


1. In order to achieve high reliability and ZERO DEFECT,

and to ensure effective checks on the maintenance work

minimum schedules of inspections to be carried out each

month by the TrD officers and Senior subordinates

In-charge of operation and maintenance of PSI

equipments.



SCHEDULE OF MONTHLY INSPECTIONS

Sl. No. Nature of Inspection SSE/JE

1 Traction Sub-Stations 4

2 Switching Stations 4

3 Grid Sub-stations 1



The schedule of inspections as indicated is the minimum

quota to each official per month and should be independent

of other tasks. They will not be of routine nature but shall be

carried out in depth to identify-

(i)  Deficiencies and short comings.

(ii) Lack of skill amongst staff.

(iii) Inadequacies in maintenance facilities.

(iv) Constraints experienced.

(v) Conditions of environment which lead to poor quality of 

work if any.



2. The inspecting officials should adjust their inspections in

such a manner as to cover all of the installations in their

jurisdiction within the stipulated periods and stagger the

inspections among themselves to avoid over inspections of

the some installations repeatedly in a very short time and

neglect of other installations.

3. The items of attention listed hereunder at any particular

periodicity are over and above those mentioned in the

previous schedule. This should be kept in view while

carrying out maintenance work.



4. The periodicity of the items of attention listed in the

following paragraphs may be modified to suit local

requirements with the approval of CEE.

5. As regards new equipment, if schedules have not been

drawn up, tentative schedules may be evolved based on the

Original Equipment Manufacturer's guidelines and

RDSO's recommendations, keeping in view the local

conditions also and followed with the approval of CEE.





1. Be on look out for any modifications made / being made in

the power supply arrangement

2. Check up if there is any equipment under breakdown which

is likely to increase risk of interruption in power supply to

traction.

3. Note down meter readings and scrutinize and record

important data regarding power supply parameters including

daily MD, variation in voltage, frequency and power factor



Switch Yard:

Check 

1. For vegetation growth and spreading of pebbles.

2. Painting of fencing and equipments.

3. Condition of cable trenches & trench covers.

4. Condition of approach road.



Power Transformer:

Check 

1. O.T.I. and W.T.I. temperature -

present and maximum readings.

2. Oil level in conservator tank.

3. Tap changer position of standby &

service transformer.

4. For abnormal humming.

5. Colour of silica gel.

6. For leakage of oil on transformer body, conservator tank,

oil drain valve and radiator.



Circuit breaker & interrupters:

Check

1. Control box gaskets for water & dust

tightness.

2. Operation by local & remote control.

3. Operating mechanism for smooth operation.

4. Oil level & leakages.

5 Closing time of interrupter,

6. Number of tripping since last replacement of

oil in case of circuit breaker and counter

reading of interrupter.



Check

1. Leakage of oil.

PT, CT, AT.



Check

1. Locking arrangements.

2. For correct alignment of

blade tip in the fixed

contact jaws.

3. For correct matching &

alignment of arcing horns.

Isolator:



Check 

1. Fuses for the correct size, overheating or aging signs.

2. For loose connections at terminal Boards.

3. Functioning of Alarms & visual indication on control 

panel.

4. Functioning of auxiliary relays.

Control Panel



Check

1. Acid level

2. Presence of sedimentation

3. Specific gravity & voltage of pilot cell

4. Presence of sulphation and tightness of inter cell

connectors.,

5. Size of fuses of Battery charger.

6. Voltmeter and ammeter readings.

Battery Charger & Batteries:



Check 

1. Recorded maximum demand.

2. Condition of the seal.

Energy Meter

Check 

1. Soundness of earth connection to each electrical 

equipment and structure.

2. Last recorded earth resistance readings.

3. Buried rail connection.

Earthing



Check

1. General function of relays & selectors.

2. Wiring for loose connection if any.

3. For presence of dust & condition of cubicle gaskets.

Remote Control Equipment



Check

1. Availability of fire buckets, Respiration chart, First Aid

Box, Tools & Plants.

2. Working of TPC Phones & emergency sockets.

3. Inspection Register and remarks made therein.

4. History sheets of various equipments.

General



Check

1. For vegetation and spreading of Pebbles.

2. Painting of fencing & equipments.

3. Condition of cable trenches & trench cabins.

Switch Yard:



Check

1. Control box gaskets for water & dust tightness.

2. Operation by local & remote control.

3. Operating mechanism for smooth operation.

4. Oil level & leakages.

5. Interlocking of interrupters & under voltage relay

operation at SP.

Interrupters



Check

1. Leakage of oil.

PT, CT, AT.

Check

1. Locking arrangements.

2. For correct alignment of blade tip in the fixed contact

jaws & alignment of arcing horns.

Isolator:



Battery charger & Batteries:

Check

1. Acid level.

2. Presence of sedimentation.

3. Specific gravity & voltage of pilot cells.

4. Presence of sulphation & tightness of inter-cell connectors.

5. Size of fuses of battery charger.

6. Voltmeter & ammeter readings.



Earthing:

Check

1. Soundness of earth connection to each electrical

equipment & structures.

2. Last recorded earth resistance readings.



General

Check

1. Availability of fire buckets, respiration chart, First Aid

box, Tools & Plants.

2. Inspection Register and remarks made therein.

3. History sheets of various equipments.



1. No work of any kind shall be commenced on or in the vicinity

of live equipment unless power supply to the particular part

has been switched off and all other prescribed safety measures

taken.

2. To guard against the possibility of unauthorized interference

and pilferage from unattended substations and switching

station, all electrical department staff shall be vigilant and

watch for any such activity when they are in the vicinity.

Surprise checks coupled with periodical inspection will also

act as deterrents.



3. The TPC shall once a day check up communication to

each of the grid sub-stations and obtain the maximum

demand and energy consumption for the previous 24

hours and enter the figures in a register. Whenever

Inspecting staff visit the sub-station or switching station,

they shall contact the TPC on the telephone.





1. Go round the whole area of the sub-station, inspect for general

cleanliness, proper drainage, road and rail access. The surface

of the roadway and pathways in the sub-station should be firm

and sufficiently elevated to prevent water-logging. Remove

any undergrowth of vegetation around the outer periphery; cut

any tree branches likely to come in the vicinity of live lines.

2. If lubricating or transformer oil is stored, inspect for security

and fire risk and see that no combustible material is in the

vicinity.



3. Examine all "Caution", "Danger", "Shock Treatment" and

other boards, whether they are clean and well secured. Inspect

fire extinguishers, fire buckets and First Aid Boxes, if they are

intact and serviceable.

4. Inspect structure and plant foundations for any sinking or

cracking. Go round the structural work for checking tightness

of various bolts and nuts.

5. Inspect all indication lamps on control panels for correct

working.



1. Check all cells generally in accordance with Guidelines for

Maintenance of Batteries.

2. Take specific gravity and cell voltage of pilot cell and record

in register. If any significant change is noticed specific

gravity and voltage for all cells should be taken to identify

any weak cells. Then top up with distilled water exactly to the

correct level for every cell.

3. Check operation of battery charger and note charging rate in

register.

Battery





 Visually inspect all earth connections and see that they

are in order and that every equipment has duplicate

earths. Tighten connecting bolts and nuts as

necessary. Where the sub-station and feeding post are

close by ensure that sub-station structures are properly

bonded with the feeding post and the track by two

independent connection.

Bonding And Earthing



• Check oil level in sight gauge glass and examine all joints,

valves, plugs etc. for oil leakage in each equipment rectify

leaky parts if found and restore the oil level.

• Clean all insulators with dry cloth and look for any

flashover marks, cracks, chippings. Insulators which are

badly chipped should be replaced. Minor chippings can be

rendered impervious to moisture by a light coating of

Araldite or similar epoxy resin.

Oil Level in Transformers, Circuit Breakers, CTs

etc.

Insulators



1. Clean externally the tank, conservator, radiator, bushings,

oil level Indicator, gauges, etc. with dry cloth.

2. Make a note in the Register of the maximum temperature

of transformer oil on dial Indicator; reset indicator.

3. Check explosion vent diaphragm for any damage and

presence of oil.

Traction Transformers



4. Check silica-gel breather. If turning pink in appearance, replace

it with dry gel (blue colour) and recondition the old silica-gel.

If the silica-gel is too wet, check di-electric strength of

transformer oil.

5. Check for gas collection, if any, in Buchholz relay

6. Check for oil leakage on transformer body, conservator tank,

oil drain valve and foundations. If leaking, take corrective

action by tightening the bolts; replace gaskets, if necessary.

7. Check if heater in the marshalling box is functioning properly,

and if all terminal connections are in order.





1. Open the cover of control box. Examine the interior and

remove the accumulated dust. If any part of the interior is

badly rusted indicating entry of moisture, find out the

cause, plug the holes and repaint the rusted parts. Check in

particular if the weather-proof gaskets are in good

condition; if not, replace them to make the control box

water-tight and dust-tight. Examine if the leading in pipe

connections are properly bushed, sealed and water tight.

Check if all pins and check nuts are in place. Check also

tie-rod nuts for tightness.



2. Operate the mechanism at least twice manually. Have it

operated on remote control from RCC; keeping the control

door open, observe whether the mechanism functions

smoothly without any rubbing or obstruction, and also if

the shock absorber functions properly when circuit breaker

is tripped.

3. Examine the commutator of the motor and clean with

muslin cloth. Examine carbon brushes and replace if

necessary.

4. Check breather and breather holes for clogging.



5. Check gear-oil level in the mechanism and replenish it, if

required.

6. Check if heater is functioning properly.

7. Check interlocks of the equipment and associated isolators.

8. Check local position indicator and remote semaphore

indicator for operation. Observe for the correct operation of

recording counter.

9. After complete checking, close the cover and test the breaker

for operation under remote, local and manual control.



1. Manually operate isolator several times and observe if it

operates smoothly and correctly. Check interlocks and

integral lock, lubricate moving parts as necessary with

appropriate lubricant.

Isolators



2. If isolator is motor-operated, check commutator of motor

and clean with dry mull cloth, and check carbon brushes

for proper bedding and wear. Check if motor is working

smoothly, clean limit switch and auxiliary switch contacts

and check tightness of wiring connections. Examine

contactor box and signal box; clean thoroughly and

lubricate all gears, shafts, bearings, contacts etc.



 Immediately after switching off the power supply and

earthing the lines, feel by hand all connectors and clamps

on bus-bars and equipment terminals which carry heavy

currents to see if they are too hot. If any connection is too

hot, it indicates poor contact. Open up the connector;

carefully clean the contact surfaces, touch up the high

spots on the contact surfaces so that the mating surfaces

bed well together; apply a very light coat of refit and

tighten up. Wherever applicable, replace bi-metallic strip.

Busbars, Clamps and Connectors



1. Make a note of flag indications, if any, then reset.

2. Check if all indicating and recording instruments are

working normally and the pointers are not

3. Note and record in the Register the range of voltage and

current variations during a 15 minute period at the time

of the day when Inspection was carried out. Abnormal

voltage or current should be noted for corrective action.

4. Clean the panels externally.

Control and Relay Panels





1. Take specific gravity and cell voltage of every individual

cell and enter in the register.

2. If the battery Is not In a fully charged condition, boost

charge should be given as required and trickle charging

rate increased to the extent required. This should only be

done by a supervisory official after Investigating the

causes for excessive discharge.

3. Make a general examination of battery charger. Check

earth connection to the body.

Batteries and Battery Chargers



• These should be maintained generally on lines similar to

that of traction transformers except for items which do

not obviously apply. In addition, for PT check the fuse

holders on the LV side to see if they are in order.

PTs and CTs



a) Replace or recondition silica-gel breather, if necessary

b) Check earthing connections from bottom of structure to the

earth electrodes or to the rails. Check the availability of

duplicate earth strip and its proper connection.

c) Check all caution boards, name plates and anti-climbing

devices for proper condition.

d) Check foundation for any sinking or cracking : Check all

structure bolts and nuts for proper condition.

Annual maintenance and periodical overhaul are to be carried

out, generally as indicated for the traction transformers.

Booster Transformers



1. Measure Insulation resistance of transformer winding and

record values along with temperature.

2. Test a sample of oil for BDV.

3. Check that the 25 kV fuse-holder drops out freely on

raising the spring latch. Check rod gap setting. Measure

earth resistance of neutral conductor.

Annual maintenance and periodical overhaul are to be

carried out, generally as indicated for the traction

transformers.

Auxiliary Transformers





• SSE (PSI) should visit the grid sub-station and

ascertain whether any significant change in the EHV

grid network has occurred during the past six months

or are expected shortly.

General



1. Test oil sample from tank bottom for crackle test, acidity and

BDV. If BDV is below the prescribed Value oil should be

dried out.

2. Check whether the rod gap settings on bushings of transformers

are in order, as per Maker‘s drawings.

3. Measure and record Insulation resistance of all windings to

earth and other windings with a 2500V megger, along with

temperature of windings and ambient temperature.

4. Check all alarm and trip devices for proper functioning.

Traction Transformers



1. Observe for any signs of overheating and check the wipe

of contact blades. Clean blade tips and fixed-contact

fingers and lightly vaseline the contact making surfaces.

2. Clean all articulated joints, sliding and bearing surfaces

thoroughly.

3. Check all split pins, lock nuts and check nuts for proper

condition.

Isolators



4. Check for correct setting and alignment of arcing horns.

5. Operate the isolator slowly, check for simultaneous

operation of the blades on the poles and correct alignment

of blade tips in the fixed contact jaws of the poles. Adjust

if required to ensure that the blades are fully home

between the contacts when handle is in closed position.

6. Check locking arrangements.



1. Check tightness of all connections, remove cobwebs and

wipe off accumulated dust with dry cloth.

2. Check if tap and time settings of the relays are in order.

3. Examine fuses for signs of overheating or aging,

springiness and cleanliness of contact making parts.

Clean up and lightly Vaseline to ensure proper

contact.

Control and Relay Panels





1. Inspect the fence all-round the sub-station and bonding

between metal fencing panels and to earth. Put a drop of

oil in the hinges of all doors. Repaint any of the

structural parts as necessary.

2. Open all the trench cover and clean them completely.

Clean all culverts and remove cobwebs; check

possibility of lizards or other insects gaining entry into

enclosed control equipment, and make them insect-

proof.

General



3. Arrange for painting of walls and metal-works as

necessary.

4. Check all explosion vent diaphragms for any damage.

5. Check rod gap setting.



1. Check earthing terminals and earth strips for proper

condition. Check connection to the line.

2. Where lightning arrestors are provided with discharge

counters, record the counter reading.

Lightning Arresters



1. Check physically the soundness of bonding and earthing

connections to every electrical equipment, structural steel,

lightning arrestor etc. and inter-panel connections.

2. Record earth resistance to body of electrical equipment as

well as to all parts of the fencing and structural steel work.

3. Check if the terminations of the overhead shield wire

covering the whole sub-station are In good physical

condition and properly bonded electrically to the

structures.

Bonding and Earthing



4. Check and record resistance of each group of earth

electrodes, after disconnecting it from common earth

system. Improve, if necessary.

5. Check condition of connections to the hurried rails.



1. Send samples to approved laboratory for all tests including

dissolved gas analysis.

2. Check oil level in bushings.

3. Inspect bushing gaskets for leaks and tighten bolts.

4. Move the tap-setting switch up and down the full range a few

times so that by self-wiping action good contact is assured.

Set the tap finally at the correct position making sure that tap-

indication corresponds to position of main contacts.

5. Paint transformer tank on such parts as required.

Traction Transformers



1. Smoothen burrs, if any on the blade tips and fixed contact

fingers with fine emery paper and smear vaseline.

2. Measure clearance of blade in open position and record and

adjust crank mechanism, if found necessary.

3. Check the adjustable stop set-screws for proper condition and

correct positioning

4. If the isolator is motor-operated, measure and record

insulation resistance of motor windings and contactor coils

using a 500 V megger,

Isolators



• Measure with a 'Ductor' or other low resistance

measuring Instrument the contact resistances of all

connection which are carrying heavy currents.

Bus Bars and Connectors



1. Carry out prescribed maintenance on relays.

2. Check and clean up control switches and push-button

contacts for burnt or corroded marks; polish the

surfaces. Check also if the contact springs have the

correct springiness.

Control and Relay Panels



Batteries and Battery Chargers

• If the battery is not in a healthy condition or if there is

excessive accumulation of sediment, the whole battery

should be replaced with a new set.

Battery Charger

• Open out the covers of the battery charger and blow out

all dust. Check tightness of all connections, bolts, nuts

and screws. Measure and record the insulation resistance

of the transformer windings of the battery charger with

500V megger.



PTs and CTs

1. Test oil samples if possible.

2. Check rod gap setting, if provided.

3. Measure insulation resistance.

4. Check conditions of fuses of PTs and terminal

connections for CTs.



Pre-Monsoon Checks

• Before onset of monsoon season, it should be ensured that

for every equipment no scheduled maintenance work is

overdue. In the scheduled inspection just preceding the

monsoon, special attention should be paid to the

vulnerable points likely to permit ingress of moisture

resulting in reduction in dielectric strength of the

equipment and rusting of parts.



Overhaul Schedule for Equipment

1. Transformers
In case of an internal fault or once 

in 7-10 years.

2.

Operating 

Mechanism of 

Circuit Breaker & 

Interruptors

Once in 10 years or as and when 

any major part like springs have 

to be replaced or the mechanism 

is sluggish, and needs shop 

attention and overhaul.
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Energy conservation is use of energy 

 Judiciously

 Efficiently

 Without making waste

WHAT IS ENERGY CONSERVATION?



“ENERGY SAVE MEANS ENERGY PRODUCED’’

.

• With the limited resources of production of electricity

in our country and escalating prices of electrical

energy year after year, it is high time that we should

think in terms of conserving energy to the maximum,

while maintaining the punctuality of the trains.
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Energy Conservation Measures for Traction 

Installations

 Shunt capacitor banks shall be provided at traction sub-

stations, where not done. To reduce maximum demand

and line losses. Priority should be given to the sub-

stations feeding large marshalling yards.

 Stand traction transformers should be kept de-energized

to save on no load losses.

 Demand monitoring equipment, wherever provided shall

be maintained in the working order.
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 Traction Power Controller should co-ordinate with the

Section Controller to avoid simultaneous starts of trains,

as far as practicable, Bunching of the train in the event of

breakdown has to be avoided to the extent feasible.

 Whenever stand by emergency power supply is also

derived from OHE. The associated auxiliary transformer

should be kept isolated from 25kv side to avoid no load

loss. This however, shall not be applicable for power

supply to signals where changeover has to be immediate.
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 Ensuring of good electrical contact to attain low

resistance at conductor joints (splices) and parallel

groove (PG) clamps through periodical inspection and

maintenance.

 Connections to buried rail opposite sub-stations for return

current are prone to corrosion leading to increased

resistance and loss of energy. These connections should

be inspected periodically and maintained to obtain good

electrical connection.



DO ENERGY AUDIT AS FOLLOWS

 Monitor and control.

 Minimize idle running.

 Question the need.

 Munificence for higher efficiency.

 Minimize the need or end use. 

 Alternate energy source.

 Minimize the losses.



 Recycling.

 Operate equipment at optimum capacity.

 Quality control.

 Select efficient- process, system and equipment



ENERGY CONVERSATION METHODS 

For Traction Load

• Adoption of 3 phase GTO/IGBT technology for electric

loco with regenerative braking.

• Adoption of DC/AC GTO/IGBT technology for EMU

with regenerative braking.

• Adoption of IGBT based auxiliary converter (SI) on

WAG9, WAG7 and WAP4 loco.



ENERGY CONVERSATION METHODS 

• Development of Head on Generation Scheme.

• Maximizing Coasting.

• Lowering down pantograph and switching off auxiliaries

as per norms.

• Adoption of energy efficient technology by using light

weight coaches and wagons.



ENERGY AUDIT

• Energy Auditing is necessary to identify

possible sources of energy leakages and

inefficiency in energy usage in buildings.

• This is the most powerful tool to

incorporate cost effective energy

conservation measures in the system to

give an overall saving in energy.



• Conduct internal audit of individual equipment/system

once a year.

• Submit copy of reports to Energy Manager with

recommendation on action.

• Keep record of calibration status of all energy measurement

instruments/devices.



• Maintain portable tools/instruments required for audit.

• Keep abreast of all Codes of practices for energy efficiency

testing.

• Training of measurement staff on use of instruments and

Codes.

• Be a team member of the external audit team.



• Carbon credits are acquired by financing the carbon

reduction projects in developing nations.

• The credits originating from such projects are termed as

Certified Emission Reductions (CERs).

• For every tonne of carbon dioxide reduced, one CET is

issued which is then traded in the international market.



• In other words, the developed country gains credits

through reduction of GHG emission or afforestation in

developing country.

• If a company emits lower than its allowed limit, it can sell

its extra allowance to other companies that are not able to

meet their emission targets.



• The Kyoto Protocol is an international agreement linked to

the United Nations Framework Convention on Climate

Change, which commits its Parties by setting

internationally binding emission reduction targets.

• The Kyoto Protocol was adopted in Kyoto, Japan, on 11

December 1997 and entered into force on 16 February

2005.



• The ultimate objective of the UNFCCC is the stabilization

of greenhouse gas concentrations in the atmosphere at a

level that would stop dangerous anthropogenic interference

with the climate system.

• Carbon Dioxide (CO2) is the most important

anthropogenic GHG.



Principal concepts of the Kyoto Protocol

Implementation:

In order to meet the objectives of the Protocol, Parties are required to

prepare policies and measures for the reduction of greenhouse gases

in their respective countries.

Minimizing Impacts on Developing Countries by establishing an

adaptation fund for climate change.

In addition, they are required to increase the absorption of these gases

and utilize all mechanisms available, such as joint implementation,

the clean development mechanism and emissions trading, in order to

be rewarded with credits that would allow more greenhouse gas

emissions at home.

Accounting, Reporting and Review in order to ensure the integrity of

the Protocol.



• Establishing a Compliance Committee to enforce compliance

with the commitments under the Protocol.

• International emission trading allows developed countries to

trade their commitments under the Kyoto Protocol.

• They can trade emissions quotas among themselves, and can

also receive credit for financing emissions reductions in

developing countries.

• Developed countries may use emissions trading until late 2014

or 2015 to meet their first-round targets.

Compliance:



• Developing countries do not have binding targets under

the Kyoto Protocol, but are still committed under the

treaty to reduce their emissions.

• Actions taken by developed and developing countries to

reduce emissions include support for Renewable energy,

improving energy efficiency, and reducing

deforestation.

• Under the Protocol, emissions of developing countries

are allowed to grow in accordance with their

development needs.
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Saftey







Ensure a surface layer of 

crushed rock is provided 

to a thickness of 100mm 

at TSS or  Switching 

station



• Keep well equipped

first aid box with

necessary medicines &

check it periodically



Do not leave 

unwanted 

materials in 

switching 

yard







Ensure field 

telephone , TPC , 

P&T and railway 

phone of TSS are 

in working 

condition



After obtaining 

PTW from TPC , 

ensure that 

power supply of 

concerned 

equipment is 

switched OFF.



Equipments 

must be 

earthed 

before 

commencing 

the work



Do not work on Equipment 

during Live/ON condition.





Do not 

work 

without 

shoes in 

switching 

yard



Do not 

gossip 

at the time 

of 

power block 

work.



Do not stand on AT or 

anti climbing wire while working.





Use the 

correct size 

ladder / stool 

while working 

on equipment.



Do not leave door 

of equipment in 

open condition & 

leave any tool 

inside the 

equipment after 

completion of 

work.
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CAMTECH, Gwalior

• In order to minimize outages due to equipment failures,

modern condition based maintenance techniques needs

to be implemented in maintenance of electrical assets to

predict deterioration of various components or failure

prone locations.

• Thermography is one of the latest condition based

techniques to detect hot spots.
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CAMTECH, Gwalior

• Most of the electrical failures are due to component

failure or loose connections. Thermal imaging infrared

camera easily identifies electrical and mechanical

problems like hot spots, heat development on loose

connections, hidden faults etc. before they result in

failures or fire cases
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CAMTECH, Gwalior

• Predictive maintenance of power systems/ electrical assets

is essential to maintain the reliability and reduce outages.

Nearly everything that uses or transmits power gets hot

before it fails. Infrared thermography is one of the most

effective proven predictive maintenance technologies to

quickly, accurately and safely locate problems prior to

failure. Finding and fixing a poor electrical connection

before a component fails can save the much greater costs

associated with downtime, traffic losses, power failures,

fires and other failures.
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CAMTECH, Gwalior

• A Thermographic camera (also called an infrared camera or

thermal imaging camera) is a device that forms an image

using infrared radiation, similar to a common camera that

forms an image using visible light. Instead of the 400–700

nanometer range of the visible light camera, infrared cameras

operate in wavelengths as long as 14,000 nm (14 μm). Their use

is called thermography.

• It is a non-contact device which detects infrared radiations and

converts it into electronic signals which is then processed to

produce a thermal image on a video monitor and perform

temperature calculations. It measures infrared (IR) energy and

convert the data to images corresponding to the temperature.
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CAMTECH, Gwalior

Thermal Imaging System
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CAMTECH, Gwalior

• Resolution of these cameras are considerably lower than

that of digital optical cameras (photo cameras we are

using now a days are having resolution in Mega pixles),

mostly only 160 x 120 or 320 x 240 pixels, although

more expensive cameras can achieve a higher resolution.

• When an image is captured using the thermal imager, all

of the background data is also saved along with the

picture allowing in-depth analysis using software.
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CAMTECH, Gwalior

Infrared energy (A) coming from an object is focused by the

optics (B) onto an infrared detector (C). The detector sends the

information to sensor electronics (D) for image processing. The

electronics translate the data coming from the detector into an image

(E) that can be viewed in the viewfinder or on a standard video

monitor or LCD screen.
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• Infrared thermography is the technique of transforming an infrared

image into a radiometric one, which allows temperature values to be

read from the image. So every pixel in the radiometric image is in

fact a temperature measurement. In order to do this, complex

algorithms are incorporated into the thermal imaging camera.

• Heat sensed by an infrared camera is very precisely quantified, or

measured, it allows monitoring, identifying and evaluating the

relative severity of heat-related problems.

• Thermal imaging cameras are the perfect tool for predicting

failures because they make the invisible visible.
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When carrying out Thermographic inspections, 

faults are often identified by comparing heat

patterns in similar components operating 

under similar loads.
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 It helps to find out electrical hot spots and faulty

equipment in incipient conditions.

 It is an ideal means for maintenance people looking for

safety and reliability when conducting routine surveys of

electrical systems, switchgear and electrical components.

 It is non contacting and can be done in live condition

without affecting the operation, production or traffic.

 It is applicable to most types of electrical, mechanical

equipment and power lines.
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 It is easy to quickly identify areas of concern/ specific location

in large areas and problems can be attended in time before

failure.

 It works even in total darkness because ambient light level

does not matter.

 Advanced thermal imaging cameras also have the wi-fi and

internet connectivity features. By this the live thermal images

can also be viewed at a remote location.

 It has the storage memory and images are saved with details.

The same can be downloaded with USB port and detail

analysis can be done with the help of software. Accordingly

predictive maintenance can be done.
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IR THERMO-METERS 

V/S 

THERMAL IMAGING

CAMERAS
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Infrared (IR) thermometers are useful

only for measurement of single spot

temperature but for scanning large

areas or components, they are not

suitable.

Infrared thermometer measures the

temperature at one single spot only

while thermal imaging camera uses

thousands of infrared thermo-meters at

the same time.

IR thermometer reading

56°
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 Thermal imaging cameras can

measure temperatures on the entire

image. If a thermal imaging camera

has an image resolution of 320 x 240

pixels, this means that it is equal to

using 76,800 infrared thermometers

at the same time. IR thermal camera 

image

 Infrared thermometer only gives a temperature reading while the

thermal imaging camera gives the thermal image of a large area

with comparative temperature colour/ readings which can be

used to identify the hotspots.
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Infrared energy is just one part of the electromagnetic spectrum,

which includes radiation from gamma rays, x-rays, ultra violet, a thin

region of visible light, infrared, terahertz waves, microwaves and

radio waves. These are all related and differentiated in the length of

their wave (wavelength).

Electromagnetic spectrum
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• A special camera can detect this radiation in a way similar

to the way an ordinary camera detects visible light.

• For use in temperature measurement the brightest

(warmest) parts of the image are customarily colored

white, intermediate temperatures reds and yellows,

and the dimmest (coolest) parts black. A scale shown

next to a false color image relates colors to temperatures.
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Infrared thermal image with temperature indicator
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Infrared radiation lies between the 

visible and microwave portions of the 

electromagnetic spectrum. The 

primary source of infrared radiation is 

heat or thermal radiation. Any object 

that has a temperature above absolute 

zero (-273.15 degrees Celsius or 0 

Kelvin) emits radiation in the infrared 

region.



Phase II - Module No. STC-TrD-PSI-5

CAMTECH, Gwalior

We experience infrared radiation 

every day. The heat that we feel 

from sunlight, a fire or a radiator is 

all infrared. Although our eyes 

cannot see it, the nerves in our skin 

can feel it as heat. The warmer the 

object, the more infrared radiation it 

emits.
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Thermographic cameras can be broadly divided into

two types:

 cameras with uncooled infrared image detectors

 cameras with cooled infrared image detectors
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• Uncooled thermal cameras use a sensor operating at

ambient temperature, or a sensor stabilized at a temperature

close to ambient using small temperature control elements.

All modern uncooled detectors use sensors that work by the

change of resistance, voltage or current when heated by

infrared radiation. These changes are then measured and

compared to the values at the operating temperature of the

sensor.

• Uncooled infrared cameras are smaller and less costly.

However, their resolution and image quality tend to be

lower than cooled detectors.
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• Cooled detectors are typically contained in a vacuum-

sealed case or Dewar (vacuum flask) and cryogenically

cooled. The cooling is necessary for the operation of the

semiconductor materials used. The drawbacks of cooled

infrared cameras are that they are expensive both to

produce and to run. Cooling is both energy-intensive and

time-consuming.
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• TI directorate of RDSO/ Lucknow has issued specification

no. TI/SPC/OHE/TIPS/1031, December, 2013 for

infrared imaging system for stationary installation. This

revised specification supersedes earlier specifications no.

TI/SPC/OHE/TIPS/0010 & TI/SPC/OHE/TIPS/1030

(06/2005), Rev-1. The salient features of this specification

are as follows:
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• The infrared imaging system shall be single unit suitable

for hand held operation.

• It shall be a battery operated and rugged enough for use in

the field.

• It shall have inbuilt display facility to show the infrared

images on the spot.

• It shall be capable of working in open environment and

shall not use any cooling system either internally or

externally.
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• The on board image analysis and storage facility must be

provided.

• The optics of the camera should include suitable

(Horizontal Field of view) HFOV & (Vertical field of

view) VFOV lens for measurements of the different

objects / installation in the network.
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The infrared imaging system shall be suitable for

monitoring, measurement and storing hot spot

temperatures on the following applications:-

 Detect heat build-up on bus ducts/bus bar/isolators.

 Connections of overhead distribution lines/cable

termination in HT circuits, switch board & HT/LT

panels.

 Overhead transmission/power lines.

 Scanning of Sub-station yard for identification of any

critical problem areas.
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 Transformer bushings.

 Detect problems with oil filled SF-6 breakers.

 Scanning of joints in 25KV overhead equipment,

jumpers etc.
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• The system should be menu operated and should assist the

user for different measurements including focus,

histogram etc. The setup menu should provide the facility

for adjustment/ selection of emissivity, background

temperature, auto range, time, date, colour pallets etc.

It should also include internal memory for the storage of

the scanned images in the field and for its further

processing.
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• The system shall have on board battery for hand held

operation. The accessories shall include 2 sets of spares

rechargeable batteries having back up of minimum 4

hours, AC power adaptor/battery charger, carrying

case, user manual and software installation CD and any

other appliances that may be required. Operational training

shall be imparted for two days for two railway engineers at

site by supplier.



Phase II - Module No. STC-TrD-PSI-5

CAMTECH, Gwalior

 Unbalanced loads

 Loose or corroded connections increased resistance in the circuit

(typically one side of components heats up)

 Harmonics (3rd harmonic current in Neutral)

 Overloaded systems/excessive current

 Insulation failure

 Component failure

 Wiring mistakes

 Under specified components (like fuses) would heat up on both

side of the fuse.
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 Power distribution lines  Fuse boxes 

 Cables & connections  Relays/Switches 

 Insulators  Capacitors 

 Substations  Circuit breakers 

 Controllers  Transformers

 Motors  Battery 
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Thermography may be suitably used for monitoring high

voltage equipment, low voltage equipment, cabinets, motors,

pumps, high temperature equipment etc.

Applications for thermal imaging cameras within the range of

electrical systems can be divided into two categories:

 high voltage installations and

 low voltage installations.
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• Heat is an important factor in high voltage installations.

When electrical current passes through a resistive element,

it generates heat. An increased resistance results in an

increase in heat. Over the time the resistance of electrical

connections increases, due to loosening and corrosion for

example. The corresponding rise in temperature can cause

components to fail, and resulting in unplanned outages.

• If such point left unchecked, the heat can even rise to the

point where connections melt and break down; as a result,

fires may also break out.
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Examples of failures in high-voltage installations that can be

detected with thermal imaging:

• Oxidation of high voltage switches

• Overheated connections

• Oxidised, or corroded connectors

• Incorrectly secured connections

• Insulator defects etc.
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• These and other issues can be spotted at an early stage

with a thermal imaging camera. This will help to

accurately locate the problem, determine the severity of

the problem, and establish the time frame in which the

equipment should be repaired.
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Thermal image of a power system

• Figure given below shows a hot-spot created by a bad

connection in a power distribution system.

• Similarly when looking at similar current carrying

connectors, a poor connection shows a higher

temperature due to its increased resistance.
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Digital picture of jumper/ splice connections in power line

Thermal image showing over heated loose connection

with temperature chart
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• Thermal imaging cameras can also be used for

inspections of low voltage installations as well such as

electrical cabinets/panels, control panels and other low

voltage equipment like panels of RMPU, battery charger,

RRU/ERRU of coaches etc.

• Besides loose connections, electrical systems suffer from

load imbalances, corrosion, and increases in resistance to

current. Thermal inspections can quickly locate hot spots,

determine the severity of the problem, and help to

establish the time frame in which the equipment should

be repaired.

Low Voltage Installations
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Examples of failures in low voltage equipment that can be

detected with thermal imaging:

 High resistance connections

 Corroded connections

 Internal fuse damage

 Internal circuit breaker faults

 Poor connections and internal damage etc.

These and other issues can be spotted at an early stage and

this will help to prevent costly damages and failures/ fires

cases may be avoided.
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Thermal image showing overheated fuse connection
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Thermal image showing overloaded MCB 
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Different materials and circumstances influence the

temperature readings from the thermal imaging camera.

Some of the most important factors influencing the

temperature readings are:

1. Thermal conductivity

2. Emissivity

3. Reflection

4. Weather conditions
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• Different materials have different thermal

properties. Insulation tends to warm up slowly,

while metals tend to warm up quickly, for

instance. This is called thermal conductivity.

Difference in thermal conductivity in two

different materials can lead to large temperature

differences in certain situations.

1. Thermal conductivity
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• To read correct temperatures, emissivity is one of the

important factor needs to be taken into account.

Emissivity is the efficiency with which an object

emits infrared radiation. This is highly dependent on

material properties.

• It is extremely important to set the right emissivity in

the camera or the temperature measurements will be

incorrect.

• In general for thermography of electrical

installations, it is kept as 0.95.

2. Emissivity
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• Some materials reflect thermal radiation much

like a mirror reflects visible light. One example is

non-oxidized metal, especially if it is polished.

Reflections can lead to misinterpretation of the

thermal image. The operator should therefore

choose the angle at which the thermal imaging

camera is pointed at the object carefully, to avoid

such reflections.

3. Reflection
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• Ambient temperatures have a big influence on

temperature readings. High ambient temperatures

can mask hot spots by heating the entire object,

while low ambient temperatures might cool down

the hot spots to a temperature below a previously

determined threshold.

• Direct sunlight and shadows influence the thermal

pattern on a surface even after many hours to

sunlight exposed.

4. Weather conditions
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• Another weather factor is wind, airflows cool down the

surface material, lowering the temperature differences

between hot and cold areas.

• Another obvious factor is rain, it cools down the surface

material. Even after the rain has stopped the evaporation

of the water cools down the surface material.

• Obviously all these factors can lead to misleading

thermal patterns.
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 List all of the equipment suited for thermal

imaging inspections to monitor.

 Define the priority and periodicity as per previous

record of failures available. The equipment which

is most prone to failure and have direct impact on

the system shall be given priority.

 Set the schedules for the thermal inspections

based on the above information.

1. Define the task
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 For reference material, take thermal images of all of

the equipment, aim to inspect. This should be done

during normal operation.

 Especially capture multiple thermal images of one

piece of equipment, if it has key components or

subsystems that are prone to failure.

 These images will serve as baseline reference material

and to be documented very well.

 Make sure to take into account all of the factors

mentioned earlier, to enable accurate temperature

measurements.

2. Perform a baseline inspection
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 The report of baseline inspection should include the

methods used, such as the emissivity and reflection

settings, alongwith the exact location, description of

each thermal image for each piece of equipment.

 This database of baseline images will help to determine

temperatures which are acceptable for each piece of

equipment.

All of the above information will help to determine

whether there is something wrong with the

equipment/system during later inspections.
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 Have a list with pieces of equipment that need to

be checked alongwith schedule for the

inspections.

 Carryout thermal inspection of equipment and

check with earlier record and note whether it

requires further investigation or not.

 It is necessary to take a close look at the thermal

images while inspecting and analyzing.

3. Start Inspection
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• When all of the equipment has been inspected it

is time to return to the office to do the analysis of

the images and to summarize the findings in a

report. Base on these reports predictive

maintenance can be planned accordingly.

4. Analysis And Reporting
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 Human safety is extremely important when working with

electrical equipment.

 Whenever possible wear the appropriate personal

protective equipment (PPE), clothing, face shielding,

gloves etc.

 Working on or examining energized equipment must be

taken seriously.
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 The thermographer should have adequate knowledge and

shall comply with all the safety precautions and

procedures laid down by authorities especially when

examination of live systems are involved.

 The thermography personnel shall not touch any

electrical equipment open/remove any covers etc.
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