 PSI 35 ±2 PSI 

HP Cutout range 415 ±2 PSI 415 ±2 PSI 
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SPECIAL MAINTENANCE INSTRUCTIONS 

Standard Maintenance Instructions (SMIs) are an instruction that specifies how a 

maintenance procedure is to be performed.  

 It is specific and detailed enough so that a qualified maintenance supervisor or technician 

performs the task successfully by reading and following instructions contained in it. These are 

frequently issued by Research Design & Standards Organization (RDSO), Lucknow. These 

instructions may involve modification, change in setting, change in clearances etc. 

 These are generally related to safety, maintenance procedures, new technologies 

introduced in Railways. These are uniformly followed across all departments of different zones 

of Indian Railways. 

Following are the few SMIs related to various maintenance practices related to TL &RAC 

electrical equipments in Railway coaches. These are as follow: 

1. SMI for 4.5 kW 25 kW RRU/ ERRU voltage setting for TL AC coaches. 

2. SMI related to VRLA batteries fitted on TL and AC coaches. 

3. SMI related to procedure for replacement of refrigerant. 

4. SMI related to setting of time delay relay in AC coaches. 

5. SMI related to Testing of the alternator shafts, by dye penetrate method (DPT). 

6. SMI related to setting of OHP/LP cutout. 

7. SMI related for testing parallel operation of both alternators in SG coaches 
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