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INSTALLATION, TESTING AND MAINTENANC
- OIF POWER DISTRIBUTION TRAN:

1. INTRODUCTION

Transformers are a live wire for all power transmission systems. Simply put, they are
used for the purpose of voltage changing.  Muany types exist namely: power transformers (for
trunsiission and  distribution ol clectrical energy): autotransformers (for starting motors):
instrunent lransfornier (for circuit measuremznt) and test transformers tfor producing high-test
voltages), Transformers can be of the single phuse or three-phuse types. lrrespective of the type
of power distribution transformer, the basic components are rcusonably- the sume. These are o
static. type of machine designed For transforntion'of one alternating current systen into another
with o different voltage and currerit churacteristic.

Any system put in place must be safe, reliable (continuous) and effective, thus
transtorniers must be installed. fested and properly maintained in order tp achicve the desired
objectivers) in the power system. To install is to place or fix something in position for use und
the act of doing this is referred to as installation. Thus. when a transformer is put in place rcady
For use cnywhivre within the power sysiem. it is suid to have been installed through an mstullution

pProcess,

Belore installation and after, it is very nccessary to ascertain the state of the transformer.
This is only possible through testing, that is. subjecting the trunsformer to certain conditions that

will show its quality.

I order that the installed transformezr perform reliably, safe und effectively, iggs very
necestury to keep it in good condifion. Ong ‘way to do this is through maintenance. To maintain
is 1o keep up: retain or continue and the urt of Keeping up or retaining in good condition is

reterred o as iaintenanee.

i '

1.1 BASIC (‘v(.')M PONENTS OF POWER DISTRIBUTION TRANSFORMERS

The transiormers consist basically of a magnetic circuit (core or iron) on which the
windings (or electric circuit) are placed. [t also comprises a number of constituent parts and
elements designed mainly to facilitate the trunsformer use and maintenance.

Thesc include:

4

Ry Varous insulators (solid and liquidy fo - insulation/isolation of current carrying parts:
th Bushings: and
() Leads for connecting the windings to the transmission lines:
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td) Switch gear (tap changer or tap switch) for the transformer voltuge adjustment;
/ (el Tanks to contain the transforimer oil and other accessories; '. £
/ th Cooling tubes. Radiators and/or fans to enhunce trunstormer cooling: i
(e Profective gear which operates when u fault arises in the transformer such as @ Buchholz ;\
Relay.
: X : |
Other components include: Oil conservator (to house excess oil resulting from expunsion and i
also to supplement the oil level); the Dehydrator and the thermisyphon filter (to absorb the
moisture carried by the air that enters the trunsformer thereby protecting the oil ugainst moisture
, and catches particles in the incoming air thereby acting as a filter).  Thermisyphon filters are 3
| installed on large transformers 2.5MVA and above allowing them to be operated for o very long _‘
| time without having to temove the transformer frpm service for ol purification and regenerition t
| . thus nuntaining the desired purity and diclectric strength; the oil gauge (which indicates the oil &
/ j . level when the transformer is being filled with oil after repair and also in service). ;~
j The basis of this briet on the busic components of trunsformers is to prepure a standurd g
! point tor maintenance.  All transformers need not have ull the components described ubove. This . j
15 a function of the transformer rating (size) and duty. These components are sources of failure A
that will become evident durtng tests and therefore requiring muaintenunce (replucement or
repases s, ’
1.2 TRANSFORMER SUBSTATIONS : ‘ .
Substations abound in the power system. The prime objective is to effectively und :
! ‘ efficiently transmit and distribute electrical energy to the various and numerous customers it
conngeted to'the system. The stations are usually located such that voltage drops us we]]As losses s
are minimized. The substations can be grouped as follows: ;

The Grid Substations {(also injection substalions) 132/33KV or

ta) . ‘

132/11KV. !

by - The Primary Substations at 33/11KV; und

5§ (c) Secondary Substations ut {1/0.415/0.24KV. §
: i
The capacities of the various substations are within the tfollowing runges:
N . (i) 10 = 30MVA wid 20 - 9OM VA for the grid: _ .

(ii) S —20MVA und 5— 30MVA for the prinary and. f

100 = 2000KVA and 500 — 7500KVA for the sccondary substation respectively lor the

various consumers listed.

-

(it}

Substations can be of the indeor or outdoor types. . frrespective of the types the ;
following components ure present: high voltuge equipment. step-down truansformers. consumers |

(%)
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low voltage equipment, meters and protection equipment (circuit breakers. fuses). The locution
of the substation is such that it is near the loud center in order to reduce the cable length und

hencc. power loss itnd voltage drop..

. LI e v - . “
All statiogs should be of fireproof construction. well ventilated and dry.  Cables are
contuined in carthenware pipes within the substation. or i concrete ducts in the floor cast in situ

(for the indoor types).

In general. transformer installution cun be groupe.d as follows:
(i Pole mourited units;
{11) Outdoor units and | |
(iit) - Indoor units

Underground substations also exist.

TRANSFORMER TESTS

~ Tests are the principal meuans of detecting troubles and detects in electric equipment
(transformers. motors. generuators.) and ot checking the quality of repuair. Each test has certain
objective(s), techniques und requirements.  The tests can be broadly categorized uas pre-
installation/repair and post-installation/repair test respectively.  The objective of the pre-test
is to determine the state of the transtormer and/or the scope and nature of the repuair/maintenance
work done or o be done. ad adso. to supply the perlormmnee data with whaeh the post
installation/repair/nuintenance results are to be compured with, The essence of the post-test is to
check the werknunship to make sure the transformer is free from defects that mught upset its
normal operation. to see that its performunce complies with its data sheet values und applicable
specilications and stundards.

*®

1.1.3 APPLICATION TEST STANDARDS AND SPECIFICATIONS

Ha

. Transformers are. tested in accordance withy a program. which includes the detection of
likely defects und a check on the perfornuince characteristics for compliance with relevant

stundurds or specitications.

These standard tests can either be:

(1) Routine tests: Al transformers are subjected to these.
{i1) Type tests: These are carried out on the first unit only of & new design.

Also. we can talk of preliminary and final test respectively. The former are tests carred
out hefore transformer Is assembled in its tank in order 1o ensure that any faults detected are
rectificd and include the following: Core Insulation. -Rutio. Polarity and  Resistance  tesl
respectively. The final tests are curried out complete with yll external components and fittings
which are.likely to affect the performance of the transformer and generally include the tollowing:
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Rutio and Polarity tests:

Surge-voltage withstand test;

Sep;u'ute-sourcc-voltu;c withstund test:

Induced-over-voltage withstand test and internul discharge test;
Resistance of windings (DC resistance test). |

No-toad loss ahd no-load current test (open circuit test):

Noise test (humnming);

Zero sequence impedance test;

Temperature rise test ;md

Insulation resist;mc‘e. test.

All the tests are routine tests except (i) and (x) which ure type tests und

(i) and (ix) which ure special tests.

The acceptance test sequence is as follows:

Electric strength of transtorner oif

Winding insulation resistance

Electric strength of insulution with applied voltage
Electric s'trcnéth of insulation with induced voltage
Open-circuit conditions.

There ure yet other tests, referred to as proof tests. These are test upplied to individual

parts and units of a transtformer in the process ot munufacture und ussembly. The purpose of
these tests is to prevent fuulty parts und units from being instatled in the transtformer and check
those parts and units, which cannot be tested in the finished trdnsformers. These are primurily the

windings. core and switches.

The following tests constitute those in the post repuir category:
Ot test.

i '
Transformation ratio/angular ¢ vectors displacement group.

DC resisiance or' windings.

Open — circuit and short = circuit current und losse
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(5) Insulation resistince of the windings.

(0) Applied high tension. power frequency test of the mujor insulation for diclectric strength.

(h Indueed voltage test of thic turn insulation for diclectric strength.

It is not possible that at any point in time. all of these tests must be performed. However,
various authorities/power ‘supply authorities and manufacturers make specific demand und
requirement for transformers before being certified fit to be hooked up to the entire system. By
NEPA standards, it is necessury and required that the following lests be curried out on

trunsformers:
() Insulation resistance test,
(b) - Ratio test
(¢) Excil:llioh test
(d) Oil test

TRANSFORMER TEST PROCEDURES
(Types of Post-Repair Tests/Significance)

(1)Oil Test.
This uses « high voltage oil tester to determine the dielectric strength of the otl.
The oil sample collected is about 0.5 liter. put in the test vessel and allowed to
settle for ubout 20 minutes to free it from air bubbles. An increased voltuge is
apphed until break down occurs.  Six.such readings are noted at 10 minutes
interval. The.uverage break down voltuge is obtained using the last 5 readings.
A reading of between 25-30 kV is acceptable. -

Other possible oil tests include: abridged chemical analysis in order to determine
its acitd number, the flush point of its vapour, the reaction of a water extraction.
the suspended curbon content and the mechunical impurity content.

(ii) The D.C. an(ling Resistance Test,

This brings out any likely defects paused unnoticed during repair such as poor
soldered or brazed joint at the tap changer. broken parallel conductors etc. such

defects raise the D.C. resistunce owing to an increase in the contact resistance at
the joints and within the defective sections. Resistance variation should not

exceed 27%. An avonwrter/ u multi-meter can be used to do this test.
I v

(iii) The Insulation Resistance Test

An insulation megger - (digital or unaloguey is used with a 1000V runge to test the
insulation resistance from the H.V. winding to the tank.with the L.V. winding grounded from the

L.V. winding to the tank with the H.V. winding grounded, and between the L.V. and H.V.

winding connceted together and to the tank. - At 20°C. at least 300MQ is satisfuctory for
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transformers up to 6MVA and 600Q are satisfactory for units from 10MVA and above. In
1000MQ at a test voltuge of 100V ure s‘ltlsmclow (suy. M.G) and NEPA accepts any

|

generitl,
value hetween 200M& and mhmfy

(iv) The Open Circuit Test (Core loss/Magnetizing current test)

This detect core defects evident by increuse in magnetizing current and
associated losses thus reducing the ovemll cmcncncy or overheating of the

transtormer.

Note: V. is increased in step until the rated normal value is obtained. However,
it a reduced voltage is used. transtformation must be performed to the rated value
in ordér to get the appropriate P,. I,. This test might also serve to determine the

transformer ratio.

(v) Short Circuit Test (Load loss or impedance Test).

The impedance voltage is the voltage that will cause the ruted full-load current to flow in
the windings. Normually the LV windings are short-circuited for this test and the transformer
energized from the H.V. side. This test detects detects in the windings viz. Incorrvect transposition
of conductors. partly or fully broken conductors. iniproperly made soldered/brazed joints, using
snuller cross-section area conductor.,
the winding and entail an additional loss under no foad.

: P
The measured input power represents the total load loss at the rated load at about
75°C. it is thus necessury to meusure the winding resistance during this test in
order to compare/prorate the reudings Ob(dll]Cd This test can also confirm the
real rating of a transformer.

{vi) Ratio/Phase Interconnection Test
' -

To determine the transformer ratio, to check phase interconnection and the
connection of taps to the tap changer.

Apply at least 2% of tlie ruted voltage sinuitaneously on all ‘the phases of the
transformer.  Use the tap changer in o step-wise nunner to adjust the voltuge.. If
the variation in voltage betw eeh lhc phases does not cxceed by 2%. then all is

¥

. well.,

The phuse interconnection asserts that the windings have been properly interconnected
and that the angularor phase displacement is correct. - :

(viii)  Induced High«Voltage Test.

i r 3 ,\
This determines the strength of the insuluation between the turns and other parts
operating at different potentials.

"The test involve operuting the transtormer at between 15 — 30% higher then the
nominal voltage on open circuit for u very short time (say | minute). If no

These defects manifest by raising the ohmic resistance of

S s R SN -
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current inrushes/discharges/other symptoms of defects uare observed. then the
transformer is okay.
$

~ .
INSTALLATION OF POWER-DISTRIBUTION TRANSFORMISRS

Differcent types of substation exist in the entire power system namely injection substuation
cat the arid level 132/33KV or 132/11KV ‘to; feed various zones and districts).  Primury
substations (33/11KV to feed mujor industrial, commercial and medium sized consumers);
secondary substations  (11/0.415/0.240KV to feed small’ industrial. small commercial and
donesiic consumers). They vary in sizes und complexity and also in size.” complexity und

installation techniques.

Depending on the size of the installation. one or more supply feeder cubles will be
brought into one or more substations, then by injection to various primary substations to various
secondiry substation and then to consumers. The substation is built to house the step-up
transformers and/or step down transformers. the consumers low voltage equipment, meters.
proteclion equipment (circuit breakers and fuses) and feeder pillar. '

The substation should be of fireproot construction, well ventilated and dry. Adequate
space should be allowed for moving equipment ubout and provision should be made to limit the
spread of fire in the event of escupe of burning oil. Also. the substation must be prevented from
intruders and should be kept very clean and tidy: '

Substanion/transtformers are installed outdoors, indoors and some transformers ure
mounted on H-type poles. | However. one must properly site the substation in order to minimize
cable -runs. power losses and voltage drops. The enltire ‘process requires that the following actions

.
'

be taken in general:

i. Survey .
ii. ‘Construction : .

jii. ~Testing, and ' &
iv. _Commissioning .

Basically a substation needs a building, or fence und plinth(s) plus high voltage control
equipmient (in most cases). a transformer or transformers. and a low voltage distribution board of
either the indoor or street feeder pillar type (comprising incoming withdrawable links. phase and
neutral busbars.and high breaking capacity tuses (for up to eight outgoing distributor cable ways).
Resctible maximum-demand indicators are often fitted to enuble a check to.be kept of the
transformer lToad. Thus. the major work aspects are electrical and civil engineering buased.

The only prodiictive component in a substation is the transformer. ~ All other items.
including building and civil works are to the detriment of economy and the associated low

voltage (L. V) network.

It is worthy to note at this point that injection substations make provision for offices
and/or residential quarters for staff and space for some key operation personnel.

i
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1.4.1 SURVEY
The aim is 1o locate an appropriated or best site for the substation and assess the civil
works fo be carried out as well as all the materials/other accessories required.
"~
The primary and grid substation sties require a lurge space which can be very costly and
individual design problems adopted to save space and contuin transformer noise. For space
cconomy without compromising standard, substations occupy the following approximate lund
areus: ' ' ' '
i. Primary substation : 836m?
ii. Secondary substzllion: 15m?
iii. Grid substation: 1672 to 2508cm’ or 2 to 3 time that : o
of primary substation. 2
. i
For « erid/injection substation, a compact installation is possible at the extra cost of more civil :
works. plus elaborate fire and safety precuutions.
’ Sonx comnion instruments for  use includes pencil, paper, cutlass, pegs, tape for
measurement. razor set.  All these will assist from the mapping of the area to the construction
stage. '
e
1.4.2  CONSTRUCTION & INSTALLATION ' : A
This includes both civil and electrical works ranging from the foundation level for the C
substation building (indoor) and the plinths (for outdoor substation). the fencing (outdoor) and other "

. L

clectrical gadgets.

' i
The located site is pegged and the civil/building works commence getting un uppropriate buse ?
ready for the transforiner and other uccessories to be put in place. For u typical secondary |
substation with between 100-500KVA transformer, the size of the plinth is about 1. #Hox . 22m ' ]
X 122 (5'x4'x4") und the fence size is about 4.57m x 3.05m (15'x10'x10") covering a gross urea of f
about 150 square feet (13.94m%). The figures (A18/A19, 6,7,8) show the various outlay. It ;
should  be  noted  that  no  construction  could comunence  without  the appropriate
drawings/plan/sketch/schematic tor all the electrical and civil works.

The other figures (A18 & A10) show typical out door and indogr substations at the -
primary and sccondary levels respectively. (See Appendixes). '

For indoor substations, provisions are made to limit the spread of fire in the event of the
cscape of burning oil:  This is achieved by placing oil-filled equipment above u pit filled with
graded chipping. This tends to absorb leaking oil. The Hoor is sloped awuy from the switch gear
(the gradient being not less than 1 meter in [00m) towards the sumip so that in the event of water
gelting into the substation, it will run away from the switch geur. The windows should be located
high up the walls and the glass should be unbreakable. Doors should be of solid construction and
kept locked. the keys being retiined by o responsible person and the supply authority.
Eimergency doors must ve fitted with crash barriers.

*The hst of some materials for the construction of a typical distribution substation
(3OOI\V/\) ix given in sections 1.4.5.
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1.4.3

1.4.4

1.4.5
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Test ing:
oncs 1post installation test) are here enumerated.

.

»

lasulation resistance of the fines (M) and their associated auxiliaries such as insulators

and lightning arrestors.

i Insulation resistance tests for the H.’lL uxfd L.T cables and their ussociu(éd auxiliaries sucl)
as feeder pitlar. HLT fuse holders,

il lusulation resistance test of the transformer \;vindings HT/LT, HT/E und LT/E (200-MQ
okay).

iv. - Ratio tests of the transformer,

V. Excitation test through (hc; secondary \\'illdiligs with the primary open.

vi. Diclectric strength test for the oil.

vil. Testing the carth rcsistancé of the substation including the transformer l;cutrul, chunnel

iron. cubles. feeder pillar, transformer body, und lightning arrestors. (1-10 Ohms okay).
These tests must be separately done and all metal works should be bonded if possible.

COMMISIONING

This is done after all the necessury and required tests have heen satislactorily carried oul
on (he transformer on no load.  The output voltage is monitored and the necessary

by switching
The transtformer is allowed for at least twenty-four hours in this stute

tap changing cffected.

“before it is loaded, synchronized with the entire power system u process known us ‘SOAKING”,

Materials Required For the Erection of A 300K VA Distribution ‘

Substiition,

These include:

I 2 Nos. 10.36m orv 34" wooden or concrete H — type pole:
2. | complete set (3 I\;c;s.) of J & P 'D' tuse;

3 I setof 11KV lightning arrestor;

4. 100m. 70mmz bure hard drawn copper; |

's. 20 Nos. 6’ guivunizcd eqrth rod;

6. I No. 300KVA. 11/0.4]15KVA transforniers:

7. | No. 4 way l'cédcr pillar: .

8. 15 Nos. binxtal line tap:

The purpose for tests has already been dealt with. A list of the most relevant

LTSRN e s R
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20.

Nole:

2 lengths chiannel iron 5" x 3" x PN

15, 70mny’ 3-core. pPVC. 1KV underground(u

L

{no. LkVRaychem kil. 3 cofc. outdoor ternun

'

fno. 11KV R;\y(‘l'\cm ki, 3 corc, indaot terniil

ino. 11kV Raychem kit mounting bracket complete with insulators: ly

24. Nos. 70mnT cable socket:
8 Nos.. .’»OOmm2 cable socket:

| No. Everite pipe;

24m, 300mny single core PVC underground(u/g) cable:

3 tins of tluxite soldering puste:

4 sticks of piumbers metal 40/60 alloy:.
95 sticks of tin mu.n"s soldier 60740 alloy:
4 liters of keroscnc‘;)il: |

4 liters of elcctro_cléun solvent:

1 roll of kaleris tape:

5 rolls of Lassoric tape:

45m. 70mm’ & - corc PVC underground(u/g)

cach outgocer cable being approximately 15mn
Suflicient cement/gravel/chain link:

if the overhead (o/h) nuins has not been str

materials will be included to 4he list:

Bolt & nuts. (9Nos. of 5/8x2"; 12Nos. of 5/8x
6 Nos. of 11KV pin insulator;

6 Nos. of 11 KV spindle;

6 Nos. of pilot spindle:

6 Nos. ofl kv (,Disc)vsrruin 'msul;’\tor

6 Nos. of Adaptor socket clevis (pilkington ty

Ation (50-9%5)nnt’;

t

2 ' : E
wation (50-95) i’ ] !;
i

ung to the substation location. the following

ped

/g) cubles

cable (for 3 outgoing units at least with

11 ot o

.

G

T AT T

#

74 12Nos. of 5/8x9": 12Nos. of S/8x 11"
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33. 6 Nos. of Aduptor clevis ball;

( KES 6 Nos. of Galvanized stee! iron. six-boll clump;
35. 2 Nos. of 11KV stay insulator:

36.

[89)

Nos. of 11KV stay rod 7/8x8".

37. 30m 7/8 S.W.G. stay wire. o

1.5 MAINTENANCE OF POWER-DISTRI BUTION TRANSFORMERS

Maintenance. in general is a process that involves repair, replacement, and renewal in
order to ensure that systems/artifucts are i good working condition at all times.

The objective of numintenance is to attain a condition where the system or artitact always ot
tunctions as it they were new. No known methods exist for preventing normal wear and tegr of
components. modules wnd systemis/subsystems.

The matntenance process involves the minimization, containment and correction of the ‘f‘:
. Ve
wear qnd teor. _ .

Different types of maintenance can be embarked upon to cater for both natural and
artificial conditions and include the following:

i Preventive -
. : ) ) i
ii. Schedule and ‘ .

i

|

. . & - |

i iit. ‘Breakdown, maintenance respectively. ;
. i :

., I3
Similarly repairs can be categorized as minor and major repuirs respectively. ' i
b

Muaintenance is reluted to the cost and complexity of the equipment viz the maintenance
of pole mounfed transfeimers-and those in generation and transmission. Since each maintenance
operation has its own risk to introducing a cause of fuailurc. care must be taken not to over-
maintain the equipment. The periods adopted for maintenance usually takes into consideration’
the following: environmental factors, loading and mode of use. In most cases, the procedure is

: to inspect the possible cuuse of failure and only it necessary, to carry out further work. There

must wlso be o systemy of reporting defects -found in order to muintain the confidence in the 5
scheme. . i

1.5.1 TRANSFORMERS FAULTS

In order to maintain. repair or replace any equipment and associated component of

cquipnient. it is paramount to know the basic component of the equipment and also. the possible

faults that can occur on equipment. The basic components of the transformer include the core. ' ol

the windings. the tank. the tap changer. the dielectric, (oil, bushing, paper, wood) and other

: accessories such as indicators (oil level, tmnpcmtiu'c), breathers, conservators, protectian
! ecquipment (relays) and fans. Failure can occur due to a malfunction from any of the listed

} v
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iteins. Gcnemlly the causes of faults nmay be due to insulation deterioration, faulty 1.
; manufacture or maintenance or excess Apphcd voltage, The following is u gencrql | o
' classiication of trunsfor ner faults: . : i ’
. . - g
(h Phase-to-phase fuults on the HT connections or windings; Jb
(2) Earth faults on HT windings or connections; fg
]
(3 Phase-to-phase faults on LT windings or connections: ’
. ‘ i
- . |l
(4) Eurth-tuults on LT windings or connections; A
) b ’ . : A
(5) Phuse-to-phase faults on tap-change gear; RS
: o
(6) Earth fuults on tup-change geur: o R
(7] lnterturn faults in main tank; } %
(8 Interturn fuults in tup-change compartment: ‘
(9) Core faults; kg
0
(10 Low oil; ]
" ‘1
trh Over load and
. (12 Tap-change mechanism. . .
[.5.1.1 TIPS ON TRANSFORMER MA!NTENANCE- GENERAL,
* : ;
The following is a r'U|de to enhance transformer maintenance practice all borheun" on :
safety. reliability, cost effectiveness and cnvnonmcnml fr lcndlmcss.
i (1 Transformer should be inspected thoroughly as soon as they are received from the
! manufacturer oi supplier: e :
i
{
| 2) Distribution transformers should never.be energized unless the oil is at the proper level;
! o : :
)
(3) Transtormers should be handied wn(h care. avoiding severe jarring that might damage
i the internal structure; - ' ;
- %
Y Transformers should always be inspected by the crew before installation. that is the f
bushings, access plates und other fittings should be inspected und thoroughly !
tightened betore the transtormer is pliced in operation: . :
(3 When replenishing oil care must be taken so that: :
: . (i) moisture does not enter the transtormer ‘ .
. . . i
() nothing falls into the tank :
s
12
i v [
e e e
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Transformers should never be moved or lifted by the bushings or other attachments but
with the lifting lugs provided tor this purpose;

When a transformér is mounted on a polc. care should be taken to see that the transformer

(7
is in a vertical position and securely fastened so that a severe impact against the pole
will not jar it loose;
(8) When performing maintenance inspections, all bushings, connections, protective
' devices. gaskets; the paint finish on the tank, and all. other exterior fixtures should be -
inspected for evidence of rust, corrosion or over-heating. The oil level should be
, checked. and the condition of the oil tested; : ‘
(9) If an inspection cover is removed from a transformer for inspection, it should be replaced. i

If the gasket is not in pertect condition, it should be replaced;
. [

(10y  When working with any transformer. the connections on both the high and low sides
should be opened, to avoid dunger from feedbuck voltage.

1.5.1.2 THE PURPOSE OF TRANSFORMUER MAINTENANCE

A few basic procedures avert costly transformer failures and interruption of service
after they have been properly installed due to periodical inspection and maintenance. If these .
procedures are neglected over the years a transforimer might fail without any warning causing - ’
expensive repairs or replacement and loss of production.  This is the essence of trunsforimer

matienance.

1.5.1.3 MECHANICS (WAYS) OF PROPER TRANSFORMER MA‘INTENANCE

This basically consist of

’ (1) keeping all parts clean and protected from rust, dirt, and corrosion

. ! |

. & i

; (2 testing the winding insufution and the insulating cooling liquid

. (3) ‘inspecting and testing the protective and indicating devices
(h) inspecting the transforimer intérnally : f ,

(5) inspecting the auxiliury equipment such us funs. coolers, lightning arrestors und ,[

arounds. ' : r

1.5.1.4 RULES GOVERNING TRANSFORMER OPERATION | :

Although a transformer and its ussociated equipment do not have as many moving parts
as most electrical equipment, the same basic rules still apply. These basic fundamental rules are:

SRS M

(h Current carrying compouciits must operate i a moisture-free insulating liquid or
ared, : 3
.2y The installation must be kept clean tfrom dirt. rust or corrosion,
(3) All moving parts must be Kept well lubricated
13
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All enclosures containing insulatinig and cooling liquids as well as weatherproof
enclosures that prolect the equipiment from the weuather must be kept tight.

P

1.5.1.5 INSPECTION AND MAINTENANCE OF TRANSFORMERS

free |

The frequency. of inspection und nuintenance of transformers and their associated:

cquipment varics but basically depends upon their size, type and use, Lurge power transtormers
nornilly require miore frequent inspection and maintenance than small lighting and distributian
transformers. This is due nmainly to the fact that they are costly to replace, they serve electrical
equipment critical for plant production. they have more ussociated equipment such us cooling

funs. lorced oif pumps or protective alurms. that must be properly maintained to insure i trouble-.

installution.  Operation personnel should miike a schedule for inspection and maintenance keep a
loghook und closely follow the schedule. The record kept should fist information relutive to the
installution showing the transtormer specifications/characteristics part history, repairs and tests
made and spare parts. ‘

The following includes most of the equipment that requires periodic inspection and
maintenance and 1f a schedule is mude und followed closely by the plant personnel and operators
continuous service and (rouble-free installation is ussured: load and voltage; liquid level;
temperature (for oil. air and water); pressure vacuum gauge (for sealed tank transformers and gas-
oil-seuled preservation systemis; fans: pumps and their controls; dehydrating breathers; pressure-
relief devices: insulating liquid. core and coils.  The uadjoining tables expluin and illustrate
inspection and naintenance actions to be tuken, ' T,

Table 1: SUMMARY OF TRANSFORMER TROUBLES/CAUSES

S/IN

PART TROUBLE - CAUSE(S)

l.

Windings e Turn-lo-turn short cireuit i Natural aging or wear of
insufation; repented
overlouds; dynamic
forces due lo complele
short circuit.
e Fuault to lrame (break down); inter-phase | Aging of insulation, high
shaort cireuit ' moisture content of oil,
low oil level.
Internal/External - over-
vollages deformed
windings due o heavy
shorl circuil current,
e Open - Circuil o Burned-off  leads on
windings  due Lo poor
quality of soldered joints
or clectro-dynamic forees
in the wake of a complelg
short-circuit.

J '

[£8]

No Contact : Maladjustment ol Lap

Tup.Changer
changer.

A
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Fused Contact Surface

- Thermal  effect  of
short-cifeuil currents
on contacls,

«

A 3

Terminal Bushings

Electric Breakdown (Tash-over) to shell

Cracks in porcelain shells
Low  oile level in
transformer

Dirt on internal surluyces
of porcelain shell.

Electric Breakdown of insulation on inter-

l

phase leads

Damaged insulation on
leads o lerminal
Bushings

Damaged insulation  on
leads to tap chunger.

Corce

Burned Iron
| ¢

Improper insulajion
between  laminations  or
clamping holts.

Loose  ar  improperly
clamped laminations

Shaort circuits hecause vl
damaged insufalion
belween yokes and core

Short circuits . in
grounding ol the core on
the lead sidegol the HV
and LV windings.

Tank & Fittings

Oil Teak through welded and langed joints

[

Oil leak from plug cock

Impairment of welded or
fTanged joints as a resull
ol mechanical or
temperature [actors.

Poor [it between Lhe plug
and the cock body.

Damaged gasket under its
Mange.

» A ransformer with a dumaged winding or other part MUST be immediately removed

trom service and turned in for repair.
« Only persons well versed in the symptoms. cituses of troubles. detection of trouble and
remedics must be allowed to be in charge of tuult tracing (examination for likely defects).

o
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[.5.1.6 ADAPTIVE MAINTENANCE QF POWER-DISTRIBUTION TRANSFORMERS"

This is bascd on,*copy creativity’ and ‘re-inventing the wheel’ theories. It is enhanced by
proper knowledge of the entire power systenvtransfornier sub-components.  The object is to
source materials locally and improve the reliubility ot the trunsformer. It also reduces the bulk
weight of the translormer. The theory of adaptive maintenance is also possible only when the
roles played by the sub-components and their churacteristic factors complementing such roles arc
obvious to the maintenance staff.  Rescarch has looked into the possibility of using wooden
bushings and vegeteble oils as alternatives to porcelain bushings and trunsformers. This is due to
the cost savings of the former und their ready uvailability as well as the fact that their source of
origin is a rencwable one.  Shock ubsorption cupability of wooden bushings vis-d-vis their

" porcchiin counterpart is another major in consideration favour of wooden bushing. Bushings ure
meant to serve as.external connector from the terminal leads with the transformer to the exterior.
They should isolate these live conductors from the body. Similarly. transformer oil acts as a
coolunt and insulunt carrying away heat from the core und windings/associating insulators und
also strengthening inter coil insulation. These two: wooden bushing und coconut oil have been
used on a 10KVA. 50Hz. [1/041 5 kV distribution transtormer prototype and the results. were
very cncouraging in comparison with o stindird identicul control prototype. In mind was that
indoor substation and trunstformers with concealed bushing cubinet exist. thus weather hazards ure
reasonubly taken care of in the use of wooden busing replicus. For vegetable oils, their chemicul
stability is yet to be tully ascertained. However, both models huve not been used under sustained
simulated/pructical load conditions over a reasonable length of time. The figures show the
wooden  busing  prototypes and the Tuable show comparative test results for busing
(woodcn/porcelain) and oil (transformer oil and vegetable oil).

: [.5.1.7 DETAILED SCOPE OF TRANSFORMER MAINTENANCE -~ CASE’

: STUDY : ,

¢ (a) Requirement for Reconditioned Transformeér Insulation . .
It must be able to withstand ivithout damage and impairment to diclectric_properties the

complete program of post-repair tests and atso all electric. thermal. and chemicul factors (ig:ly to occur in
service. The quality of insulation is the principal indicator of a transforimer’s reliubility in service.

The insulation (Rigid & Soft) is affected by.any of the following: _

- Excess wnount of maoisture, traces of solvent, air or gas pockets(which reduces drastically the
dielectric strength of the otl and the service life of the transformer) .

Presence of mechanical impurities (such us fibers) reduces breakdown voltuge of the transtormer

oil.
- Complete short circuits in the windings subject SRB paper cylinders to mechunical action due to

clectrodyinimic forces produced by the short-circrited windings.

(b) FAULT LOCATION/EFFECTS

I FLV. winding—this is the most vulnerable and frequently damuged part.
i. L. V. winding —this is very rarely damaged.

(¢) REASONS FOR FAILURE
I Reduction in diclectric strength of the insulation within some particular arca of a winding.

. Electric breuk-down of the insulution between turns
ii. Turn-to-turn short circuit '

.

e




These lead 1o complete failure of the transformer. Also. voltuge trunsterred trom the HV side to the LV
side because of impairment in the insulution between them may result in tailure, '

[3

-

Other sources ol fault include:

iv. Terminal Bushing
V. Tap Changer
vi. The Cover

vii. The tank .
Table 3 shows the degrce to which various components contribute to fault(s) in a transformer.

i

Table 3: PERCENTAGE FAULT POSSIBILITIES RESULTING IN TOTAL DAMAGE OF
TRANSFORMERS. .

[ S/N Deseription Percentage (%)
L Windings & current carrying parts S 53
2. Terminal Bushings 18
3. Tap Changes ’ 12
4. Other parts 17
.1 (d) PRIMIE CAUSES OF FAILURE
e lmproper Maintenance
o Low quality repuair
“(e) FAULT DETECTION
‘ : -
l. External Parts: (conservator. tunk, fittings, porcelain shell of terminul Bushings) spurk gap fuse
. By carcful visual inspection.
2. Internal Parts: (windings. core. tup changer oil etc.)
e By various tcsts.
e Open circuit Test
Symptom: Increused no load current due to any of the following:
¢ Turn-to-turn short-circuit in a winding.
e Short circuit through clamping bolts/paits.
¢ Wrong conncction of parallel windings.-
i 17
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() NEED FOR FAULT TRACING/DETECTION

This result in the following:
Establish the possible cause ol the fault”
The nature and extent of damage '
Determination of the materials. tools and fixtures required.
Determination of how much time maybe needed for the repair.,

(g) NEED FOR VISUAL INSPECTION (External Examination)
o Todeteet visible defects such as

- cracks in cemented joints '

- cracks in chipped spots on porcelain shell of the terminal bushings.

- Oil leaks through broken or welded & defective flanged joints

- - Mechanical damage to circulating tubes. conservator and other fittings.

(h) Repairs Effected On A faulty Winding
]

Reinsulation: (using cotton. silk. glass. tape of cable or telephone paper e). The process

invalves. — removal of the old insulation, unnealing. straightening and application of new
insulation.

«  Possible Damage to Windings/repairs effected

- winding insulation: Reinsulated or change
- fused/damage wires: change ' :
- Partly burnt winding: change, partial rewinding and reinsulution tor small areas only otherwise
replace completely since muaterial matching is difficult and the former method reduce th&cu‘vicc life
‘ to - 4.

Note: [tis usually necessary to dry a repuired winding.

(i) Repair Effected on the Core

partial reconditioning: Minor damages on the punching or other parts such as local
short circuits. fused areas between/on some laminations, damage insulatjon. loose
yoke clamps, dents and nicks. Then procedure involves drilling out the fused area,
unclamping separation of laminations, straighten edges and introduction of inter-

lamination telephone paper insulation/re-clamping, occasionally buking.
i . complete  disassembly and  reblading:  Severe dumage such as “lran  burn”
r destroying » good proportion of laminations and insulation components. The method involves
preparing (he work areu. core disassembly. cleaning and insulation of the transformer. reblpding and

clamping.
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(i) Repairs Effected on Tap Changers ' bk
. » 134
in 10 cascs out of a hungred. transformers fuil because of a malfunction in the tap changer ol
(notably dumaged contacts). ) b
~ Common tap changer troubles/remedies — General
s Poor fit of movable contucts to the fixed contacts.
e Loose connection of taps to the terminals on the tap changer.
¢ Loose connection of taps to the windings. ) . 9
Note: ALL the ubove causes a local heat build-up, which puts the transformer out of. service with P

time.
» Repair of off-load tap changer (Ratio adjuster)

»  Cleun and carefully examine all parts especially the mating surfuaces on both contucts.
»  Tighten up all fasteners. ' ‘{
e Replace dumage springs, worn pasts and spacers. '
e Properly align ull contacts/ensure proper nuting.
o  Free all jamimed contacts.

e Test to ensure proper tunctioning o all taps.

~  Faults/Remedy

- Burned/FFused contacts: - Replace with new factory-made- or fabricated ones “using the sapne :
malterials. _ ' ‘
- Coaled Contact: - resulting from exposure to oil resulting in a thin yellow tilm which increuses the
contact resistance - Clean off the film using a dirt-free cloth or rag moistened with acetone, or

|
g

puritied petrol. :

Note: This filinis responsible tor dumaged contaets and heat build up,

i

~ Repair of On load tap changer — General

This is more complicuted und includes

EFEI

- Cleaning
- Washing and rubbing of all internal/external parts
- Operations necessitated by the design of the individual parts and the large
number of contucts.




» Inspection — Things to inspect.

- tup selector

L3
- contactors
Electric purt of operating mechunism (master switch contact, relays and linut

switches).
- Test.

» Faults/Remedy

T Soot covering/slight fusing: - clean contacts and restore to shape by filling.
(b) Heavy damage:- repluce contact
{c) Excessive play in the operating mechanism (selector/main contact, in the contactor).

s Cause(s): Burning resulting from muladjustment and contactor and selector.

e  Remedy:

- Tighten joints

- Replace parts with oversized holes!
- Replace parts showing heavy wear
- Readjust the contuctor & selector

.

* Test the unit always at the end of each action.
(k) Repair Effected On Terminal Bushing

Arcea of failure: Between the porcelain Shells and metal flange.

Nofe: Terminal bushing must be oil tight.

—_ : *®
Reasons:
o Dilfering thermul expansion which gives rise to heavy mechanical forces in the wake of

. sudden temperature changes.
» Electrodynamics forces produced by short circuits Howing through the central conductar or

ternunal.

o Faults/Remedy

< Chipped spots/cracks

- Wash und give two coats of varnish in minor cases otherwise replace the shell.

»

i
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Destroyed cemented joint

(n Up to 30% destruction around circumference: repair by cleuning away the

destroyed current and pouring the joint with a freshly prepared cementing
compound. .
(ii) More than 30% destruction around the circumference with the shell loose in
the flange: — Re-cement the bushing completely. ; LS
Note: A good (erminal bushingﬁt for service is leuk proof ut the surface or the joint between the 'y
flange and the porceluin shell. Pressure test to certity. ; ? :
4
: i
; (h  Faults/Repair Effected On Leads b
) . ., - ‘_ ’
Causes of darage to S.R.B. Insulation paper on the leads or slecves. ‘
o
Voo - Charring within isolated areas or all over the insulation of the lead; ;
3
e Procedure to repair a damaged insulation . o |

Disconnect the lead from the tap changer. the winding or the terminal bushing, o
- Remove dumuged insulation o
- Clean conductor and rid it from insulation truces

- Slip in new insulution -

- Reconnect lead to tap chunger. winding or terminal bushing.

e Damaged Jead conductor (Fused at the surface or lhc aoldued joint bclwecn the lead and the
flexible connector maybe l)lokcn) S . : i

Remedy — Muke o new conductor to replace the damaged one
- Renmuake the soldered joint between the lead und the tlexible connector

*

Note: The new lead must be made of the sume material as the one being replaced.

{(m) Repairs Elfected On the Tank, Cover, Conservator, Filters and Fittings
Things to check = General

- Oil leaks firm fittings/joints

- Fustencers Tor stripped or otherwise damuged thread.

- Presence/condition of gaskets. ‘

- Security of the mounting of the relict — stuck tlange on the cover

- Sce if the burst diaphragm in the relief staled is intact.

- impact welded joints. o

Nole: Remove/correct all observed defects. , : : !“

i) Poor Welded Joint 5
- Chip defective area with a chisel.
- Clesnup chipped arcu to rid it of dirt/oil.
- Reimake the weld.

'3 21 :
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b) Qil leakage from joints belween the circulating tubes/tank
- Cuulk the joints.

c) Qil leak from plug cock

- Grind the plug to seat with an abrasive powder.

d) Fasteners (bolts, screwed nuts) with stripped thread
- Replace. ) :
¢) Damaged Gaskets (cuts )

- Replace-with.oil proof rubber of the same thickness.
f) Rusted Surfaces
- Scratch-brush and paint.

g) Filters & Dehvdrators. b

- Fill with fresh or regenerited silica.
- Free them (rom sludge/dict ( Thermisyphon filter, dehydrator, oil cocks).

) Blocked oil cock, dehydrator, thermisyphon filter
- Free them trom sludge/dirt.

Note: This puper hus not dealt with repair of Buchholz reluy, thermometer. spark-gap fuse and

other instruments and protective devices which are normally repaired in specialized laboratories.

(n) Management of Transformer Oif -

Fault: Low breakdown voltage.
Cause: Presence of moisture und inppurities.
Remedy: Purify and dry, otherwise change completely.

(o) The Relevance of'[ esting Transformer/Types of Tests.

Tests ave the principal means of detecting troubles. defects and checking the quality of repair. Al
tests have objectives. techuiques and  buasic requirements. A pre-repair test for instance
determines the scope and nature of the repair work to be done und supplies the pcn‘onmncc data
with which the post repoir results could be compared with,

et ety
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1.5.1.8 Importance of testing Reconditioned Transformers.

£ . To check worknunship. ,
: . To make suge it is free trom detects that might upset jts normal operation.
. To scc that its performance complies with its data-sheet values, applicable

specifications and standards.

Other Specific Post-repair Test ' ' : i
. ) : 14

i

These include: i

o Testing the tank for tightness ' Coi
o . . . . . ¥
e Testing on-load tap changers and mechanisms including relays. : C

i

1.5.1.9  Specific Types of chair/Proccdurc

() Replacement of terminal bushings. Depends on whether bushings are
positioned sideways or at the tank cover.

“*partially drain oil up to top’

(b) Reconditioning of tap changer contacts.
yoke level and affect the repair.
(c) Core-coil assembly. *Drain the entire oil and lift unit out of the tank.
1.6 SOME Fquipment Required
I Adjustable or double-ended wrenches (for ants & bolt heads)
2. Rubber slab/wooden board
3. Work bench .
4. Crane/lifts (to take out core/coil ussembly),
- 5. U-shaped core search coil. C-shaped core scarch coil. U-shaped core feed
coil. indicator (instruments tor the detection of turn-to-turn short etc.
6. tathe machine (to apply insulation to windings)
7. Winding machine (to muke windings) ] - S
8. Tensioner (for use in fabricating transformer windings i
9. Rollers/positions to handle the core
10. Varnishing machine
i1. ~ Buking furnace
12, Insulation merger .
13, Special fixtures and slings.
14. Pressure pump to test bushings. E:
. 15. Soldering/brazing tools , 2
" 16.  Cutting tools. -
Vo !
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1.7 C()NCLUSION/RECOA’IMENDATION

Maintenance culture is very necessury for-any equipment designed. produced. installed
and commissioned to render specific services. * This must become part of our technological
awareness il we want to opefate sife, refiable and efficient systems.  Aspeet such as rewinding.
heat treatment. cannibalized varnish impregnation wus not dealt with in detail but constitute vital
aspects of maintenance of transtormers.

It is rccommended that power supply authorities laok in the direction of adaptive
technologies us a way to enhance reliability. continuity, efticiency and cost etfectiveness in their
short and long term plans and management for the systems. They should also encourage
training/retranning of staft (technical) with new theories and development in their areas of

" specialization (naintenance of installed plants and equipment.
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