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ELEC - 1.1
BASIC KNOWLEDGE ABOUT TOOLS,
FIRST AID, SAFETY, MATERIAL
HANDLING & STORAGE, PROPER
UP KEEP OF WORK AREA
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MODULE No. ELEC-1.1
Module Description: Basic knowledge about tools, safety, First aid, Material handling
and storage, proper up keep of work area.
1. KNOWLEDGE ABOUT TOOLS:
Combination plier, Nose plier, side cutter, screw driver, Electrician’s knife, test lamp,
soldering iron, spanner, standard wire guage, crimping tools.
2. CARE AND MAINTENANCE OF TOOLS:
1. Do not use a plier as a hammer.
2. A screw driver with a loose handle should not be used.
3. Do not hammer the wooden handle of the screw driver.
4. For test lamp, give a knot of wires under the cap of the holder.
5. Electric iron must be properly connected to earth.
6. Flexible wire should be used in electric iron.
7. Spanner should not be loose on the nut and bolt.
8. Spanner should not be used as hammer.
9. Do not throw wire gauge with other tools in the tool kit. Protect from rust and dust.
3. FIRST AID BOX:

Items contained in First aid box are:

l
Set of splints. :One Set
l
Roller Bandage : 10
l
Triangular bandages : 4
l
Tourniquet bandages :2
l
Cotton Wool:4
l
Safety Pins :10
l
Adhesive Dressing : 20
l
Paracetamol Tab :20
l
Antiseptic Cream :1
l
Diazepam Tab :10
l
Injury Card:1
SAFETY PRECAUTIONS:
Do not forget that electric shocks are generally received by the worker and can be avoided.
Put off main switch immediately incase of a person in contact with a live conductor.
Apply artificial respiration quickly and call the doctor at once.
Connect a switch on live (+ve or phase) conductor only.
Do not use wires and tools having poor insulation.
Do not renew a blown fuse until it is satisfied as to its cause and have rectified the fault
Do not add water to acid while preparing an electrolyte always add acid to water.
Do not bring a naked flame near an accumulator.
Do not throw water on a live conductor or equipment in case of fire.
Use only carbon tetrachloride.
Use fire extinguishers on electrical fire.
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The safety items to be checked on train lighting coaches during
maintenance in yards:
1. Alternator suspension gear assembly are thoroughly checked for all the parts i.e. bracket ‘U’ clamp
split pins, cotter pins, hanger pins, safety chains.
2. Suspension bracket to be checked thoroughly for cracks and for correct dia meter i.e. 32.5 + 0.2 mm.
3. Rectifier regulator box fixing bolts and nuts to be checked for its tightness.
4. The clearances of the alternator and battery boxes from the rail level are to be checked and confirmed
to the prescribed figures of code of practice.
5. Battery box suspension bracket bolts, with nuts and split pins checked for tightness.
6. Battery box bottom sheet is checked for any damage/ corrosion and weakness.
7. Battery box bottom half doors are checked for track welding.
8. Battery box door latches are checked for proper locking.
9. Check MS safety rods in the boxes with necessary nuts check nuts, and split pins.
10. Cell packing is checked for its proper fitment.
11. Check axle pulley for tightness by tapping with 1 kg hammer.
12. Check axle pulley for breakage of any post, or flange etc and any cracks or other abnormalities.
13. Check for any sign or shifting or losing of axle pulley on the axle by absorbing white band mark.
14. Ensure that all the terminal connections are tight and there are no temporary and loose connections.
15. See that the portable emergency lighting equipment box with the guard is in working condition and
possess with all accessories.
16. See that all the fans, junction boxes are fitted with bolts, nuts, check nuts etc.
17. No electrical equipment shall project outside, more than the footboard.
18. Check for under frame casing for corrosion, damage, droppage.
19. Add always acid to sufficient quantity of distilled water and never distilled water to acid.
20. While handling acid jars rubber gloves, apron, gum boots and gaggles to be used.
21. Precautions against dangerous fumes, such as provision of exhaust fans, adequate ventilation to be provided.
22. Hydrochloric acid and sulphuric acid should be separately stocked to avoid misusage- causing accidents.
23. Before working with electrolyte make sure that the water for washing is easily available. If electrolyte is
splashed on the skin or clothing wash immediately with water for 10 to 15 minutes. If eyes are affected
flood with water and obtain immediate medical attention.
24. Smoking is prohibited in the battery room.
25. Ensure that through feeding given is with correct polarity.
26. Ensure that the clearances 50 mm and 35 mm is maintained between free end nut of tension rod and
bracket of trans mounted alternator for AC coaches and non AC coaches respectively.
27. Avoid shorting of through leads to know the polarity. Use voltmeter for this purpose.
28. Ensure that the coach is free from earth leakage.
29. Support the wiring with proper cleats.
30. Check for the correct polarity of charger and battery before connecting charging.

The safety precautions to be taken while working on coaches:
1. Never work underneath the coach without obtaining line block from guard or ASM.
2. Always keep Danger board/Red light when working on the rake. Danger board shall be
removed after completion of work by authorized person only.
3. Do not place or drop metal objects on top of the battery.
4. Disconnect the supply immediately in case of coach firing.
5. Use box spanners to attend battery connections.
6. Remove rings, wrist watches etc that might come in contact with battery terminals.
7. Never bring a naked flame near a battery, as it may burn.
8. Always obey safety instructions given by person incharge.
9. Do not toss tools and materials from one person to another but transfer from hand to hand.
10. Don’t handle heavy TL equipment carelessly.
11. Don’t remove/replace connections in regulators box when supply is on.
12. Do not try to remove or replace V belts, when it is full tension.
13. Be caution about 120 V DC supply.
14. Use ladder while replacing sidelights, junction boxes.
15. Do not adopt short cut methods.
16. Hasty makes the man prone to danger.
17. Complete your work before few minutes, of starting of a train.
18. Do not try to catch or get down from moving train.
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Safety Rules of Electricity
1. Beware of live conductors, bare or insulated.
2. Never tamper with any electrical gear.
3. Never disconnect a plug point by pulling the flexible cable.
4. Never touch a conductor unless you have made sure it is dead and earthed.
5. Never energies a conductor unless you are sure all are clear and there is no one
likely to be working on it.
6. Always switch off before replacing a blown fuse.
7. Do not lift or move portable electrical appliances with power 'ON'. Switch 'OFF'.
power and earth the frame before shifting position.
8. Check leakage, if any, with a neon tester after switching on but before touching
the metallic frame of the apparatus.
9. Cut off supply and earth the point on which you want to work. If you have to work
with power 'ON' keep your self insulated and see that you are on firm support.
Dry wood, paper, cloth and rubber are good insulators for 250 volts.
10. Do not handle electric switches of appliances with wet hands. Be more careful in
handling electric gear inside bathrooms and during monsoon weather.
11. Do not lean against electrical poles or stay wire there to.
12. Do not play with electricity.
13. Use 5- pin plugs and check up earth connections carefully. Each plug socket to
be protected and controlled by a proper fuse and a switch on the live side. Use
interlock switch plug or keep the plugs located at a high level not less than 4'-6'
above floor level i.e. beyond the reach of children.

HANDLING AND STORAGE OF A.C. EQUIPMENT AND PROPER UP
KEEP OF WORK AREA:
While removing and fittiment of T.L equipment, care must be taken not to drop the
equipment.
Store the T.L equipment systematically in proper place in cleaned area under the
roof.
Coach numbers are to be marked on removal equipment with piece of chalk.
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ELEC - 1.2
GENERAL ELECTRICAL
TECHNOLOGY AND
DEFINITIONS OF
ELECTRICAL TERMS
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MODULE No.ELEC-1.2
Module Description: General Electrical Technology and definitions of electrical Terms.
1. Electricity:
Electricity is a sort of energy, which can neither be seen nor touched, but its presence can be
experiences in its applications.
Electricity is of two kinds:

1. Static Electricity

2. Dynamic Electricity.

Static electricity is produced by friction and can not be taken from one place to another.
Dynamic electricity is also known as current electricity and can easily be taken from generating
stations to far off places by means of wires and cables.
1. Matter Molecule, Atom and Atomic Structure:
a. Matter: A body which has a definite weight and which occupies some space is called
the matter. It is found in three states solid, liquid and gas.
b. Molecules: Matter can be divided into tiny particles. The smallest particle, which
contains all the physical and chemical properties of the matter, is called molecule.
c. Atom: Molecules can be further subdivided into atoms. The smallest particle of a
matter, which can take part in chemical reactions but can not exist freely, is called an
atom. An atom does not contain all the physical and chemical properties of the matter.
The atom is composed of electrons, Protons and Neutrons.
d. Electron: The smallest part of an atom having negative charge is called 'electron'.
e. Proton: The positively charged particle of an atom is called proton.
f. Neutron: It has no charge and its mass is nearly equal to the mass of a proton.
g. Nucleus: The central part of an atom is called the nucleus. It has proton and neutrons.

ELECTRON -VE

ELECTRON
PROTON

+ VE

ELECTRON

PROTON
HYDROGEN ATOM
( 1+1 )

HELIUM ATOM
( 2+2+2 )

1. Specific Resistance of a Conductor:
The specific resistance of a material may be defined as the resistance offered to a
current if passed between the two opposite faces of the unit cube of the material.
R =

l
a

= Specific resistance in ohm-m
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2. Combination of Resistance:
Resistance can be connected in three ways as follows:
A. Series Combinations
B. Parallel combinations
C. Series parallel combination.
A. Series Combination of Resistance: If two or more resistances are connected in
such a way that there is only one path for the current to flow, it is known as the series
combination of resistance, these resistances are connected end-to-end, and the beginning
of the first and the end of the last are taken as two supply terminals as shown in the figure.

30

35

45

r1

r2

r3

220 V

Current passing through each resistance in a series circuit remains the same as
there is only one path for the current flow.
When the current passes through a series circuit there is a drop of voltage in each
resistance which is proportional to their individual resistances.

Example: As shown in the figure
Total resistance R=r1+r2+r3
=30+35+45=110 ohms.
We know P.D. across circuit = V= 220 volts.
Therefore current flowing through circuit =I=V / R=220 / 110 = 2A
As it is a series circuit, the current of 2 amps will flow through each resistance.
B. Parallel Combination of Resistances: If two or more than two resistances are
connected in such a way that all the entry ends are joined together at one junction and
all the end ends are connected together at one junction and these two junctions are
taken as terminal for supply as shown in the fig. below. This arrangement is called as
parallel combination of resistance.

r1 = 6
i1

i2
i3
I

r1 =10
r3 =15
VOLTS
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In a parallel circuit, the voltage across each resistance is the same as each resistance is
connected across the supply mains.
The current flowing through each resistance in a circuit is inversely
proportional to the value of the individual resistances as the voltage applied at each
resistance is same.
Hence the greater the resistance, the less will be the current flowing through it.
Example: Total resistance (R) =

Product of total resistances
Sum of total resistances

Therefore 1/R = 1/r1 + 1/r2 + 1/r3
R= (r1 x r2 x r3 /(r2 x r3 + r3 x r1 + r1 x r2(
(

In the fig: We know : 1/R = 1/r1 + 1/r2 +1/ r3
1/R = 1/6 +1/10 +1/15
1/R = (5+3+2) / 30=10/30
R=3 ohms

C. Series-Parallel Combination of Resistances: In this circuit the current
divides itself into two branches as shown in figure.
15
64
2.5

A

I = 5A

B

C

20

D

64
60
VOLTS

Solution: Equivalent Resistances of section B.C =

64 * 64
64 + 64

i.e. RBC = 32 ohms
Equivalent Resistance of section C. D = (r1 x r x r /(r x r + r x r + r x r
(3 2 3 3 1 1 2(
2
)
= (15x20x60) / (300+1200+900) = 7.5 ohms.
Equivalent resistance of A. D = 2.5 + 32 + 7.5 = 42 ohms.
i.e. R = 42 ohms
Voltage across the circuit = I x R = 5 x 42 = 210 volts.
3. Electric current: The flow of electrons in one direction along any path or any
circuit is called electric current. Its symbol is I and its unit is ampere. (a). The
instrument by which the current is measured is called an ampere meter, which is
always connected in series with the circuit.
4. Voltage: It is the electrical potential (i.e., pressure) between any two live wires or
between one live wire and earth. Its symbol is 'V'. The unit of measurement is volt. It
is measured by voltmeter, which is always connected in parallel with the supply.
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5. Resistance: The property of a material / substance which opposes the flow of electric
current through it is known as 'resistance'. Its symbol is 'R' and its unit of
measurement is “Ohm” represented by (omega). The instrument that measures
resistance is known as an 'Ohm' meter.
6. Power: The unit of power is called 'WATT'.
Power (in watts) = V x I. One H.P = 746 watts
7. Energy: Energy is the product of power and time.
Energy =W x t. It is generally denoted in 'WATT-HOURS'.
8. Ohm's Law: 'Ohm' established this law, which gives the relation between current,
voltage and resistance in a closed electrical circuit. Ohms law states that in a closed
circuit the strength of the current flowing through a solid conductor at constant
temperature is directly proportional to the voltage across the conductor.
As per the ohm’s law,
'V' proportional to 'I' (or) V / I = constant. Or V / I = R .
(Where V= Voltage in Volts, I = Current in amps, R= Resistance in Ohms.)
If one ampere of current is passed through a resistor at an e.m.f. of one volt then the
resistance of the resistor will be one Ohm.
1 Volt
1 Ohm = 1 Ampere

The Ohm's law can be expressed in the following three ways:
1. R = V / I Ohms
2. I = V / R Amperes
3. V = I x R Volts.
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Table 1-1A, Resistor Color Code
1 st

2nd

Significant

Significant

Figure

Figure

Multiplier

Black

0

0

1

Brown

1

1

10

Red

2

2

100

Orange

3

3

1000

Yellow

4

4

10,000

Green

5

5

100,000

Blue

6

6

1,000,000

Violet

7

7

10,000,000

Gray

8

8

108

White

9

9

109

Color

Tolerance

Gold

0.1

5%

Silver

0.01

10%

No Color

20%

1ST SIGNIFICANT FIGURE
2ND SIGNIFICANT FIGURE
MULTIPLIER
TOLERANCE

a

b

c
d
RESISTOR

When resistors have a value of less than 10 ohms, the third band is a decimal
multiplier. The two colors used are : gold = X0.1 and silver = X0.01.
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TERMINOLOGY IN BATTERIES
1. AMPERE (Amp): The unit of measure of current flow through a conductor or circuit.
2. AMPERE-HOUR (AH): A unit of measure for battery capacity, obtained by multiplying the
current flow (in Amperes), by the time (in Hours) of discharge. A battery which delivery 5
amperes for 20 hours, delivers 5 amperes times 20 hours, OR 100 Ampere-Hours.
3. CAPACITY: The ability of a fully charges battery to deliver a specified quantity of electricity at
a given rate (Ampere) over a definite period of time. Capacity is normally measured in Amperehours (Ah).
4. CIRCUIT: An electric circuit is the path of an electric current. A closed circuit has a complete
path. An open circuit has a broken or disconnected path.
4.1 CIRCUIT (SERIES): A circuit which has only one path for the current to flow. Batteries
arranged in series are connected with the negative of the first to positive of the second; negative
of the second to positve of the third & so on. If two 12-volt batteries are connected in series the
circuit voltage is equal to the sum of the two battery voltages or 24 V.
4.2 CIRCUIT (PARALLEL): A circuit which provides more than one path for current to flow. A
parallel arrangement of batteries (usually of like voltage and capacity) would have all positive
terminals connected to a conductor and all negative terminals connected to another conductor.
4.3 SHORT CIRCUIT: A shortening of electrical path, usually within a battery/cell, which results
in a greater than normal rate of discharge and/or a reduction in cell voltage under load.
5. CURRENT: The rate of flow of electricity. The movement of electrons along a conductor. It is
comparable to the flow of stream of water. A unit of measurement is the Ampere.
6. VOLT: The unit of measure for electrical pressure.
6.1 OPEN CIRCUIT VOLTAGE OF BATTERY: The voltage of battery when it is not delivering
or receiving power. It is 2.02 or 2.05 Volts for a fully charged cell.
6.2 VOLTAGE DROP: The net difference in electrical pressure (Voltage) when measured across
a resistance or impedance.
7. RESISTENCE: The opposite force offered by a wire or substance to the free flow of an electric
current.
8. CORROSION: An accumulation of solid sulphates of iron, copper or other metals, usually in the
terminal area, contributing to poor electrical contact between cables and battery terminals.
9. SECONDARY BATTERY: Battery which can be recharged by passing direct current through it
in a direction opposite to that of discharge.
10. CYCLE: In a battery, a discharge and a recharge is called one cycle.
10.1 DISCHARGE: When a battery is delivering power, it is said to be discharging.
10.2 ELECTROLYTE: In a lead acid battery the Electrolyte is Sulphuric Acid diluted with water.
the chemical reaction of cell is as follows:
PbO2 + Pb + 2 H2SO4 -------------- 2PbSO4 + 2H2O
10.3 SPECIFIC GRAVITY : The strength or percentage of the Sulphuric Acid in the electrolyte is
measured by the specific gravity of the electrolyte., i.e. the weight of the electrolyte as
compared to the weight of an equal volume of pure water.
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ELEC - 1.3
READING OF DRAWINGS &
CIRCUIT DIAGRAMS
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GENERAL SYMBOLS USED IN ELECTRICAL CIRCUITS

Refresher Course Material For Air-Conditioning 18

Refresher Course Material For Air-Conditioning 19

20

ASSEMBLY DRAWING FOR 25 KW HMTD MAKE ALTERNATOR

57

D

PC

AXLE PULLEY

6
2.

D
PC

MOUNTING ARRANGEMENT OF 4.5 KW ALTERNATOR ON THE BOGIE

TURN THIS NUT FOR ADJSDTING
THE BELT TENSION

ALRTERNATOR

5
18
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10

7

-----

FOR

--

-

4

MIN. 50 mm.
CLEARANCE
AC & 35 mm
FOR 4.5 kw

-

14

8

-

-----

11

1

5

3

6

9

-----

-----

-----

2

COACH BRACKET FOR TENSIONING DEVICE
12

15

13

14

SPLIT PIN (DIA 5x45) TO
BE PROVIDED
AS PER IS.549 - 1974

10

III. Belt Tensioning Device

-------------

PLAIN WASHER10 x Æ
100/Æ
60
HEX. NUT (SINGLE CHAMFER)M33 x 3.5
SPRING

08
07
06

ROTATING SPRING SEATÆ
125 x 55

01

TENSIONING DEVICE ASSEMBLY FOR
25 KW/22.5 KW/18KW/4.5KW
TRANSOM MOUNTED ALTERNATOR

DESCRIPTION

SPRING SEATÆ
84 x 25

02

ITEM

PIPEÆ
40 BORE x 130
TENSIONING RODM.33 x 7.8CD x 3DP

04
03

SPECIAL NUT Æ
48 x 42

HEX. LOCKNUT (DOUBLE CHAMFER)Æ
33 x 3.5 03
INDICATOR3.2 x 110/270/290/310
01

10
09

05

PLAIN WASHER 6Æ
56 x Æ
36
PACKING PIECE 5 x 10 x 105

12
11

NO’S

01

01

01
01

01

01
02
01

01
01

04
01

SPLIT PIN Æ
5 x 45
PINDIA 26 x 85

14
13

01

FORK EYE

15
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VIEW OF 18 / 25 KW ERRU
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HYDRO METER

1 Rubber Bulb

2 Glass Tube
1300
1280
1260
1240
1220
1200

3 Glass Bulb

1180
1160
1140
1120
1100

4 Lead Bulb

5 Nozzle

6 Rubber Tube

Refresher Course Material For Air-Conditioning 25

EARTH INDICATOR by DOUBLE TEST LAMP METHOD

ABBEXURE - III (SHEET - IV)
GLASS

12

25 W, 1100
LAMPS (INDENTICAL)

4

HANDLE

BATTEN
HOLDER

12

NEG

PM

BLUE
PAINTED

SOLDERED
RED PVC INSULATED WIRE

14

25

RED PAINTED

BLUE PVC INSULATED WIRE

50 mm DIA UNPAINTED

SECTION X - X
70

WHITE PAINTED GLASS

GREEN
EARTH

PRONG

NEGATIVE
EARTHED

POSITIVE
EARTHED

100

SOLDERED

10 mm DIA BRASS ROD

2

110 x 10 x 1.5 mm LEATHER STRIP

171
17

17

114
5

2.5

INSTRUCTIONS FOR USE

12

M.S. CLAMP

17
2 mm DIA HOLE

1. FOR EQUIPPED COACH
a)
b)
c)
d)
e)

ISOLATE THE COACH
SWITCH ON ALL LIGHTS & FANS
CONNECT THE RED CONNECTOR TO THE P.M.
& THE BLUE CONNECTOR TO THE NEGATIVE
OF THE COACH E.F.T.B.
PRESS HOME THE POINTED END OF THE EARTH PRONG
(GREEN LEAD) ON THE COACH BODY ENSURING A
PROPER ELECTRICAL CONTACT
PROCEED AS DESCRIBED IN ANNEXTURE III
SHEET I, II, III AND IV

2. FOR UNEQUIPPED COACHES
CONNECT A HEALTHY EQUIPPED COACH TO THE UNEQUIPPED
COACH UNDER CHECK THROUGH EMERGENCY
FEED TERMINAL BOARD & TEST AS INDICATED ABOVE

POSITIVE
EARTH
NEGATIVE
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ELEC - 1.4
BASIC PROPERTIES
OF
ELECTRICAL MATERIALS
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MODULE NO. ELEC-1.4
Module Description: Basic properties of Electrical Materials.

1. CONDUCTOR: A substance which offers low resistance to the flow of electric
current is called a conductor. If valance electrons less than 4 then it is good
conductor.Almost all pure metals are good conductors of electricity.
Examples of conductors are: Silver, Copper, Aluminium, Brass, Zinc, Nickle,Eureka,
Nichrome, Tungsten and Mercury.
PROPERTIES
OFcost.
A GOOD CONDUCTOR:
1.
It should be low
2. It should be easily available in the market.
3. It should have sufficient tensile strength.
4. Its joint should easily be made and soldered.
5. It should have sufficient mechanism strength.
6. It should not be much effected by charging atmospheric conditions.
7. It should have high conductivity and low specific resistance to keep the dielectrically
less as low as possible.
8. It should have flexibility.

CLASSIFICATION OF CONDUCTORS:
Conductors can be classified as:
1. Bare conductors
2. Insulated conductors
1. Conductors which are not covered with insulation are known as bare conductors. They
are used in overhead lines for transmission and distribution.
2. Insulated conductors are those, which are covered with insulation. They are used for
indoor wiring and under ground system.

USES OF CONDUCTORS:
1. SILVER: In sensitive measuring instruments tiny capacitors, C>B> points etc.,
2. COPPER: In electric wires and cables, winding wire, transformer choke, motor,
generators etc.,
3. BRASS: In electrical accessories.
4. ALUMINIUM: In electrical wires and cables, winding wire, capacitors, shielding
etc.,
5. IRON: In telephone wires chassis and body of equipments.
6. LEAD: In underground cables, solder and lead acid cells etc.,
7. TIN: In solder and anti-corrosive plating on various metals. Fuse wires. It has low
melting point and not effected by oxidation.
8. ZINC: Used in making containers of dry cells, galvanizing iron sheets, wires etc.,
9. EUREKHA: Used in resistors, fan regulators, starters etc.,
10. NICHROME: Used in heating appliance like electric press, heater, furnance, toaster
etc.,
11. TUNGSTON: It has high melting point. It is used for making filaments of electric
lamps, fluorescent tubes, radio valves etc.,
12. CARBON: It has high specific resistance. It is used for making carbon resistances,
brushes of electrical machines, electrodes etc.,
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MODULE NO. ELEC-1.4
Module Description: Basic properties of Electrical Materials.
1. CONDUCTOR: A substance which offers low resistance to the flow of electric
current is called a conductor. If valance electrons less than 4 then it is good
conductor.Almost all pure metals are good conductors of electricity.
Examples of conductors are: Silver, Copper, Aluminium, Brass, Zinc, Nickle,Eureka,
Nichrome, Tungsten and Mercury.
PROPERTIES OF A GOOD CONDUCTOR:
1. It should be low cost.
2. It should be easily available in the market.
3. It should have sufficient tensile strength.
4. Its joint should easily be made and soldered.
5. It should have sufficient mechanical strength.
6. It should not be much effected by charging atmospheric conditions.
7. It should have high conductivity and low specific resistance to keep the dielectric
loss as low as possible.
8. It should have flexibility.

Conductors can be classified as:
1. Bare conductors
2. Insulated conductors
1. Conductors which are not covered with insulation are known as bare conductors. They
are used in overhead lines for transmission and distribution.
2. Insulated conductors are those, which are covered with insulation. They are used for
indoor wiring and under ground system.
USES OF CONDUCTORS:
1. SILVER: In sensitive measuring instruments tiny capacitors, C.B points etc.,
2. COPPER: In electric wires and cables, winding wire, transformer choke,
motor, generators etc.,
3. BRASS: In electrical accessorie
4. ALUMINIUM: In electrical wires and cables, winding wire, capacitors, shielding
etc.
5. IRON: In telephone wires chassis and body of equipments.
6. LEAD: In underground cables, solder and lead acid cells etc.,
7. TIN: In solder and anti-corrosive plating on various metals. Fuse wires. It has low
melting point and not effected by oxidation.
8. ZINC: Used in making containers of dry cells, galvanizing iron sheets, wires etc.
9. EUREKHA: Used in resistors, fan regulators, starters etc.,
10. NICHROME: Used in heating appliance like electric press, heater,
furnance, toaster etc.,
11. TUNGSTEN: It has high melting point. It is used for making filaments
electric lamps, fluorescent tubes, radio valves etc.,
12. CARBON: It has high specific resistance. It is used for making carbon resistances,
brushes of electrical machines, electrodes etc.,
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13. MERCURY: It is a liquid conductor. It is used in mercury vapour lamps, mercury
floating switches, mercury arc rectifiers and Ferranti-ampere hour meters etc.
14. ELECTROLYTE: It is also a liquid conductor. They are used in primary and
secondary cells etc.,
II. INSULATORS : The substances that cannot pass current through them under normal
conditions are termed as insulators. If valance electrons more than 4 then it is good
insulators.The resistance of an insulator is usually high.
COMMON INSULATORS: Dry air, Asbestos, Bakelite, glass, mica, paper, slate,
porcelain, cotton, rubber, plastic, varnish, and mineral oil, dry wood, ebonite etc.
PROPERTIES OF GOOD INSULATORS:
a. It should have high specific resistance.
b. It should have high dielectric strength.
c. It should have an ability to bear high temperature.
d. It should be moisture and waterproof.
e. It should have permanent nature.
COMMON INSULATORS AND THEIR USES:
1. BAKELITE: Used in switches, holders, sockets etc.
2. PORCELAIN: Used in pipes, fuse cut-outs, neutral links etc.
3. MICA: Used in heating elements, windings.
4. RUBBER: Used in hand gloves, rubber mating etc.
5. FIBER: Used in Formers of Transformer windings.
6. VARNISH: Used to insulate a winding.
7. GLASS: Used in insulators of over head wiring.
8. WOOD: Used in boards, round blocks, casing-caping, battens etc.
9. LEATHEROID PAPER: Used in motor winding.
10. COTTON TAPE: Used for covering a winding.
11. PVC: Used for covering of wires.
12. OIL: Used in Oil circuit breakers and transformers.

III SEMICONDUCTORS: A semiconductor is a substance whose conductivity lies
in between conductors and insulators.If valance electrons is equal to 4 then it is
called semi conductor.
Examples of semiconductors are Germanium and Silicon.
These two elements are essentially required for the manufacture of transistors, diodes,
IC’s and Chips etc.
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ELEC - 1.11
Names, Size, Location of
generating equipments, belts,
Batteries and Electrical fittings.

Refresher Course Material For Train Lighting

1
31

MODULE No. ELEC-1.11
Unit of Refrigeration / Air-conditioning:
The unit of refrigeration / Air-conditioning is Ton of refrigeration.
Ton of refrigeration:
One ton of refrigeration is latent heat required to melt a ton of ice at 32ºF or 20ºC in 24 hours.
One short ton = 2000 lbs.
Latent heat of fusion is 144 BTU/lb or A ton of refrigeration is the rate of heat removal equal to;
In FPS system
1 ton of refrigeration = 2000 x144 B.T. U/24 hours
= 2,88,000 B.T. U/24 hours
= 12,000 B.T. U/hour
= 200 B.T.U /min.
The rate of cooling has been designated as a ton of refrigeration.
In MKS system
One ton of refrigeration = 72000 k cal/24 hours
= 3000 k cal / hour
=
50 k cal/min

Principles of Air-conditioning:
Vapour compression air condition system:
A vapour compression air condition system uses a refrigerant sealed in an air tight and
leak proof mechanism. The refrigerant is circulated through the system and it under goes
a member of stages in its state while passing through various components of the system.
Each such change in the state of vapour is called a process. The system repeats over and
over again these processes. The process of repetition of a similar order of operation is called
a cycle.The compressor cycle is given this name because it is the compression of the
refrigerant by the compressor which permits transfer of heat energy. The refrigerant absorbs
heat from one place and releases it to another place.
Operations of vapour compression Air Condition cycle:
AC coaches in Indian railways work on this cycle, it comprises of four stages of operation:
a)Compression
b)Condensation
c)Expansion
d)Vaporization
1.Compression: The low pressure vapour which is in dry state is drawn from the evaporator
during the suction stroke of the compressor, during compression stroke the pressure and
temperature increases until the vapour temperature is greater than the temperature of
condenser cooling medium (air).
2.Condensation: When the high pressure refrigerant vapour enters into the condenser heat
flows from condenser to cooling medium with the help of water and natural air of condenser
fan thus allowing the vaporized refrigerant to its original liquid state.
3.Expansion: After condensation the liquid refrigerant is stored in the liquid receiver which
passes through an expansion valve where the pressure is reduced sufficiently to allow the
vaporization of liquid at a low temperature of about -10ºC.
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4.Vaporization: The low pressure refrigerant vapour after expansion in the expansion
valve enters into the evaporator and converted into vapour form where a considerable
amount of heat is absorbed by it, thus the refrigeration cycle is completed. At this stage
refrigerant absorbs the heat through circulating air with the help of blower fan.

Desirable Properties of Refrigerant
1.The refrigerant shall be Non-poisonous, Non-inflammable, Non-corrosive, Non-irritating.
2.It shall be no harmful effect on the taste, color or aroma of food and drinking water.
3.It shall be cheap & readily available in the market.
4.It shall have high latent heat of vaporization.
5.It shall have low boiling point.
6.It shall have low volume per kg, when it is in gaseous state.
7.It shall have high co-efficient of performance.
8.It should be easily detectable during any refrigerant leakage.
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I. BRUSHLESS ALTERNATOR
Train lighting in coaching stock on Indian Railways is working on 110 V DC. This is used for working
of lights and fans which is the basic amenity for Passengers.

THE MAJOR EQUIPMENTS IN AC SYSTEM ARE
(a) Alternator and Rectifier Cum Regulator Unit
(b) Set Of Battery 800 / 1100 Ah, 110 V
(c) Amenity Fittings With Junction Boxes, Isolators and
Protective devices viz, HRC Fuses and MCBs.
Among the above the most important equipment is alternator with regulator. The alternator
generates 97V, three phase AC and regulator controls the output at preset values(120, 122, 123,124
and 127 v) at 135/193 A. The alternator cut-in speed is 22 kmph and maximum output can be achieved
from a minimum train speed of 45 kmph to maximum speed of 160 kmph. The output of the RRU
is used for
(a) Charging The Battery
(b) For Operation Of Lights And Fans & AC Plants.

WORKING OF ALTERNATOR :
The alternator consists of three main coils connected in star and two field coils connected
in series. The rotor is made of stamping resembling a cogged wheel. Due to residual magnetism
In the field coils and when the rotor rotates (by movement of train) ac voltage is induced in the
main coils. Till the desired output is reached the field coils are excited by positive feed back system
from regulator.
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CIRCUIT DIAGRAM OF 25 KW RRU

II. RECTIFIER CUM REGULATOR UNIT
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POWER CIRCUIT (Red Colour)
ALT – 3 phase alternator 25 KW 135V, 193A, Field resistance 9.77 ohms
Resistance between phases 0.055 ohms
PR – Power rectifier 320A, 1200PIV normal
F1-Phase fuse, 160A HRC
C1= capacitor for diode surge protection
C and C2 = filter capacitors
C3 = capacitor for high frequency surges protection
+DC, DC = Output terminals R, R1 = resistance
FIELD CIRCUIT (Green Colour)
D1-D4-Field rectifier diodes, 20A 1200 PIV normal
MA1, MA2=Magnetic Amplifiers
LW= Load winding 0.6 ohms GW = gain winding negligible ohms
F2 = Field fuse 10A HRC
+EX, -EX=field terminals
NC of CR = normally closed contact of relay coil
D5 – Freewheeling diode, 20A, 1200 PIV, normal
VOLTAGE SENSING CIRCUIT (Blue Colour)
RT1-3 phase bridge rectifier for voltage sensing 1A, 1200 PIV
DT1-voltage detector
D8-zener diode 100V 10W
D6 = Blocking diode 20A 1200 PIV
Rh1 = voltage setting potentiometer 1K 7.5W
COMMON CIRCUIT FOR VOLTAGE SENSING AND CURRENT SENSING (Orange Colour)
10,11 = control winding terminals
CURRENT SENSING CIRCUIT (Purple Colour)
RT2= 3 phase bridge rectifier for current sensing
DT2 – current detector
Rh2 – Current setting potentiometer
Rb1-burden resistance
D7 – Blocking diode 20A 1200 PIV
CT1, CT2, CT3 – Current transformers
OVER VOLTAGE PROTECTION CIRCUIT (Brown Colour)
D13-D15-3 phase rectifier for over voltage protection
D16 – Light emitting diode (red)
D17 – Light emitting diode (green)
D20 = freewheeling diode
Rh3 – Rheostat for over voltage setting
R1, R2, R3, R4, R5, R6 – Resistances used in OVP circuit
No of CR – Normally open contact of relay
Tech-I-Tech-III – NPN transistors
Z1, Z2 – Zener diode
CR = relay coil
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For easy understanding of KEL 25 KW alternator/rectifier regulator circuit diagram, was divided
into five sub circuits. They are
1.Power supply circuit
2.Field circuit
3.Voltage control circuit
4.Current control circuit
5.Over Voltage Protection Circuit
1.Power supply circuit: This circuit consists of 3 phase alternator (ALT) fuse F1, 3 phase bridge
rectifier. (PR) Capacitor bank (C1, C2, C3) and current transformers (CTI TO CT3). Three phase
AC supply (13, 14, 15 terminals UVW) produced by alternator is fed to 3 phase bridge rectifier
through fuse F1. The bridge is protected against voltage surges by 6 numbers of 0.25 mfd 600V
capacitors (C1), One 10 mfd 250V capacitors (C2) and one 10 kpf 500V capacitor (C3) are
provided across the bridge for filtering DC output and protection against high frequency surges
respectively. Capacitors, C, C and resistors are provided as filter for reducing the ripple content.
Three current transformers primaries are connected in series to the alternator supply.
Function: When the field coils are excited and rotor is rotated the variation in reluctance offered by
the rotor teeth arrangement causes the flux produced by the field coil to pulsate. This pulsation of
flux linked with AC coils and induces e.m.f in the AC windings. The induced e.m.f. in the 3 phase
winding is rectified by the 3 phase bridge rectifier. The bridge rectifier also serves the purpose of
maintaining the constant polarity in both the directions of the train and prevents current flowing
from battery to alternator, when the coach is in stable condition.
2. Field circuit: Field circuit consists of Magnetic amplifiers (MA1& MA2), field full wave bridge
rectifier (D1, D2, D3, D4) and freewheeling diode (D5) and normally closed contact of relay. ET is
eliminated and Two Magnetic Amplifiers are used to control the field voltage and field current,
thereby controlling the output voltage and output current. MA has six windings. Two are load
windings connected in series to the field circuit. One winding is used for voltage /current control
and one more winding used as feed back (gain) winding to boost output voltage when train is in
slow speeds. Two winding are spare. Freewheeling diode is provided to eliminate the surge
voltages produced in the field coil. Cathode of freewheeling diode connected to field positive and
anode to field negative.
Two phase AC supply of Alternator given to bridge rectifier through field fuse F2, NC of CR, MA1
and MA2 load windings. Load winding terminals are arranged in such a way that, series connected
two windings of MA1 and MA2 are included in each half cycle. Load windings 162, 17 are
connected in one half cycle and 161, 18 and 161, 18 are included in the other half cycle. The
rectified DC positive is fed to field positive (+EX) of alternator through gain winding 40 and 20 two
gain windings of MA1 and MA2 are connected in series. Rectifier negative (19) of bridge rectifier
is connected to field negative (-EX). Free wheeling diode is connected across field terminals (19
and 20) in reverse direction.
Function: The purpose of field circuit is to feed rectified DC supply for field for excitation. Two
phase supply of alternator is rectified by bridge rectifier. This rectified DC is fed to field winding
through gain winding. Freewheeling diode is provided to dissipate energy produced in the field,
in other way to eliminate surge voltages produced in the field coil. Load windings are connected in
the field circuit to vary the field voltage and current.
3.Voltage control circuit: This circuit consists of auxiliary rectifier (RT1) voltage detector (DT1) and
voltage control winding of magnetic amplifier (10,11) blocking diode(D6). The voltage detector
consists of resistance network (R1, R2, R3) and zener diode D8, potentiometer (RH1) is connected
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across the resistance R3 to vary the output voltage settings. Voltage detector serves the purpose
of providing DC signal to the control winding of MA.
Function: When the output voltage exceeds the preset value, the drop across R1 is sufficient to
conduct zener diode and allows a DC signal to the voltage control winding of MA. The DC flux
produced in control winding will oppose the AC flux of load winding and increases impedance
of the field circuit.
increase of impedance, results in decrease of field voltage and field current thereby decreasing
output voltage. This process is continuous to maintain the output voltage constant. The voltage
setting can be varied by varying the potentiometer. In '25 KE KEL RR unit the control winding
(10, 11) are common for both voltage and current control. Two control windings of MA1 and
MA2 are connected in series. Diode D is provided to prevent creep age of current from DT2 to
DT1.
4. Current control circuit: This circuit consists of 3 phase bridge rectifier (RT2), current detector
(DT2), blocking diode (D7), control winding of MA (10 &11), and secondary of current
transformer (CT1 to CT3).
The CT1 to CT3 play important role in the current control circuit. The primary of the CTs
connected in series with the 3 phase AC supply. The secondary of CTs connected to 3 phase
bridge rectifier (RT2). The output voltage of RT2 connected to current detector. RB1 connected
across DC output which acts as burden resistance. Current detector consists of resistance
network R4, R5 and R6 and zener diode D9. Zener diode D9 is connected across R4 is in series
with blocking diode D7 and control winding of magnetic amplifier (10-11). D2 prevents current
from DT1 to DT2, RH2 is provided across R6 to vary the current settings.
Function: The current transformer CT1, CT2 and CT3 senses the current flowing in the
3 phases. The burden resistance RB1 converts current signal into voltage signal. This DC
voltage is fed to voltage detector. The voltage obtained from the secondary of CTs fed to the
3 phase bridge rectifier RT2. When the current delivered by the alternator reaches
predetermined value the voltage drop across R4 is sufficient to conduct the Zener diode, thereby
decreasing field current/output current. This is a continuous process and maintains output
current at present value.
5. OVP circuit: It consists of auxiliary rectifier (D13, D14, D15) Zener diodes (Z1-Z2),
potentiometer (pot) transistors (Tech-I, Tech-II, Tech-III) relay coil (CR) freewheeling diode
(D12) LED (D18).
Function: When the output voltage shoots up more than 150 Volts due to failure in control
circuit, the drop across middle terminal of potentiometer and negative will be more than Zener
voltage of Z2, zener diode Z2 transistors TR1, TR2, TR3 conducts. The relay energized
through R4 and TR3, and field supply is cut off since the NC of CR open. D18(LED) glow's.
When field supply is cut off the relay gets its negative supply through NO (Normally Open )
of relay coil. At this stage the relay is permanently energized until the reset push button is
pressed at base station by staff. Hence, once, over voltage occurs, the field is permanently
cut off in this type of regulators. D12 is provided across relay coil to dissipate energy stored
in it. Z1 is reference voltage diode. Glowing D17 indicates normal working.
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III. ELECTRONIC RECTIFIER CUM REGULATOR UNIT
Working Principle of ERRU
For easy understanding the circuit was divided into five circuits. They are power circuit,
field circuit, voltage control circuit, current sensing circuit, over voltage protection circuit.
Power circuit :- This circuit consists of 3 phase alternator, phase fuses, 3 phase bridge
rectifier, filter circuit, hall sensor for total load and battery load. Phase fuses are provided in
V and W phases. Hall sensor H1is connected to the positive of the power supply in series to
the total load, hall sensor H2 is provided for battery load.
Working :- 3 phase supply produced by the alternator is fed to 3 phase bridge rectifier through
fuses. DC supply produced by the bridge rectifier is filtered by the filter circuit C1 and R. To
sense the alternator current hall sensor H1 is provided in series to the DC positive. To sense the
battery current hall sensor H2 is provided in series to the battery positive.
Field Circuit:- It consists of field transformer, LC circuit, IGBT OVP relay and single phase
bridge rectified by single phase bridge rectifier. This field supply is controlled by IGBT and UVC.
The UVC controls the field current to maintain the set output voltage of the alternator. The gate of
the IGBT is controlled by a micro controller, which is programmed with all data as per the
requirements of the specification. The micro controller gets the power and information through
the A/D converter, multiplexer and isolation amplifier.
Universal Voltage control circuit:- Out put voltage is controlled by the field excitation. Field
excitation is controlled by universal voltage controller. Universal voltage controller controls the
field current to maintain the set out put voltage of the alternator. To control the output voltage
IGBT is provided in field circuit as switching device. The gate of the IGBT is controlled by micro
controller which is programmed with all data as per the requirement of the specification. The
micro controller gets the power and information through the A/D converter multiplexer and
isolation transformer.
Current sensing circuit:- Out put current of alternator is controlled by filed excitation. When
ever the output current exceeds preset value the micro controller gives signal to gate of IGBT
provided in the field circuit. IGBT is fast switching device controls field excitation thereby output
current maintained with in set limits. Hall Effect sensor is used in this circuit to sense the current
flowing in the alternator. This Hall sensor is a transformer operating with a balanced magnetic
flux principle to measure DC-AC-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. Battery current limit is same as
above.
Over Voltage Protection Circuit:-Static Over voltage Protection circuit is provided to stop the
generation in case of any fault of the components and cause over voltage. 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.
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THE OPERATING INSTRUCTIONS FOR INTERFACE UNIT FOR ERRU
Interface unit has two functions i.e. emergency operation and data monitoring system.
The instruction to operate the emergency system is:
1. If one of the regulator stops the operation then we can use this emergency unit to
maintain the powering the output.
2. Check the generation of the alternator using the Green LED in the interface unit.
3. If any one of the regulator stops working, then turn the “ Switch-1” from “Normal to
Emergency”.
4. And turn the “Switch-2” to in working alternator side ( if alternator-1 is not working
change to alternator-2 and vice versa)
5. This normal to emergency operation changing should be done in “Train stopped
condition only”. To see all the parameters of regulator, LCD system is used in data
monitoring unit. This LCD system used to display this data by scrolling arrangement.
Instructions for opera-tion of this system are:
a. Press “Select” button to stop the scrolling the parameters.
b. Press “Up” to see the parameters in ascending order.
Press “Down” to see the parameters in descending order.
c. To see the fault channel first stop the scrolling using “Select” and press “Up” or “Down”.
d. For come out from the fault channel press “Select” again then the system starts scrolling.

Note :- If “Up” and “Down” both buttons are pressed at a time more than 10 seconds the data
stored in the interface will be “Reset”.

FACILITIES PROVIDED IN INTERFACE UNIT
The interface box is provided to monitor the set parameters. These parameters are displayed
using LCD by a scrolling arrangement. The parameters are:
1. DC output current of both the alternators.
2. DC output voltage of both the alternators.
3. Battery current.
4. Battery charging current.
5. Battery discharging current.
6. Amp hour in.
7. Amp hour out.
8. Total Amp hour in / out.
9. Total KW hr charging and discharging.
10. Speed of the alternator.
11. MFO of the alternator.
12. Total distance travelled by the alternator.
13. Total generation and non-generation time of both regulators.
14. Last 32 faults and storing.
15. Acquisition time.
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Data logger with Interface:
Terminals are provided for data logger for storing the parameters of output voltage, current,
battery current charging and discharging and speed of the alternator for both regulators.
Each regulator can be connected to data logger and the above mentioned data can be read at
any time. This can read the total amp hour in and out up to 99000 AH which amounts the data
can be stored for 5 years before resetting.

OVP indication and Reset:
OVP indication and reset is also provided in the same box. The operator can reset in case the
OVP operates of disconnects the regulator. All this can be done when the train is in movement.

Setting of parameters:
This interface unit has provision to connect the keyboard and having facilities to change the
parameter of DC output voltage incase of improper load sharing. This can also be done in
running time.

Buzzer Arrangement:
This interface unit has an arrangement for buzzer sound for alternator failure. The buzzer will
work only when one alternator working and another is not working. The buzzer will not work
when both alternators working or not working.

Emergency field extension:
The same data logger box contains the emergency field extension incase of the failure of the
control circuit of one regulator. This helps the operator to understand the healthy conditions
of both the alternator and to provide field extension in case of the control circuit of one
regulator is defective.

Note: Emergency field extension switches are to be operated only when the train is in the
halt condition. Setting of DC output voltage should be done with presence of companies
service engineers. Buzzer arrangement is only for cordon shaft alternator only.
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DEFFECTS IN ERRU
Sl.
No.
01.

PROBABLE CAUSE
Alternator not
generating or
low generation

CHECK

REMEDY

a. HRC fuse blown.

Check fuse.

If fuse blown
change the fuse.

b. Field fuse blown.

Check fuse.

If fuse blown
change the fuse.

c. A loose connection in
the field winding (or)
open (or) short Ckt.

Remove the field
connection
from Reg.
Check the field
connection in the
Alt in between
the field winding
and check the
continuity of Alt
field cables.
If continuity is
OK, check the
resistance of field
coil.

If a connection
between two
fields is broken,
join the two leads
by brazing of the
leads. If field coil
defective, remove
the coil carefully
and replace it with
the new field coil.
The resistance of
new field coil
at 20º C is 8.0+ /
- 0.5 ohms for 25
KW.

d. Field winding is
earthed.

Check the
megger value
of the field coil.

If megger value is
less than one M ohms
send the Alt to shop
for proper attention
of field coil.

e. Phase winding may be
open (or) short Ckt (or)
earthed.

Check the leads
Continuity &
resistance of the
phase winding.

If the leads are open,
braze the leads with
coil termination.
If the phase winding
is short (or) earthed,
send the Alt to shop
for rewinding.

f. One (or) more ISO
PACK power diode
modules may be open
(or) short ckt.

Check the ISO
PACK power
diode one by
one using
multi meter,
after removing
from the bus
bars.

Replace the ISO
PACKpower diode
module, if found
defective.

g. Single phase bridge
rectifier may be open
(or) short ckt.

Check the single
phase bridge
rectifier by using
multi meter after
removing the
connection.

If single phase
bridge rectifier
is defective,
replace it.
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Change the OVP
unit.

h. OVP unit is not
working.

02

03

Regulator
output is high.

Load current
limit.

i. Power Supply
Transformer in UVC
may be open (or) short.

Check all winding
in transformer after
removing the
transformer
connections.

If Power Supply to
Transformer
winding is
defective
replace it.

j. Inductor L1 may be
open.

Check inductor
is OK (or) not.

If found defective,
replace it.

a. Zener diode Z1 to Z4
may be short.

Check Zeners by .
using multi meter,
after removing
the connections.

If found defective,
replace it.

b. Power Supply
Transformer
in UVC may be open
(or) short.

Check all winding
in transformer
after removing
the transformer
connections.

If power supply
to transformer
winding is defective,
replace it.

c. Gate connection
from control
PCB may not
be proper.

Check connections
are OK (or) not.

If above point is OK,
replace control PCB.

d. Power supply of
fuse failure PCB
may be short.

Check the power
supply.

If found short, change
the fuse failure PCB.

a. Power supply (+12V
& -12V) of load current
sensor.

Check all
connections from
control PCB to
current sensor.
Check voltage
between m point
of current sensor
& ground.

If connections are not
proper, rectify it. If
connections are ok,
Change the control
PCB. If voltage is
nil at load condition,
change current sensor,
if voltage is there,
change the control PCB.

b. Output Section of
Load current sensor.

04

Battery current
limit.

a. Power supply (+12V
&-12V) of load current
sensor.
b. Output Section of
Battery current
sensor.

Check all
connections from
control PCB to
current sensor.
Check voltage
between m point
of current sensor
& ground.

If connections are not
proper, rectify it. If
connections are ok,
Change the control
PCB. If voltage is
nil at load condition,
change current sensor,
if voltage is there,
change the control PCB

05

OVP tripping

a. Due to high
generatin.

Check above all
conditions at high
generation.

If found defective,
replace it.

06

OVP is not
tripping at high
generation.

a. OVP may be faulty.

Change the
OVP unit.
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Action to be taken to avoid phase / field wires cut / burnt on AC alternators:
a. Use of cleats on the terminal box of 25 KW alternators.
b. Use of Nylon / Rubber grommets in place of cable glands.
c. Proper clamping / cleaning of cable to the junction box on the coach body
d. Use of U type washer & spring washer to prevent level movement of sockets as well as
losing of sockets.
e. Use of proper crimping tool and sockets by the staff.
f. Provision of Terminal box cover in all the alternators.
g. Setting the current controlling shunt to rated value of current to avoid overloading.
h. Avoid running the alternators in service with separately exciting the field as it will
generate uncontrolled voltage and current.
i. Avoid running of alternators with defective regulator , as it will cause heavy overloading
on phase / field winding of alternator.
j. Using proper HRC fuse instead of thick wire in phase / field.

EFFECT OF IMPROPER WORKING OF ALTERNATOR:
Excess voltage generation by Alternator leads toa. Over charging of the battery
b. Frequent reduction in electrolyte level
c. Excessive gassing of cells
Low voltage generation by Alternator leads toa. Insufficient Charging of battery
b. Low Specific gravity
C. Battery getting deep discharged

The safety points to be inspected on Alternator:
Safety items to be checked on alternator are proper existence of safety chains with Original
bolts and split pins, suspension hanger pin with quarter pin, suspension arrangement with nylon
bushes, alternator pulley with nut and split pin, proper alignment of axle pulley and alternator
pulley, full compliment of V belts with out twisting, proper fitment of tensioning mechanism
by maintaining 50mm gap between bracket and free end bush collar, proper tightness of
terminal connections with cleat and clamp , proper securement of wiring etc.

Precautions to be taken while loading and unloading of Alternator:
1. While unloading and loading Alternator, see that the terminal box and pulley should not be
broken.
2. The Alternator to be loaded in correct way that bushes to be provided in proper place.
3. While loading and unloading proper precautions to be taken not to fall on ground otherwise
men/material will be injured/damaged.
4. See that the anti rotating clamp provided on trolley coincides with Alternator suspension pin.
5. Replace the worn out Alternator and Alternator bracket bushes.
6. See that the Alternator should not have play with proper washers in improper place to align
the axle pulley.
7. Safety chains and cotter pins to be provided with out fail.

The safety points to be inspected on AC axle pulley:
Safety items to be checked on axle pulley are existence of eight bolts with flat and spring washers,
full tightness of bolts, proper fitment of axle pulley with a gap 145mm between wheel hub and
pulley strap, observation of shifting of axle pulley from its original place, proper alignment of
axle pulley and alternator pulley, observation of correct belts tension with out twist maintaining
gap 3 mm between two flanges, observation of with out worn out grooves and breakage etc.
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IV. ‘V’ BELTS
1. The endless V Belts C 122 are used for TL / AC is of Isosceles trapezoidal cross section.
2. Nominal inside length of the ‘V’ Belt C 122 is 3099mm or 122 inches.

Matched set of v belts
In order to avoid unequal distribution of load of belts running on a multiple ‘V’ Belt drive shall
be in matched sets. The belts of the same nominal pitch length matching to the same grading only
shall be used for a particular set. The belts are to be supplied in a matched set tied together consists
of 6 or 5 or 4 belts as required by the indenters with the grades 48 to 52 only.

The points to be checked during visual inspecting of V belts
Visual inspection of ‘V’ belts, belting shall be checked for any.
1. Deformity
2. Bulging
3. Waviness
4. Cracks Blemishes
5. Unevenness and
6. Marking as specified

The V belt failure modes are :
1. Belt slippage
2. Belt turns over and face twisting
3. Rapid wear
4. Excessive stretch
5. Belt bottom crack
6. Belt top crack
7. Few belts drop in en route
8. Belts riding uneven
9. Defective cord construction
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V Belts failures and causes.
Sl.No.
1.

Failures

Causes

E
belts are having excessive tension.
E
Belts are having lower tension.
E
Gap not maintained between bracket

Belts dropping in en-route

and free end bush collar of tensioning
mechanism.
E
Mismatched belts.
E
Misalignment of axle pulley and
alternator Pulley.
E
Overload on the alternator due to
heavy earth fault.
.

E
Twisted belts not rectified in time.
E
Foreign body entangle the belts.

2.

Belt turn over in pulley

E
Poor drive alignment.
E
Excessive wear in grooves.
E
Low belt tension.
E
Worn out belt.
E
Ingress of foreign material.

3.

Un-usual belt stretch

E
Worn out grooves.
E
Used belts with new belts on drive.
E
Belt from different manufacture.
E
Over loading of alternator.
E
Failure of output control of regulator.

4.

Rapid V belts wear

E
Worn pulley grooves or damaged
pulleys.
E
Replacing one belt in a multiple drive.
E
Over load due to heavy earth fault.
E
Mismatched belts.
E
Belt slipping with incorrect tension.
E
Incorrect pulley alignment.

5.

Belt top cracked

E
Worn pulleys.
E
In correct belt tension.

6.

Belt bottom cracked

E
Worn pulleys.
E
In correct belt tension.
E
pulley groove angle too large
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7.

Belt riding un even

E
Belts not matched.
E
Incorrect tension.

8.

Belt slipping

E
Incorrect belt tension.
E
Worn out grooves.
E
Mismatched belts.

9.

Cuts in the base of the belts

E
Abnormal belt slip.
E
Contamination by oil or chemical.

Common problems in V-Belt drive and their corrective actions:
Sl.No. Problem

Cause

Remedy

1.

Belt slip & noise on the drive.

E
Lack of tension.
E
Oil / grease on
pulley grooves.

E
Increase tension.
E
Decrease.

2.

Belt bottom cracking.

E
High belt slippage.
E
Improve storage.

E
Increase tension.
E
Improve storage.

3.

Belt stretching.

4.

Belt snap.

E
Belt ride over
pulley.

E
Check tension.

5.

Belt turnover.

E
Mismatched belts.
E
Misaligned drive.
E
Worn out pulley
grooves.
E
Shock load.

E
Use belts of
matched set.
E
Realign shaft and
pulley.
E
Replace the pulley.
apply proper tension.

6.

Belt whip.

E
Mismatched belt.
E
New belt installed
along with old belt.
E
Improper groove
angle.
E
misaligned shaft.
E
not enough drive
tension

E
Replace belts.
E
Never mix old and
new belts.
E
Replace the pulley.

E
Excessive drive
tension.

E
Maintain proper
tension.

E
Align the drive
E
Apply proper
tension.
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Precautions to be taken while maintaining V belts:
1. The belt tension for V belt drive is the lowest tension at which the belt will not slip, under the
highest load condition. Hence correct tension is to be maintained. Tension on belts should not
be too high or too low.
2. Maintain a gap as recommended between bracket and free end bush collar to avoid droppage of belts.
3. Maintain proper alignment between axle pulley and alternator pulley while fixing the axle
pulley of 18 & 25 KW the gap 240 & 225 mm respectively to be maintained between wheel hub and
axle pulley strap.
4. Replace worn out pulleys 0.8 mm depression on sides and bottom of groove is uniformly
shining surface.
5. The grading of sets used should be 48 to 52 only.
6. Use of belts of the same length ( grade) for a set.
7. Do not allow loose belts.
8. Do not use repaired pulleys.
9. Do not use old and new belts.
10. Belts should not have any oil grease traces.

Reasons of smoke emission on V-belts or dropping of V-belts
Source of defect:
A. PULLEY
1. Pulley groove angle to large.
2. Incorrect pulley arrangement.
3. Poor quality of pulley material.
B. V-BELTS
1. Mis-match belt sets.
2. Over / under tension of belts
3. Poor quality of v-belts.
4. V-belts cord defective/inverting of V-belts in pulley groove.
5. V-belt over riding.
C. ALTERNATOR & REGULATOR
1. Alternator bearing jammed/over riding
2. Magnetic locking of the rotor.
3. Over loading of alternator.
4. Load sharing of alternator not proper.

The dimensions to be maintained for fixing AC axle Pulley are:
1. The distance to be maintained while fixing axle pulleys on wheel, from center of wheel to both
axle pulley outer edges for 25 KW alternators is 1019+5mm.
2. The distance to be maintained while fixing axle pulleys on wheel, from center of wheel to both
axle pulley outer edges for 18 KW alternators is 985 +5mm.
3. The distance to be maintained while fixing axle pulley on wheel, from wheel hub to axle pulley
outer edges for 25 KW alternator is 225mm.
4. The distance to be maintained while fixing axle pulley on wheel, from wheel hub to axle pulley
outer edges for 18 KW alternator is 240mm.
.
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V. BELT TENSIONING DEVICE
The purpose of belt tensioning device is to keep V belts in tight condition.
Its parts are:
1. Tension device
2. Tension spring
3. Belt tension indicator with spring seat
4. Fork eye
5. Fork eye side spring seat
6. Belt tightening nut
7. Free end pipe and nut.
The gap to be maintained between coach bracket and free end bush caller of tensioning device
for for 18 / 25 KW alternator is 50 mm.

Procedure to tighten and loosen the V belts of AC coach alternator with
the help of tensioning device:
Tensioning gears consists of tensioning rod, ‘U’ clamp, nut and check nut of ‘U’ clamp side, spring
tighten collar spring tension indicator free ends side nut, check nut and split pin. Tensioning rod
plays a vital role for tightening or loosening the ‘V’ belt. If the rod moves towards the alternator from
the bracket, alternator moves away from the axle pulley and belts are tightened. If the tension rod
moves towards the bracket from the alternator the belt is loosened. The moving of tension rod due
to tightening or loosening of spring tightening collar nut. If the spring is tightened the tension rod
moves away from the bracket. If the spring tensions collar nut is loosened the tension rod moves
towards the bracket from the alternator and ‘V’ Belt are loosened.

How to tighten and loosen of V belts of AC coach alternator with the help
of tensioning device:
Tightening and loosening of belts will be done with the nut provided near the fork eye of alternator
only. Never use bush nut provided at free end of tension device for tightening and loosening of belts.

Procedure to maintain constant V belt tension (Z) and gap between free
end side bush collar and bracket throughout service:
In the normal course of run, the belts will be stretched and the belt tension of the alternator will
be reduced. In addition to the above the gap between free end side bush collar and bracket will
be reduced. For maintaining the constant belt tension through out the service, the belt tension
indicator is always to be co incidence with the spring tightening collar. Whenever the belt has
to be re tensioned, first free end nut and check nut is to be released. Later the spring tightening
collar is to be tightened with help of spring tightening collar nut till the belt tension indicator co
incidence with the spring collar. Then check nut is to be locked. After the completion of above
work, the gap between bracket and free end nut is to be maintained 50 mm for AC coaches and
35 mm for non AC coaches for free movement of alternator, when train is running in curves.
Free end nut and check nut is only to hold the tension rod in position without failing down.
Whenever the belts are over stretched and it is not possible to adjust the belt tension by adjusting
the tension rod the belts are to be replaced by new. In this way, when ever the belts are loose,
the above procedure to be adopted for maintaining constant tension of belts.
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‘V’ belt tension test
1. Tension should be felt by hand by striking it slightly.
2. Belt in correct tension will respond alive and spring.
3. Low tension belt will respond as dead and very tight belt will have no give attitude.
4. Feel the pulleys soon after a run.
5. Warm pulleys indicate slippage, which may be due to very low or very high tension.

How to provide and maintain correct tension of new ‘V’ belts on bogie :
1. Provide alternator on the bogie.
2. Provide axle pulley on the wheel.
3. Provide ‘V’ belt of matching set between grade 48 & 52 on wheel axle, on which , the axle
pulley is provided.
4. After lowering and completion of buffer head adjustments of bogie, provide ‘V’ belts over
alternator and the axle pulley.
5. After completion of provision of V belt, remove the split pin check nut and bush (pipe) of free
end side tension device.
6. Free the check nut and fixing nut of U clamp side of tension rod.
7. Now insert the tension device assembly between the bogie supporting bracket and eye ( leg )
of the alternator .
8. Provide bolt for ‘U’ clamp of tension rod and eye of the alternator.
9. Provide bush ( pipe) and check nut at free end to hold the tension device firmly.
10. Then slowly tighten the fixing unit ( U clamp side ) until the tension indicator coincide with
the spring tightening caller This will gives the correct tension of the V belt.
11. Then adjust the gap between coach bracket bush (pipe) collar leaving a gap of 50 mm for AC
coaches and 35mm for non AC coaches. . Now lock the bush with check nut and provide
split pin.
12. Then observe the tension of belts remember that always tightening and loosening of belts will
be done with of nut provided near the fork eye of alternator only. Never use bush nut provided
at free end of tension device for tightening and loosening of belts.
Note:As per RDSO letter no.EL/7.1.38/1, dt:20.01.11, the following procedure have to be done
for maintaing the constant belt tention through out the service:
1. Gauge plate shall be cut to 250mm+/-5mm irrespective of the alternator capacity
2. Belt should be tightened to maximum extent possible
3. A weight of 4kg should be hanged at the centre of belt span between axle pulley and
alternator pulley and see that the top surface of weighted belt does not go below bottom
surface of remaining belts.
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VI. BATTERIES
Working Principle of Cells:
Discharging

PbO2+Pb+2H2 SO4Charging2PbSO4+2H2O

Discharging:
PbO2 on (+) plate and Pb on (-)ve plates are converted into lead sulphate. In this process,
H2SO4 is converted and water is formed. Consequently SPG of electrolyte falls and extents
of fall is proportional to AH taken out.

Charging:
The chemical process is reversed. PbSO4 on positive plate is converted into PbO2
(lead peroxide) and PbSO4 on negative plate into Pb ( spongy lead ).H2SO4 is formed and
water is consumed. SPG of electrolyte rose.

Types of Batteries used in Indian Railway:
A. Lead Acid:
1. Conventional type
2. VRLA type
3. Low maintenance Batteries
B. Alkaline Batteries:
1. Nickel Cadmium
2. Silver Zinc

Constructional features:
Positive Plates
Negative Plates
Separators
Container
Cell cover

Accessories:
Float.
Float guide.
Vent Plug.

Capacities of Batteries
In Air-Conditioning:
800 Ah-110 v DC, BG, ACCW underslung AC coach
1100 Ah (VRLA)-110 v DC, BG, RMPU type AC coach
1100 AH (Low maintenance)-110 v DC, RMPU type AC coach

Initial Charging to a new commissioned battery:
Lead Acid Batteries are supplied in uncharged condition without electrolyte. Before using
Lead Acid battery, it has to be initially filled with recommended quality and quantity of
electrolyte and make ready for initial charging.
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The whole phenomenon is associated with the following activities:
Preparation of Electrolyte
Initial filling
Initial charging

Preparation of Electrolyte:
• The cells are supplied in dry uncharged condition.
• These cells are required dilute Sulphuric acid of SPG ( 1.108-1.22), corrected up to
27° C as electrolyte for initial charging.
• Electrolyte =H2SO4 ( as per IS:266) of SPG 1.835+ Water ( as per IS:1069)
To get 100 litres (approx) of electrolyte:
For SPG
Water (litres)
Acid (litres)
1.180
86
17
1.220
82
21
Concentrated acid should always be poured into the water and never the water in the acid in
Ebonite box.

Initial filling:
•
•
•
•

Filling the electrolyte up to the lower marking on the float indicator
Allow the cell to rest for a period of around 16-24 hrs.
Level of electrolyte may fall. Restore this with some electrolyte.
Now the cells are ready for 1st charging.

Initial Charging:
• Charge the cells for 80/100 hrs at specified rate as per manufacture’s data (40 A for 800 Ah,
06 A for 120 Ah).
• During charging, temperature should be less than 50° C After 45° C, reduce the
charging rate to ½ value & increase the time accordingly.
• Total charge input should be equal to Time X current ( specified Charging current )
• While charging, level of electrolyte may fall due to water loss. Restore for 24 hrs by
adding water.
• Adjust the SPG to 1.215 0.005 corrected to 27° C.
• Adjust the SPG, the cells must be gassing freely for a minimum 2 hrs of charging.
This helps in proper mixing of electrolyte.
• Now cells should be discharged through a suitable resistance at constant current
(I)=0.10XC10 amps up to 1.80 VPC.
• The battery shall be charged at normal charging

Trickle Charging:
When a battery is kept as an emergency reserve, it is very essential that it should be found
fully charged when an emergency arises. Due to leakage action and open circuit losses, the
batteries deteriorate .Hence to keep it fresh, batteries are kept on a small charging.
For example: A standby battery for station bas-bar of 400 Ah at 10 hr rating, a continuous
trickle charge of 1 Amp will keep the cells fully charged and keep in perfect condition.
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Factors affecting the life of Lead Acid Battery:
1. Necessity of frequent topping of cells.
2. Leakage of electrolyte on lid and on container body.
3. Failure of one cell on a mono-block unit.
4. Undercharging / overcharging.
5. Always use distilled water for toping of cells.
6. Keeping the discharged cells for long time will result in formation of sulphation.

PILOT CELLS
To know the performance of battery identifying two cells, for measuring specific gravity
during one month are called pilot cells. Again two more cells will be identified as pilot cells
after every one month. Pilot cells should be average cells.

SELECTION OF PILOT CELLS
Month Pilot cells
1st month
1, 12, 13
2nd month
2, 11, 14
3rd month
3, 10, 15
4th month
4, 9, 16
5th month
5, 8, 17
6th month
6, 7, 18

TYPES OF DEFECTS IN LEAD ACID BATTERIES
The defects are :1.Sulphation
2.Bucking and cracked plates
3.Loss of capacity
4.Low specific gravity and low voltage of cell
5.Reversed cells
6.Dead cells
7.Loss of active material
8.Sludge
9.Internal short circuit of one or more cells.

SULPHATION
Sulphation means the formation of lead sulphate on the surface and in the pores of the active
materials of the plates. Sulphate is finely crystalline and easily reduced by the charging current.
Sulphation in this sense is a necessary part of the operation of battery and is not a source of
trouble. Lead sulphate is also formed as result of local action or self discharge of the plate.
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This is brought about by the action of the acid solution on the concentration and temperature
of the electrolyte. Lead sulphate formed as a result of local action is easily reduced by the
charging current unless it is neglected. Sulphation applies to the large crystals of lead sulphate
that may form on the plates as a result of neglect or misuse. Excessive sulphation of this type
is difficult to reduce and may injure the plates. The effect is usually noticed by a whitish colour
on plates and is caused by over charging, over discharging or keeping the discharged battery
for a long time. Carbonate of soda added to the electrolyte has a beneficial effect in preventing
sulpahtion defect, or the best way is trickling charge i.e., charging the battery at a low rate
for long time.
CAUSES OF SULPHATION
1. Due to over charging
2. Over discharging
3. Impurities in acid, plates, or electrolyte
4. Due to plates are not covered by the electrolyte
5. Due to neglect of battery, Sulphation is caused
6. Kept under discharged condition for long time

TREATMENT FOR SULPHATED CELLS
Light Sulphation:- If it is taken in time, charging at low rate approximately 1/3 rd of the
normal charging rate will reduce sulphation. The charge should be continued till cells gas
freely. Repeat charge and discharge two to three times till specific gravity of 1.220 is reached.
Bad Sulphation:- Empty the container and fill with distilled water, charge at 1/10th of normal
rate and test specific gravity at intervals and it is above 1.150. Stop charging and empty out
the electrolyte. Refill with pure distilled water and continue charge. Ensure that the temperature
of the electrolyte does not rise above 120 degrees F (49 degrees C). The charge of the sulphate
will be indicated by the colour of the plates. After all Sulphation is reduced empty the jar and
refill with electrolyte of 1.220 Specific gravity. It is not advisable to use any de Sulphation
agents since Sulpahtion is the natural result of battery action.

Maintenance of Lead – Acid Cells
The following important points should be kept in mind for keeping the battery in good
condition:
1. Discharging should not be prolonged after the minimum value of the voltage for the
particular rate of discharge is reached.
2. It should not be left in discharged condition for long.
3. The level of the electrolyte should always be 10 to 15 mm above the top of the plates
which must not be left exposed to air. Evaporation of electrolyte should be made up
by adding distilled water occasionally.
4. Since acid does not vaporize, none should be added.
5. Vent openings in the filling plug should be kept open to prevent gases formed within
from building a high pressure.
6. The acid and corrosion on the battery top should be washed off with a cloth moiste-ned with baking soda or ammonia and water.
7. The battery terminals and metal supports should be cleaned down to bare metal
and covered with Vaseline or petroleum jelly.

Refresher Course Material For Air-Conditioning 57

HYDRO METER
This meter is used to measure SPGR of liquids. It consists of glass tube with a glass bulb.
The glass bulb is fitted with lead balls and is fitted with scale, on which SPGR is marked.
This glass bulb is kept in a glass tube. One side of glass tube is fitted with rubber bulb and
on the other side a nozzle. The rubber bulb is pressed to suck electrolyte from the battery.
The electrolyte enters in the outer glass tube in which hydro meter bulb floats and gives
reading. With the dilute sulphuric acid the bulb sinks more in the electrolyte, while with
strong sulphuric acid the bulb less. In this way it gives reading to know the performance
of battery.

CELL TESTER OR HIGH RATE TESTER
This is a tester which gives the correct terminal voltage on full load of the cell. In the tester
there is one resistance of low value which works as load on the cell of the battery. One
voltmeter is connected to give voltage. On the same voltmeter dial, charged to discharge
conditions are also indicated by the words full charged, half charged and dead. One small
lamp is connected in parallel with the voltmeter to indicate light. This tester gives the reading
to one cell only at a time. Following precautions are to be taken while using this cell tester.

1. It should not be connected with cell terminals for a long time because it gives heavy load
on the cell, so that cell will be discharged quickly.
2. Clean the two terminals of testers and cell before using.

VRLA BATTERIES
VRLA / SMF Batteries:
The lead acid battery, used in the Indian Railways, consists of a spongy lead as negative plate and
lead peroxide as positive plate with dilute sulphuric acid as electrolyte. It has a nominal voltage of 2V and
requires periodic maintenance, depending on its use.
The conventional lead acid battery is improved by developing valve regulated sealed lead-acid
battery ( VRSLAB) with absorbent glass mat or gel technology. These batteries need no addition
of water during their normal life time. There is no spillage of electrolyte or release of gas. The
batteries are charged by constant potential mode. Calcium alloys are used as grid material due
to their lower self-discharges and increase conductivity. Oxygen and hydrogen evolve from
positive and negative respectively during recharge. Oxygen evolved at the anode reacts with
the hydrogen through the separator to produce water. A valve releases the excess gas, preventing
accident during overcharging. VRSLAB finds usage in electronic equipment, standby systems
and remote area power supplies where solar power is used to charge batteries.
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Construction of VRLA Cell
1. Terminal Post -ve.
2. Jar & Cover - Polypropylene.
3. Jar to Cover - Hermetic Sealing.
2

1

8

4. Bus bar
9

7

4

5. Separator: Spun Glass microporous
matrix (Totally absorbed electrolyte)
6. Positive Plate - Hybrid Grid Alloy

5
6

7. Negative Plate - High surface area to
enhance oxygen recombination.

3

8. Vent Plug
9. Terminal Post +ve.

Parts of VRLA Batteries:
1. Positive plates: Flat pasted type with lead-calcium High Tin alloy or lead cadmium alloy
to resist corrosion & for longer life.
2. Negative plates: Flat pasted type with lead-calcium alloy grid for maintenance free characteristics.
3. Separator: Low resistance, high porosity and highly absorbent glass mat separator (AGM)
4. Electrolyte: High purity Sulphuric acid to maximize shelf life
5. Terminals: High conductivity lead plated inserts.
6. Safety Valve: Self resealing, pressure regulated and explosion proof.
7. Container and Cover Sealing: Heat Sealing Method (Fusion bond) for better joint strength.
8. Container: High impact Polypropylene co-polymer.

OXYGEN RECOMBINATION PRINCIPLE

Oxygen Formed
during charge

Oxygen Combined
Indirectly with
Hydrogen
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Working principle of VRLA batteries
Valve Regulated Lead Acid (VRLA) batteries can be of either the gelled electrolyte type or the
absorbed electrolyte type, While the basic electrode reactions remain the same as in conventional
flooded cells, VRLA batteries operate on the oxygen recombination principle. Due to the special
grid alloys used, the actual gas evolution is 97% less than in conventional batteries. The conventional
flooded batteries, oxygen evolved at the positive plate bubbles upwards through the electrolyte and
is released through the vent plugs. In VRLA batteries, however, the small amount of oxygen that is
evolved, is transported through the separator to the negative plate via the gas phase, and is consumed
at the negative plate.

Special features of VRLA batteries
FEATURES:
VRLA batteries using absorbed electrolyte have the following special features..
The electrolyte is immobilized by using highly absorbent glass mat separators which are
designed to hold sufficient electrolyte to meet all performance requirements.

Oxygen Recombination
The battery works on the oxygen recombination principle. Recombination efficiencies are
in excess of 99%.

Starved electrolyte
Explosion resistant safety vents
VRLA batteries operate at a slight positive pressure within the cell. Cells are fitted with a unique
low pressure self resealing safety vent plug which releases the gasses when the internal pressure
within a cell exceeds 6 PSI and reseals again at low pressures. The constant positive pressure in
the cells prevents accidental ingress of external air which would otherwise result in self discharge
at the negative plate. The vent plugs are also fitted with a porous plastic disc, which prevent
external sparks from entering the cell. This makes the vent plug explosion proof.
Hermetic Heat Seal
The battery jar & cover are hermetically sealed on automatic machines. Additionally, the total
absorption of electrolyte in the separators and the use of pressure regulated vents make it spill
proof and leak proof.
Superior alloys
VRLA batteries use highly corrosion resistant alloys such as Lead cadmium resistant lead alloys.
Copper insert terminals
VRLA batteries have highly conductive copper inserts in terminals resulting in very good power
characteristics. Inter cell connections are done by using high purity lead coated copper strip
connectors and heavy duty stainless steel bolts which are resistant to sulphuric acid.
Modular Steel Trays
VRLA batteries are assembled in modular steel trays normally in the horizontal configuration.
This lends flexibility in assembling the system one module above the other.
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Advantages of VRLA batteries over conventional flooded tubular batteries
In Railway applications such as train lighting and air conditioning etc. VRLA batteries have marked
advantages over the conventional flooded designs. Some of these advantages are given in the
following comparison table:
Conventional Flooded Batteries
1. Regular maintenance required involving
topping up with distilled water.
2. A lot of excess free acid is available leading
to acid stratification. This is more pronounced
in taller cells.
3. There is a possibility of ground currents due
to electrolyte spillage. This can result in high
rates of self discharge.
4. Batteries are housed in MS boxes under the
coaches.
5. There is a possibility of shedding of active
material due to vibration in service.
6. These batteries are mounted vertically hence
the ‘g’ force acting on the cell is high.
7. Post corrosion is usually observed due to the
acid mist.

VRLA Batteries
1. No periodic topping since this battery work on
the oxygen recombination reaction resulting in
zero loss of water.
2. No stratification of electrolyte because of the
wicking action of the absorbent separators. The
cells are mounted horizontally reducing the height
of cell. Stratification is there fore eliminated.
3. There is no possibility of electrolyte spillage due
to the dry leak proof construction hence ground
currents are eliminated.
4. The VRLA battery unit can directly bolted horiz-ontally to the under carriage of the coach. This
will eliminates the need for battery boxes as well
as the FRP trays used in existing designs.
5. Due to the highly compressible glass mat separators,
the possibility of shedding of active materials is
minimized. Hence VRLA batteries exhibit better
vibration resistance.
6. VRLA batteries are mounted horizontally reducing
the ‘g’ force acting on the cells.
7. No post corrosion since there is no acid mist.

8. Cover sealed by bitumen to hard rubber container. 8. Cell covers and jars are hermetically heat sealed.
No operational problems envisaged.
Cracking and debonding of the sealing comp-ound is a very common problem.
9. Self discharge rate up to 4% of capacity per
week.

9. Very low self discharge of 0.5 to 1.0 % of capacity
per week.

10. The average discharge voltage is 1.90VPC.

10. VRLA batteries have good voltage. The average
discharge voltage is 1.95 VPC resulting in lower
battery currents. There is therefore less heating
and wear & tear of electrical components. The
discharge plateau of VRLA batteries is also flatter
leading to uniform intensity of light bulbs, for
longer duration.
11. VRLA batteries are housed in steel trays which
can withstand drops and shocks during transit.
Hence transit damages are virtually eliminated.

11. Transits damages are high because of brittle
rubber containers.
12. Separate battery room and charging at site is
required. This increases the time and space
requirements for battery charging.

12. These batteries are factory charged. Commissio-ning is immediate. A 80% savings installation
time is quite common. Further , the requirements
of a separate battery room and charger are consid-erably reduced.
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Types of AC coaches
AC coaches are of two types:
a.Self generated :
Conventional & RMPU type
b.EOG
:
Conventional & RMPU type
EOG (End-on-generation)
Power supply is derived from DG set 415/750V, 3 phase, 50 Hz. Power is distributed to
entire rake through 2 sets of 3 phase, 415/750V feeders. Each coach is provided with
control, distribution and feeder arrangement. 110 V AC obtained from 3 KVA, 415/190 V,
4 wire step down transformer which is provided on each coach.
SG (Self generating)
Power supply for AC equipments is met from axle driven transom mounted brushless
alternator of 18/ 25 kW.
SGAC coaches are of two types I. Underslung and II. RMPU type.
UNDERSLUNG AC COACHES:
The under slung AC unit consists of
(a) Evaporator unit consisting of cooling coil (heat exchanger), heater and motor-driven blower unit.
(b) Thermostatic expansion valve.
(c) Motor-driven compressor.
(d) Air cooled condenser (with cooling fan driven by motor)
(e) Liquid receiver
(f) Dehydrator and filter.
(g) Refrigerant piping for conveying the refrigerant (R-12 or R-134a).
(h) Air ducting for distribution of air.
(i) High Pressure Cut-out
(j) Low Pressure Cut-out
(k) Oil pressure cut-out
(l) AC control panel
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Schematic power generation and distribution diagram of
Under-slung AC coach
In the self-generating under slung two-tier , Chair Cars and Composite AC Coaches, two numbers of
brush less alternators of 18 KW capacities each are provided with their associated static rectifier cum
regulator units. These alternators (one on each bogie) are suspended from a
bracket welded on the bogie transom. The alternators have double ended shafts with deep 'V' groove
pulleys at both ends which driven by two axle pulleys by means of a set of end less V-belts. The
belts are of rubber reinforced with polyester and are of low stretch type. A constant tension of
165 kgs is ensured by means of a belt tensioning device provided for each set of pulleys.
The alternator has been provided with rectifier/regulators which are controlled by magnetic
amplifiers. In all these types of rectifier regulators, facility exists for controlling the D.C. output
voltage.
The alternators generate 97V, 3 phase AC which is fed to rectifier cum regulators (RRU / ERRU).
The RRU rectifies the AC voltage into 110V DC and regulates the output voltage and current of the
alternator irrespective of train speed. The output of the RRU is fed for charging of batteries as well
as coach load. This is usually set at 128 V at 1500rpm with half load. The D.C. output from the two
alternators are paralleled with the battery. A rotary switch provided in the power panel enables
Isolation of any one of the alternators in case of defect or fault. When the train is stationary the load
is catered by 110 V D.C. 1100 AH battery set. Each set of battery consists of 56 lead acid cells
connected is series, housed in two battery boxes and mounted on the under frame of the AC Coaches.
In order to provide supply for battery charging at the terminal stations or during pre-cooling, AC
Coaches are provided with one number of 200A capacity battery charger unit.

Power scheme diagram of self generation of AC Coaches with Two AC Plants
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Air condition cycle of under slung AC coach
Open type multi cylinder reciprocating compressor extracts refrigerant gas form the evaporator coil
which is at low pressure of about 35 PSI, it compresses and delivers the gas to the condenser at a
pressure about 150 to 180 p.s.i. Due to rapid compression, the gas becomes hot at about 145°F.
High pressure and high temperature hot gas enters into the condenser. Condenser consists of a heat
exchanger, which is force cooled by means of two axial flow condenser fans. Condenser is intended
for cooling the hot gas and liquefying it under pressure.
The liquid refrigerant is fed into the liquid receiver. The liquid receiver is cylindrical container
reserve the refrigerant liquid. A dehydrator is provided to ensure that refrigerant is free from
moisture and dust particles.
The high pressure liquid refrigerant enters into the thermostatic expansion valve which controls and
regulates the rate of flow of liquid and allow it into the evaporator under a low pressure.
When fresh air and return air passed over evaporator by blower, the evaporator takeaway the latent
heat and there by cooling the air. This cooling air is distributed to compartment through ducting and
grills.
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THE WIRING DIAGRAM OF AC CONTROL PANEL OF UNDERSLUNG COACH
Procedure for switching ON UNDER SLUNG AC Plant
Switch ON Master Control Switch. Coach supply will be fed to entire circuits
a) Blower circuit
When plant selector switch 46 is kept ON in blower mode, the contactor coil gets supply
through F4(+),f, F4(-). Contactor 29 switches ON and blower motors will be energized, thereby vane
relay will be closed. After closing vane relay 58 proving relay 32 becomes “ON”. BLOWER ON
indication light glows through NO contact of 32. Simultaneously NC contacts of relay 32 and 29
opens the hooter circuit.
b) Cooling circuit
When the plant selector (46) is kept in C position, the supply fed to triggering circuit through F8+,
C, F8-. The cooling pilot relay (35) will be energized and at the same time heating pilot relay (34) is
in 'OFF' condition. When cooling pilot relay is 'ON' position line contactor 12 coil gets supply
through 'NO' contacts of 27,32, 35 and NC contacts of 21,19,20,17 and 13 A. When line contactor
12 coil gets supply, main contacts of contactor 12 closes and compressor motor and condenser
motors start with starting resistance 14 and 14A. After 2.5 seconds, time delay relay TDR1 (56)
energized through NO of 12 and by pass the first step of resistance 14A by switching ON contactor
13 through NO of 56. Again after 2.5 sec 13A contactor is energized through TDR2(57) by
eliminating the starting resistance 14 and 14A. Contactor 13 A holds permanently through its NO
contact. Now compressor pilot light switches 'ON' through auxiliary NO contact of 13A. When 13A
contactor closes, contactor 12 and contactor 13 releases one after another. The system works
continuously in cooling mode as long as cooling pilot is in closed condition. The auxiliary normally
closed contact of cooling pilot relay 35 opens the heater circuit to prevent simultaneous starting of
both compressor and heater.
C) Heating circuit
When the outside temperature is very low (below 19oC) heating thermostats operates. The heating
pilot relay (34) gets energized. Contactor 17 coil gets supply through NC contacts of cooling pilot
relay 35 and NO contact of F3+, 27, 34. The heater receives its supply through the main contacts of
heater contactor 17 and the fuse F2+. Then heater ON indication light glows. The system works
continuously in heating mode as long as heating pilot is in closed condition.
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Types of Air ducts are available in under slung air condition coaches:
a. Main air duct
b. Return air duct
c. Fresh air/inlet air duct
a) 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 D.C. Motor with double extended shaft. The air is distributed to
each compartment in the case of AC two-tier Sleeper Coach and full AC First Class Coach through
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. The main air duct in the AC two-tier
Sleeper Coach and in the AC Chair Car has been tapered towards the centre of the compartment with
a view to maintain distribution of air to each compartment to maintain constant velocity.
The cross section of the main air duct has been designed in such a way that the air enters into the
compartment at a velocity not greater than 250 mtrs/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
6 mtrs/mtrsin. to 12 mtrs/mtrsin. (0.1 mtrs/sec to 0.2 mtrs/sec).
b) Return air duct
Practically there is no separate return air duct provided in AC coaches. In the case of Second Class
AC two-tier and AC Chair Car, the return air is drawn through the return air filters directly from the
nearest compartment. In First Class AC 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.
c) Fresh air/inlet duct
This is provided at the rate of two per AC plant. It is mounted on the sidewall just below the roof
evaporator unit. There is an opening in the sidewall with Louvre hinge door arrangement to house a
Fresh Air Filter. The Fresh air inlet duct has been designed with a 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 manufactured at I.C.F.
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ROOF MOUNTED PACKAGED UNIT COACHES
Major Equipment of RMPU AC Coaches:
1.Alternator :- 25kW
2.RRU – 25kW,
3.Battery charging transformer cum rectifier -200A
4.Battery :- 1100 Ah,110 v DC, VRLA / low maintenance Battery
5. RMPU : 7.0 tones (for each unit)
6. Inverter : 25 kVA
7. WRA (Water raising apparatus ) – 1.5 hp, 415v/110v AC motor type
8.3 phase auxiliary motors such as Blower, Condensor fan motor.
Protective devices / Relays:
1.Over Voltage Protection relay.
2.HRC fuse (400A/250 A/63A/32A/6A).
3.Thermostat, Vane relay, MCB's of various capacities.

AERIAL VIEW OF ROOF MOUNTED PACKAGED UNIT
Features of RMPU type AC coaches:
1.Light in weight.
2.Less time cost of installation
3.No water leakage
4.Hermetically sealed compressor mounted on the roof thereby no accumulation of dust.
5.Less maintenance due to use of 3 phase AC induction motor.
6.No chance of damage due to cattle run over or floods since there is no equipment in
the underslung.
7.More energy efficient, modern technology and excellent performance.
8.Less refrigerant is required in the system.
9.Environmental friendly refrigerant R-22 is used.
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Comparison of RMPU with conventional AC coach
S.No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

20

Description
Weight
Installation time
Refrigerant
Refrigerant charge
System design
Refrigerant leak
potential
Maintenance
Dust collection
Damage due to Cattle
run over
Damage due to floods
Performance

Roof mounted
900 kg
4 hrs
F-22 (CHCL F2)
< 3 kg
Hermitically sealed
Nil

Conventional
2700 kg
4 days
F-12 (CCL2 F2)
15-20 kg
Open
Enormous

little
little
Nil

Heavy
Heavy
Heavy

Nil
Excellent

Heavy
Deteriorates quickly due to
dust collection.
Technology
latest
Old and absolute.
Water drop on passenger Nil
Sometimes
Fresh air
Taken from roof
Taken form side wall of toilet
Capacity control
25% to 100% (4 compressors) 50% to 100% (2 compressors)
Down time for repair
4 hrs (for replacement of
4 days (depends upon the
RMPU)
equipment failed)
Motor used
3 phase Induction motors
DC motors
Tones
3.5 X 4
7X2
Energy consumption
Due to flexibility of
More
utilization of compressors the
consumption is low.
Humidity control
By Electrostatic Thermostat
Old conventional method

RMPU AIR CONDITIONING UNIT SPECIFICATION
1.Unit type
Roof Mounted Package Air Conditioner
2.Unit Model
FLC-RAC- 04/Air Cooled
3.Cooling capacity
84000 BTU/hr
4.Power Supply, rated
415 +/-5% VAC, 3Phase, 50HZ
5.Power consumption
13KW
6.Current
20Amps
7.Air flow rate conditioned air
4200+/- 10% C.M.H at 20mm
8.Refrigerant External Static
WG R22,2.5 Kg per circuit
9.Dimensions (Length X WidthXHeight)
2150mmX2250mmX600mm
10.Weight
620Kg
11.Outline Drawing No
CC-90012 (Aitd)
12.Compressor
Copel and Scroll type model ZR 61KCTED -4
Both are hermetically sealed, 2 Nos./Unit,
13.Condenser fan
Direct drive, propeller, 2 Nos./Unit
14.Condenser fan motor
6 pole, 0.75KW/HP,
15.Evaporator fan
Direct drive, propeller, 2Nos.Per unitCentrifugal fan
16.Evaporator fan motor
4 pole, 1.1 KW/1.5HP,415V/3phase/50HZ, one No. Per unit
17. Heater
3KW ,415V/3 Phase/50HZ, 2Nos. Per unit
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Schematic diagram of Generation and Distribution of Power in self generating RMPU AC Coach

Generation and Distribution of Power in self generating RMPU AC Coach
Two numbers of brushless alternators of 25 KW capacity each are provided with their
associated static rectifier regulators. The alternators (one on each bogie) are suspended from a
bracket welded on the bogie transom and driven by the axles with the help of a V-belt drive
system. The alternators have double-ended shafts with deep 'V' groove pulleys at both ends which
are driven by two axle mounted pulleys by means of a set of endless V-belts. The V-belts are made
of rubber reinforced with polyester card and are of low-stretch type. A constant tension of 165 kgs.
is ensured by means of a belt tensioning device.
The alternators generate 97V, 3 phase AC which is fed to rectifier cum regulators (RRU /
ERRU). The RRU rectifies the AC voltage into 110V DC and regulates the output voltage and current
of the alternator irrespective of train speed. The output of the RRU is fed for charging of batteries as
well as coach load. This is usually set at 128 V at 1500rpm with half load. The D.C. output from the
two alternators are paralleled with the battery. A rotary switch provided in the power panel enables
Isolation of any one of the alternators in case of defect or fault. When the train is stationary the load
is catered by 110 V D.C. 1100 AH battery set. Each set of battery consists of 56 lead acid cells connected
is series, housed in two battery boxes and mounted on the under frame of the AC Coaches. In order
to provide supply for battery charging at the terminal stations or during pre-cooling, AC Coaches are
provided with one number of 200A capacity battery charger unit.
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CONTROL WIRING DIAGRAM OF RMPU AC UNIT
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Sequence of steps involved in the working of RMPU of AC coach with electronic thermostats:

1.Switch ON RSW 1 & Main MCB 3 phase supply is fed to RMPU power circuit. Power supply
indication (R,Y,B) ON.
2. Switch ON MCB's 8 & 9, 110V AC control supply is fed between terminals 10 & 100. Led 1 ON.
3. Switch ON MCB 1. Switch ON RSW 2 power supply & control supply is fed to blower circuit.
Contactor C1 switches ON.
4. Blower starts working, then vane relays VR1, VR2 closes. LED 3 ON.
5. Contactor AC 1 coil gets 110V supply, then contactor AC 1 gets ON. Control supply is fed to
RSW 3.
6. Select RSW 3 for Auto mode. Control supply is fed to electronic thermostat control unit.
LED 5 ON.
7. In summer cooling relay gets energized. Control supply is fed to condenser circuit through 'NO'
contact of cooling relay.

8. Switch ON MCB 2 & 3. Both contactors will be switched ON. Condenser motors 1 & 2
start working. LEDs 11 & 12 will be ON. Control supply is fed to RSW 5.
9. Switch ON MCB 4 & 5. Select RSW 5 in 1 position TDR 1 , TDR 2 ON. After two
minutes contactor C4 switches ON. Compressor starts working. Then LED 21 ON.
After 2.5 minutes contactor C5 swicthes ON. Compressor 2 starts working LED 22 ON.
10. For auto heating circuit switch ON MCB 6. If temperature too low, heating relays
energizes & cooling relay is in OFF condition. 110 AC control supply is fed to heating
circuit 'NO' contact of heating relay. Both heaters switches ON. LED 25 ON.
11. For manual cooling mode switch ON RSW 3 in 3 position.
12. For manual heating mode switch ON RSW 3 in 4 position.
13. To bypass compressor 1, switch ON RSW 5 in 2 position. LED 16 is ON &
LED 21 is OFF.
14. To bypass compressor 2, switch ON RSW 5 in 3 position. LED 20 is ON &
LED 22 is OFF.
15. If OL 1 trips LED 2 ON. Of VR1 VR2 opens LED 4 is ON.
16. If OL 2 trips LED 9 ON. If OL 3 trips LED 10 is ON.
17. If OL 4 trips LED 13 ON. If OL 5 trips LED 17 ON. If HP 1 trips LED 15 ON .
If LP 1 trips LED 14 ON. If HP 2 trips LED 19 ON. If LP 2 trips LED 18 ON.
Electronic thermostat used in AC coaches (RMPU & Under-slung) :The unit is intended to provide ON/OFF control of the refrigeration plant/heater by sensing the
temperature of the air at the return air grill. Except the sensor the unit is mounted in
AC control panel, which is in the non-air conditioned space. The sensor is mounted at the return air
grill of the air conditioned space. The unit is designed for continuous operation in auto mode.
The unit will give output signals through the contacts of the relays to switch on either the heating
control circuit or the cooling control circuit. The single setting Electronic Thermostats are being
used for the operation of the relay. The settings of the electronic thermostats are as follows:

Cut in Cutoff-

Cooling
25 C
23 C

Heating
19 C
21 C

The unit is capable to work on 110V AC supply. The unit shall be provided with reverse polarity
protection against inadvertent wrong connections of the polarity of the power supply.
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Brushless DC Fans
Principle of operation:
An electronically commutated BLDC motor consists of a permanent magnet rotor, a stator
with a poly phase winding and an electronic switching device. The device consists of a
rotor position sensor, fixed on the motor shaft, and an electronic switching, module, which
can supply stator winding. Operation of BLDC motor is very similar in concept to that of
DC motors. The stator will be wound for three phase and the winding will be similar to
three-phase induction motor or synchronous motor. The rotor position sensor continuously
senses the axes of the rotor permanent magnet and gives out logical signals. The logical
signals are coded and will be sent to the control module.
The control module decodes the signals and approximately selects the stator windings
whose magnetic field will be perpendicular to the rotor magnetic field and supplies current
to it, a torque is generated and the rotor moves.
Following the resulting rotation the rotor position logic signal changes after certain rotation
(60 electrical degrees). Then the module switches the current to the successive windings so
as to keep the resultant winding field perpendicular to the rotor magnetic field thus
ensuring smooth rotation and torque.
Points to be checked on fans during trip schedule:
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 in the other regulator positions. 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 tumbler switch / regulator is defective. Replace, proceed as follows:
·
If the fan does not start when the toggle switch terminals are shorted proceed as
follows:
·
Test for supply at the 2-way connector terminals near the fan with the tumbler
switch on. If there is no supply, the wiring is defective and has to be attended.
·
Open dome cover in case of swivelling fans and remove fan body fixing screws in
case if fixed fans.
·
Remove carbon brushes, check brushes for condemning size, proper bedding,
correct spring tension and correct grade of brush.
·
Check for free movement of brush in the brush holder. Replace defective
brushes/springs.
If the commutator is dirty, clean the surface with sand paper of 0 size.
·
If the commutator 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 replacing the defective armature by a good one. If spare armature is
not available send defective fan to shop for attention.
·
If the fan is noisy, check for loose blades/fan guards and tighten them. If the noise
is due to bearings, replace the fan and send defective fan to shop for replacing.
·
Check the fuse for fans and ensure that it is of correct size (35 SWG) tinned
copped.
·
Clean fan body and its guard.
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In swivelling 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.
The MCB/ fuse controlling the fan circuit shall be checked for corrected rating (16
A for non AC SG coaches and 6 A for SG AC coaches) and proper functioning and
replace if found defective.
·
Note down the total number of fans in each coach and the number of fans found
defective. Defective fans shall include fans, which required push start. The aim is
to achieve cent percent working of fans. The records mentioned above will help in
working out the extent of problem in any particular service to take quick remedial
action.
The fans shall be available as per lay out for the coaches. 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.
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
repeated large scale deficiencies of foreign Railway coaches. The Depot/Railways
entrusted with primary maintenance shall be advised by message whenever the
deficiency is made good or when large scale deficiencies are noted.
Points to be checked on RC fans during monthly schedule:
In addition to the items listed under trip examination the following works shall be carried
out.
·
The fan body, guards and blade shall be thoroughly cleaned with cloth.
·
All fans shall be opened and condition of commutator, brushes and brush gear
shall be thoroughly checked. Action should be taken where necessary as given
under trip attention.
·
Studs used for fixing the fan to coach body, shall be checked and tightened,
wherever necessary. Availability of all the three fixing studs should be ensured.
·
All the switches controlling the fans shall be checked for its smooth operation and
correct working and replaced where necessary.
·
Fan regulators in upper class coaches shall be checked for smooth operation from
one position to the other. In case the regulators are not regulating the fan speed,
the resistance box shall be checked and replaced where necessary.
·
Fan blades shall be replaced if found bent, or if there is no proper air discharge.
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ELEC – 1.12
Maintenance Schedules,
Critical Points, Settings and
Tolerance of AC Equipments
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Important checks to be done before offering the coach for service:
1. All the AC coaches to be pre-cooled before placement of rakes on platform. This is the time when
passengers require maximum and immediate comfort level. Pre-cooling cum emergency leads should be
provided in all SG AC coaches (1 in each coach) and power cars (2 in each power car).
2. No train to leave the primary Depot with EFTs or equipments in isolated condition.
3. Defects in the coaches to be noticed immediately after arrival or train and remedial action taken
accordingly. Escorting staff should report at secondary maintenance depot and advise the status of
coach and should sign the register with depot and depot staff to sign the log book with escorting staff.
4. All AC coaches from primary depot should go with both alternators working. If an alternator cannot be
replaced/repaired at the secondary maintenance depot, decision to send coach with one alternator to
be taken at Officer’s level. Second alternator to be fully functional with full generation and the
coach/rake to be properly pre-cooled.
5. AC coaches should go from primary depot with 6+6 belts on the alternators and minimum 5+5 from
secondary depot. Adequate facilities to be built up for changing the belt on rake itself. Retensioning of
new V-belts to be done after 300 km or a round trip for optimum life of belts.
6. The knowledge of all the ACCIs & ACCAs should be checked regularly regarding operation of the AC
coach equipment as well as handling of the situation in case of failure of the equipment.
ACCIs/ACCAs MUST maintains the log book and enters all the unusual occurrences. Training of AC
staff of one week duration to be standardized by the Railways.

MAINTENANCE SCHEDULES OF AC COACHES

MAINTENANCE SCHEDULES FOR SELF GENERATING AIR CONDITIONED COACHES FITTED WITH UNDER
SLUNG EQUIPMENT (Ref: RDSO's maintenance Schedule No.EL/TL-AC/Maint.Sched./Rev.I)
(a) TRIP SCHEDULE (PRIMARY AND SECONDARY MAINTENANCE)
(i) Axle Pulley
1. Examine the indicating white mark on the pulley axle and ensure that the pulley has not shifted.
If pulley has shifted, pulley to be removed and retightened after replacing rubber pads.
Indicating white marks to be provided. Also check distance between wheel axle and axle pulley
with gauge.
2. Tap with hammer and judge the tightness by sound.
3. Check the lock nuts and split pins for availability and tightness.
4. Check profile of 'v 'groove for worn out pulleys, replace pulley if worn out.
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(ii) Belts
1. Check condition of belt for fraying of edges and replaced if on condition basis.
2. Check the belts for over turn and correct it, if necessary.
3. Check the number of belts. The belts should be 12 (6 on either side) for each alternator in
primary depot and 10 (5 on either side) in secondary depot.
4. Tension should be felt by hand by striking it slightly. Belt in correct tension will respond ' alive '.
Pull the belt and check the spring action.

(iii) Alternators
1. Check the conditions of outgoing cables and its cleating arrangement. Replace the grommet. If
necessary. Ensure that flexible pipe carrying the cables is connected properly to the grommet to
prevent damage to insulation.
2. Check the suspension pin, bush and securing nuts and bolts.
3. Check the pulley fixing, concentrating on lock nut and locking collar pin. If lock nut is damaged,
replace it.
4. Carry out visual inspection of terminal box for signs of overheating and presence of fumes. Blow
off dust if required.
5. Check the terminal box for presence of water and drain out if necessary.
6. Check the connections for looseness or cracks, if required re-crimping/tightening should be
done.
7. Check main suspension lugs of alternators for signs of crack.
8. Clean the regulator box externally and remove all the dust particularly from heat sinks.
9. Check safety chains and chain fixing nuts, bolts and split pin.
10. Check the log book for abnormal/unequal load sharing. Corrective action should be taken to
ensure that the difference is within the range of 30%.

(iv) Battery & Battery Box
1. Check the level of electrolyte in all the cells and top up with distilled water, if necessary.
2. Check the specific gravity and voltage of 4 pilot cells.
3. Check inter-cell connection for looseness. Check for crack in containers leading to leakage. If
needed replace the defective cell with healthy cell of similar capacity and lug date.
4. Check for heating signs on the positive and negative terminals and discoloring of the cells
container/top lid.
5. If required, individual cells in the battery bank or complete battery bank may be subject to
charging so that the Specific Gravity (SPG) may rises to min 1240.
6. Check the top of cells and kept it clean and dry. Plugs should be tight.
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(v) Compressor and Condenser Motor
1. In case of compressor motor, examine the tyre coupling for any indications of looseness or slip
and rectify defects.
2. Open inspection cover and examine the condition of commutator. Clean with sand paper or
pumice stone, if necessary. Do not remove the dark tan film unnecessarily. Clean all carbon
dust with dry compressed air.
3. Check condition of carbon brushed. IF worn out, replace with carbon brushes of approved
grade.
4. Check condition of pigtails, If necessary, replace as per the manufacturer's recommendation.
5. Check the starting resistance connectors for tightness.
6. Check suspension of compressor motor unit for any signs of crack, corrosion and rusting. The
remedial action if required.
7. Carry out visual inspection for signs of overheating and presence of fumes. Blow off dust if
required.
8. Check the direction of rotation for correctness if the same has been attended.
9. Check the fan blades for tightness in case of condenser motor.

(vi) Evaporator Motor
1. Open the inspection cover and examine the condition of commutator. Clean with 0-0 sand
paper or pumice stone, if necessary. Do not remove the dark tan film unnecessarily. Clean all
carbon dust with dry compressed air.
2. Check condition of carbon brushes and pigtails. Replace if necessary as per the manufacturer's
recommendation.
3. Check the bearing for noise.
4. Check the blower fixing for tightness.
5. Carry out visual inspection for signs of overheating and presence of fumes. Blow off dust if
required.

(vii) Compressor
1. Check the proper lubrication of compressor level of oil when operating should be up to half of
the bull eye glass.
2. Lubricate the compressor as per RDSO SMI NO.RDSO/AC/SMI/6
3. Examine the reading of HP, LP and OP gauges recorded during the journey for abnormality and
take necessary action.
4. Examine flexible type coupling and replace, if found defective.
5. Clean the compressor externally with compressed air.
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(ix) Dehydrator and Liquid Receiver
1. Check the sight glass for leakage, rectify if necessary.
2. After 10 minutes of starting the compressor, check the level of liquid refrigerant should be at
the bottom of the lower glass of the liquid receiver.
3. After 15 minutes of starting the plant, feel the outlet and inlet to dehydrator by hand for
temperature difference. The outlet should not be colder than inlet.

(x) Filters
1. Remove fresh air and return air filters and replace if by spare clean units.
2. Check and ensure that fresh air dampers are in proper order.

(xi) Thermostats
1. If the report of the attendant indicates that thermostat do not work, examine the thermostats
for break in mercury, break in stem, etc., Replace the thermostats, if necessary. Follow RDSO
SMI No.RDSO /SMI/AC /15
1. Clean thermostat bulb with cotton.
2. Ensure working of plants in auto mode for all temperature setting.

(xii) Panel Board
1. Clean the panel and remove dust.
2. Check the working of indication lamps, replace it if necessary.
3. Check the availability of spare fuses in the place provided for the same and provide if necessary.
4. Check the availability of arc chute and provide if necessary.
5. Check and clean the contacts of contactors 12, 13 and 13A.
6. Check the operation of cooling pilot relay (by short circuiting terminals C.T.). Remove short after
the completion of check.

(xiii) Lights and Fan wiring
1. Check for earth leakage in the wiring with a double test lamp. Rectify if any defect noticed.
2. Check for any loose connection and tighten if necessary.
(xiv) Lights and Fans
1. Check all the lights and fans for proper working. Rectify or replace if necessary.
2. Clean the fan and light fitting externally.
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(xvi) General
a. Check log-sheet of last trip and attend all the faults recorded in the log sheet.
b. Run the plant for half an hour. Check system operation specially the following:
1. Suction pressure gauge reading should be 2-3 Kg/Cm2 .
2. Delivery pressure gauge reading should be 10-14 Kg/Cm2.
2

3. Oil pressure should be minimum 3 Kg/Cm above suction pressure.
4. Suction should be cold and sweaty. Delivery should be very hot and liquid line should be
warm.
5. Feel the expansion valve by hand. It should be cold

c. Note the battery voltage on LOAD and NO LOAD.
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(b) MONTHLY SCHEDULE
IN ADDITION TO THE TRIP SCHEDULE ITEMS, FOLLOWING ARE ALSO TO BE ATTENDED: (i) Axle Pulley
a.Ensure that the gap between the two halves of the pulley is 3 mm. Check tightness of the Axle
pulley bolts by 30 Kg-m torque wrench.
b.Check distance between wheel hub and axle pulley with gauge plate.
(ii) Belts
Check tension of belts. For the exact measurement of static tension, apply force 'P 'with a spring
balance at the centre of span in direction perpendicular to the span until the belt is deflected from
the normal to the extent of 16 mm per meter of span. The force 'P 'should be between 31.4 to
47.0 Kg. If the belts are loose replaced them.
(iii) Rectifier-cum-Regulator Box
Clean all dust with dry compressed air externally.
Open the cover and check sealing rubber gasket for signs of fraying. Drain out water if any.
Clean all dust with dry compressed air. Preferably a hand blower from inside to remove all dust
particularly from heat sink of electronic components and terminal board.
Check that the voltage and current setting. Ensure that they have not been disturbed and are in
locked position.
Check the field fuses and phase fuse and ensure that only specific HRC fuses have been used.
Check all the electrical connections for tightness.
(iv) Alternators
Lubricate the threads of the tension rod and adjusting nut.
Check the profile of 'V 'grooves and replace worn out pulleys.
(v) Battery chargers
Ensure that the coarse and fine control switch is in position No.1
Check and clean all connections and contacts.
(vi) Battery
1.Remove inter-coil connection, take out the cells, clean thoroughly the cells, inter-cell and end
cell connectors and fit back in the coach. Use petroleum jelly.
2.Examine condition of battery boxes. Paint if necessary.
3.Check vent plugs. Tighten if necessary. Replace if missing.
4.Check the condition of cells by cell tester. Replace defective cells.
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802 (c) QUARTERLY SCHEDULES
In addition to Trip and Monthly Schedule items, following are also to be attended:
(i) Axle pulley
v
Check grooves for wear and take necessary action.
(ii) Alternator
v
Disconnect the regulator and measure the insulation by 500 V megger; if less than 2 Mega Ohm,
remove winding of alternator and heat in the oven at 80 0C for 1 hour.
(iii) Compressor, Condenser and Evaporator Motors
v
Disconnect the motors, measure the insulation by 500 V megger; if less than 2 Mega Ohms,
remove and heat in air over at 80 0C for 1 hour.
v
Check for the positive locking of rockers.
v
Lubricate the bearings of all motors with recommended grease.
(iv) Condenser
v
Clean the compressor fins and copper tubes as per RDSO SMI NO.RDSO/SMI/AC/16.
v
Check the condition of body frame and replace the condenser, if necessary.
(v) Dehydrator and Liquid Receiver
v
Clean the strainer in the dehydrator-cum-f ilter unit.
(vi) Evaporator and Expansion Valve
v
Clean the strainer used before expansion valve.
v
Clean the assembly of evaporator coil and surroundings with vacuum cleaner.
v
Clean the drip tray and drain-pipe thoroughly and check for water leakages.
v
Clean the strainer used before expansion valve.
v
Clean the assembly of evaporator coil and surroundings with vacuum cleaner.
v
Clean the drip tray and drain-pipe thoroughly and check for water leakages.
(vii) General
v
Adjust the air distribution by measuring the temperature of each compartment.
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Checks to be carried out during trip schedule of RMPU AC coaches
TRIP ATTENTION
1.Clean all dust from panel by dry compressor sir from the panel.
2.Check that all the safety and protection devices are in working condition and not in the by passed
condition.
3.Replace defective/ by passed components including indication LEDs and lamps, if any.
4.Remove fresh air and return air filters by opening the access doors provided under the bottom of
unit. Clean these filters with pressurized air and jet of water and place them in their place or
replace them with pre-cleaned/new-filter and close access doors properly.
5.Checks the log sheets maintained for each AC coach and attend the defects noticed during run as
reported by escorting staff.
1.Check for working of Roof Mounted Package Unit (RMPU) and control panel as following:a)Switch 'ON' RSW-I and check that all the three pilot indication lamps (red, yellow and blue) for
R.Y.B. phases and power 'ON' indication LED (Green) are glowing.
b)Put RSW-2 in 'ON' position and keep RSW – 3 in 'VENT' position and check that:
i)Indication LED (green color)for blower 'ON' is glowing and
ii)Blower fan is working
c)Check for satisfactory operation of vane relay by moving the flap by hand gently.
d)Check for satisfactory operation of the package unit by moving RSW -3, in AUTO. MANUAL
HEATING & MANUAL COOLING modes. This can also be verified from indication LEDs
(green color).
e)Check that cooling system is working even if only one condenser fan out of the two is working.
This can be done by simply switching off MCB -2 or MCB -3/taking out fuses of condenser motor 1
or condenser motor – 2.
f)Check that cooling and heating thermostats works properly, i.e. / A/C system “cut –off” and
“cut – in” in auto mode.
g)Check that compressor by pass switch RSW-5 works satisfactorily.
h)HP 1 & HP 2 cut outs
Switch 'ON' the compressor with condenser fan 'OFF'. Take out fuses/switch off MCB-1and MCB-3
of the condenser fan motors and keep the package in manual cooling mode. Compressor should trip
within 10 minutes. HP cut outs should be reset after each tripping.
i)LP-1 & LP-2 cut outs
Switch 'ON' the compressor with condenser. Take out fuses/switch off MCB-1 provided in the power
circuit of blower motor and short terminals of vane relay. Keep the package in manual cooling mode.
Compressor should trip within 10 minutes.
j)OHP 1 and OHP 2
Switch 'ON' the heaters with blower off, take out blower motor fuses or put off MCB-1 and short the
terminals of contactors AC-I or vane relay. In old control panels where Ac-I is not provided, keep the
package in manual heating mode. The heaters should trip within 10 minutes.
k)Control PCB
Keep the AC package unit in Auto Mode. Run the blower and short terminals of cooling thermostat
on PCB. The compressor LED indication should come 'ON'. Open the terminals of heating
thermostat on PCB heater LED should come 'ON'.
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803 (c) QUARTERLY SCHEDULES
In addition to t rip and monthly schedules following items should also be attended.
i) Inverter
v
Cleaning of cubicle: Dust deposit inside the converter should be carefully removed at regular basis.
Unit should be cleaned with brush and vacuum cleaner or with dry compressor (Max. 1 bar) –
inaccessible parts.
v
Cleaning of PCBs: Using a soft brush remove the dust collected on PCBs gently.
v
Terminal connections/Fixing:
v
Electrical – Normally loose connections leading to wire burnings/sparking are observed at
connection terminals.
v
Usage of spring washer mostly avoids this problem.
v
Gently shake the wire (especially power cables) near the joints and on observation of loose joints,
tighten the same and also observe cable insulation for any deformation/brittleness. If so replace
them with same size of the cable only.
v
Mechanical – Inverter should be fixed at the bottom as well as top, tighten the bolts and nuts used
for fixing the inverter and ensure that it does not vibrate in run. Also tighten the sub-assemblies if
found loosened. In case of under slung inverter these shall also be regularly checked and
tightened.
v
Protection circuit/Induction circuit:
v
Check the indication/protection circuits ensure that all the protection and indication are working
properly.
v
Uses of fuse of power rating in the inverter don't use wire fuses.
v
Remove both inverter and battery fuses in power panel before attempting some fitting or wiring in
the inverter.
v
Capacitor – On observing leakage of any capacitor inside the inverter remove the respective
capacitor and replace with new one of the same value and make.
v
Cooling fan - Check the cooling fan for operation. If damaged/burnt replace with new one of the
same rating. Life of fan is about 3 years, replace, if due.
v
Instrument cooling fans – Check if the instrument fan provided between inverter and chopper
modules is working when the inverter is "ON". If not working replace the fan, by taking out
chopper and inverter modules (in on-board type inverter).
v
PCB Terminal - Gently tap the wires at PCB terminals and check for any loose connection.
Tighten the screw or solder the terminals if found blackened, informed the inverter supplier.
v
Colour change in PCBs – Check for any colour change in PCBs.
blackened and inform the inverter supplier.

Replace the PCB, if found

v
MCCB – When MCCB is switched "ON" MCCB is tripping and fuse is blowing instantaneously, it
is due to ICBT problems. They have to be checked and replaced, if they are found defective.
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i)

Drip Tray

v
Check the normal flow of water in drip tray by running the AC plant continuously for 2 to 3 hours.
v
Pour water into drip tray and ensure that the poured water is drained through the outlet pipe.
v
Some sort of cleaning agent should be used for cleaning the sludge inside the pipe walls.
ii)

Others

v
Check all the motors for abnormal sound use shock pulse meter and replace the bearing of condenser and
blower motor, if necessary.
v
Check anti-vibration mountings of compressor, condenser and blower motors and replace if necessary.
v
Charge refrigerant (R-22) if less cooling is noticed. (refer RDSO SMI No.RDSO/AC/SMI/7)
v
Check that locking arrangement of control panel works properly.
v
Check insulation resistance of all the motors by 1000 V megger. Attend motors with poor insulation less
than 2 Mega-ohms.
iii)

NOTE:

v
SKF/FAG (imported) make bearings for alternator procured directly from manufacturers as specified in the
RDSO specification shall be used. Use of other makes of bearing is not permitted.
v
Shock pulse meter shall be procured by Railways and workshops to monitor condition of the bearing
regularly during maintenance service and after replacement of defective bearings.
v
Induction heater/oil bath shall be used for heating the bearing to the required recommended temperature.
v
The pulley condition such as wear on V group, pulley key way, shaft key way, groove angle etc., shall be
monitored during POH. Proper gauges shall be used for checking "V" groove of the pulley.
804. SIX MONTHLY SCHEDULE
804(a) V-Belts
v
The existing “V” belts shall be replaced with the new “V” belt (6+6) Nos. having same grade/make. The old
“V” belts removed from service to be destroyed.
805. POH schedules of under slung self generating (SG) type air-conditioned coaches (Ref: RDSO
Doc.No.EL/AC/POH Schedule/002, Nov.93)
805(a) SEQUENCE OF WORK TO BE DONE DURING POH
v
On arrival into shop place the coach on pit line and inspect electrical and AC equipment. Note down the
defects and deficiencies. Disengage the V belt tensioning gear on both the bogies. Disconnect the
alternator connection, and remove the belt tensioning device.
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i. Lifting
Remove the alternator cables and carry out visual inspection on conduit and refrigeration pipes.
Remove the alternators from bogies. Replace alternator, regulator and tensioning gears with over hauled
alternator, regulator and tensioning gear. During this activity carry out repairs if, required, to equipment
suspension arrangement on under carriage. Send the alternators and regulators to shop for overhauling.
ii. Stripping
During this activity, the following air-conditioning and electrical equipment will be removed:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Fresh air and return air filter.
Compressors and their motors.
Condenser including liquid receiver-cum-dehydrator and condenser motors.
Evaporator unit and its motor.
Water raising apparatus.
Battery and battery box for repairs.
Battery charger-cum-pre-cooling transformer.
Thermostats.
Control panel
Expansion valve
Gauges and cutouts
Carriage fans
Berth light fittings
Ammeters and voltmeters of power panel

iii. Dusting
With the help of compressed air remove the dust of air ducts.
iv. Cleaning and overhauling
Before overhauling, measure the insulation resistance of all the electrical equipment such as
alternator, motor and wiring to know the condition of equipment. Check and clean all the under frame
suspension arrangements, lugs and terminals. After POH, test the wiring for insulation and fit the precooling plugs.
v. Simulation testing
Check the alternator output on different load conditions. Check both the alternators for load
sharing with the help of variable speed motors.
vi. Equipping
In this activity fit all the refrigeration and electrical equipment to their respective positions.
Connect all the wiring and flanges in the refrigeration system wherever necessary. Charge the gas into the
system.
vii. Static testing
Run the plant through pre-cooling terminal and check for proper functioning of electrical and AC
equipment.
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viii. Alternator connection and tensioning
Join the connections of alternators and fit the belt-t ensioning device. Provide the new 6+6 V belts
for alternators.

805(b) OVERHAULING ACTIVITIES OF MAJOR AC EQUIPMENTS DURING POH
i. Compressors
The given activities are only for under slung type AC system installed with open type compressors.
Remove driving flange and provide “V” groove pulley. Test the compressor to ascertain its
condition. Record the oil pressure during run. For Carrier and ACCEL compressors, oil pressure
developed should be 3.2 to 3.9 Kg/Sq.cm and 4.2 to 4.9 Kg/Sq.cm respectively.
Dismantle the compressor completely.
Inspect and check the dimensions of the wearing components. Replace the worn-out components.
Replace following components 100% irrespective of their condition.
Piston rings
Scrapper ring
Suction and discharge valve
Shaft seal assembly/‘O’ Rings.
Gasket packing.
Half section bearing.
Self locking nuts
Lubricating oil correct grade.
Replace other components on condition basis. The sealed control valve shall be replaced after
ascertaining its performance.
Assemble the compressor with replaced components and charge it with lubricating oil. Change the lube
oil and refrigerant suction strainers.
In case of carrier 5F 30 compressor match the colour to ensure proper matching between tapered shaft
and corresponding flexible coupling.
In case of ACCEL compress check the end play of crank shaft and replace the thrust plate, if necessary.
Check the anti-vibration mounting and replace, if necessary on condition basis.
Use suitable grade of oil for lubricating the compressor as per RDSO SMI NO.RDSO/AC/SMI/6.
ii. Tests
Following tests should be conducted on overhauled compressor.
1.
2.
3.
4.
5.

Temperature rise test
Volumetric efficiency test
Leak back test
Vacuum test
Sub merge test

Temperature
This test shall be conducted with compressor running in free air with both suction and discharge
valve open. Run the compressor till the temperature gets stabilized. The temperature will be recorded on
the casing cover. Maximum temperature rise at shaft seal shall not be more than 450C.
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Volumetric efficiency test
The compressor shall be run with air at nominal speed of 1500 rev/min and time taken to attain a
pressure of 7 Kg./Sq.cm shall be recorded when the discharge line is connected to a reservoir of 100 liters
capacity.
The time taken to attain a pressure of 7 Kg./Sq.cm in the reservoir should not be more than 53
seconds for ACCEL compressor and 73 seconds for Carrier, KPC, Elgi and Alfa Laval compressors. Time to
attain above specified pressures in the reservoir shall vary according to working speed of the compressor and
atmospheric pressure also.
Leak back test
This test is in continuation of volumetric efficiency test. In this test immediately after attaining
pressure of 7 Kg/Sq.cm in the reservoir, the compressor shall be stopped and pressure drop due to leakage
shall be noted. Pressure shall be recorded at the end of 5 minutes and the drop in pressure shall not exceed
1.25 Kg/Sq.cm.
Vacuum test
The compressor shall be run with suction valve closed and deliver valve open to atmosphere till a
vacuum of 100 mm of Hg. below atmospheric pressure is created. The drop in vacuum level shall be
recorded, after switching off the compressor.
Sub-merge test
The compressor shall be charged with dry air at 21 Kg/Sq.cm pressure and submerged in water.
Then check shall be conducted for any leakage; the same shall be attended and test repeated. No leakage
through casing shall be permitted.
iii. Condenser Unit (including liquid receiver cum dehydrator)
1. Dismantle the MS Frame condenser coil, liquid receiver-c um-dehydrator. Cover the inlet and out
flanges of cooling coil with a strip of cover plate and gasket so that water may not enter in to
cooling coil. Clean thoroughly the condenser coil. MS frame by dry air to remove the loose
suspended particles in and around cooling fans.
1. Immerse the heat exchanger in water tank for 24 hours. Wash the coils and fins thoroughly with
compressed water jet at 12 Kg/Sq.cm pressure. Remove all the suspended material from the fins.
Clean the water spraying pipe and open the holes.
2. The cleaning process shall be supplemented by scrubbing with brush and use of compressed water
jet.
3. After cleaning the cooling coil pressurize with air at 300 psi (21kg./sq.cm) and immerse in water
tank duly connecting a pressure gauge for 24 hours to detect any leakage by air bubble method.
Also see if the pressure drops. Leaks in pipe shall be detected and brazed.
4. After cleaning check the air flow of unit with anemometer.
5. De-flange the liquid receiver by removing the outer cover and gasket packing. Clean thoroughly the
inner walls of receiver to remove any oil/impurity. Clean the sight glass. Assemble the cleaned
liquid receiver parts by providing suitable gasket and flanging the outer cover.
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1. Pressurize the liquid receiver at 300 psi (21 kg/sq.cm) and test it for leakage by immersing in water
tank and notice for any air bubble in case of leakage.
2. Replace the filter and drier after leak testing of the liquid receiver. Clean the condenser housing
thoroughly and plant it before assembly of other equipment.
3. Change the dehydrator-cum-filter element. Also clean the conical filter thoroughly.
iv. Evaporator unit
1. Dismantle the housing assembly and take out the cooling coil. Attend the heating element in
position by conducting continuity test. Also check the insulation value between the positive
terminal and negative terminals shorted and the earth. If the value is less than 2 meg. ohms,
replace the complete unit. IR value shall be measure with 500V megger.
2. Clean the cooling coil by blowing compressed air. Cover the inlet and outlet flanges of cooling coil
with strip of cover plate and gasket so that water may not enter into cooling coil. Immerse in water
tank for 24 hours and wash with compressed water jet at 12 kg/sq.cm. pressure. Remove all
suspended material on fins and clean the cooling coil. (As per RDSO SMI No.RDSO/AC/SMI/8)
3. The cleaning process shall be supplemented by scrubbing with brush and use of compressed water
jet.
4. After cleaning the cooling coil pressurize with compressed air at 300 psi (21 kg/sq.cm) and immerse
in water tank duly connecting a pressure gauge to detect any leakage by air bubble method. Also see
if the pressure drops. Leaks in pipe shall be detected and brazed.
5. Clean the Evaporator housing and paint it. Assemble the cleaned unit.
6. Take out main and auxiliary drip trays from the bottom of the evaporator unit, disconnecting the
drain pipe connection. Check for free flow of water through drip drainpipe by admitting water on
the drop tray. Replace the hose pipes and hose clips by new ones.
v. Motors for Condenser, Compressor & Evaporator
1.
2.
3.
4.
5.
6.
7.

Dismantle the motor.
Test the insulation resistance of armature with 500 V megger. It should be more than 1 mega ohm.
Check armature winding by a voltage drop test method for open circuit and short circuit fault.
If the armature is burnt, over heated or short circuited, rewind it as per manufacturer’s instructions.
If the armature is in good condition apply a coat of air drying varnish on the winding.
Check the commutator surface. If the surface is found improper, skim the commutator surface.
Check the under cut between segments. If it is found shallow under cut the mica to the required
depth. Chamfer the edges of the segments.
1. Check the bearing with the help of shock pulse meter. In case of compressor and condenser
motors, replace by new ones on condition basis, otherwise after cleaning and greasing re-use it. In
case of evaporator motor 100%., bearings shall be changed.
1. Check the field winding by resistance measurement method for open circuit and short circuit.
1. Check the insulation of field coil with the help of 500 volt megger. It shall be more than 1 mega
ohm. Replace the field coil, if defective. If field winding is in good condition apply a coat of air
drying varnish on the windings.
1. Check the brush boxes and studs for rigidity, clean the rocket assembly.
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1. Replace the carbon brushes and clean the brushes using sand paper of size 400 grade or by using
brush seating stone until the faces of brushes make perfect contact on commutator surface. Blow
out the carbon dust using dry air jet.
2. After assembly conduct the load test and insulation test. Current taken by motor should not be
more than the rated current. Conduct insulation test with 500V megger. It should be more than 1
mega ohm.
3. After the compressor/condenser motor is completely assembled connect a milli voltmeter across
brushes of opposite polarity. Connect the shunt field to 110V mains through a switch. Switch on
the mains and note the kick in the voltmeter. Rock the brush gear to the left or right and repeat
the test as before. Clamp the rocker arm in a particulars position at which the kick is zero or
minimum. Before this test, care should be taken to make sure that the brushes are bedded
properly. If brushes are at neutral axis, the speed in both the directions of rotation will be same.
4. After the evaporator is completely assembled the neutral axis can be selected by running the motor
in both the directions on no load at approximately 25% of the rated voltage and measure the speed
in ;both the directions. If brushes are at neutral axis, the speed in both the directions of rotation
will be same.
vi. Control panel
1. Completely isolate the panel from the power supply and its loads, contacts of the contactors (12, 13,
13A, 29 and 17) shall be removed and cleaned by means of clean rag socked in petrol. Any
contacts, which are burnt, should be replaced, after which they should be lightly covered with
Vaseline.
2. Similarly, dismantle the contacts of the relays and clean those by means of clean rag socked in
petrol. Any contacts which are burnt should be replaced.
3. Check the flexible braided connections. If found damaged, replace the same.
4. The pin holding the pulley off spring on the armature frame work of the contactors should be
pulled out of its slot and the armature hinge pin removed. This should be examined for wear and if
necessary, replaced by a new pin lightly covered with Vaseline.
5. Measure the insulation resistance of each relay and contactor. If the insulation value is less than 2
mega ohms, replace the coil of the respective unit.
6. Check whether all connections are tight. If found loose, tighten the same.
7. Replace all the fuse links.
vii. Gauge and Cuts outs
1. Clean the contacts with CTC/Petrol and test for correct operation of settings. Calibrate with the
standard gauge.
2. Check the performance of the gauges. Calibrate with the standard gauge. Replace defective gauges.
viii. Refrigerator Piping
1. Whenever the AC equipments are removed from the refrigeration system for the purpose of
overhauling the pipe outlets should be closed immediately to prevent entry of any foreign material
into the piping system.
2. After reconnecting all the AC equipments, pressure test and vacuum test shall be performed before
charging the refrigerant.
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ix. Pre-Cooling Transformer & Rectifier Unit
1. Open the cover and clean externally with compressed air.
2. Dismantle the unit as per manufacturer’s instructions.
3. Remove and clean the contacts by means of a clean rag soaked in petrol. Contacts, which are burnt
shall be replaced and covered with petroleum jelly.
4. Clean the transformer rectifier and rotary switch (RSW). Check for operation and, if defective,
change it. Checking shall be done as per following activities.
* Check proper functioning of indication lamp.
* Check all protective circuit and fuses etc.,
* Ensure that earthing of housing is intact at two points.
* Check for any crack/aging in PVC cable. Replace if required.
* Check the voltage generation at RSW position 1-1 and 4-4 .
* Check IR value of the transformer with 500V megger. It shall be minimum one mega ohms.
* Check the gasket for sealing the front cover provided for proofing.
* Check the diodes and adhesion with heat sink. Clean the base and heat Sink and tightened diode
as per
manufacturers guide line.
x. Fans
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Dismantle the lower guard, upper guard, blade and fan motor.
Check the guard assembly, repair/replace if necessary.
Check the blade angle with a measuring gauge. Correct the same, if necessary.
Check the insulation resistance of the fan motor. The IR value should not be less than 2 mega
ohms as specified in IS: 6680-1992.
Check the fan leads and change it if necessary.
Check the armature winding and field coil, repair/replace, if necessary.
Check the commutator for grooving, pitting marks, ovulity, blackness etc., Skim or polish the
commutator as per required.
Check the carbon brush and brush spring. Replace by correct grade of carbon brush as
recommended by RDSO. The fan spring should meet the requirements given in IS: 6680. Replace
the same if necessary.
Apply air drying insulating varnish if IR value of the armature and field coils is low; give
impregnation treatment in an air circulating oven.
Clean the ball bearing, check for noise, replace if necessary or grease it with recommended grade.

1. Testing
* Check the load current at rate voltage. The wattage of the fan should not exceed the value
specified in
IS 6680.
* Check the air deliver of one or two fans from a batch to ascertain the correctness of the blade
angle. The value of the air deliver shall not be less than that specified in IS-7780.
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xi. Wiring
v
Light fittings
The light fittings, reflectors, clear acrylic sheet cover, glass globe holders, etc., shall be checked and
cleaned. Any defective part shall be replaced. Anti-theft arrangement for fluorescent light fittings
shall be checked as per ICF Drg.No.ICF/STD 7-6-001.
v
Coach insulation
Insulation resistance of the coach shall be measured with 500 V megger. IR value will be minimum
2 mega ohms bnut it should not be less than 1 mega ohm under highly humid/wet weather.
v
Cable termination joint
* All cable joints shall be checked. Loose joints and cables having damaged insulation shall be
replaced/repaired. All cable ends shall be properly screwed with crimping type copper sockets.
* Surface of copper sockets and bus bars shall be cleaned to remove the oxide film from the jointing
surface before making a bolted joint and shall be coated with corrosion resistance conducting grease
of approved make to prevent reformation of oxide film.
v
Fire retardant PVC grommets to BS-1767 or grade 6 of IS-5831 shall be provided at all cable entry
points in metallic members.
v
The under frame wiring if running loose shall be provided in rigid steel conduct.
v
All inspection covers shall be opened to check the distribution boards and condition of wiring.

xii. Air filter
v
For cleaning the ferrule type fresh air and return air filters remove them from frames and after
brushing or shaking off all loose dirt immerse them in a solution of hot water and soda (sodium
carbonate) approximately 6 grams to one liters of water. When thoroughly cleaned, the filter units
should be rinsed in clean hot water and allowed to dry. When properly dry, they should be
completely kept immersed in the oil (compressor lubricating oil) unit air bubbles cease to rise.
Then remove and allow draining for at least 8 hrs. before being place in service again.
v
Replace the filter with new one in case of synthetic type filters.
xiii. Cooling Tests
Cooling capacity test should be carried out by providing electrical compensating loads for worst ambient
conditions and full occupancy of the coach. The duration for pre-cooling of the coach should be
between 3 to 4 hrs. After the stabilization of the temperature of each berth (20mm from window
and back rest and 100 mm above the berth) should be recorded. The variation in temperature on
different berths should not exceed 10C.
The cycling duty of the plant shall be determined by recording ON and OFF time of the compressor. It
should be between 10 to 15 cycles per hour.
xiv. Additional Items for End-On-Generation (EOG) coaches
v
Overhaul the DG set as per the manufacturer’s instructions.
v
Inter-vehicle coupler ratchet assembly, junction box and connections: inspect, clean and check for
over heating, solder run out, replace if defective. Tighten connections as needed.
v
Measure insulation resistance value of the circuit with 500V megger. It should not be less than 2
mega ohms.
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v
Check the proper functioning of WRA.
xv. Final Testing of AC coach, after POH
v
Visual inspection of each equipment for their proper fitment.
v
Ensure that refrigerant pipes are properly clamped.
v
Ensure al the modifications are compiled with.
v
Check safety chain and tension rod of alternator for proper fitness.
v
Under frame cables leading to alternator should be proper cleaned.
v
Check earth leakage by two lamp method.
v
Check refrigeration system for any leakage before charging the gas.
v
Conduct vacuum test (For 12 hrs.).
v
Conduct pressure test (by charging Freon 12 or CO2 gas).
v
Vacuum test for 15 minutes for dehydration of refrigeration system.
v
Check control panel and ensure that proper fuses are provided.
v
Check contactors, relay and switches for correct sequential operation.
v
Ensure that time delay in operation of contactor No.12, 13, 13A is 2.5 Sec.
v
Check heaters for correct operation.
v
Check hooter for proper operation.
v
Start the plant and check condenser motor, compressor motor, blower motor for any abnormality.
v
Check leakage air from doors.
v
Check oil level in compressor, the level when operating should be ½ bull’s eye.
v
Check the proper working of capacity control solenoid valve.
v
Run the plant for four hours. An equivalent heat load (convector heater) should be kept for
performance test of plant.
v
If new expansion valve is provided during POH, it should be set properly.
v
Ensure that batteries are in fully charged condition.
v
Run the plants with dyno-drive motors for 8 hrs. at different speeds.
v
Ensure that both the alternators are sharing load equally during run. If not set both the alternator
panels.
xvi. General Checks
v
Suction pressure gauge reading should be 37-40 PSI (2.6-2.8 Kg/sq.cm.)
v
Delivery pressure gauge reading should be 150-170 PSI (10.6-12 Kg/sq.cm)
v
Oil pressure should be minimum 3 Kg/sq.cm. above suction pressure.
v
Feel temperature. Suction should be cold and sweaty. Delivery should be very hot and liquid line
should be warm.
v
The coach shall be jointly inspected with division’s staff and the performance of electrical and
refrigeration equipment shall be recorded. Any attention to the given equipment shall be given
before dispatch of the coach from workshop.

Refresher Course Material For Air-Conditioning 93

806. POH SCHEDULE FOR SELF GENERATING (SG) TYPE AC COACHES FITTED WITH ROOF
MOUNTED AC PACKAGE UNIT (Ref.: RDSO maintenance Schedule No.ELPS/SCH/AC/01)
806(a). SEQUENCE OF WORK TO BE TACKLED DURING POH
i. Pre-Inspection
On arrival to shop, place the coach on the pit line and inspect the electrical and air-conditioning
equipment. Conduct the cooling test. If the cooling time is less than the specified values, any further
attention to refrigeration circuit is not necessary, except cleaning. Check operation of all protections and
note down the defects and deficiencies. In case of self-generating type of coaches, disconnect the cable
connection from alternator terminals and remove belt tensioning device.
ii. Lifting
Remove the alternator cable and carryout visual inspection on conduit. Remove the alternator
from bogies; replace alternator, regulator and tensioning gear with overhauled alternator, regulator and
tensioning gear. Suspension arrangement on under carriage frame. Send the alternators, regulators to shop
for overhauling.
Lift the roof-mounted unit with the help of 1 ton lifting arrangement as per procedure given below
and place it on the wheeled trolley to take it to the shop for overhauling.
iii. Precaution/Procedure for Removal of AC Package Unit from the Roof
v
Remove lock to access the evaporator unit from bottom, in the doorway ceiling.
v
Disconnect condensed drainpipe connection.
v
Disconnect all electrical connections to package unit.
v
Dismantle the first piece of main duct. Disconnect the supply duct and return air duct bellows.
v
Remove Top cover provided above the package unit. Remove rubber package also provided to
prevent water leakage.
v
Unscrew the 8 Nos. of mounting bolts of AC package unit.
v
Do not use forklift.
v
Lift the package unit carefully using suitable crane of 1 ton capacity. Arrangement as per RCF
drawing No.XZ003801 for lifting ring may be used.
v
Do not drop the package unit on the ground while handling.
iv. Stripping
During this activity, the following air-conditioning and electrical equipment will be removed.
v
Fresh and return air filters
v
Water raising apparatus
v
Battery and battery box
v
Batter charger
v
A/C Control panel & power panel
v
Inverter units
v
Carriage fans
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ELEC – 1.13
Testing, erection and
Commissioning of
AC Equipments
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Precautions to be taken in RMPU coaches to arrest moisture in the system:
To minimize the chances of water entering the system, the following care should be taken
1.All unassembled components such as coils, filter-drivers, accumulators, compressors and
connecting pipes, should be kept with the openings sealed and if possible charged with dry
nitrogen at about 1-2 kg/cm gauge pressure, and
2.All oils absorb moisture from the air and hence they should be stored in closed containers with
only a minimum air space on top of the oil surface.
2

Procedure to remove moisture in the refrigerant system in RMPU coaches:
It is usual to remove the moisture from the system by any of the following methods of their
appropriate combination, depending upon the time available and the degree of vacuum desired
1.By blowing dry air/nitrogen through the system or
2.By pulling a vacuum through the system or
3.By heating the system to high temperature while pulling vacuum, simultaneously
The most effective way to dehydrate a system is to heat he system and pull a vacuum. The
system is made to stand at this vacuum for about 4 hours. If the pressure does not increase it is
a sure indication that the residual moisture is within control and there is no leakage in the
system. The effect of pressure on the boiling point of water can easily be seen from the steam
tables. Water boils at 100 degree Celsius at the atmospheric pressure (760 mm of mercury of
760,000 microns approx) but at 12.7 mm of mercury it boils at about 15 degree Celsius. The
amount of water to be removed remains the same but the process becomes faster if system is
heated during evacuation. One has to decide on the suitability of the process depending in the
equipment available.

Procedure to charge gas in the refrigerant system in RMPU coaches in the field
Charging of gas in a refrigeration system should only be done, by trained technician under the
guidance of qualified supervisor.
PROCEDURE
1.Recovery of the Refrigerant: - Connect the system (or use recovery system condensing unit)
with an empty gas cylinder and heat the system mildly, keeping empty cylinder cooled. The gas
will flow towards the cylinder.
Keep the cylinder on a weighting scale and watch its weight rising. When the weight is constant
for 5 minutes, no more gas will flow.
NOTE:
a)While heating the system keep a wet cloth around the welded joints to avoid over hating and
damage to the joints.
b)If the gas is contaminated as is clear from blockish color and foul smell, do not reuse the gas.
In this case remove capillary and filter-driver assembly and clean the condenser and evaporator
coils and connecting pipes by circulating carbon tetrachloride until clear fluid start coming out, at
the other end.
2.Reassembly: Install new capillary and filter – drier if required and reassemble the system.
3.Leak Test: Pressure – charge the system with dry nitrogen at 20 kg/cm2 (300 psi) and check for
leakage with soap solution.
4.Evacuation: After leak test, connect the system on both the low and high side to a vacuum pump
for at least 2 hours and pull up to 200 microns (29.9 inch Mercury Column) of vacuum. Use
electronic or tube type gauge, for checking vacuum.
5.Charging: Now charge the system with 2.85 kg R-22 gas. This can be done by pulling a vacuum
on a 5 kg gas cylinder and charging with a 2.85 kg R-22 gas by weight. (Weight the cylinder
before and after filling gas. The difference should be 2.85 kg in weight). Check with halogen
leak detector after charging the system.
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TESTRUN
After the system has been charged, take the unit and check head pressure, suction pressure and the
current consumption. Check the noise level and the cooling capacity before reinstalling the unit at
its location.
SEALING
Seal shut the system by pinching off the charging line and brazing it. Keep the stub of the charging
line shortest possible in length and reinforce it with thick PVC tubing to avoid breakage due to
vibrations.
N.B. 1. Do not use the unit compressor for vacuumizing the unit
2. Do not use refrigeration compressor for pulling a vacuum.

PROCEDURE FOR CHANGING COMPRESSOR
1.Disconnect all electrical power and control connections.
2.Disconnect suction and discharge lines nuts from compressor. Filter drier and the capillary tube
etc, by disordering the brazed joints using a reducing flame. Then remove the mounting bolts and
lift the compressor out and seal all openings.
3.In case of burn (cook) out (burning at high temperature) clean the system by circulating
carbon-tetra-chloride for half an hour and flush the system with dry nitrogen until all blackness
and foul smell disappears. During cleaning, capillary tubes & fitter –drier should be removed.
4.Make sure that excessive heat does not impinge the, compressor terminals and other critical parts
by directing the flame away from them.
5.If the compressor is not burnt, flush the system with dry nitrogen climbing up on the roof of the
coach and looking in the trough.

Procedure for lowering of AC Package unit
1.Before lowering package unit, check roof opening and stainless steel trough for corrosion.
Jig to drawing No.XD000201 may be used for ensuring the squareness of the opening.
2.Package unit is mounted on strengthening frame with the help of 8 Nos. of mounting pads
(Resistoflex, STB – 0069 Type – 70). Mounting pad should preferably be replaced.
3.While lowering the package unit, care should be taken that it does not touch/interfere with the
coach at any place. The unit should sit properly on mounting pads.
4.Lower the AC unit on the coach and secure it with 8 Nos. of bolts as per drg.No.CC44162.
5.Provide rubber sheet seal on the strengthening frame as shown in the drg. No. CC44162.
6.Connect transition duct and return air duct bellows with the unit with D-panel.
7.Make electrical connection as per circuit diagram issued for a particular type of coach and package
unit.
8.Connect condense drain pipe of package unit with the gradient of drain pipe to avoid filling of
condense tray.
9.Place roof top cover above the unit, after the unit is sealed by means of rubber sheet in evaporator
area.
1.Test the unit for water leakage. For stopping any leakage, suitable size of rubber sheet may be
used.
2.Static Testing: Run the plant through pre-cooling terminals and check for proper functioning of
electrical and air-conditioning equipment, including all the protections.
3.Simulating Testing: For self-generating type of coaches, check the alternator and inverter output
on different load conditions. Check both the alternators for load sharing.
4.Alternator Connection and Tensioning: In this activity join the connection of alternator and fir the
belt tensioning device. Provide 6+6 belts 'V' belts for alternator.
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Tests to be conducted to find out gas leakage in complete refrigeration
system
1. After – completion of installation of all the refrigeration equipment components and their
inter-connecting pipe work, the complete system must be thoroughly tested by means of a
pressure test in order to ascertain that the system is absolutely gas tight. The pressure test is
carried out in two stages i.e., a Low Pressure test followed by a High pressure test. The
procedure is as follows:
2. LOW PRESSURE TEST
Open the compressor delivery stop valve within one turn of its back seating, open the two
valves on the liquid receiver and leave the outlet valve to the dehydrator and the compressor
suction stop valve closed.
Connect the Freon charging pipe to a Freon cylinder and to the valve at the end of the suction
manifold. Open the Freon cylinder valve and the manifold valve and allow 1 to 1.5 kg weight of
Freon to pass into the system. The amount of Freon can be determined by standing the cylinder
on weighing scales while the gas is passing into the system. Place the cylinder in a bucket of
warm water and apply the blow lamp to the bucket so that the heat developed by the hot water
will raise the pressure in the cylinder and free the gas into the system.
When the required amount of Freon gas has been introduced into the system, close the
manifold valve and the cylinder valve and disconnect the charging pipe. Make up a length of
1/4” OD (about 2 meter) copper tube' with flared ends with 1/4” flare nuts. Also an adapter for
connecting one end of the tube to the high pressure cylinder of Nitrogen, dry air carbon dioxide,
which ever the case may be.
Note: It is essential that the reducing valve with appropriate high and low pressure gauges be
connected to the high. Pressure gas cylinder (approximately 150 Atmospheres).
Connect the high pressure gas cylinder via the reducing valve and copper tube to the manifold
valve. Open the gas cylinder valve and adjust the reducing valve to a pressure of 150 lbs/Sq.Inch
(approximately 10 kg/sq.cm) then open the manifold valve and allow the pressure in the system
to rise to 150 lbs/sq.in. by observing the pressure gauge, then close the suction manifold valve
and gas cylinder valve. Light the Freon leakage detection lamp and pass the suction tube of the
lamp carefully and slowly over every joint (soldered joints, flanged joints or union joints) liquid
receiver, dehydrator and compressor, including its shaft seal. Test also the bellows casing of the
high and low pressure cut-out switches.
If any leakages are detected at unions or flared joints, these can be usually rectified by
tightening.
Should any leakages be detected at the soldered joints of the pipe work, the exact location can
be determined by an application of soap solution lather to the spot.
Being determined the position of the leakage, it will then be necessary to Isolate the particular
section of the system by closing the appropriate stop valves and releasing the pressure within it
before isolating the defective joint.
After re-soldering the defective joint, open up the stop valves, raise-the pressure in the system
to its original 150 lbs/sq.inch pressure by reconnecting the cylinder.
Allow the pressure to remain in the system for, at least for four days, checking from the suction
gauge that it does not decrease more than 31 lbs/sq.in. (approximately 2 kg/sq.cm.)
3.HIGH PRESSURE TEST
Fully close the liquid line stop valve adjacent to the expansion valve on the air conditioning roof
unit. Back seat the suction stop valve on the compressor, remove ¼” OD copper pipe connected
to the stop valve for the low pressure gauge and cut-out switch. Fit and tighten a sealing cap nut
or blanked Off flare nut on the flared union on the stop valve, then fully close the valve.
Connect the high pressure gas cylinder (nitrogen or carbon dioxide or dry air) to the purge valve
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on the liquid receiver, open the cylinder valve and adjust the reducing valve until the gauge indicates
250 lbs/sq.In. (approximately 17 kg/sq.cm.) then open the purge valve and allow the pressure to
increase in the system until the high pressure gauge in the coach indicates 250 lbs/sq.In. Close the
purge valve and cylinder valve and disconnect the cylinder.
Note: Make quite sure that the stop valve on the roof unit and the suction stop valve on the
compressor are both firmly closed.
Immediately after raising the pressure to 250 lbs/sq.in. in the high pressure section of the system,
make a through test of all the joints in this section with the Freon Leakage detection lamp i.e., from
and including the stop valve on the roof unit to the condenser, liquid receiver, dehydrator and the
whole of the compressor.
Note: It is possible that a slight fall in pressure may be indicated on the pressure gauge after about
half an hour or more. This may be due to equalization of the pressure within the compressor.
The most likely sources of possible leakage which may occur under the high pressure test are the
flanged joints. Do not overlook testing the valve stem gland of the various stop valves for leakages
and to tighten the gland sealing nut of any gland which may be found to be leaking. The system must
now be subjected to a vacuum test.

Purging of air in under slung AC coach
1. Air is normally removed from the system when creating a vacuum before charging with Freon. If the
vacuum was not complete, some air would remain, also some may have entered the system
subsequently during repairs which may have necessitated opening up joints etc. Air on other
non-condensable gases in the system can cause the condenser pressure to be higher than it should
normally be.
2. A purge valve is, provided on the top of the liquid receiver. The discharge orifice of the purge valve
is normally covered with a seal cap. This must be removed during purging.
3. If the quantity of air in the system is not great, following procedure is adopted.
4. Purging is done by discharging some of of the air-Freon mixture into the atmosphere by means of
the purging valve, immediately after the compressor has stopped.
Note: The valve should be opened for not more than ten seconds at a time.
5. The liquid receiver acts as a trap for air and this will escape together with Freon vapour when the
valve is opened.
6. A marked lowering of the gauge pressure immediately after opening the valve indicates the
presence of air. After closing the valve, it rises again, but not to its original high level. It is advisable
to run the compressor for say half an hour and then purge again. If this is done once or twice, the
system will be found reasonably free from air.
7. Should the quantity of air in the system be very great, then following procedure is to be adopted.
8. Close the liquid receiver outlet valve and pump all the gas into the condenser. Allow it to cool down
to atmospheric temperature and purge simultaneously from the gauge connection on the
compressor delivery valve and purge valve on the liquid receiver. Allow the gas to escape until the
gauge reads a pressure approximately corresponding to atmospheric temperature, then close the
purge valves, open the liquid receiver outlet valve, run the compressor for a few minutes, pump the
gas back into the receiver and purge again. Finally, purge the liquid receiver only as above. It is well
to remember that air cannot get into the system during normal operation, as all parts of the system
are under gas Pressure above atmospheric at all times.
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Procedure for pumping down the refrigerant into the liquid receiver
1. The refrigerant is pumped down into the liquid receiver to achieve the following purpose:
i. To attend to any leakage of refrigerant in the system. Other than in the liquid receiver.
ii. For emptying the compressor of the refrigerant in order to add lubrication oil.
2. Pumping down the refrigerant into the liquid receiver is done as follows
1. Start the compressor and allow it to run until all foaming of oil visible in the sight glass has ceased.
2. Close the liquid valve at the bottom of the liquid receiver and open the suction gauge valve
3. Bypass low pressure switch by a shorting wire.
4. Operate the compressor until the suction gauge shows 1 or 2 PSI (0.07 to 0.014 kg/sq.cm.) and stop
the compressor. The Pressure will build up again. When it reaches 5 to 6 PSI (0.35 to 0.42 kg/sq.cm.)
start the compressor and pump down to 1 or 2 PSI again. Repeat this operation until the pressure
does not rise above 2 PSI. Avoid reducing pressure below zero.
5. Close compressor discharge and suction valve.

The safety precautions to be taken while working on coaches:
1. Never work underneath the coach without obtaining line block from guard or ASM.
2. Always keep Danger board/ Red light when working on the rake .Danger board shall be removed after
completion of work by authorized person only.
3. Do not place or drop metal objects on top of the battery
4. Disconnect the supply immediately in case of coach firing.
5. Use box spanners to attend battery connections.
6. Remove rings, wrist watches etc that might come in contact with battery terminals.
7. Never bring a naked flame near a battery, as it may burn.
8. Always obey safety instructions given by person in charge.
9. Do not toss tools and materials from one person to another but transfer from hand to hand.
10. Don't handle heavy AC equipment carelessly.
11. Don't remove / replace connections in regulators box when supply is on.
12. Do not try to remove or replace V belts, when it is in full tension.
13. Be caution about 120 V DC supply.
14. Use ladder while replacing sidelights, junction boxes.
15. Do not adopt short cut methods.
16. Hasty makes the man prone to danger.
17. Complete your work before few minutes, of starting of a train.
18. Do not try to catch or get down from moving train.
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ELEC – 1.18
Codes/ Manuals/SMIs/MS
on AC Maintenance.
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Precautions to be taken for prevention of fires on AC coaches as per RDSO code of practice
RDSO/PE/O/0008-2005 Rev.O
1.The air-conditioned coaches are to be provided with elastomeric copper cables if the size is more
than 10 sq.mm. in case of old coaches.
2.The air-conditioned coaches are to be provided with PVC cooper cables if the size is less than
10 sq.mm. in case of old coaches
3.For new AC coaches E-Beam irradiated thin walled elastomeric cables are to be used.
4.To prevent fires in AC coaches, the number of joints and junction boxes should be minimum.
5.To prevent fires in AC coaches, correct size of cables are to be provided for different circuits as
per load.
6.To prevent fires in AC coaches, all the cables other than branch cables shall be secured to the
coach structure by cleats located at an interval not exceeding 500 mm.
7.To prevent fires in AC coaches, all the cables other than branch cables either side of bend and near
all end connections, extra cleats are to be provided not exceed a distance of 150 mm.
8.To prevent fires in AC coaches, the edges of the groove for holding the cables in the two halves of
the cleat shall be suitably chamfered to avoid pinching of cable insulation.
9.To avoid fires in AC coaches, branch cables are to be secured by PVC insulated clips. These clips
be attached to the coach body by screws.
10.To avoid fires in AC coaches, PVC/FRP Cleats with non-inflammable properties only shall be
used.
11.To avoid fires in AC coaches, wherever cables pass through holes, orifies, slits, apertures etc.
with sharp metal edges, such opening shall be provided with fire retardant PVC grommets grade 6.
12.To avoid fires in AC coaches, the cables should be terminated in the junction boxes, terminal
boards etc. with lugs.
13.To avoid fires in AC coaches, the cables should be not have any intermediate joints and should
be terminated in junction boxes, terminal boards.
14.To avoid fires in AC coaches, laptop/moblie charging points should not be used for Radio,
electric shaver or any other appliances.
15.To avoid fires in AC coaches, locking and securing arrangement for the doors and covers of
electrical control/power cubicle and terminal boards should be ensured to prevent unauthorized
access to the live parts of electrical equipment.
16.To avoid fires in AC coaches, there should not be earth leakage one either positive or negative
cables.
17.All the electrical fittings both on super structure and on under fame shall be mounted directly on
the coach body and shall not be electrically insulated.
18.To prevent fires in AC coaches, all the electrical equipments above 110V shall be individually
provided with earthing shunts between equipment body and coach body.
19.To avoid fires in AC coaches, the clearance between live part and coach body should be 10 mm
and 4 mm between parts of opposite polarities for 110V system.
20.To avoid fires in the AC coaches, the insulating fire retardant low-tension (FRLT) tape should
only be used in the coaches.
21.To avoid fire in AC coaches, poor joints should not be allowed.
22.To avoid fires in AC coaches, the IR value should not be less than 2 mega ohms for 110V, 190V,
230V when measured with 500V megger and 3 mega ohms for 415V circuits when measured with
1000V megger.
23.To avoid fires in AC coaches, the rewiring of coach should be done after 12 years. However it
should not exceed 15 years even if the wiring is good.
24.The battery boxes with LMLA batteries shall be provided with FRP trays at the bottom of the
battery box to avoid corrosion of battery box due to spilling of acid. The box shall be provided
with ventilating grills and drain pipe to permit the flow of out side air over the cells and to allow
spilled acid and water to drain out.
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25.The battery box shall have minimum 150 mm clearance at the top of the battery for maintenance
of cells.
26.The battery box should be painted with two coats of acid resistance paint to protect against
corrosion from battery acid.
27.To avoid fires in coaches correct size of fuses and MCBs to be maintained to blow/trip in case
of abnormality
28.To avoid fires in coaches it should be ensured that the vane relay should work properly.
29.To avoid fires in AC coaches it should be ensured that the OVP should work properly.
30.To avoid fires in coaches, fans, berth lights, step lights, tail lights, and side light fittings to be
provided with connecters for feeding supply to them.
Connectors used in should be made of tough non-ignitable moulding material or rigid PVC.

Features of LHB AC coaches used in Indian Railways
A. LBH Type Coach (M/s. LINK HAFFMAN BUSH, Germany)
1.1st Slstom-LHB designed coach manufactured and commissioned on 23-June'2003
2.24 Nos. state-of-art technology AC coach have been imported from M/s.LHB in account of
transfer of technology.
3.RCF is manufacturing these types of AC coach (Test speed-180 kmph max.)
Special Design Feature: (Mechanical)
1.Coach is made with FERRETIC (end wall, roof structure member and side wall), OSTINITIC
(roof sheet & flooring), stainless steel with truf floor and IRSM-41 steel for all other structural
member.
2.Coach length has been increased by 1.7m to increase carrying capacity. Length of
ICF coach-21337 mm, LHB coach-23540 mm.
2 AC – 46 to 54
3 AC – 64 to 72
3.Coach weight has been reduced drastically with help of advance technology
(48 ton to 40.285 ton).
4.Tight lock centre buffer has been provided in coach to avoid over riding of coach
(WSP – wheel slide protection).
5.New products have been introduced in this type of coach like:
Dual locks and industrial locks,
Hammer head bolts and
Interlock in side valve members.
6.Entrance door flush with side walls is used for automatic car washing.
7.Provision of special “FIAT BOGIE” (taken from FIAT – SIG, Switzerland). Now, a part of
ALSTOM group.
a.UROFIMA design is used in Fiat bogie.
b.Y-Frame fabricated bogie is used to make not only the coach lighter, but make stronger.
c.It is designed for 160 kmph and it can work up to 200 kmph.
d.Dash-pot is removed due to its up keeping.
e.For more comfortable journey, flexi-spring is used with primary and secondary suspension.
f.Axle mounting disk brake system is used with EP frature, which restrict flat wheel.
g.Cartridge taper roller bearing (modern maintenance) is used 1st time in this bogie.
h.High life hydraulic shock observer is used.
8. Comfort Journey: 2003-04 was declared as “Customer Satisfaction Year”.
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What are the reasons for gas leakage on RMPU coaches? What is the remedy?
Ans. Gas Leakage is one the major areas of failure which is mainly on account of the following:
1.Pack less vibration eliminator
2.Cracks developed in pipes & brazed joints.
REMEDY
1.Replacement of pack less vibration eliminator by U loops.
2.Shortening of gas charging line at the compressor.
3.Holding of compressor from top and replacing rubber AVMs by solid stainless steel blocks.
4.Proper clamping of refrigerant suction and discharge lines and securement of pipes and brazed joints.
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SPECIAL MAINTENANCE INSTRUCTIONS
SMI NO. RDSO/SMI/AC/14.
1. TITLE :
Procedure for charging refrigerant gas in RMPUs.
2. APPLICATION :
Roof Mounted A/c Package Units provided with sealed compressors.
1. OBJECTIVE:
This SMI is issued to advise Railways the proper procedure of refrigerant gas
(R22) charging and precautions to be exercis ed. Gas charging becomes necessary
in the event of system developing leakage, replacement of compressor or
replacement of any other equipments or gas pipe line in the system.
2. MATERIAL REQUIRED:
Vacuum Pump, Spring balance, Nitrogen gas cylinder, R22 gas cylinder, Halogen
leak detector, soap solution, brazing alloy alongwith brazing gas and other
accessories.
3. CHECKING THE SYSTEM FOR LEAKAGE :
Leakage check shall be carried out in following sequence:
(i) Fill in the system with dry nitrogen gas at pressure 250 to 300 psi (17.5 to
21 kg/sq.cm) through charging point at compressor.
(ii) Check for any leakage by applying soap solutions at all joints and other
suspected points. The leak will be evident by the formation by bubbles.
(iii) After identifying the leakage, release Nitrogen gas from the system.
(iv) Carry out repairs to seal the leakage by brazing.
(v) Check the leakage again as explained above from (i) to (iv) and ensure
the system is leak free.
6. EVACUATION OF THE SYSTEM :
After ensuring leak free system, the system should be evacuated to prevent
ingress of moisture into the system. Because slight amount of moisture in the
system will inevitably lead to trouble in the following form :
(a) Corrosion of steel parts;
(b) Sludging or gumming, affecting lubrication,
(c) Choking of strainer or capillary due to ice formation at low temperature points
affecting refrigeration,
(d) Corrosion of the bellows.
The system should therefore be evacuated by a vacuum pump upto 200 microns
(29.9” of mercury column), and vacuum to be kept for four hours. If the vacuum
stays stable, then the system is ready for charging.
7. GAS CHARGING :
- Charge the system through charging line with 2.8 kg R22 gas.
- Quantity of gas charge is critical, therefore, it must be weighed by recording the
weight of the refrigerant gas cylinder before and after charging. The difference
should be 2.8 kg.. Check for gas leakage with halogen leak detector after
charging.
- Run the unit, check the compressor current and cooling.
- Seal the charging line by pinching ensuring the length of pinched charging line
not to exceed 50 mm in case of KCL compressor type MG52F and remove
external charging pipe in case of Maneurope compressor MT56-HL4 and MT57Hl4.
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8. APPLICATIONS:
All air-conditioned coaches provided with roof mounted AC package units.
9. AGENCY FOR IMPLEMENTATION :
All Carriage and Wagon Workshops carrying out POH of A/C coaching stock.
All air-conditioning depots maintaining AC coaches.
10. DISTRIBUTION :
As per the enclosed Distribution List.
SPECIAL MAINTENANCE INSTRUCTION
RDSO/SMI/AC/16
1.0 TITLE :
Cleaning of copper tubes and fins of air-cooled condenser unit used in underslung
type air-conditioned coaches.
2.0 APPLICATION :
All types of air-conditioned coaches fitted with under-slung type equipments.
3. REASON AND OBJECTIVE FOR INSTRUCTION:
3.1 Cleaning of condenser plays vital role in the performance of
air-conditioning system.
3.2 During normal working, deposition of dirt and dust on the tubes and fins of the
condenser coil results in reduction of heat transfer capacity. Therefore, this SMI is
being issued for proper cleaning of the condenser unit of under-slung type AC
coaches with different chemicals (Reinilon) in situ condition and also during POH.
4 REFERENCE DRAWING :
Nil.
5 DETAILS OF SPECIAL INSTRUCTIONS:
5.1 Process of cleaning of condenser in situ condition (when the coach
is available for a short period).
5.1.1 Spray water on the contaminated surfaces of the condenser with the help of jet
connected to water pump (approx. pressure 70-80 psi) to remove dirt and dust.
5.1.2 After wetting the condenser thoroughly from both sides apply a suitable
nonflammable descaling compound with inhibitor conforming to the
requirements of the standard given in Table-1 of Annexure-1 on individual fin
through a small capillary tube connected to a tank kept at height of approx.
2 metres. The feed of this descaling compound should be by gravity only and
no pressure should beapplied to ensure removal of scale.
5.1.3 After a gap of 10 minutes, spray water on the condenser as mentioned in 5.1.1.
5.1.4 After the above treatment, apply suitable decarbonizer solution with the help of a
jet at a pressure of 70-80 psi conforming to requirements of the standard given at
Table-2 of Annexure-1 to ensure complete removal of oil, grease and carbon
deposits.
5.1.5 After a gap of 10 minutes wash the condenser with water jet for removal of the
chemical.
5.1.6 Apply a suitable neutraliser solution conforming to the requirements given at
Table-3 of Annexure-1 to ensure that treated surface is neutral.
5.1.7 Finally rinse the condenser with water jet to get bubble formation to see through
and through both the sides of condenser to ensure thorough cleaning of the
condenser. The appearance of the true colour of the copper shall be taken as the
end of the treatment.
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5.2 PROCESS OF CLEANING OF CONDENSER AT THE TIME OF POH:
5.2.1 Remove the Condenser Unit from the underframe of the coach.
5.2.2 Immerse the condenser unit in a M.S. Tank having acid resistant lining
containing the descaling chemical for 2 hrs.
5.2.3 After descaling wash the condenser with water jet at a pressure of 70-80 psi.
5.2.4 Immerse the condenser unit for one hour in a M.S. tank containing
decarbonizer solution to ensure removal of grease, oil and carbon deposits.
5.2.5 After decarbonising, wash the condenser with water jet at a pressure of
70 -80 psi.
NOTE :
1. The size of the tank shall be commensurate with number of condensers to
be treated.
1. The chemicals manufactured by M/s Reinol Obstfeld India Ltd., B-93,
Mayapuri Industrial Area, Phase-I, New Delhi 110 064 under the brand name
“Reinilon” conforming to requirement of Table-1, 2 and 3 have been approved by
M&C Directorate of RDSO for cleaning of copper tubes and fins of condensers
of under-slung type AC Coaches. It shall be ensured that these chemicals shall
not be procured from sources other than RDSO approved sources.
6 PERIODICITY OF IMPLEMENTATION OF SMI:
i) At the Primary Maintenance depot during 3 monthly schedules.
ii) At the workshop during POH.
7 AGENCY FOR IMPLEMENTATION :
(1) Air-conditioning staff of Primary Maintenance Depot during 3 monthly
schedules.
(2) Workshop Electrical Staff during POH.
8 DISTRIBUTIOIN :
As per enclosed distribution list.
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Special Maintenance Instruction No. RDSO/PE/SMI/TL/0027-2004 (Rev. O)
SPECIAL MAINTENANCE INSTRUCTIONS FOR ‘V’ BELTS FITTED ON
TL & AC COACHES
TITLE:

1.

Checking of V belts in depots / workshops
2.

APPLICATION:
Train lighting and AC coaches.

3.

4.

OBJECT:
(a)

It has been observed that ‘V’ belts are not giving satisfactory performance and not
lasting POH to POH. It is very difficult to replace the belts frequently, if belts fail.

(b)

The proper working of TL & AC alternators V- belts drive is essential to ensure
reliable generation and proper load sharing between two alternators in AC coaches.

(c)

In order to ensure proper fitment of V belts this SMI is being issued.

INSTRUCTION
(A) In order to check t he new V- belts for proper fitment, following gadget s should be
available at each depot/workshop for checking :a) Pitch length of V bel t (as per appendix ‘A’ )
b) Angle of V be lt
(as per appendix ‘B’)
c) Section of V belt (as per appendix ‘C’)
Few sets in each lot received should be checked.
(B)

To get optimum performance following precautions should be exercised.
a) The belts of same nominal length i.e. same grading should be used as a set.
b) Two or more makes of belts should not be used in a set.
c) Check tension of V belt after fitment by tension gauge.
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d) Re-tension newly fitted belts after 1 trip or 500 km run, whichever is
convenient.
e) Check alignment or pulleys whenever alternator is replaced.
f) Replace pulleys if grooves are worn out. Check by GO/NO-GO
gauges.
g) Measurement gadgets/gauges can be procured from OEMs

5.

AGENCY FOR IMPLEMENTATION:
All C & W Workshops, TL & AC Depots and Production Units.

6.

PERIODICITY:
Before commissioning o f n ew b elts o n AC & TL coach es at PUs, worksh ops
an d whenever belts are replaced during normal maintenance at depots.

7.

REFERENCE:
RDSO Specification No. ELPS/SPEC/TL/04 – June 1994

8.

DISTRIBUTION:
As per enclosed list.
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APPENDIX ’A’

GADGET TO CHECK PITCH LENGTH OF ‘V’ BELT
34 ± 0.25

+ 0.03
22.53 - 0.00
19.0

tside dia234Ou

.62-

20

0.06
+0.00
Nominal pitch dia 222.8

SAMPLE BELT
FIXED PULLEY

SLIDING PULLEY

F

76.5 kgf

E
NOMINAL CIRCUMFERENCE OF THE PULLEY AT PITCH DIA IS 700 mm
NOMINAL PITCH LENGTH OF THE BELT=2E+700 mm
Checking of length is important to judge whether set is matched or not and all belts are of same
grading.
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APPENDIX B’
METHOD OF CHECKING ANGLE OF V-BELTS

42º

38º

Gauge for checking angle of v-belts
Along a s traight po rtion o f the b elt in an un -tensioned s tate, the cros s-section sh all b e
such that the edges of the broader (top) side of the belt shall touch the sides of V-groove having
an included angle of 38 degree and the edges of the narrower (bottom) side of the belt shall
touch the sides of V-groove having an included angle of 42 degree. The flanks of the belt shall
not touch the sides of the V-grooves.
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APPENDIX ‘C’
SECTION CHECKING OF V-BELTS
GUAGE FOR CHECKING THE SECTION

Refer specification

Along a straight portion of the belt in an un-tensioned state, the cross-section of the belt shall be
such that when placed in a guage as shown in above figure , it shall not touch the bottom of the
guage, the edges of the top width ‘s’ and ‘t’ shall not be higher than the points ‘u’ and ‘v’ at the
top of the template and the guiding mark ‘mn’ on the template shall cut the whole width of the
belt in its upper half.
Note: The pitch width of the belt 19 mm, is the width of the guage at the level of this guiding
mark mn, drawn on the gauge.
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Special Maintenance Instruction No. RDSO/PE/SMI/TL/0024-2004 (Rev. 1)
SPECIAL MAINTENANCE INSTRUCTIONS FOR VRLA BATTERIES FITTED
ON TL AND AC COACHES
1. OBJECT:
Revised and simplified SMI 0024-2003 (Rev.0) was issued in super session of
earlier SMIs TL/0020-2002 and TL/0023-2002 on 20.06.2003. Revision 1 of this SMI is
being issued with the change of constant current charging in place of constant voltage
charging during POH schedule only.
2. MONITORING AT YARDS/DEPOTS:
(a) VOLTAGE SETTING OF ALTERNATOR
Ensure that the setting of the alternator cum regulator is as under:
56 cells battery bank
(AC Coaches fitted
with VRLA batteries) 19 mono block battery bank
(TL coaches fitted
with VRLA batteries) -

128 ± 0.5 Volts
128.5 ± 0.5 Volts

Alternator voltage settings as mentioned above shall be done at half load i.e. 97A
and 19A for AC and TL coaches respectively, at 1500 rpm.
(b) CHECKS DURING TRIP INSPECTION
(i) Check for bye passing of failed cells. If bye-passed cells are found replace
these failed cells immediately with the healthy ones.
(ii) Dust accumulation – if observed, clean with dry cotton cloth.
(iii) Cell cover / container cracked or burst – if noted replace the cell with a
healthy cell immediately.
(iv) In case of battery terminal / cable over heating sign, check for loose
connection at the cell terminal post / cable end. If required replace the
cable immediately.
(v) Protective lid on safety valve – if missing provide new one immediately.
(vi) Check for arrival time of the Train. If train has arrived late due to heavy
detention en-route due to some reasons, charge the coach battery bank as
per Annexure – 1 to bring up the State of Charge of the Battery Bank
before putting the AC coaches again in Service.
(vii) Do not boost charge the cells for more than 12 hours.
3. QUARTERLY INSPECTION AT YARDS / DEPOTS :
(A) T h e following physical checks shall be made:
(i) Confirm the tightness of terminal bolt with torque wrench.
(Amararaja - 11 Nm, Exide – 22 Nm, HBL Nife – 10 Nm, Kirloskar – 12 Nm)
Do not overtighten.
(ii) Terminal post corrosion – if observed remove the cable and clean the
terminal post and cable lug with brass brush or fine emery paper and apply
petroleum jelly.
(B) Check open circuit voltage.
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(a) If the total battery bank open circuit voltage for AC and TL coaches is as
under:
AC Coaches : 115.0 volts or above
TL Coaches : 112.0 volts or above
The following steps shall be followed:
(i) Discharge the battery bank with full coach load for 15 minutes
(ii) Note down the individual cell readings after15 minutes while the coach is
still connected during the discharge.
(iii) If all the cell voltages are 1.98 Volts and above then the cells are in
healthy condition – Charge the cells as per the Annexure and the same to
be put in service.
(iv) If some of the cell voltages are less than 1.98 Volts then give boost
charging with 2.30 VPC for 12 hrs. by charging them separately with
current limited to 20% of rated capacity
(v) The weak cells, which are charged separately must be checked through a
discharge at C-10 rate for 30 minutes, the end of discharge voltage should
be above 2.0 V. If such a re-charged cell fails to qualify the above test, it
should not be replaced back in the coach.
(vi) After performing the discharge test on revived cells, the cells need to be
charged at least for 4 hours, prior to fitment in the coach.
(b) If the total battery bank open circuit voltage is as under for AC and TL
coaches:
AC Coaches : Less than 115.0 volts
TL Coaches : Less than 112.0 volts
Charge the cells for 12hrs. with 2.30 VPC and then carry out the discharge
test as per item No. 3 (a) above.
4. MAINTENANCE AT WORKSHOPS DURING POH:
The below given instructions are to be followed when the coach comes for
periodic overhaul (POH) to the workshop.
(i) Remove all the cell terminal bolts, flat washers, spring washers, inter cell
cables, connectors etc. (used insulated tools only)
(ii) Care should be taken to avoid any shorting of cell terminals while
removing inter cell cable connectors.
(iii) Remove the stacking bolts used for fixing battery modules to battery box /
cradle and between the trays.
(iv) Remove the modules with batteries from battery box / cradle by using
suitable tool.
(v) Clean all the cell terminal posts and inter cell connectors / cable lugs with
a brass wire brush to remove any sulphation layer.
(vi) Refix the inter cell connectors /cables and tighten the bolts along with flat
and spring washers to specified torque. Replace old spring washers 100%.
Quality of new spring washers should be checked as per IS 3063
especially permanent set test.
(vii) Discharge the battery bank @ 0.1C and by pass each cell whenever it
reaches end cell voltage of 1.75V.
(viii) Charge the cells at 7% constant current (77 Amps for 1100 Ah and
8.4 Amps for 120Ah) for 15 hours.
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(ix) Again give rest to the cells for 6-8 hours.
(x) Discharge the cells at 12Amperes for 120 Ah and 110 Amperes for
1100 Ah gradually bypassing each cell whenever each cell reach 1.75
V. Duration of discharge shall be recorded. If the discharge duration
of the cells is found to be more than 8 hrs these can be put back in
service after charging.
(xi) If the cells do not give more than 8 hrs of discharge duration before
reaching end cell voltage of 1.75 V, repeat this charging and
discharging cycle once more Cells should not be discharged below 1.75 V.
(xii) Even then, if the cells do not give more than 8 hrs. then the cells shall not
be put in service.
(xiii) Clean and repaint the modules / cell trays. These may be numbered with
the help of stenciling to identify the modules consisting of a battery set for
a coach (say Module No./ Set No.e.g.08/01 means 8th module of Set.
No.1). The other details like cell number, date of manufacture as
indicated on the cell lid and date of fitment shall also be recorded to
monitor age-wise performance of the cells.
Note: All the new VRLA cells shall be given a boost charging if the cells have
been lying in the Depot / Workshop for more than 6 month period from the date
of manufacture.
5. LOADING ON TO THE COACH :
(i) After recharge, remove all the inter cell connectors /cables etc., to avoid
shorting of the cells during loading on to the battery box / cradle.
(ii) Petroleum jelly is applied over the inter cell connectors, wherever
necessary.
(iii) Do not mix ordinary conventional / low maintenance cells with VRLA
cells.
(iv) Put back the trays into the battery box / cradle as per the connection
diagram and fix the stacking bolts between the steel tray to battery box /
cradle and tray to tray.
(v) Do not mix the cells of different capacities and makes.
6. STORAGE OF CELLS:
The cells shall be stored only at the places, which are not exposed to direct sun
light, rain, dust etc. The stored area should be clean, dry and preferably indoor
ambient temperature should be between 15 degrees to 35 degree. Preferably the
battery modules shall be stacked in not more than 5 tiers to avoid damage to the
cell modules / cells at the bottom layer.
7. PERIODICITY:
Trip, Quarterly and Yearly (POH)
8. APPLICATION:
All types of self-generating TL & AC Coaches fitted with VRLA batteries.
9. AGENCY OF IMPLEMENTATION:
All the Zonal Railways / Production Units.
10. DISTRIBUTION:
As per enclosed list.
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ANNEXURE I
VOLTAGE CURRENT/ SETTINGS FOR TERMINAL CHARGING & PRE
COOLING OF TL & AC COACHES
(a) For 2 V, 56 Cells
: Voltage setting 128.8V (2.3 Volt per cell)
Charging current (max.)
: 220 Amp. (0.2C)
(b) For 6 V, 19 monoblocks
: Voltage setting 128.25V
Charging current (max.)
: 24 Amp.
REQUIREMENT OF CHARGING SYSTEM FOR VRLA CELLS
(i) Voltage regulation
: Set voltage + / - 2 %
(ii) Charging current (Max. limit) : 20% of rated amp hr. current
(iii) Voltage / Current Ripple
:
(a) Voltage ripple factor
: Less than 2%
(b) Current ripple factor
: Less than 2%
(iv) Over voltage protection
:
For boost / normal charging
: Trip at 2.35 V/Cell.
Following minimum facilities should be available:
At Depots:
i) Constant voltage charger with 20% current limit for full bank of 56 cells.
ii) Constant voltage charger with 20% current limit for 1 to 6 cells in step of one.
iii) Drive to test alternator / RRU
iv) Infra red temperature sensor
v) Torque wrenches with suitable sockets
vi) Adequate charging/pre-cooling points with 70 sq. mm copper cable.
vii) Clamp on meters, multi-meters
viii) Trolleys for carrying batteries.
ix) Puller for lifting individual cell.
At Workshops:
In addition to the above
i) Fork lift
ii) Puller for lifting individual cell.
iii) Integrated charge / discharge unit regenerative type, suitable for constant current
and constant voltage charging/discharging, 220 Amp. (max.) charging and 110
Amp. discharging for 1100Ah battery and with suitable current and voltage
setting for 120Ah battery
iv) CVCC charger, with 20% current limit for 6 to 12 cells in step of one.
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Special Maintenance Instruction No. RDSO/PE/SMI/TL/0030-2005 (Rev. O)
1. TITLE :
Checking of pulleys in V belt drive.
2. OBJECT :
For effective power transmission from axle to alternator, health of pulleys should
be good. Maintenance people should know when pulley requires change.
3. INSTRUCTIONS:
WORKSHOP
a) If bottom of the groove is observed shining throughout uniformly, the pulley
should be replaced.
b) The pulley groove walls should be examined for ovality with the help of a
steel scale. If the walls are worn out by more than 0.5 mm the pulley should
be replaced.
c) Surface matching between pulley bore and shaft should be not less than 80%.
The key in shaft should be fitted properly. Worn key must be replaced by
spare EN8 key. If matching of 80% is done, key will not fail.
d) The angle of grooves should be checked by gauges. If angle has increased,
the pulley should be replaced. There are different gauges for axle pulley and
alternator pulley (See RDSO Drg. No.RDSO/PE/SK/TL/0087-2005 rev.0).
e) Replace rubber pads of axle pulley 100%. Check rubber quality in each lot
from M&C lab.
f) Ensure gap between two halves of axle pulley to 3.0 ± 0.5 mm and tightening
torque should be upto 30 kg - mtr (maximum)
g) Life of pulleys is approximately 4 years. Date of replacement should be
punched on it as well as the alternator number on alternator pulley, as they are
matched.
h) After removal of alternator for POH, gap between bogie suspension brackets
should be checked. Excess gap between bogie bracket and alternator suspension
bracket will lead to misalignment of alternator.
i) After fitment of alternator in the bogie suspension bracket, alignment of
alternator and axle pulley should be checked. It can be checked by cord
which should touch 4 edges of both pulleys simultaneously. It can be checked
by laser beam also. Beam from alternator pulley groove center should fall in
the center of corresponding axle pulley groove.
j) Do not paint the pulleys after cleaning. It will affect heat dissipation.
DEPOTS
a) Do not use repaired pulleys
b) Pulleys should not have any dirt/grime/oil traces
c) Replace pulleys if grooves are worn out by 0.8 mm depression on sides or
bottom of groove is uniformly shining.
d) Ensure gap between two halves of axle pulley to 3.0 ± 0.5 mm and tightening
torque should be upto 30 kg - mtr (maximum)
5. AGENCY FOR IMPLEMENTATION:
All the TL/AC Depots & workshops of Railways.
6. PERIODICITY OF IMPLEMENTATION:
POH and 6 monthly schedule.
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7. REFERENCE:
Workshop on alternators dated 17.11.1998.
8. DISTRIBUTION:
As per enclosed list.

SPECIAL MAINTENANCE INSTRUCTION No. RDSO/PE/SMI/AC/0038
(Rev.’0’)-2007 “PROCEDURE FOR REPLACEMENT OF REFRIGERANT
COMPRESSOR IN RMPU”
1.0 TITLE
Procedure for replacement of refrigerant compressor in RMPU.
2.0 APPLICATION
Roof Mounted AC Package Unit of all make provided in all types of AC Coaches
3.0 REASONS
In the recent past, the refrigerant compressor failures have increased and
contributing in increased FRPCPY of RMPU. Various measures to improve the
reliability of RMPU have been taken in the past by RDSO. The measures taken
are as under:i) Induction of 100%. Electronic Thermostats in place of Mercury-in-glass
thermostats
ii) Induction of 100%, scroll design of refrigerant compressors in place of
reciprocating compressor
iii) Induction of FRP design of condenser fan in place of heavy weight SS fan
blade
Above, features have been incorporated in the specification of RMPU. The
performance of RMPUs supplied by various manufacturers with above feature is
satisfactory. But still some steps are required to be taken during maintenance/
POH for improvement in reliability of refrigerant compressor as well as RMPU..
It is common knowledge that moisture, air and other non-condensable are
very harmful to any refrigeration system and may damage the refrigerating
system in the following ways:i) The moisture present in the system can turn into ‘Ice’ at low
temperature areas such as capillary or expansion valve orifice. This
ice restricts or completely blocks the flow of liquid refrigerant to the
evaporator coil, and adversely affects the refrigeration system.
Secondly, moisture present in the system reacts with halogenated
refrigerant and form hydrochloric and hydrofluoric acid. This acid is
very active and highly corrosive. These acids attacked the various part
of the system. Compressor motor winding is the first part to get
affected specially in sealed compressor. Due to which the lubricating
oil gets contaminated forming sludge and losing its lubricating
properties and the compressor efficiency is impaired. If the system is
run under these conditions, the compressor may fail.
The peculiar pungent small emanating from the gas of a burnt out sealed
unit system is only due to the presence of hydrofluoric acid.
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ii) The presence of air and non-condensable increases the head pressure of
the system. Under this condition the compressor will draw more current
and the refrigeration capacity will be reduced because of rise of
temperature of compressor and acceleration of Chemical action inside the
system.
iii) Recent failure analysis indicates that the failures have taken place due to
loss of compressor oil as well as reduction in lubrication. Most of these
failures are in compressors which have been replaced . There is need to
review compressor changing procedure to avoid such failures.
iv) Starvation of oil in compressor is due to leakage or not returning back of
oil into the compressor. This affects lubrication which will result into over
heating of bearing and the compressor seizer.
v) Reduction in lubrication may also be due to liquid refrigerant flood
entering into the compressor. The oil will float on the surface of liquid fluid
which will affect circulation through it’s path resulting into reduced
lubrication. This is mainly due to improper heat transfer in evaporator coil.
Keeping in view of the above, it is necessary to make sure that the system is free
from moisture, air and non-condensable items in the system. To do so, special
care has to be taken during replacement of any part in the refrigeration system
and before charging the refrigerant gas into it.
4.0 OBJECTIVE
To improve the reliability of refrigerant compressor as well as RMPU
5.0 REFERENCE DRAWING - nil
6.0 DETAILS OF SPECIAL INSTRUCTION
The instructions mentioned in this SMI is also applicable when any of the
following equipment of the refrigeration system is replaced. No matter either the
replacement is carried out by Railways or by the firm.
i) Compressor
ii) Filter cum drier
iii) Capillary tubes or
iv) All above
During the replacement of above equipment/parts, the system is required to be
dehydrated. Dehydration of the system should be done by blowing dry nitrogen
through the system and then creating vacuum in the system to a certain degree of
vacuum .
7.0 STEPS TO BE UNDERTAKEN
a) System dehydration and vacuum
b) Replacement of equipments/parts
c) Refrigerant charging
The following tools/machines/equipments are required:a) Carbon tetrachloride/Trichloroehlene/R11
b) Nitrogen Gas
c) R-22 gas cylinder (Refrigerant R-22 has to meet the requirement as
specified in IS: 5610)
d) Empty gas cylinder
e) Vacuum pump with vacuum gauge, Capacity not less than 200 l/min.It
should be of rotary type, double stage and oil sealed.
f) Pressure gauge for suction and discharge line Range 0-150 psig & 0-500
psig respectively.
g) Recovery Unit
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h) Weighing scale for weighment of gas cylinder
i) Watch
j) Pinching pliers
k) Brazing torch/equipment
l) Tube cutter
m) Leak detector
n) Soap solution
o) Clamp/torque tester to measure voltage and current
p) Charging line
q) Set of spanners and screw driver of suitable size
7.1 Procedure for replacing refrigerant compressor/other parts
· Connect the system with empty cylinder, keeping the empty cylinder
cooled. Refrigerant will be stored in the cylinder. Recovery unit may be
used for this purpose.
Keep the cylinder on weighing scale, if the weight is constant. It means all
the gas has been recovered from the system
Disconnect all electrical power and control connections
· Disconnect suction and discharge lines from compressor, filter drier and
capillary tubes by de-brazing the joints and cap the refrigerant pipe ends.
· Remove the mounting bolts, take out compressor from RMPU and cap its
opening.
· Clean the system by circulating carbon tetra-chloride/trichloroethene/R-11
for half an hour and flush the system with dry nitrogen until all blackness
and pungent smell is disappears.
· Mount compressor on its base plate alongwith its mounting bush. While
handling compressor make sure that it is vertical all the time. Open cap on
suction /discharge pipe line of compressor just before connecting them to
the system
· Connect/braze a filter cum drier of Danfoss/Alco/Sporlon make in suction
line before accumulator. It is a preventive measures to prevent entry of
contaminant / air/moisture in compressor.
· Connect/braze new capillary tubes of same size and length, filter cum
drier with same size and model & compressor to refrigerant pipe line
(RDSO SMI No. RDSO/PE/SMI/AC/0001-98 - Rev.1).
· Maintain pipeline length.
· Disconnect LP cutout and charge dry nitrogen in the system upto 24 or 25
kg/cm² (340 or 355 psig) and check the leakage carefully in the system
with soap solution or any other means.
· If leakage is found in the system, rectify the same.
· After rectification repeat the leak test again.
· After leak test, connect the system on both LP and HP side to a vacuum
pump and pull vacuum upto minimum of 300 microns i.e. 0.3 Torr. Use
vacuum hose pipe of larger dia OD & shorter in length not more than 5-6
feets for effective and quicker vacuumisation.
· Hold the system in above vacuum condition for at least 4 hours. During
this period, the degree of vacuum should not fall.
· Charge refrigerant R-22 in the system by weight. The weight of refrigerant
should be approx. 2.85 kgs in one refrigerant circuit (RDSO SMI No.
RDSO/SMI/14). Gas should be charged quickly.( It will not take more than
1-2 minute if proper vacuum level is maintained.). Charging to be done in
the following manner:
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After vacuumising the system, connect the refrigerant cylinder in
inverted position to the liquid line access fitting and charge liquid
refrigerant-approx. 50% to 75% of estimated system charge.
Remove the cylinder and connect to the suction line access fitting.
q Start the appliance and compressor.
q Top up balance quantity of refrigerant into suction line in liquid from
in a controlled manner.
· Pinch the charging line
· Again check the system for leakage with halogen leak detector
· Connect power and control supply to RMPU
· Run the system and check its suction and discharge pressure and current
drawn by the whole system as well as by individual equipments. The
current of whole unit and individual equipment should be as under when
supply voltage is 415V, 3 Phase AC 50Hz.
i) Whole unit – Not more than 23 A
ii) Compressor – Not more than 12 A
iii) Blower motor – Not more than 2.5 A
iv) Condenser motor – Not more than 2.1 A
7.2 Special precautions to be taken while changing Maneurop compressor with scroll
compressor:
i) The length of the refrigerant pipe has to be maintained.
ii) The mounting nut/bolts of compressors have to be properly
tightened.
iii) Clamp to hold the compressor from the top shall be ensured.
iv) If there is no mounting plate to mount the scroll compressor, a
mounting plate of adequate size has to be welded having mounting
holes in it.
NOTE:
1) All the activities shall preferably be done after lowering down RMPU from
the coach.
2) Brazing procedure shall be adopted as per RDSO SMI No.
RDSO/PE/SMI/AC/0001-98 (Rev.0)
3) Refrigerant charging shall be done as per RDSO SMI No. RDSO SMI No.
RDSO/SMI/14
4) Do not leave refrigerant pipeline uncapped.
5) While brazing keep the torch flame away from compressor
suction/discharge port so that flame does not enter into compressor.
6) Compressor Terminal box to be sealed by sealant only from three sides
i.e top and both the side. This will facilitate exit of water if any from
terminal box from its bottom side.
7) Avoid these activities under extreme humid/rainy atmosphere.
8.0 DON’Ts
8.1 Don’t start the compressor when it is in vacuum.
8.2 Don’t operate the compressor bellow 25 Psig suction pressure.
8.3 Don’t ever bypass the L.P cut-out particularly during charging.
8.4 Don’t charge a scroll, the way a reciprocating compressor is charged.
8.5 Don’t run the scroll in reverse direction.
8.6 Don’t run test with air or nitrogen.
8.7 Don’t bypass any “tripping” safety controls.
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8.8 Don’t use scroll for self –evacuation.
8.9 Don’t allow short-cycling of compressor.
8.10 Don’t allow air, moisture, contaminants to enter compressor.
8.11 Don’t keep L.P cut-out setting below 25 Psig and H.P cut-out setting above 400
Psig.
9.0 REFERENCE DOCUMENT
i) Proper Quality /type of copper tubes and brazing material and procedure
from brazing of refrigerant line as per RDSO SMI No.
RDSO/PE/SMI/AC/0001-98 (Rev.1)
ii) Procedure for charging refrigerant in RMPU as per RDSO SMI No.
ELPS/AC/SMI/14.
iii) POH schedule of AC coaches with RMPU No. ELPS/SCH/AC/01
(Dec.1993)
10.0 PERIODICITY OF IMPLEMENTATION OF THE SMI
In the event of replacement of any equipment/component in refrigerant
system
11.0 AGENCY FOR IMPLEMENTATION
i) TL/AC depot, POH workshop
ii) Railway to ensure implementation by Vendor having AMC
iii) Vendor during warranty failure
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SPECIAL MAINTENANCE INSTRUCTION OF BELT TENSIONING DEVICE
1.TITLE:
Checking of belt tensioning device assembly in depot/workshops.
2.APPLICATION:
All train lighting and AC coaches.
3.OBJECT:
3.1It has been observed that belt tensioning device are not giving satisfactory performance and not
lasting POH to alternate PCH and resulting into failure of AC/NON AC coaches.
3.2In order to ensure proper checking and fitment of Belt Tensioning device assembly, this SMI is
being issued.
4.INSTRUCTION:
4.1Ensure testing of springs before fitment by conducting compression test. Compression test shall be
conducted on compression testing machine or fabricated system in depot/workshop. Spring
compression in step of 10 mm and weight applied shall be received in the given formal and deflection
in mm per kg of load shall be calculated.

S.No.

Spring length
in MM

Wt. in kg

1
2
3
4
5
6

345
335
325
315
305
295

0 (Zero)
Weight
Should
Be
Recorded

Spring
rate
derived
Value
Of
Kg/mm
Should
Be
calculated

Remarks

Obtained value of spring should be verified
for 4.5 kW, 18kW & 22.75 kW alternators as
per RDSO’s org. No. SKEL – 3940 sheet 2 as
well as modified springs for 25 KW
alternators as per RDSO’s drg.
No.RDSO/PE/SK/AC/0068-2004 (Rev.0).
Average value of old spring as per RDSO’s
drg. No. SKEL-3940 sheet 2 should be within
2.8-3.2 kg/mm for 4.5 kW. 18kW & 22.75
kW and 4.8 -5.5 kg/mm for modified springs
for 25 kW alternator as per RDSO’s drg. No.
RDSO/PE/SK/AC/0068-2004 (Rev.0).

a.Before commissioning of new belt tensioning device on AC and TL coaches at Production units,
workshops.
b.During IOH / POH in workshop/depot.
c.Whenever spring or belt tensioning device are replaced during normal maintenance.
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7. REFERENCE:
RDSO Drawing Nos...
i)RDSO drg. No.SKEL – 3940 sheet 1 – tensioning device assembly for 25 kW/22.75 kW/18kW/
4.5 kW Transom Mounted Alternator.
ii)RDSO Elect.dte. SKEL – 3940 sheet 2 –tensioning device sub-assembly for 25 kW/22.75kW/
1
18kW/4.5kW
Transom
Mounted Alternator.
.Lip,itInrg
i
:
iii)RDSO/PE/SK/AC/0068-2004 (Rev.0) – Modified spring for 25kW Alternator belt tensioning
'2015.
device.
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Indicator length
295 mm with
modified spring
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Alternator capacity
25 kW
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Note:- Material conformity test should be conducted in government approved laboratory /
Railway laboratory for every lot of coach make as per S-4454 Part 3 1975 and BS 970.
4.3 Visual checking
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5.AGENCY FOR IMPLEMENTATION
All C & W workshops, TL/AC depots and Production Units.
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Observed
Remarks

Remarks

Remarks
As per RDSO’s drg.
No.SKEL-3940 sheet 2
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ELEC - 1.19
CASE STUDIES ON FAILURE
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CASE STUDIES ON FAILURE OF AC EQUIPMENTS DURING RUN
1. During the journey passenger were continuously complaining as “No cooling”.
The AC coach in charge on receiving the complaint inspected the control panel and noticed that
“Air loss indication” was glowing. The A.C.C.I checked the airflow near return air grill. He noticed
that no proper suction was there near the grill, open the return air filter to check for clogging.
On cleaning of the return air filter normally the indication will disappear.
Hence it is necessary to clear thoroughly the return air filter during trip attention.
2. During the journey passenger were complaining of “NO WATER” in the coach.
The AC coach in charge on receiving the complaint inspected the power panel for correct
position of the WRA switches, MCB or OLP tripping in the WRA circuit on noticing no tripping
check the pressure gauge. He noticed that pressure gauge was indicating “0” pressure, switch
ON the other WRA, if still there no pressure building up, the A.C.C.I. should got down at next
halting station and inspect the side water filing caps. If air leakage is observed open the side
water caps and provide washer and close again and observe problem is solved or not.

CASE STUDY FOR FAILURE OF VRLA BATTERIES DURING TRAIN RUN
During train run suddenly lights & fans and AC plant stopped working resulting in coach
becoming dark.
AC mechanic should check the voltage in the Power Panel of AC coach if there is no voltage
check main incoming 400 Amps HRC fuse in the power panel check the main battery +ve & -ve
400Amps in the next halt station.
If the problem is not solved provide “through feed” from the adjacent healthy coach and
operate one AC plant and bring the coach to the destination without any complaint.
On arrival, coach was checked at depot and found that one cell of Amaraja make was open
circuit resulting in loss of continuity and no supply in coach.
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CASE STUDY ON FAILURE OF V-BELTS
COMMON PROBLEMS IN V-BELT DRIVE AND THEIR CORRECTIVE ACTIONS
S.No Problem

1.

2.

3.

4.

5.

6.

Belt slip & noise on the
drive

Cause

Remedy

Lack of tension

Increase tension.

Oil/grease on pulley grooves

De-grease.

High belt slippage

Increase tension

Improve storage

Improve storage

Excessive drive tension

Maintain proper tension.

Belt ride over pulley

Check tension

Mismatched belts

Use belts of matched set.

Misaligned drive

Realign shaft and pulley

Worn out pulley grooves

Replace the pulley

Shock load

Apply proper tension

Mismatched belt

Replace belts

New belt installed along with old
belt

Never mix old and new
belts.

Improper groove angle

Replace the pulley

Misaligned shaft

Align the drive

Not enough drive tension

Apply proper tension

Belt bottom cracking

Belt stretching

Belt snap

Belt turnover

Belt whip
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GENERAL PROBLEMS ENCOUNTERED IN UNDER – SLUNG A.C. COACHES
Problems of air-conditioning on A.C. coaches can be divided into 3 parts.
1. Problems associated with air-conditioning system.
2. Problems associated with electrical equipment.
3. Problems associated with mechanical equipment.
Under this article efforts are made for diagonising the problems associated with airconditioning system. It may be possible for an intelligent person to find out the fault
within reasonable time and rectify the same from the parameters of indicating
meters like:
·
High pressure gauge.
·
Low pressure gauge.
·
Oil pressure gauge.

Besides above, skilled person is able to judge the working of Air-conditioning system
by feeling the temperature at the following points on Air-conditioning system.
·
Inlet/out-let temp. of compressor
·
Inlet/outlet temp. of cooling coil
·
Inlet/outlet temp. of liquid receiver/filter dehydrator assembly.

Grill return air temperature.
Under ideal conditions low pressure gauge should show 33-35 PSI and High pressure
gauge 150-160 PSI, Oil pressure gauge should show suction pressure 25-30 PSI. If
these conditions prevail there is no reason to doubt the working of Air-conditioning
unit. However, if there is a deviation in anyone of these parameters, it indicates that
there is a problem in the system. Common problems associated with A.C. system are
listed as under:
LOW SUCTION PRESSURE
a) Less gas in the system.
b) Choked filter dehydrator
c) Moisture in the system.
d) Capacity control valve remains in loaded condition.
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e) Mal-functioning of expansion valve stuck/partial closure (i.e. it does not synchronise head
load.)
f) Partial closure of any valve on suction line.
HIGH SUCTION PRESSURE
a) Expansion valve stuck up in open position.
b) Excess refrigerant in the system.
c) Capacity control valve remains unloaded.
d) Efficiency of compressor is low
e) Speed of compressor motor lower than rated.
f) Abnormal heat load.
H igh PRESSURE ABNORMAL
a) Excessive atmospheric temperature
b) One of the two condensers motor defective.
c) Choked radiator
d) Partial closure of discharge shut-off valve
e) Air in the system.
f) Excessive refrigerent in the system.
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LOW OIL PRESSURE
a) Less oil in crank case
b) Failure of oil pump.
c) Breakage of oil connection
d) Low viscosity of oil.
e) Abnormal clearance of main/connecting rod bearings.
Besides the above visual observations, touch feeling of different parts shall also
indicate various problems associated with the air-conditioning system.
COMPRESSOR CRANK CASE TEMPERATURE
Under normal condition it should be hot. However, if it is warm it indicates.
·
Low compression ratio
·
Excess gas in the system.
·
Particular cylinder remains unloaded.

If it is cold it indicates,
·
Excessive refrigerant in the system
·
Partial choke up of evaporator coils
·
Malfunctioning of

thermostat

TEMPERATURE OF SUCTION LINE
It should be warm. However, if it is cold, it means vapours of refrigerant are being
sucked in by the compressor which is not good for the system. Normally it is
associated with sweating and it indicates that there is,
·
Excessive

gas in the system
·
Partial choke up of evaporator coil. Heat is not extracted from air properly.
·
Thermostat does not get cut off at set temperature.
·
Expansion valve is not regulating flow properly.
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In-let pipe to evaporator coil should be hot while out-let should be just warm for
properly tuned system.
Freezing on distribution lines of the expansion valve Indicates less gas in the
system, or moisture which has created low pressure resulting in creating low
temperature (gases evaporates at low temperature when pressure is low) thereby
freezing atmospheric moisture on near by expansion valve.
Frosting at any part, valve filter or strainer of the system indicates that the portion
is partially choked thereby creating expansion of gas, which result in sweating or
frosting.
If temperature inside the coach is maintained but not comfortable, fresh air filter
might have been choked thereby recirculating the air from coach itself.
Some times Air-conditioning plant short cycles during initial starting of the day
since expansion valve remains stuck in closed position and oil in crank case
remains cold to create operative pressure for all cylinders. However, it should not
be mis-understood to be less gas in system.
When Air-conditioning unit is switched off suction/delivery pressure gets almost
equalised that what we call as standing pressure of plant. It should equalize with
in reasonable time say 5-7 minutes. If it takes long time it indicates,
·
Expansion valve is choked (May be partial)
·
Filter dehydrator requires cleaning
·
Strainer near expansion valve is choked.

MAN MADE PROBLEMS
Cooling test bars are shorted by the operator when some person claims hot inside
the A/C coach. However, plant remains operative continously, which ultimately
results in compressor receiving vapour in place of gas. Obviously compressor life is
shortened besides uncomfortable condition in the coach.
Conversely to the above, during winter season when some passenger claims to be
too cold inside the coach, operator by-passes the thermostat by some means, the
heater remains operative continously and if by any reason blower is off canvas ducting near-by
is likely to catch fire.
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CONCLUSION
While diagonising problems of air-conditioning units no single parameter will
suffice. However, if unit is maintaining the suction pressure 33-35 PSI there is
hardly any need to bother as suction pressure plays vital role in keeping the
equilibrium of the system.
When suction temperature increases, its pressure also increases, there by
refrigeration capacity also gets increased. (Since at higher pressure, vapour shall
be densed and more refrigerant will be pumped). In case of evaporator, however,
transfer of heat increases when temperature and pressure reduces. No sooner any
change in heat load takes place, expansion valve and capacity control valve come
into action and balance the system. That is why the suction pressure (called also
back-pressure) is an important clue in diagonising the air-conditioning system.

TROUBLE SHOOTING OF AIR CONDITIONING
EQUIPMENT IN RUNNING TRAIN IN UNDER-SLUNG COACH
This material has been prepared as a guide for Air Conditioning Coach in-charges (ACCIs). The
idea is two fold to educate them on one hand and on the other hand to help them trouble
shoot while the train is running.
NO COOLING
·
Check HP and LP Gauge.
·
If the pressures are

between 70 to 84 PSI, then -

a. Switch on the main rotary switch of the Power Panel.
b. Check compressor main fuse (F1 + )
c. Check thermostats: if not functioning, short (CT) by fuse wire & operate the plant
manually.
d. If HP cut out open, reset by pushing.
e. If OP switch open, reset by pushing.
f. If cooling Pilot Relay not working, then check fuse (F8+) & (F8-) in new panel.
g. If LVR not working, check the fuse in Power Panel Board.
h. If line contractor not working - Check proving relay
- Check fuse (F7 +) & (F3-).
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- Check LP, HP, OP cut out.
- Check (13A)
- Check fuse (F4+) & (F4-)
i. Check whether accelerating contactors (13 & 13A) have made contacts. .
j. Short (CO1) & (19) by fuse wire.
·
Check HP & LP Again

If pressure develops, but not upto the standard, then go for STEP (2), otherwise open the centre
air ducting.
LESS COOLING
STEP - 1 CHECK HP
If HP is below 150 PSI then
- Compressor loading not proper, Switch 'ON' toggle switch from two cylinders to four
cylinders in case of Accel Compressor.
·
Switch ON capacity control switch manually.
·
Ensure full opening of suction valves.

STEP-2
If HP found above 180 PSI, then ·
Pour water over condenser
·
Check fuse (F5-)
·
Ensure full opening of all valves.

STEP - 3
Check LP, If pressure is less, then - Blower Motor is not functioning properly. Check
·
Blower contactor (29)
·
fuse (F4+) & (F4-)
·
fuse (F3+) & (F3-)

proving relay (32)
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EXCESS COOLING
·
Check functioning of thermostats. If found defective, short CT by fuse wire and run the

plant manually.
·
Check whether line contactor or accelerating contactors have welded. If so, release
them.
NO HEATING
·
Check fuse (F8+) & (F8-)
·
If fuse is OK, then short (7) & (1) in PCB.
·
Check heater contactor.
·
Check fuse (F3-)
·
Check LVR & Proving Relay.
·
Check N/C contact of cooling Pilot Relay.

HOOTER SOUND
Immediately switch off AC plant selector rotary switch. Check whether blower motor contacts
have jammed or heater contacts have welded. Release them.
FIRE IN COACH
In running condition.
·
Pull alarm chain.
·
Switch off both the Rotary switches of Power Panel board.
·
Disconnect supply from other coach, If any.
·
Use fire extinguisher.

When the train stops
·
Remove battery fuse
·
Remove field fuse of Alternator's regulator
·
Remove alternator's belts.
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RECOMMENDED PRESSURES
Pressure when the plant
Sr. No. TYPE OF GAUGE

1.

2.

3.

LP Gauge

HP Gauge

OP Gauge

Not working

Working

70 - 84 PSI

37 - 46 PSI

(5-6 kg/cm2)

2.6-3.3 kg/cm 2)

70 - 84 PSI

150 - 180 PSI

(5-6 kg/cm2)

10.7-12.9 kg/cm2)

70-84 PSI

70 - 98 PSI

(5-6 kg/cm2)

(5-7 kg/cm2)

Inadequate cooling in the under slung AC coaches.
Reasons and Remedy
i. Check electroni thermostat settings.
ii . Check whether accelerating contactors (13 & 13A) in the case of old AC Control panel have
made contacts. If they are not closed, adjust the motor control relay (23) such that
the above contactors close.
iii. Check High pressure gauge reading. If the H.P. reading is more than 180 PSI, open the
wheel valve located in the cubicle for a short while for admitting water for cooling the
condenser tubes and fins and close the valve after H.P.reading indicates 150 PSI. This
operation has to
be repeated whenever the H.P.shoots up to to 180 PSI.
iv.
Check the condition of the relevant fuses. Replace the fuse of the corresponding circuit.
If the fuse fails again, do not replace again, but note down in the log sheet for further action
at the base station.

Refresher Course Material For Air-Conditioning 135

The Purge air from the refrigerant system under slung AC coach
1. Air is normally removed from the system when creating a vacuum before charging with Freon. If the
vacuum was not complete, some air would remain, and also some may have entered the system
subsequently during repairs which may have necessitated opening up joints etc. Air or other noncondensable gases in the system can cause the condenser pressure to be higher than it should
normally be.
2. A purge valve is, provided on the top of the liquid receiver. The discharge orifice of the purge valve is
normally covered with a seal cap. This must be removed during purging.
3. If the quantity of air in the system is not great, following procedure is adopted.
4. Purging is done by discharging some of the air-Freon mixture into the atmosphere by means of the
purging valve, immediately after the compressor has stopped.
Note: The val v e should be opened f o r not more than ten seconds at a time.
5. The liquid receiver acts as a trap for air and this will escape together with Freon vapour when the
valve is opened.
6. A marked lowering of the gauge pressure immediately after opening the valve indicates the presence
of air. After closing the valve, it rises again, but not to its original high level. It is advisable to run the
compressor for say half an hour and then purge again. If this is done once or twice, the system will
be found reasonably free from air.
7. Should the quantity of air in the system be very great, then following procedure is to be adopted.
8. Close the liquid receiver outlet valve and pump all the gas into the condenser. Allow it to cool down
to atmospheric temperature and purge simultaneously from the gauge connection on the
compressor delivery valve and purge valve on the liquid receiver. Allow the gas to escape until the
gauge reads a pressure approximately corresponding to atmospheric temperature, then close the
purge valves, open the liquid receiver and purge again. Finally, purge the liquid receiver only as
above. It is well to remember that air cannot get into the system during normal operation, as all
parts of the system are under gas pressure above atmospheric at all times.

*******THE END*******

