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INTRODUCTION:

A Distribution Transformer (DT) is utilized to step down the voltage from 11 KV to 0.433 KV/0.250KV so that the electrical
power is usable for providing supply to the customers such as domestic, commercial, industrial, LT, etc. A registered
consumer expects uninterrupted power supply because during the failure of power supply, all works be it domestic, official,
commercial or industrial comes to a standstill. Hence, transformer failure leads to consumer complaints and unnecessary
emergency for the Utility to restore the power supply. In urban areas, the reason for failure of power supply due to failure
of transformer is not too frequent, whereas in rural areas most of the power failures are attributable to the failure of
distribution transformers.

SHIPPING:

Transformers are shipped completely sealed. Core and coils are assembled in a tank with insulating liquid covering the coils.
The gas space above the oil is pressurized with 2-4 psi positive pressure of pure nitrogen.

This method of construction preserves the quality of insulation, the cooling and insulating liquid by preventing
contamination from external sources.

INSPECTION ON RECEIPT:

¢ Maintenance and lines and bus bar inspection: The maintenance and the inspection are a dangerous work; from there,
beforehand a detailed program must be developed, placing special attention on the safety of the workers and of the
equipment. When working with bus bar, lines, terminal, etc., the work can only begin after confirming that these
parts are not receiving any power, verifying for this that the switches are in the open position, something which can
be checked with a detector for circuits. The omission of these revisions, thinking erroneously that the circuits do not
have voltage can cause serious accidents.

EXTERNAL INSPECTION:

When a transformer is received, a thorough external inspection should be made before the unit is removed from the truck.
If there is evidence of damage and/or indication of rough handling in transit, an inspector representing the carrier should
be requested and the manufacturer immediately notified.

e Isthere any sign of external damage?

e Is the paint finish damaged?

e Isthere corrosion other than at handling or anchor points?

Are any threaded fittings or valves leaking?

[s there any damage to packaging or crates?

Current tank pressure (PSI) (if a pressure vacuum gauge is supplied)
Liquid level as read on liquid level gauge (if supplied)

Top oil temperature (°C)

It is suggested that the following checklist be used:
e A) In locations where abnormal conditions prevail, such as excessive dust, corrosive gases, or salt deposits, the



bushings should be regularly inspected and cleaned as necessary.

¢ B) Radiators should be kept clean and free from any obstructions (birds’ nests, windblown debris, etc.) that may
interfere with the natural or forced-air flow across the cooling surfaces. Check all surfaces for evidence of corrosion.

e () Ventilators or screened openings on control compartments should be kept clean. Trapped insects or dirt
accumulation will interfere with the free flow of air.

e D) Accessory wiring (including rigid and flexible conduit, shielded cable and connectors) and alarm devices should
be checked annually and replaced if defective.

e E) The external ground connection should be checked annually for continuity by measuring the resistance between
the tank and ground.

e F) On all sealed tank units, the pressure-vacuum gauge should be checked daily for the first week, then quarterly for
the first year, and then annually thereafter. It is evidence of either a defective gauge or a leak in the system if the
gauge reads zero under different loading conditions.

e @) For critical transformers, the liquid level should be checked daily for the first week, then quarterly for the first
year, and then annually. Also check the liquid levels of liquid-filled bushings on the same daily/quarterly/annually
schedule.

e H) Transformers equipped with auxiliary cooling equipment, such as fans and pumps, should have the following
tests: Operate fans (check if direction of rotation is correct, and check for broken or damaged fan blades) Operate
pumps (check liquid-flow indicator for proper flow and direction of flow; check for excessive noise)

INTERNAL INSPECTION NOTE:

An internal inspection is necessary only if internal damage is suspected because of external indications of rough
handling. Only competent and qualified should open a sealed transformer. The gas space above the oil is filled with
nitrogen that could cause asphyxiation or death. Monitoring of the oxygen levels inside a transformer should always
be performed when entering a transformer. If the delivering carrier is willing to permit internal inspection of the
transformer on the railroad car or truck prior to unloading, without requiring consignee’s signature on the delivery
slip, Sunbelt Transformer should be called and an internal inspection made as outlined in the “Internal Inspection”
section of this book. If the delivering carrier will not permit internal inspection of the transformer on the truck,
note on the acceptance slip for the shipment that there are “possible internal and/or hidden damages,” and file a
claim immediately for possible hidden damage. When the transformer has been moved to the installation site or
some other convenient location to permit inspection of the internal assembly for damage in transit, proceed as
outlined in “Internal Inspection.” Request that a representative of the carrier be present during the inspection.

The transformer should always be handled in the normal upright position unless information from the manufacturer
indicates that it can be handled otherwise. Where a transformer cannot be handled by a crane, it may be skidded or
moved on rollers into place, depending upon compatibility of transformer base design and the type of surface over
which it is to be moved. During the handling operation, care must be taken to prevent overturning. The transformer
should never be tilted at an angle greater than 15° from vertical. When a transformer is shipped it is usually ready
to be set in place after the crating and shipping braces are removed. Bushings and accessories, which are shipped
separately, should be thoroughly protected against moisture until they are installed. Proper precaution must be
taken during installation of these parts to protect the transformer against the entrance of moisture.

PREVENTION OF DISTRIBUTION TRANSFORMERS FROM FAILURE:
The main factors which contribute to Distribution Transformer failure are:

1. Non implementation of the construction standards.

2. Absence of records on number of consumers, loading and history of the sub-station.



3. Absence of a well prepared action plan for distribution transformer failure reduction.

4. Absence of inspection, testing and maintenance schedule and non-implementation thereof.

5. Absence of inspection, testing and maintenance record on every sub-station.

6. Irresponsibility and carelessness on the part of some personnel.

7. Absence of proper reporting and clear guidelines at different levels.

8. Shortage of staff.

INSPECTION & MAINTENANCE SCHEDULE FOR DISTRIBUTION TRANSFORMERS:

Sl Inspection Items to be inspected | Inspection notes Actlon. required if mn -spectlon shows
frequency un-satisfactory conditions
)] Dehydrating . Clean air passages. If silica gel is pink,
Breather gl}}:g}(eatrhat alr passages change with spare. Charge. The old
charge may be reactivated for use again.
1. Fortnightly (ii) Oil Level in Check colour of active . ' . .
Transformer e If oil level is low, top up with dry oil.
agent (silica Gel) Check .
transformer oil level Examine transformer for leaks. If loose.
(iii) Physical Condition Tighten: replace if cracked
(i) Connections (HT &
LT terminals) Check tightness
. . Tighten the terminal connections
2. Monthly (i) Explosion vent Check for cracks/ | Replace lugs if required Replace the
(iii) Diaphragm damages Check for any | gasket
(Pressure relief device) oil spillage
Examine for cracks and
3. Quarterly Bushings dirt deposits Check for | Clean or replace Tighten, if required
external connection
(i) Non oil conservat?r Check for moisture under _ .
4 tank transformer (ii) cover Improve ventilation Maintenance of
' Half yearly Cable boxes, gasket breathers to be ensured Take remedial
joints, gauges and Inspect measures
general paintwork.
Check for dielectric 01l filtration to restore quality of oil.
t th Check f idit
5 Yearl (i) Oil in transformer ansr;‘lgu dee e<cl o}?rrnaa a4 Take suitable action if earth resistance is
’ y (ii) Earth resistance & high




INSPECTION & MAINTENANCE OF TRANSFORMER AND ACCESSORIES:

A. Overall Sub-station Inspection cum Maintenance Report.

a. Capacity of Transformer

b. Date of inspection

Sl Items to be inspected Condition/Observations/Remarks

1 Physical condition of the transformer

2 DOs/Main switch/Cut-Out

3 LT feeders

4 Cable Lugs

5 Earthing, Earthing Leads, etc

6 Lightening Arrestor

7 Arching Horn

8 Transformer Bushing

9 Breather

10 Condition of silica gel

11 Radiator

12 Oil level

13 Oil leakage in any

14 HT Terminal

15 LT Terminal
a. R-phase

Peak Hours

b. Y-phase

16 Current (Amps) ¢. B-phase
a. R-phase

(})lf)f;ll;gak b. Y-phase

c. B-phase




a. HT-LT
17 IR Valuel® b. HT-E
c. LT-E
STORAGE OF TRANSFORMER:

It is advisable to locate a transformer, complete with liquids in its permanent location even if it will not be placed in service
for some time. It is well to check the paint finish and to repair all damaged painted surfaces. If the transformer is shipped
and stored in dry inert gas, the gas pressure should be maintained and periodically tested.

Radiators should be stored on their shipping pallets. Oil-filled condenser bushings should be stored upright, if possible, for
extended periods of time.

If a transformer has been stored for greater than ninety days prior to energization additional testing will be required. This
is noted in the section of this manual covering field testing.

LOCATION OF TRANSFORMER:
Accessibility, ventilation and ease of inspection should be given careful consideration in the location of transformers.

Self-cooled transformers depend entirely upon the surrounding air for carrying away their heat. For this reason, care must
be taken to provide adequate ventilation.

For indoor installation, the room in which the transformers are placed must be well ventilated so that heated air can escape
readily and can be replaced by cool air. Inlet openings should be near the flow and distributed so as to be most effective. The
outlet opening(s) should be as high above the apparatus as the construction of the building will permit. The number and size
of the outlets required will depend on their distance above the transformer and on the efficiency and load cycle of the
apparatus. In general, about 60 square feet of outlet opening or openings should be provided for each 1000 kva of
transformer capacity. Air inlets should be provided with the same total area as the outlets.

Self-cooled transformers should always be separated from one another and from adjacent walls, partitions, etc., in order to
permit free circulation of air about the tanks. This separation should not be less than 30 inches.

HANDLING OF TRANSFORMER:

During the transport or the handling, it is recommended to use only the special lifting eyes and tow attachments (see “ g "and
“f” letter in the Fig. 4).

IMPORTANT: The transformer cannot be moved pushing the cooling fins or radiators or tank.
Ropes must be arranged so as not to interfere with the radiators or cooling fins. Lifting can be made using the appropriate

hooks remembering to use ropes long enough so that H is never less than L (Fig. 6). Always use all the existing hooks and
not only one of them.



Example of handling

Fig. 7 Handling by means of bridge crane and forklift truck
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Fig. 8 Manual handling




INSTALLATION OF TRANSFORMER:
Standard installation conditions

The maximum height of installation must not exceed 1000 m above sea level. When the transformer is in service, the
ambient temperature of the room must be within the following limits:

¢ Minimum temperature:

e Yearly average temperature:

Monthly average temperature:

¢ Maximum temperature: In case the height of the place of installation and/or the ambient temperature values are
higher than the ones specified above, it is necessary to specify it at the ordering stage since a particular
dimensioning of the transformer depends upon these values.

¢ Ventilation The electric current passing through the windings, and the effect of the core magnetising current produce
electrical losses resulting in localised heating of the windings and core. The transformer is designed in such a way
that natural cooling maintains the transformer temperature under the maximum values foreseen by the standards.
In order to avoid temperature accumulation in the room where the transformer is installed, it is necessary to
provide suitable ventilation.

EARTHING CONNECTIONS:

The installation must be carried out according to the standards in force, to the applicable laws and to the present instructions.
The following points must be taken into consideration when the installation is carried out:

¢ connect the earthing conductors to the relative earth points on the metallic parts of the transformer and cable boxes.

¢ connect the low voltage neutral to earth when required or when required by the protection system to earth.

DE-ENERGIZED TAP CHANGER WARNING:

Do not move or adjust the de-energized tap changer unless the transformer is disconnected from all power
sources. Failure to do so can result in failure of the transformer and injury or death. The de-energized tap changer

is used as a means of adjusting the transformer to accommodate the user system voltages. The voltage settings for
each switch position can be found on the transformer nameplate. The tap changer handle has provisions for a
padlock or key interlock system that can be coordinated with switchgear or other safety devices that ensure that
the power is disconnected prior to adjusting the de-energized tap changer. To adjust the tap changer, any lock used
must be removed and the center pin must be pulled out approximately one- half inch. The tap changer wheel should
turn and seat in the next position. The pin can then be re-seated. WARNING: Do not re-energize the transformer
unless the pin is completely reseated. Failure to do so can result in failure of the transformer and injury or death.

REGULATION OF TRANSFORMATION RATIO:

The variation of the primary voltage is obtained by changing the position of the voltage off-load tap- changer located on the
cover of the tank. Ensure always that the position of the tap-changer is properly inserted and not in an intermediate position.



In case the primary voltage of the system does not correspond exactly to the voltage of the central tap, it is necessary to
modify the position of the tap duly positioning it on one of the other taps in order that the secondary obtained is the no-load
voltage shown on the rating plate.

Note: At the time of shipping, the position of the voltage off-load tap-changer are located on the central tap.

In case of transformers with double ratio, please be sure that the position corresponding to the voltage of the system feeding
the transformer is properly connected.

Note: At the time of shipping, the position of the voltage off-load tap-changer are connected on the position of the
higher primary voltage.

Important

¢ A) In case of transformers with double ratio, please be sure the tap corresponding to voltage of the system
feeding the transformer it-self, is duly connected.

¢ B) In case the position of the tap-changer has to be changed after the transformer has been put into service the
first time, it is recommended to put the transformer out of service and to connect to ground the LV and HV
circuits before approaching the transformer.

¢ Overloading and short circuit protection: According to the parameters of the standards shown at point 1.1, the
transformer is designed and manufactured in such a way to withstand limited abnormal situation of over-voltages,
overloading and short circuit. Therefore, the transformer must be protected against thermal and dynamic effects
caused by continuous overloading and secondary short circuits by means of an automatic switch or suitable fuses,
able to disconnect the transformer in case of current flow higher than the one fixed by the protection. The
protections setting and/or the choice of fuses HV and LV side, must be carried out taking into consideration the
primary and secondary rated currents stated in the transformer rating plate, taking also into consideration that
when we feed the transformer, a very high magnetizing current is established on the primary, by means of variable
starting from a minimum of 10 times the rated current (in the worst conditions of insertion depending from the
instant when the feeding circuit is closed, from the electric characteristics of the feeding network, from the reactance
and resistance values of the circuit network-transformer, the insertion current can reach also 20 times the rated
current), even if the automatic switch located on the secondary is open and therefore without loading. Therefore, it
is necessary to duly set the relay of maximum current HV side, in current and time value, by introducing a little delay
(approx. some tens of ms), in such a way that the protection relay will not operate. Furthermore, we suggest limiting
the number of connections and disconnection of the transformer on the network.

« Protection against over voltages: In order to protect the transformers against over-voltages at industrial frequencies
or the ones due to atmospheric origin, it is recommended that voltage surge arrester with variable resistance are
used. The characteristics of the surge arresters depend on the transformer insulation level and from the
characteristics of the distribution system line. It is recommended to install the surge arresters when the
transformer is connected, directly or through a short cable, to the main networks.

COMMISSIONING OF TRANSFORMER:
Mechanical checks before the commissioning

¢ Check the earth connections
¢ Check of the insulating distance of the parts under voltage towards ground.

¢ Check the tightening of HV and LV terminals applying the following values of the tightening torque.



Electrical checks before the commissioning

Verify that the position of the tap-changer is inserted correctly. In case of double primary voltages, please check the feed
to the transformer correspond to the correct position.

Check the correct functioning of the switches located as protection of the transformer on HV and LV side.

Check the correct setting and functioning of the overloading and short-circuit protection relay.

Check the correct setting and functioning of the over-temperature protection relay and of the thermometer.

Check the functioning of the fans.

Check the general conditions of the transformer and proceed with the measurement of the insulating resistance by means
of a Megger at 2500 V. This measurement must be carried out with HV and LV terminals disconnected from
the equipment, it means before connecting the cables and/or the bus bars. The values of the measured
resistances must be approx. the following:

HV terminals / LV terminals grounded

LV terminals / HV terminals grounded

HV terminals - LV terminals / ground terminal In case the measured values are lower, please contact our after sale service.
ATTENTION: In case a transformer is put into service after a long storage period, or after a long de-
energised period, it will be necessary:

1) clean the HV/LV bushings from eventual dust and condensation by means of dry compressed air jets and dry
cloth.

2) if the transformer has been held in stock far more than six months in normal climates or far more than a
month in damp climates, check the dielectric strength of the insulating oil. Using the procedure established
by the IEC standard to check the dielectric strength of the insulating oil, if the test is negative proceed to dry
the dielectric oil of the transformer, otherwise contact Tesar.

It is recommended, finally, to carry out always a visual check of the transformer in order to verify any unlikely
presence on the surface the cooling ducts.

Insulating fluid level

Check that the reading on the level indicator approximately correspond to ambient temperature (transformer with
conservator or RIS for hermetically sealed). If the insulating fluid needs to be topped up, only fluid with the same
characteristic and not containing PCBs must be used and with the required dielectric strength.

The oil transformer must be topped up according to the manufacturers’ instruction.

APPLYING LOAD TO THE TRANSFORMER:

After attended all point of the checklist the transformer can safely be energised and loaded gradually.
Pre commissioning test results and checklist should be available to the manufacturer if asked or requested

Initially keep the transformer on No Load Condition up To 8 Hrs.
The load should be restricted up to 50 % at least for 24 hrs, after energising and then may be loaded gradually to
full load or even overload as per the loading guide of IS :6600



Caution:-

Please do not operate the tap changer of an OFF LOAD Transformer in energising condition OFF the switch G.0
Switch for Tap Changing.

Unless specifically designed to do so, transformers are suitable for full-load operation at rated temperature rise without
abnormal loss of life when operated within the following limits:

¢ Ambient temperature does not exceed 40°C; or average more than 30°C over any 24-hour period.

» Installed elevation does not exceed 3,300 feet (1,000 meters) above sea level.

Operations for commissioning :

Closing of HV switch

When the switch is closed the transformer gives out a sharp noise, which decreases in few ms until it stabilises.
Check of secondary voltages

Before closing the low voltage switch or make additional checks for parallel operation with other transformers, it is
necessary:

Check by means of a voltmeter the proper value between each two phases and of the three wye-connected voltage.

Check the proper phases displacement and the correct vector group. In case the values correspond to those stated in the
rating plate, it is possible to proceed and complete the commissioning or to carry out the checks for the parallel
service. Run in parallel service with other transformer In case the transformer has to run in parallel with
another, it is also necessary:

Check the compatibility of the rating plates of both transformers

Verify the concordance of the phases by measuring the voltage between the phase "one" of the transformer already in
service and the phase "one" of the transformer to be connected in parallel by means of a voltmeter. The value of
this result must be zero. Continue in the same way for phase 2 and phase 3 Closing of LV switch Complete the
commissioning of the transformer closing the LV switch. IMPORTANT We remind you that qualified technical
personnel must carry out the operation, commissioning and energization. Furthermore, during the voltage
measurements and the phase displacement checks on the upper terminals of the LV switches, you are
recommended to use suitable instruments and suitable insulating gauntlets.

Megger reading and date of energization must be recorded and sent to supplier within 15 days of energization for
warranty to be valid.

Prior to energization, there are a number of things that should be checked to insure that the correct internal connections
have been made, that the transformer tank is properly grounded, and that other proper precautions have been taken.

Valve Positions: Make sure all valves are in the right position prior to energization. Drain and Fill valve - Closed
Equalization valve (conservator and bladder) - Closed Equalization tube (main and LTC tanks) - Closed

Conservator tank valve - Open Radiator valves - Open Silica Gel valve - Open

Make sure all grounds are connected. This includes neutral bushing ground bus, tank to site ground mass, control cabinet,
surge arrestors, and accessory grounds.

During this energizing period before loading the transformer, it is recommended to do the following surveillance actions:



¢ Check for excessive audible noise and vibration
¢ Monitor temperature of oil, recording to be taken at regular time intervals (every hour) until stabilization

¢ Monitor temperature of winding hot spots, recording to be taken at regular time intervals (every hour) until stabilization

¢ Monitor ambient temperature
¢ Operate and check performance of LTC through all positions within rated voltages (if applicable)
¢ Operate and check performance of cooling pumps and fans (if applicable)

¢ Inspect for oil leaks and check all oil level indicators and gas detector relay (if applicable) Take oil samples at the
beginning and also at the end of the energizing period to retest for moisture content and DGA. Oil sampling in LTC
diverter switch compartment (if applicable) could be interesting for investigation and monitoring purposes. The
DGA results with the transformer energized and in no-load condition obtained at the end of the energizing period
should be kept for reference and potentially for diagnostic purposes if needed. In case there is doubt with certain
amounts of gas concentration in the results, it would be advisable to proceed also with the analysis of oil samples
taken in the beginning of the energizing period for comparison and evaluation. The transformer is now ready for
service. However, observe the transformer carefully (particularly in critical low ambient temperature areas in which
case gradual loading would be recommended) for the first few hours after load is applied. The following are some
recommended surveillance actions:

Check for correct operation of the LTC (if applicable) Make a daily inspection during the first few days to
look for any oil leaks, sudden increases of temperature, or any abnormal operation of the gas detector relay
(if applicable), and any abnormal operation of accessories (bushings, LTC, DETC, etc.).

Check List before Commissioning on site :

e Allvalves are in correct position, closed or opened as required.

¢ Air trapped from HV bushing is released.

¢ The thermometer pocket is filled with oil.

e Qilis at correct level as ambient in oil indicator/ Conservator.

e Earthing connection is done properly.

¢ The condition of silica gel in the Breather.

e Arcing horn gaps are properly adjusted if transformer is outdoor type.

¢ Incoming and outgoing terminals & connections done correctly with thimble of proper size & material.

¢ External phase clearance between phases as well as phases to earth is checked after cable terminals.

¢ Diaphragm of explosion vent is checked if provided.

¢ Tapping switch is in correct position & locked.

¢ Proper cable support has been provided to reduce under stress on the transformer terminal to avoid oil leakage.

¢ Checkleakage on seepage of oil occurs from any part of the body including gasket point and terminals.

¢ Check the meggar value of transformer.

¢ Neutral terminal at the transformer should be double earthed and the body at the transformer should be separately
double earthed.

DISCOVERY OF THE FAILURES:

It is unnecessary to say that the sooner a failure is detected, the better for the transformer, and it requires a careful and
detailed maintenance and inspection; there are procedures made for the regular inspection and of routine. By means of this



inspection a failure can be detected before it becomes serious, and reduce any damage in whatever possible. Some defects
are caused by reasons beyond human control. Such as:

¢ Sudden failures

Most of the dielectric interruptions occur suddenly, especially due to lightning or to an abnormal tension, causing a direct
failure.

Excessive current by an external short circuit or by a mechanical hit also happen suddenly. Disturbances by earthquakes and
fires can accidentally damage the transformer.

« Defects that develop slowly

Sudden defects are related generally to totally external or foreign factors to the transformer of such form that it is outside of
our scope the power to foresee them and to prepare us to face these.

The objective of our maintenance and inspection is to discover the defects that occur and that may develop slowly. These
defects are the following:

-Deformation of the insulation materials and of the windings, due to mechanical blows caused by an external short circuit.
The transformer generally is designed and is manufactured to resist the heat and the mechanical blows. However, if it is
exposed to frequent and intensive mechanical blows, even a small deformation can be converted into a serious internal
defect.

- Insulation of the core. There can be poor insulation between the sheets of the core, between the tightening screw of the
core and the insulation pipe, etc. The poor insulation cause a short circuit in the magnetic flow, producing a constant short
circuit current flow in this place and generating excessive heating up which can lead to serious defects.

- Poor insulation due to a harsh operational condition such as excessive load. According to what was mentioned in the
instruction manual, the insulation of the transformer deteriorates by the increase in the temperature and this deterioration
over the years worsens and is converted into a serious failure when the transformer suffers an excessive load.

-Deterioration of the insulation materials such as oil, bushings, etc. due to moisture absorption, to oxidation and to formation
of a partial discharge, etc.

-Deterioration of the external insulation of the transformer due to wind, snow, salt and dust. This can be prevented with the
correct inspection and maintenance.

SI | Probable Causes | Factors Remedial Measures
No
1. | Overloading A) Absence of record on the | A) Maintaining proper record of
loading of the transformer. the total number of consumers
B) Granting of load sanction along with the connected load.
without taking into account | B) Maintaining proper record on loading
loading on the transformer. of the transformer.
C) Unauthorized usage/theft of | C) DT metering (static).
power D) Augmentation of transformer or

construction of new sub-station.
E) Disconnection of illegal connections
2. | Imbalance loading | A) Absence of record on the | A) Maintaining the record of the phase-

phase wise loading and regular load balance
B) loading of the transformer. accordingly
C) B) Improper service | B) Service connection to be given from
connection to  consumers the appropriate phase(s) only after
without taking into account taking proper shutdown

the phase load C) Phase conversion




D) Long single/two phase line.

Low transformer

oil level

A) Leakage of ol
B) Theft of oil

A)

B)
C)

Proper tightening of terminals and
joints and replacement of loose/burnt
out gaskets

Proper sealing of valves

Use of REC valves

Low break Down
Value (BDV) of
the transformer oil
and poor insulation

A) Overheating of transformer.
B) Entry of moisture
contaminants.

C) Burnt out insulation in the

and

A)

B)

Augmentation of transformer or
construction of a new substation.
Proper tightening of terminals and
joints.

resistance(IR) winding & core. C) Replacement of deteriorated gaskets.

Value D) Acidity formation due to the | D) Replacement of cracked bushings.
combined effect of heat, | E) Prompt replacement of deteriorated
dissolution of varnishes & silica gel & dirty oil in the breather.
cellulose. F) Periodical testing of oil.

E) Sludge formation due G) Filtration/overhauling of transformer
continuous  heating  and oil as & when required after testing
thereby decomposition of the
insulation material which then
gets dissolved in the oil.

Poor earthing A) High soil resistivity of the | A) Periodical checking of the soil
or absence of earth pit resistivity. Renovation of earth pit or
earthing B) Disconnected earth wire or making a new earth pit.
rusted earth wire. B) Periodical  checking  of  earth
connections. Tightening of the terminal
connections.
Lightning A) High soil resistivity of the | A) Periodical checking of the soil
earth pit resistivity. Renovation of earth pit or

B) Undersized loop, especially making a new earth pit.
from the conductor to the | B) Usage of the appropriate size of
L.A. earthing loop

C) Disconnection earth wire and | C) Periodical checking of earth wire
rusted earth wire. and earth connection.

D) Common earthing. D) Tightening of the terminal connections.

E) Absence of lightning | E) Earthing loop of LA’s is to be
arrestors / damaged lightning separate.
arrestors. F) Installation/ replacement of LA’s

Improper or poor | A) Loose connection A) Proper  tightening of  terminal
cable terminal B) Poor lugging connections.
B) Proper lugging and wusage of
appropriate size of lugs.
Burning of | A) Leakage of oil at terminals. A) Proper tightening of terminals and
transformer B) Short circuit between cables joints, and replacement of loose burnt
due to failure of insulation. out gaskets
C) Fire due to weeds/ jungles etc | B) Regular check of the insulation of
cables.
C) Periodical cleaning of substation.
External short | A) Long LT line span A) Erection of intermediary poles where
circuit B) Poor safety clearance. necessary.
C) Sagging of conductors. B) Place spacers where necessary and




D) Accumulation of dust on
bushings.
E) Contact of the conductor with

trees / branches.

maintain safety clearance between
conductors.

Maintain sag of conductors as per
standard.

Cleaning of bushings

Regular jungle clearing

10. | Overrated fuses

A) Non availability of rated
fuse.

B) Ignorance of the field staff on
the appropriate ratings.

C) Use of conductor as fuse

Prompt requisition and procurement of
fuse.

Training of staff on the purpose of
fuse, correct size and implications of
overrating.

Discourage the use of conductor as
fuse wire

11. | Flash over

A) Absence of arcing horn or
arcing horns are not fitted

properly.
B) Dirty bushings

A)
B)

Proper fitting of arcing horns.
Periodical cleaning of bushings.

12. | Lack of testing of
transformer and
sub-station
equipments

A) Non availability of megger
earth tester, filter machine, oil
testing kit.

B) Absence
testing.

C) Shortage of staff

of a routine for

A)

B)

C)

Each sub-division should have megger,
tong tester, and earth tester and each
division should have an oil filter
machine and oil testing kit.

Testing schedule to be compiled and
implemented.

Outsourcing of the testing.

13. | Vandalism

A) Unsecured sub-station
B) Lack of awareness among the
public

A)

B)

Proper fencing and the gate(with lock
if needed).

Danger plate in the substation.

Public awareness through media and
meetings.

ACCESSORIES :

PRESSURE RELIEF DEVICE

When required by the specifications, a mechanical automatic re-sealing type pressure relief device can be supplied.
This device requires no adjustment after it operates. After relieving the pressure due to the gas build-up in the tank,
it automatically re-closes and reseals. Optional alarm contacts are available which indicate the operation of the
pressure relief device. The psi trip setting of this device is not adjustable and is matched with the pressure rating of

the transformer tank.

WARNING: Do not disassemble the pressure relief device. Doing so could hinder its operation and result in death or

injury.

PRESSURE-VACUUM BLEEDER DEVICE

When required by the specifications, a pressure-vacuum bleeder can be supplied. This device is designed to protect
transformer from a slow build-up of pressure. The pressure and vacuum relief points are adjustable and are factory
set to admit air when the vacuum exceeds -6.5 psi and exhaust internal gases when the pressure exceeds +6.5 psi to

maintain a safe level of vacuum or pressure, respectively.




VACUUM-PRESSURE GAUGE

The pressure vacuum gauge measures the pressure with respect to the outside atmosphere. Maintenance is not
expected. The vacuum-pressure gauge may be supplied with alarm separate adjustable contacts. Typical settings
are 8.5 psi for a pressure trip and -1.5 for a vacuum trip setting.

NOTE: A zero pressure reading that does not change with temperature could be indicative of a leak. A leak will allow
moisture to enter the transformer that will degrade the insulation and shorten the life of the transformer.

SUDDEN OR RAPID PRESSURE RISE RELAY

This relay actuates not on the absolute value of pressure, but on the rate-of-rise of the transformer tank pressure in
a given time period. This rate-of-rise is not affected by the instantaneous tank pressure. This relay is used to sound
an alarm, or cause a breaker to operate when a transformer experiences severe arcing or transformer failure that
generates a large quantity of gas that increases pressure in a short period of time.

A seal-in relay panel is typically supplied in the transformer’s control cabinet that captures the quickly resetting
contact closure of the sudden pressure relay. The alarm or trip contact closure of the seal-in relay panel will remain
closed until the reset button located on the panel is depressed.

BUCHOLZ RELAY

If the transformer is equipped with Buchholz relay (transformer with conservator) to avoid unnecessary activation,
proceed carefully with the leaking operation of the relay, acting on the taps (see instruction relay). If during
commissioning or in the first hours of the energization the Buchholz relay should signal the formation of gas, in
small quantities, first to believe that there is a fault in the transformer and repeat the leaking operation.

DIAL TYPE THERMOMETER

When required by specifications, a dial type thermometer is mounted in a thermometer well located on the
transformer’s tank wall and can be easily removed. The thermometer reads the top oil temperature. As an option it
is available with contacts, which can be used to sound an alarm, control fans, and/or actuate circuit breakers when
a preset temperature is reached. The temperature settings of these contacts are adjustable with typical values being
60°C for first stage fans, 70°C for second stage fans, 100°C for alarm and 110°C for the trip point. There are no ANSI
standard values for these settings.

The thermometer has a drag pointer that indicates maximum temperature reached. The drag hand can be reset by
turning the reset knob, located on the center face of the gauge counter clockwise until it reaches the temperature
pointer. When operating at less than the maximum load the winding hottest point temperature should not exceed
80°C plus the ambient temperature.

LIQUID LEVEL INDICATOR

When required by specifications a liquid level gauge is mounted on the tank wall. This device utilizes an internal
float arm that is linked to the gauge face with a magnet. The gauge face can be removed without contact with the oil.
The magnetic gauge is available with or without contacts that can be used for alarm circuits. The liquid level gauge
is calibrated at the factory to read correct at the 25°C fill mark, HI at 85°C and LO at -20°C.

OIL/WINDING TEMPERATURE GAUGE

Also known as a Dial-Hot Spot Gauge, this device measures the temperature of the top oil that is preheated by a
resistive coil that adds heat proportional to the load of the transformer. A current transformer sends current
proportional to the load of the transformer to a resistive element wrapped around the temperature sensor. Because
there is no direct contact with the actual hottest point of the windings the winding hotspot is a simulated
temperature and is calibrated based on design criteria.



This gauge is provided with standard contacts that can be used to sound an alarm, control fans, and/or actuate
circuit breakers when a preset temperature is reached. The temperature settings of these contacts are adjustable
with typical values being 70°C for first stage fans, 80°C for second stage fans, 115°C for alarm and 122°C for the trip
point. There are no ANSI standard values for these settings.

The winding temperature gauge has a drag pointer that indicates maximum temperature reached. The drag-hand is
reset by turning the reset knob on the center of the gauge. When operating at less than rated load the maximum
temperature should not exceed 85°C plus the ambient temperature.

PERIODIC INSPECTION:

The following is a checklist of the more important items and measurements which should be checked at least semi-annually
- unless recommended more frequently below - and/or as needed.

- Determine that the oil level in the transformer tank and all liquid filled compartments, such as junction boxes or switches,
is satisfactory. Test the dielectric strength of the liquid. Oil from the tank bottom that tests 24 kV or less should be filtered.
Refer to IEEE C57.103-2002 for acceptable levels. Check frequently and as needed.

¢ C(lean all bushings as needed, and inspect the porcelain for cracks

¢ Check the pressure relief device (if applicable)

¢ Check temperature gauges, liquid level gauges, pressure gauges, and other indicators. Record quarterly.

¢ Check temperature gauge drag pointers to see if there is evidence of excessive loading at some time in the past.
e Perform megger check or power factor check of insulation for comparison with previous observations.

¢ C(lean fan blade and check fan operation by turning control switch to "Manual".

¢ Check paint on tank and accessories; repaint as needed.

e Make certain that no tools or other objects have been left in, or on, the transformer.

¢ Close all openings after completion of inspection. Purge with clean, dry nitrogen and repressurize to 3 PSIG.

MAINTENANCE :
MANUFACTURER SERIAL# PV]/
MONTH/YEAR OF MANUFACTURE

It is recommended that the following be checked after approximately six months of operation under normal conditions. If
the transformer is operating in caustic environments, environments below -20° C or above 40° C, or beyond nameplate
ratings, this interval should be shortened.

MAINTENANCE DURING PERIODS OF SHUTDOWN

In addition to performing the inspections suggested in the section, “PERIODIC ON-LINE INSPECTION AND
MAINTENANCE”, the following maintenance should be performed during shutdown periods.



CAUTION: Before entering a transformer that has been in service, BE SURE to lock open the line switches on both
the HV and LV side, then connect a grounded line to transformer terminals in order to discharge any stored energy
in the windings.

DO NOT ENTER THE UNIT UNTIL THE GAS SPACE ABOVE LIQUID HAS BEEN PURGED WITH DRY AIR. BREATHING
THE NITROGEN ABOVE THE TRANSFORMER LIQUID CAN CAUSE ASPHYXIATION.

Clean any contamination from bushings

Rotate the tap changer handle back and forth a few times. This will clean the contacts. Be sure to return the handle
to its original position if no change in voltage ratio is desired.

CHECKING FOR LEAKS

Check pressure vacuum gauge daily the first week of transformer operation. If pressure- vacuum gauge stays at zero
reading, it indicates a faulty seal. If transformer cannot be de-energized, be careful to not come into contact with live
parts such as bushing terminals and leads.

Under- Oil Leaks

Wipe down the area with a dry rag. Create a solution of chalk dust in rubbing alcohol paint on the area with a dry brush. The
alcohol will dry quickly leaving the dry chalk residue. The oil leak will be quickly visible.

Gas Space Leaks

Pressurize the gas space to as high psi of dry nitrogen as the tank will withstand as is indicated on the transformer nameplate.
Brush on a soap water solution that will create bubbles to reveal the leak location.

After leak is repaired, add sufficient dry air or nitrogen to provide 0.5 Psi gauge pressure at 25°C (top liquid temperature).
Refer to curve for normal pressure at other top liquid temperatures.

ATTENTION: In case a transformer is put into service after a long storage period, or after a long de-energised
period, it will be necessary:

a. 1) clean the HV/LV bushings from eventual dust and condensation by means of dry compressed air
jets and dry cloth.

b. 2) ifthe transformer has been held in stock far more than six months in normal climates or far more
than a month in damp climates, check the dielectric strength of the insulating oil. Using the
procedure established by the IEC standard to check the dielectric strength of the insulating oil, if the
test is negative proceed to dry the dielectric oil of the transformer, otherwise contact Tesar.

It is recommended, finally, to carry out always a visual check of the transformer in order to verify any
unlikely presence on the surface the cooling ducts

TRANSFORMER REPAIR :
WARNING: Always de-energize the transformer when performing repair to avoid injury or death.

Report all warranty issues to PV] POWER prior to performing any work. All warranty work must be performed under the
guidance of PV] POWER.

Due to the large number of accessories and features available with power transformers, repair information is not included
for all parts. Contact PV] POWER for additional information particular to external accessories. For a specific repair procedure
contact PV] POWER.
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Example of handling

A

Fig. 8 Manual handling
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SI | Probable Causes | Factors Remedial Measures
No
1. | Overloading A) Absence of record on the | A) Maintaining proper record of
loading of the transformer. the total number of consumers
B) Granting of load sanction along with the connected load.
without taking into account | B) Maintaining proper record on loading
loading on the transformer. of the transformer.
C) Unauthorized usage/theft of | C) DT metering (static).
power D) Augmentation of transformer or
construction of new sub-station.
E) Disconnection of illegal connections

2. | Imbalance loading | A) Absence of record on the | A) Maintaining the record of the phase-
phase wise loading and regular load balance
B) loading of the transformer. accordingly
C) B) Improper service | B) Service connection to be given from
connection to  consumers the appropriate phase(s) only after
without taking into account taking proper shutdown

the phase load C) Phase conversion




D) Long single/two phase line.

Low transformer

oil level

A) Leakage of ol
B) Theft of oil

A)

B)
C)

Proper tightening of terminals and
joints and replacement of loose/burnt
out gaskets

Proper sealing of valves

Use of REC valves

Low break Down
Value (BDV) of
the transformer oil
and poor insulation

A) Overheating of transformer.
B) Entry of moisture
contaminants.

C) Burnt out insulation in the

and

A)

B)

Augmentation of transformer or
construction of a new substation.
Proper tightening of terminals and
joints.

resistance(IR) winding & core. C) Replacement of deteriorated gaskets.

Value D) Acidity formation due to the | D) Replacement of cracked bushings.
combined effect of heat, | E) Prompt replacement of deteriorated
dissolution of varnishes & silica gel & dirty oil in the breather.
cellulose. F) Periodical testing of oil.

E) Sludge formation due G) Filtration/overhauling of transformer
continuous  heating  and oil as & when required after testing
thereby decomposition of the
insulation material which then
gets dissolved in the oil.

Poor earthing A) High soil resistivity of the | A) Periodical checking of the soil
or absence of earth pit resistivity. Renovation of earth pit or
earthing B) Disconnected earth wire or making a new earth pit.
rusted earth wire. B) Periodical  checking  of  earth
connections. Tightening of the terminal
connections.
Lightning A) High soil resistivity of the | A) Periodical checking of the soil
earth pit resistivity. Renovation of earth pit or

B) Undersized loop, especially making a new earth pit.
from the conductor to the | B) Usage of the appropriate size of
L.A. earthing loop

C) Disconnection earth wire and | C) Periodical checking of earth wire
rusted earth wire. and earth connection.

D) Common earthing. D) Tightening of the terminal connections.

E) Absence of lightning | E) Earthing loop of LA’s is to be
arrestors / damaged lightning separate.
arrestors. F) Installation/ replacement of LA’s

Improper or poor | A) Loose connection A) Proper  tightening of  terminal
cable terminal B) Poor lugging connections.
B) Proper lugging and wusage of
appropriate size of lugs.
Burning of | A) Leakage of oil at terminals. A) Proper tightening of terminals and
transformer B) Short circuit between cables joints, and replacement of loose burnt
due to failure of insulation. out gaskets
C) Fire due to weeds/ jungles etc | B) Regular check of the insulation of
cables.
C) Periodical cleaning of substation.
External short | A) Long LT line span A) Erection of intermediary poles where
circuit B) Poor safety clearance. necessary.
C) Sagging of conductors. B) Place spacers where necessary and




D) Accumulation of dust on maintain safety clearance between
bushings. conductors.
E) Contact of the conductor with | C) Maintain sag of conductors as per
trees / branches. standard.
D) Cleaning of bushings
E) Regular jungle clearing
10. | Overrated fuses A) Non availability of rated A) Prompt requisition and procurement of
fuse. fuse.
B) Ignorance of the field staff on | B) Training of staff on the purpose of
the appropriate ratings. fuse, correct size and implications of
C) Use of conductor as fuse overrating.
C) Discourage the use of conductor as
fuse wire
1. | Flash over A) Absence of arcing horn or A) Proper fitting of arcing horns.
arcing horns are not fitted B) Periodical cleaning of bushings.
properly.
B) Dirty bushings
12. | Lack of testing of | A) Non availability of megger A) Each sub-division should have megger,
transformer and earth tester, filter machine, oil tong tester, and earth tester and each
sub-station testing kit. division should have an oil filter
equipments B) Absence of a routine for machine and oil testing kit.
testing. B) Testing schedule to be compiled and
C) Shortage of staff implemented.
C) Outsourcing of the testing.
13. | Vandalism A) Unsecured sub-station A) Proper fencing and the gate(with lock
B) Lack of awareness among the if needed).
public B) Danger plate in the substation.
C) Public awareness through media and
meetings.
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