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" Transformers are-a live wire for all. power transmission systems.
Simply put, they are used for the purpose of voltage changing. Many types
exists viz. power transformers (for transmission and distribution of electrical
energy); auto-transformers. (for starting motors); instrument transformer (for
circuit measurement) and test transformers (for producing high-test voltages).
Transformers can be of the single phase or three-phase types. Irrespective of
the type of power distribution transformer, the basic components are

reasonably the 'same. They are a static type of machine designed for
transformation of one alternating current system into another with a different

‘ voltage and current characterrstrc

Any system put in place must be SAFE RELIABLE (CONTINUOU S)

~and EFFECTIVE, thus transformers must be.installed, tested and properly
" “maintained in order to achieve the desired objective(s) in the power system.

To'install is to place or fix something in position for use and the act of doing
this is referred to as INSTALLATION. Thus, when a transformer is put in
place ready for use anywhere. within the power system, it is said to have been

o 1nsta11ed through an mstallatron process

IR BT A

Before mstallatmn and after 1t is very necessary to ascertaln the state
of the transformer. This is only possible through testing, that is, subjecting the

- “transformer to certain conditions that will show its qualities. .

In order that the installed transformer perform reliably, safe and
effective, it is very necessary to keep it in good condition.. One way to do this

“is through MAINTENANCE., To maintain is to keep up; retam or continue and

the att of keeping up or retammg in good condition is referred to as
maintenance.
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BASIC COMPONENTS OF POWER DISTRIBUTION
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The transformers consist: basically:of, a magnetic circuit (CORE) on
which the WINDINGS are placed. It also comprises a number of constituent
parts and elements desrgned mamly to facrhtate the tlansformer use and
maintenance. -~ ¢ ST RN
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These include: ) ’

(a) Various insulators (solid and liquid) for insulation/isolation of current
carrying parts;

()] Bushings; and-
(¢)  Leads for connecting the windings to the transmission lines;

G Switch gear (tap changer or tap sw1tch) for the transformer voltage

adjustment;
(e) Tanks to contain the transformer oil and other accessories;
6y Cooling tubes and Radiators to enhance transformer cooling; _

(g)  Protective gear which operates when a fault arises in the transformer
' viz Bucholz Relay.

Other compone_nts include: Oil conservator (to house excess oil resulting from
expansion' and also -to -supplement: the oil Jevel);+~the  Dehydrator and the

" Thermosiphon filter (to ‘absorb the moisture carried by the air that enters the

f‘\transforrner thereby protecting the.oil against moisture and catches particles in

the incoming air thereby ‘acting as a filter). - Thermisphon filters are installed

' onlarge transformers 2.5MVA and above allowing them.to be operated for a

 very long tinie without having to remove the transformer. from service for oil

purification and regeneration thus maintaining the: desired purity, and, dielectric -
strength; the oil gauge (which indicates the oil level when the transformer is

berng ﬁlled with orl after repaxr and also in. servrce) ST

CE .
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The basrs of this brief -on:the basic’ components of transformers is to
prepare a standard point for maintenance. All transformers heed not have all

" the components described above. This is a function of the transformer rating
' (size) and’duty. These components ' are sources:of failure that will become

" evident dunng tests and’ ‘therefore requmngf maintenance': (replacement or

- 5.1.2
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TRANSFORMER SUBSTATIONS ' L
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Substations abound in the power system.’.The:prime objective is to
effectrvely and efficiently transmit and distribute electrical energy to the
various and numerous customers connected to the system. The stations are

i
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Installation, Testing and Maintenance of Power Distribution Transformer

usually located 'such that.voltage: drops:as ,well as;losses are minrmized The
substations can be grouped as follows :

P STRT ST ¥ D W Lt I

“(a): '*The Grrd Substatxons (also 1njectron substanons) at 132/33KV or
) '132/11KV watoel e e e ot D

it

L
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' (1)) The an@' Substations at 33/ I lKV and

“(c) =" Secondary Substations at 11/0.415/0.24KV.

The capacities of the various substations are within the following
ranges: '

i) 10 - 30MVA and 20 - 90MVA for the grid;
(i) 5 20MVA and 5 - 30MVA for the primary and

(i) 100 — ZOOOKVA and 500 — 7500KVA for the secondary substation
C respectlvely for the various consumers listed.

Substations can be of the indoor or, outdoor-types. Irrespective of the
types the following components are present: high voltage equipment, step-
down transformers, consumers low voltage equipment, meters and protection
equipment (circuit breakers, fuses). The location of the substation is such that
it.is near the load centre in order to reduce the cable length and hence, power
loss and voltage drop. ' o

All stations should:be of fireproof construction, well ventilated and
dry. Cables are contained in earthenware pipes within the substation, or in
concrete ducts in the floor cast in situ (for the indoor types).

In general, transformer installation can be grouped as follows:.
(i) . Pole mounted units;

(11) Outdoor units-and .
: (111) Indoor units. »

Underground substatlons also exist.

I EES TR T

.3 TRANSFORMER TESTS !'iiu;;'(:’i berk tin
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Tests are the prmcrpal miéans of deiectrng troubles ‘and defects in
electric, equlpment (transf:orrners,‘r‘notors generators etc.) and of checking the
quahty ‘of repair. Each ™ 'test*'hAs “¢éitain ObjCCtIVC(S), ‘techniques and
“‘requirements. The. tests can. be broadly categorrzed as pre-rnstallation/repair

-and post-rnstallatlon/repair test respectrv’ely "The objective of the pre-test is to




. Electrical Engineering Practice Vol. 1 .

determine the state’ of the transformer and/or: the'scope:and nature of the
repair/maintenance work done or to be done,-and also, to supply the
performance data with which the post installation/repair/maintenance results

- are to be compared: with.: The ‘essence: of the.post-test is to check the
workmanship to make sure the transformer is free from idefects that might
upset its normal operation, to see that its performance comphes w1th its data
sheet values and apphcable specifications and standardsr Ay

5.1.3.1 APPLICATION. TEST STANDARDS AND SPECIFICATIONS |

- These use the followmgzterms rand: concepts ST LR ;'-.?!

6)) Power Frequency Test Voltage

- (i) v‘Rectlﬁed Test Voltage

Vs et e AT

(i) Normally Insulated Electrlc Egmpment

‘r:_’;,')“;l’;_:";j LR i . »‘,‘ . '

(iv) Low Insulatxon Level electric Equipt Lnent ol

(V) ' iAnUnqualified Quantity. -~ =~ " - ..

e LS A DR S
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Transformers 'are ‘tested in accordance with a program, which includes

* the detection of likely defects and a check on the performance characterxstrcs
for compliance with relevant standards or specrﬁcatlons

i

In Summary, transformer tests can elther be .-
@) Routme tests: All transformers are subj ected to these K >
(ii)°  Type tests: These are carried out on the first unit.only of a new design.

Also, we can talk of preliminary and final test respectively. The
former are tests carried out before transformer is assembled in its tank in order
to ensure that any faults detected are rectified and include the following: Core
Insulation, Ratio, Polarity and Resistance test respectively. The final tests are
carried out complete with all external components and fittings which are likely

to affect the performance of the transformer and generally include the
following: S :

6] Ratio and Polarity tests;

- (ii) . Surge-voltage withstand test;

T PRI R

' Git) Separate-source-voltage'Witnstand'test; B D

ey ".'r,'x'

. 1 (iv) Induced over-voltage thhstand test and 1nternal drscharge test

MR EREE KT TR S I
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Re51stance of wmdmgs (DC resxstance test)

(vi) No load loss and no-load current test (open circuit test)

- e oAr we

(vn) N01se test (hummmg) o R
.

x) Insulation resistance test, .+ .. . i

All the tests are routine tests except (ii) and (x) which are type tests
and :

" (iii) and (ix) which are special tests. .
The acceptance test sequence is as follows:
(a) Electric strength of transformer oil - : | S S
" (b) Winding insulation resistance
“(e) Electnc strength of 1nsulat10n with applled voltage

Sd) Electrlc strength of msulatlon w1th 1nduced voltage

(e) Open-circuit c.onditions. o
i EREEE P ) ‘ii‘ s . }“f_,.",»” . - .

.. s worThere -are yet. other tests, referred to -as;proof.tests. These are test
i -applied to:individual  parts and ‘units-.of -a’transformer. in the process of
manufacture and assembly. The purpose of these tests.is to prevent faulty
parts and units from being installed in the transformer and check those parts

and un1ts whlch cannot be tested in. the ﬁmsheditransformers These are

-~ N A s

. Transformatlon ratlo/angular (vector) d1splacement group,

e T
e X

i

H;c .

Insulation resistance of the wipdings, .

(6) Applied high tension, powet frequency test of the major insulation for
dielectric strength,

e (AR
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N Induced-voltage test of the turn msulatlon for drelectrrc strength

Itis not possrble that at any pomt in trme all of these tests MUST be

performed. However, various authorities — power supply authorities and

- manufacturers make specific demand and requirement for transformers before

being certified fit to be hooked up to the entire system. By NEPA standards, it

is necessary and requrred that the following tests be carried out on
transformers:

(a) Insulation resrstance test, .- ooy
(b) ~ Ratio test.

©) * Excitation test S e e
(d)  Oiltest o 17 e e ” i

5.1.3.2 TRANSFORMER TEST PROCEDURES iy sjicvii mive: 1

(A) TRANSFORMER OILTEST ., = ioos b o) omife

The oil isitested for dielectric: strength and dielectric loss. (Note: the
oil acts as an insulant and a coolant). The Dielectric strength test is carried out
in a break-down-~high voltage tester: :-. Acceptable . values are 25KV for
transformers up to 15KV and 30KV for transformers above 15KV to 35KV.

The -oil might also be subjected to chemrcal analysrs in order to

' determine its‘acid number, flash point of its vapour, the reaction of a water

extraction; the suspended carbon content and the mechanical. rmpuuty content
(See Fig. 5 1)

B) INSULATION RESISTANCE TEST

This test 1s»performed to ascertain that the windings are free from
defects, that is, they are CLEAN and well DRIED. " This warrants the
winding’s immunity to damage that may occur during electric strength test. In
all, the value obtained assesses the degree of dryness and the likelihood of use
without additional drying. The value obtained depends on the dryness and
temperature of the winding. The value is measured:using a megger between
each winding and earth and between the windings at different voltages.

Tor transformers in sizes up to 35KV, an insulation resistance value of
300MQ at -20°C is satisfactory for transformers in sizes up to 6.3MVA

inclusive, and for transformers of sizes I0MVA and hrgher a value of 600MQ
at 20°C is satisfactory. i
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In general, 1000MQ at a test voltage of 100V is satisfactory (Say,
M.G. ) and NEPA accepts any value between ZOOMQ and 1nﬁn1ty

D C RESISTANCE TEST

N “This is performed ‘to ascertain whether any unnotrced fault due to
f }broken parallel conductors, poor soldered (brazed) joints at the tap changer
" existi" These defects increase the contact resistance at the joints and within
defective sections resulting in increased values of d.c. resistance. The
- variations in resistance between the phases and the various steps of voltage
~contro] should not exceed 2%.  The test is performed using an avometer. The
test- ensures that there are no faulty _]omts or breaks in mulu stranded
conductors.

THE OPEN-CIRCUIT AND SHORT CIRCUIT CURRENT AND LOSS
TEST

The open-circuit test (or core loss and magnetizing current test) is
‘carried out'in order to detect defects in the core of the transformer which may
‘lead to an increase in the open-circuit (magnetizing currént and the associated
" “losses”so-that the overall:efficiency. of the transformer is reduced or the
" transformer is'over heated. The test is also used to check the transformation
ratio, this should not differ from the specified value<by. more than +5%. The
value for the magnetizing current must not, be more than 2-3% of the specrﬁed
‘load- current value -and the core loss'must be very sméll St et

G T N vt badicmd by vaeibraecloo :

The purp()se of the short c1rcu1t test is to determlne the short circuit

~i 6 fegigtance 'test! can be detected bya’ short circuit test. This test is also known
as the load loss or impedance test. Fig. 5.3 shows the schematic test diagram
and the short circuit voltage across the transformer is known as the impedance
v voltage (Vsc)“"*""' AR

Lt TN

',vl §

i3 e

E) THE RATIO AND PHASE INTER CONNECTION TEST e.

- Fig 54 shows the circuit Diagram used for measuring the
- transformation ratio; used to” check the phase inter connections and the
connection of taps to the tap changer (switch).

The phase inter connections are checked to make sure that the
w1nd1ngs have been mterconnected correctly (POLARITY) and that the
angular (phase) displacement is as 1t should be. (See fig. 5. 4/All)

(E) The Applred Hrgh-Tensron Power Frequency (SOHZ) Test of The Major
TInsulation For Dlelectrrc Strength. -

-

7 Note:
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(l)/ ,The test is performed with the applied‘ voltage \‘ fnst across_ the L.V Y
windings, and then to the high voltage windings.

2) For oil-immersed transformer, the major insulation test voltage is
.~ 25KV for transformer in-sizes up to 6KV; 35KV, for-transformers in
sizes up to 10KV; and 85KV for, transformers i in :sizes up to 35KV.
(The insulation between the L.V. winding -and the core, and that
between it and the H.V winding is major).
T NS BT YA :

3) By thrs test e‘(ternal msulatron strength between the wmdrng and earth
is ascertained. dismissing the possrbrhty of any short circuit (high
current or low Voltage)

Coh

See fig. 5.5 for the test circuit

THE INDUCED HIGH-VOLTAGE TEST OF THE TURN INSULATION

Tlns test aims at ascertamrng the 1nternal msulatlon sstrength viz.
-interturn and inter coil to be sure that no. short circuit can result because of
‘poor insulation between them that is, it proves that the insulation strength

- between the turns and between other parts of the. transformer operating at
drfferent potentlals is. okay

Gl
The test voltage is- 115% of the rated value for Abolted cores and 130%
of the rated value for bootless (or banded) cores.
e TR PR B g it g s SIS
, . The transformer is: taken to-have passed the, test Aif no current.in rushes,
discharges and other symptoms of defects are; observed durrng 1.minute of the
v testperrod % b
Cleriectwit l'm'i BUtat e pre ) ofd con i Lo e s el
Other tests that can'be performed 1nclude the temperature rrse test (oil
temperature not ‘to-exceed (55°C to- 65°C), transformer tank fitness, voltage
adjustment’ arrangement (including: the mechanrsm controlled by relays which
must also be tested) . : : .
Srelin

5.14: ‘INSTA‘LLATION OF POWER-DI'STRIBUTION'TRANSFORMERS

. Drfferent types of substation exist in the entire power system namely
mjectron substatlon (at the grid level 132/33KV or 132/11KV to feed various
zones and districts). Prrmary substations (33/11KV to feed major industrial,
commercial and medium sized” consumers); secondary substations
(11/0.415/0.240KV to feed small industrial, small commercial and domestrc

consumers). They vary in sizes and complexrty and also 1n srze complexrty
and installation techniques.

Depending on the size of the installation, one or more supply feeder
cables will be brought into one or more substations viz. Fir injection to various |
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Installation, Testing and Maintenance of Power Distribution Transformer

primary substations to various secondary 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, protection
equlpment (crrcurt breakers and fuses)and feeder plllar '
The substatlon should be of fire proof constructron well ventilated and
dry. Adequate-space'should be allowed for moving equipment about and
provision should be made to limit the spread of fire in the event of escape of
- burning oil. Also, the substation must be prevented from intruders and should
be kept very clean and tldy ’ SRR -
ER ISPV PR TS (’1 SRS EE . 1, T T L s TUTL TR PR T
2u =Substatlon/transfonners~ are’l '1nstalled outdoors indoors and some
transformers- are:mounted on H-type poles.:. However, one must properly site
1"+ the 'substation ih order to minimize cable runs; power-losses and voltage drops.
i, The éntire process.requires that the following actions be taken in general:

»i : e

1. Survey

it. Construction
o i, Testing, and -
" 'iv.  Commissioning

. 1 S
D [EEN o1

Basically a substation needs a building, or fence and plinth(s) plus high
}r voltage control equlpment (in most cases) a. transformer or transformers and

(cornpnsmg incoming withdrawable links, phase and neutral busbars and high
- breaking capacity fuses (for up to eight outgoing distributor cable ways).

1. Resettablé maximum-demand. indicators are often fitted to enable a check to
-}, be cleck'to be kept: of transformer load. - ' S

"+ The only productive 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.

o;m ST Lo .o .

It is Worthy to note at this pomt that mjectron substation make
provisron for offices and/or residential quarters for staff and space for some

. key Operatlon personnels
0 baong,

Hi'at i The aim is to locate an appropriated or best site for the substanon and
' ’assess the' civil. works to be carried out as well as all the materials/other
i'accessories requlred g
l atdudre N Vv i : . !

‘v-fm <The primary and grld substatlon stres requrre a large space wlnch can
e‘wery“ costly and .individual design. problem adopted to, save space and
conthin - transformer noise. For space economy without- compromising

.standard, substations occupy the following land areas:
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P

cnin Prrmary substatron about 836m® . 4 e
: Z‘?' i T LR PR
Seoadl Secondary substatlon S 15m? 1’; T
1ii Grid substatron: S 1672 to 2508cm or 2 to 3 time ‘

T 2

- that of prlmary substatron

3
For a grid/injection substation, a compact installation is possible at the extra
cost of more crvrl works, plants elaborate fire and safety precautrons
Some common instruments for use mcludes pencrl paper cutlass,
pegs, tape for measurement, razor set. All these will assist from the mapping
of the area to the construction stage.

5.1.42 CONSTRUCTION & INSTALLATION

This includes both civil and electrical..works ranging from the
foundation level for the substation building - (indoor) and the plinths (for
outdoor substatron) the fencmg (outdoor) and other electrical gadgets

‘The located site-is pegged and the crv1l/bulldmg works commence
getting an appropriate base ready for the transformer and other accessories to
be put.in place. For a typical secondary substation with between 100-
500KVA transformer, the size of the plinth is about 1.52m % 1.22m x 1.22
-(5'x4'x4") and the fence size is about 4.57m- x 3.05m (15'x10’x10") covering a
gross area of about 150 square feet (13.94m?).. The figures (A18/A19,6,7,8)
show the various outlay. It should be noted that no construction can

-commence without the approprrate drawmgs/plan/sketch/schematrc for all the
-electrical and c1v1l works : EERTTERE R e

The other ﬁgures (A18 & Al0) show typical out door and indoor
substations at ‘the 'primary . and. secondary levels - respectlvely (See
Appendlxes) S e e ST

‘5 . .
e :‘;’)’cti' i Teosie i a0

S . S AT R RS BRI S FE ST P E :
For mdoor substations, provisions are made to limit the spread of fire
in the event of the escape of burning oil. This is achieved by placing oil-filled
. equipment. above a pit ﬁlled ‘with graded chlppmgs This tends to absorbed
lackmg orl “The ﬂoor is sloped away. from swrtch gear (the gradrent bemg not
gettmg into the substatlon 1t will run away from swrtch gear . Windows
‘should be located high up the walls and glass should be unbreakable. DOORS
* “'should’ be of solid construction and kept: locked, KEY:S being retained by a
' frespormble person and the supply authorrty Emergency doors must be fitted
 with' crash barrrers i i e .

i
Py
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*The list of materials for the construction of a typical distrlbutlon
substation (300KVA) is givenin sections 1.4.5.. .

5.1.4.3 Testing: * '+ The purpose for tests has already been dealt with: A list of the
most relevant ones (post installation test) are here enumerated.
i - lnsulation resistance of the lines (HT) and their assocrated auxrh’mes
such as msulators and lightmng atrestors, : .

11 Insulation resistance tests 'for 'the .H.T and L.T cables and their
associated auxiliaries such as feeder pillar H.T fuse -holders

I R SN T BT

iii. | Insulation resistance test of the transformer wmdings HT/LT HT/E
and'LT/E (200-MQ2 okay), - L :

iv. - Ratio test$ of the transformer, * *

v. Excitation test through the secondary windings with the primary open,

vi, Dielectric strength test tor theoil, ~ . . - o s

vii.  Testing the earth resistance of the substatign including the transformer
neutral, channel iron, cables, feeder pillar, transformer body, lightning
arrestors. (1-100hms okay). These tests must :be: separately done and
all metal works should be bounded if possrble

;r‘.l.\v;,’i"‘.' . Tag o p e Lt
! { ) PN

5.14.4 COMMISIONING

L : D TN (T N TR

ThlS is done after all the necessary and required - tests have been
satisfactorily carried out by switching on-the:transformer:onino load. The
output voltage ‘is-monitored and the necessary tap’ changing effected. The
transformer is allowed for at least twenty -four hours 'in this state before it is
loaded, :synchronized with: the: entire ! power system ha’ process knOWn as

‘SOAKING’s +18 o v wow nmlon fusals oo o'

y

5 1.4.5 Materials’ Reqmred For the Erection of A 300KVA Distribution

Substation. i cid corai et Cinde 7
These include
di!"fu‘ ! ”l“l "H t)‘y TN T 5“"'««,.- PR
1. 2 Nos. 10:36mior:34' wooden. or concrete H - type pole;

2. 1 complete se (3 Nos) of ] & P D! fuse; -
i 130040 1'set of 11KV lightning arrestor
G4 100m, 70mm base hard drawn copper |

5. 20 Nos. 6' galvanized earth rod;
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6. 1No.300KVA, 1. ) 415KVA trm;%ermefé,;.. o
J .' Y SRS 1No 4ways feeder plllar IR ,\r:; el
8. 15 Nos bxmetaLhne lap, N A
'§ 9 | 2 lengths channel non 5" x3"x 21" :
’ 10. 15m 70mm 3-core, PVC 11KV U/G cable; N
,g | 11. 1 Raychem kit, 3 core, outdoor teifnlnatlon (56 §S)mm
:3 | 12. 1 Raychem kit, 3 core, mdoor termmatlon (50-_,55)rnm ;.'
I 13. 1 Raychem kit mounting bracket colmplete with insulators;
L ©14. 24, Nos. 70mm’ cable soeket; N

15. 8 Nos., 300mm2 cable socket; . . : S T .
116: lNo Evente plpe L | o
{' . .17. <24m 300m1n smgle core PVC U/G cable o |
‘1 18. 3 tins fluxite soldenng p;ste. N ) N
L 19. 4 stlcks plumbers metal 40/60 alloy; -

120. 95 sucks tin man’s soldler 60/40 allo&,. : I o , , “ - ’, oy
| 21; - 4 htres kerosene oil; | , ‘
[: | ‘22. '4 li;cres eiectre clean selx;el;t; S E,jl C{ ;V\‘““"'({i o I
r'- | 23. - 1 rollkaleris tape;:. "5 an Dt bataag Do N
E * 24. 5 rolls Lassonc tape; : L e : -
; ‘ 25.  45m, 70mrn 4 cor‘:ei PVC :U/G icab‘le (for 3 o.utgellnrg‘ umts ete least with

each outgoer cablebeing. approxunately 15m), i :

é - 26 Sufﬁe1ent eemenf/é;e;ellchaxn lmk | ,.
i N;o‘t‘e If ﬂle O/H mains has- not been strung ltef eubetatlon locaexon the
followmg materials will be mcluded to the list:
27. B/c{)glt1& nuts, (9Nos 5/8x2" 12Nos[ 5/8x7"“ l2nog 5/8x9"l"; 12Nos
: 5/8x11". : R :

oA

J\:’u!

‘
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: NS [ R RLER! D
: 28 oo 76Nos llKV p1n 1nsulator S U e e
WovnRRRL e (PSR PPN w:.!‘J-g el [T
29 (ic36:Nos,. 11KV, spmdle Lo e DA iy
Lo wess R R R IR SPTER .l:l HRSE
30 < 6Nos prlot splndle : AT
% e S Jl‘!‘l: Ltk rd g ey
§.§31. _ 6Nos llKV (Disc) strain msulator
g

‘

.32., 6:Nos. Adaptor socket clevis (pllkrngton type)
L Ly e R PR IO P i S
33 S x6.Nos Adaptor clevrs ball ‘
TR T TR USRI

6, Nos Galvamsed steel iron, s1x-bolt clamp, ,

35 2_;Nos._llK_V stay, insulator;
‘4 “E S T L B " Co
,5536. ‘., 2 Nos. 11KV stay rod 7/8x8";
N ‘-;v i IR ' .. L
.37, 30m,7/8 S.W.G. stay wire.

5.1.5 Al\/IAI‘NTENANCE OF POWER-DISTRIBUTION TRANSFORMERS

Mamtenance in general is a process which ‘involves REPAIR
;REPLACEMTENT AND,. RENEWAL in order, to ensure that
"systems/artifacts are in good workmg condition at all times.

The OBJECTIVE of maintenance is to attain a condition where the
system or artifact ALWAYS, function as.if they were new. No known
methods exist for preventing normal were and tear of components, modules
and systems/subsystems.

The maintenance process INVOLVES the minimization, containment
and CORRECTION of the wear and tear.

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

i. Preventive
ii. Schedule and
iii. Breakdown, maintenance respectively. I

Slmrlarly reparrs can be categorrzed as, m1n0r and major repairs
respecuvely :

“,.“!‘.,‘\
.

N
i

Marntenance is related to the cost and complexrty.of the equipment viz
the mamtenance of pole mounted transformers and those in generation and
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transmission.  Since each maintenance operation has its own risk to
introducing a cause of failure, care MUST be taken-nqt to’ over-maintain the
equipment. The periods adopted for maintenance usually takes into
consideration: ENVIRONMENTAL factors, LOADING and ' MODE of USE.
In most cases, the procedure is to INSPECT the possible cause of FAILURE
and only if necessary, to carry out further work. ' There must also be a system
of reporting defects found in order to maintain the confidence in the scheme.

5.1.5.1 TRANSFORMERS FAULTS

In order to maintain, repair or replace any equipment and associated
component of an equipment, it is paramount to: know-the basic component of -
the equipment and also, the possible faults that can occur on an equipment.
The basic components of the transformer include the ‘core, the windings, the
tank, the tap changer, the dielectric, (oil, bushing, paper, wood) and other
accessories such as indicators (oil level, temperature); breathers, conservators,
protection equipment (relays) and fans. Failure can occur due to a
malfunction from any of the listed items. Generally, the causes of faults may
be due to insulation deterioration, faulty manufacture or maintenance or
excess applied voltage. * The following is a general classification of
transformer faults.

) Phase-to—phase faults on the HT connectrons or wmdlngs

2) Earth faults on HT Wmdmgs or connectxons S A
3) Phase to—phase faults on LT wmdlngs or connect1ons

D R . . ARSEEAN RY R S 1 _‘_l IEETE X el

@ Earth-faults on LT w1ndmgs or connectlons L RN

. -}
RIS R N RIS FE TS T

(5) Phase to-phase faults on tap- change gear; e i

Taraa

‘\k"(6)’ ' Earth faults on‘tap change gear o ’zs»’-vli,’w'i:‘-‘j x

T Interturn faults in main tank

s e CTIT.

(8) Interturn faults in tap-change compartment; ‘L' e
(9)  Core faults;

(10) Lowoil;

; (11) Overloadand

| (12)  Tap-change mechanism,

5.1.5.2 TIPS ON TRANSFORMER MAINTENANCE ~

70
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faiThe following is'a gu1de’to enhancestransformer maintenance practice
all botherrng on safety, reliability and cost effectiveness.

Transformer »should be inspected sthoroughly: as: soon as they are-
»recelved from the manufacturer or supplier; :

-Distribution transformers should never.be energrzed unless the oil is at
ithe proper level; = + . P I

3 Transformers should be handled with care, avoiding server jarring that
;- .+ might damage the internal structure;

.29°(4) . . Transformers should always be. inspected by the crew before

~installation, that is the bushings, access plates and other fittings should
be inspected and thoroughly tightened before the transformer is placed
in operation;

- (5)  When replenishing oil care must be taken so ‘that;

(i) . 'moisture does not enter:the transformer-
(n) nothmg falls 1nto the tank

. (6) .. Transformers should never, be moved or hfted by the bushings or other
attachments but with the lifting lugs provided for this purpose;

~.:(7).-- - When a transformer is mounted on a pole, care should be taken to see
that the transformer is in a vertical position and securely fastened so
that a severe impact agamst the pole will not jar it loose;
P e O
8 When performmg marntenance 1nspect10ns all bushmgs connections,
-~ protective-devices, gaskets, the paint finish on the tank, and all other
: - exterior fixtures should be inspected for evidence of rust, corrosion or
i over-heatlng The 011 level:should. be checked and the condition of the
T oil tested; ‘ R TR s I8
si ""',i-':r' i i
©: Ifan inspection cover is removed from a transformer for inspection, it
s 'should be replaced. If the gasket.is not in, perfect condltlon It should
be replaced , R
¥ R S s : R ARSI SN O
(10) i When worktng with, any transformer the connectrons on both the high
i srand low.sides, :should. be;.opened,: to. avoid, danger from feedback
AL voltage. g liiE ;‘\ Eant
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LA few uwbasic ' procedures , avert., . costly. . transformer failures and
1, o anterruptlon ofiservice after they have. been properly, mstalled due to periodical
rruinspection and maintenance. If these procedures are neglected over the years a

1) transformer - might, fail ,wrthout_ any.-warning causing expensive repairs or
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- replacement: and loss of productlon Thls 1s the essence of transformer main
tenance - : : , : :

5.1.5.4 MECHANICS (WAYS) OF PROPER TRANSFORMER
MAINTENANCE -~ , e

Thrs basically consist of - SR E IR PR L P T ;
) keeplng all parts clean and protected from rust, d1rt, and
corrosion’
. G R L et e O R ey : L
2y testlng the wmdrng msulatlon and the 1nsulat1ng coohng liquid
sl 3) mspectmg and testmg the protectrve and mdrcatlng devrces

b T e ARt C T PR A I TRt

R CYRINE mspectmg the: transformer internally ..,

1 (8) - inspecting the auxiliary equlpment such as fans coolers,
o hghtrng arrestors and grounds R TR

5.1.5.5 RULES GOVERNING TRANSFORMER OPERATION
Although a transformer and its assomated equrpment does not have as
‘many ‘moving parts'as most electrical equrpment the same basic rules still
apply: These ‘basic fundamental rules are: :

" (1) Current‘carrying components must operate in a moisture-free
o 1nsulatmg 11qu1d or area,

2) The 1nstallatron must be kept clean from drrt rust or corrosion,

>_v.

() Al movmg parts must be kept well lubrrcated

C)) All enclosures contarnlng msulatmg and coohng liquids as well
as weather proof enclosures that protect the equipment from the
weather must be kept trght

5.1.5.6 INSPECTION AND MAINTENANCE OF TRANSFORMERS

The frequency of i 1nspectron and maintenance of transformers and their

" associated equipment varies but basically depends upon their SIZE, TYPE and
USE.  Large power transformers normally require more frequent inspection
and maintenance than small lighting and distribution transformers. This is due
mainly to the fact that they are costly to replace, they serve electrical
equipment critical for plant production, they have more associated equipment
such as cooling fans, forced oil pumps or protective alarms that must be
properly maintained to insure a trouble-free installation .etc. Operation
" personnel should make a schedule for inspection and maintenance keep a log
" book and closely follow the schedule. The record kept should list information
relative to --the = installation’ : showing - the - . transformer
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speciﬁcatlons/characterlst1cs part hlstory, repaus and tests. made and spare
: parts- ‘ ‘ .

The following includes most of the equlpment that requires pCI‘lOdlC
inspection and maintenance and if a schedule is made and followed closely by
the “plant’ personnel and operators ‘ continuos: service and _trouble-free
installation is -assured: load and voltage; liquid level; temperature (for oil, air

“and Water), pressure vacuum gauge: (for sealed tank transformers and gas-oil-
sealed preservation‘ systems; fans pumps- and their controls; dehydrating
- breathers; pressure-relief ‘devices; insulating liquid, core and coils. The

adjoining tables explain and illustrate inspection and maintenance actions to
be taken.

1.5.7. ADAPTIVE MAINTENANCE OF POWER-DISTRIBUTION
TRANSFORMERS

This is based on ‘copy creativity’ and ‘re-inventing the wheel’
theories. It is enhanced by proper knowledge of the entire power
system/transformer sub-components. The object is to source materials locally
and improve the reliability of the transformer.- It also reduces the bulk weight

., of the transformer. The theory of adaptive maintenance is also possible only
».. when the roles played by the sub-components and their characteristic factors
complementing such roles are obvious to the maintenance staff. Research has
looked into the possibility of using wooden bushings and vegetable oils as
alternatives to porcelain bushings and transformers. This is due to the cost
savings of the former and their ready availability as well as the fact that their
source of origin is a renewable one. Shock absorption capability of wooden
bushings vis-a-vis their porcelain counterpart is another major in consideration
favour of wooden bushing. Bushings are 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 coolant and insulant carrying away heat from the core and
w1nd1ngs/assoc1at1ng insulators and.also strengthemng inter coil insulation.
These two:  wooden bushing and coéonut 6il have been used on a 10KVA,
‘_50Hl 11/041 5 XV, dlstrlbutl,on transformer _prototype and the results, were
§/ery encouragmg in comparlson w1th 4 ‘standard identical control prototype. In
mind was that indoor substation and transformers with concealed bushing
cabinet exist, thus weather hazards are reasonably taken care of in the use of
i wooden busing replicas. For vegetable oils, their chemical stability is yet to
4 be fully ascertained. However, both models have not been used under
sustdined simulated/practical load conditions over a reasonable length of time.
"The figures show the wooden busing prototypes and the Table show a
comparative test results for busing (wooden/porcelain) and oil (transformer oil
and vegetable oil).

.CONCLUSION/RECOMMENDATION

Maintenance culture is very necessary for any equipment designed,
produced, installed and commissioned to render specific services. This must
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i become ,part. of ‘our technological ‘awareness: if : we:-want : to operate safe,

i reliable. and efficient systems. Aspect such as rewinding, heat. treatment,
. cannibalized varnish impregnation were not dealt with in detail but constitute

4B ’ oooovital aspects of maintenance of transformers Dbl L

s i : . 'xmr-l-;ea:~"

DRSPRL SFEST: It is recommended that power: supply authorities: look -in I;he dlI‘CCthﬂ

- of adaptive technologies as a way to enhance reliability, continuity, efficiency

- and:cost effectiveness in their short and long:term plans and management for
the ‘systems. - They. should :also encourage. training/retraining. of staff
(technical) with new theories and development in thelr areas of spemahzatlon

{(maintenance of installed plants and equipment.-
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Fig. 5.1: Schematic Representation of a High Voltage Oil Tester
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APPENDIX A

i

A
W
H
v
< I >
Figs. 5.3: Typical transformer fence dimensions

For 100 - 500KVA: L 15FT, W 10FT, H 10FT (FENCE)
For 100 — 500 KVA transformer plinth: L 5ft, W 4ft, H 4 ft.

< : 15ft >
FENCE o A
00
Sft . Poles
TRANSFORMER
PLINTH- 4 ft
_ (Concrete base) ‘ 10 ft

FEEDER PILLAR PLINTH. (Ridged Concrete base) |

© Fig. SHDRIRILORRNGE faticing/plinths:
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