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1. INTRODUCTION 

Transi'ormcrs arc· a live wire for all pow.:r transll1JSSJOn systems. Simply put, they are 
used !'or tile purpose of voltage ·changi10g. tllany types exist namely: power transformers (for 
t rans1 nission and disl rihut i<lll ol' electrical c:ncrgy 1: autotransformers 1 for starting motors 1: 

instJ'lJJJIL'Jlt traJJsf'or111er (for circuit JlleasurcJ'l:nl 1 and test transformers t for producing high-test 
volt~J.~·~·s). TraJJSform.:rs can be of the single phase or three-phase types. Irrespective or tile type 
of po\\\~r distribution transformer. the basic components are rc<lSOIKlbly the same. These are <1 
static. !ypc of tmchi11e dcsig11<;:d for transl'onmtion'oi' one alternating current system into another 
with ;1 di l'l'crent voltage and cliJTCJit characteristic. 

,\ny system put in rlace must be saf'l.', l'l.'liabll• (continuous) and r!Trctivr, thus 
trans!':•nncrs lllUSt he ins'alled. t:Csted and propaly 111~1intained in order to achieve lht: desired 
objt:cliwlsl in lhc powGr system. To install is to place or fix so1nelhing in position !'or use and 
the acl o:· doin!,! this i-.: r~lcrred to as installation. Thus. when a transformer is put in place ready 
!'or w:,· ~·.nyw:.,~,--- wi111in the power sys!etn. it is said to have: been installed through an installation 
pron·:;s. 

13ei'orc installation and after, it is very necessary to ascertain the si<Jtc of th~· transformer. 
This is Olli)' pnssibk through testing, that is. subjecting the transformer to ccrtai!l conditions that 
will show its quality. · 

In or(kr th:tt the installed transl'or•n:·r pcd'onn reliably. saft• and l.'fft•ctivrly~ i~s very 
ncccs·::1ry to kt't~p it in good condition. On:~ '"~1)' to do this is through maintcnann·. To maintain 
is to kt~l'J1 up: retain or continue ;Jiicl the ;~rt of keeping up or retaining in good condition is 
rdcrr·:d 10 as JJlailllt~llanc,~. 

1.1 BASIC COIV~_PONI~NTS OF POWER DISTRIBUTION TRANSFORMERS 

Tilt' tJ<~IISI.ormers consist basically of a magnctil' circuit (core or iron) on which the 
windings (or l'il·clric circuit) arc placed. II also comprises a number of constitucnt paris and 
t•ll'llll"ll.-; dcsig11ed mainly to facilitate the transformer usc and maintenance. 

Thest: i1Jcludc: 

l ;1 I V;Jriuu:. illSIIl:Jtors ( S11lid ~I lid liquid l fo · illstilatiotl/isol;Jtion of Clll'rtellt carrying parts: 

1 h 1 Bt!shings: ;11td 

It' I Ll'ads for L'OIJnccting till' winding~ to the trans1nissionlin.:s: 
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Switch gear (tap changet· 01· tap switch) for the transformer voltage adjustment; 

Tanks lo contai11 the trllnsfonncr oil :111d other accessories; 

Cooling tubes. Radiators and/or fans to enhance transformer cooling; 

Protectivt• gear which operates when a fault arises in the transfonn.:r such as a Buchholz 
Relay. 

Other components include: Oil conservator (to house excess oil resulting from expansion and 
also to suppktnetlt the oil level); the Dehydrator and the tfwrmisyphon filter Ito absorb the 
moist11re carried by the air that enters the transformer thereby protecting the oil against moisture 
and catches particles in the inco111ing air thereby acting as a lilterl. Thennisyphon titters arc 
installed on large transfnrmers 2.5MVA and above allowing them to be operated for a very long 
time without having to i·emove the transt'ormet' frpm service for oil purification and regeneration 
thus· tnaintainittg the desired purity and dielectric strength: the oil gaugr 1 which indicates the oil 
level when the transformer is being tilled with oil after rep:tir and also in service). 

The b:tsis of this brief on the basic components of tmnsl'ormers is to prepare :t stambrd 
point !'or nwintenance. /\II transformers need not have all the components described above. This 
is a fttnc..:tion of the transformer r:tting tsizeJ :1nd duty. These components arc sources of failure 
that ll'ill be<:illllc evident during tests and theret'ore requiring maintenance ( rcpl;tcement or 
repairs 1. 

1.2 TRA_NSFORMER SUBSTATIONS 

·~ 

Substations abound in the power system. The prime objective is to effectively :1nd 
eflicictttly transmit and distribute electrical energy to the various ;11Jd numerous customers 
COilii~Ttcd to·thL~ system .. The_ st:1tions are usually located such that voltage drops as we11J6s losses 
are mi11imized. The substations can be grouped as follows: 

I a l 
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The G Hcl Substations t :dso injrct.ion substations 1 at 
132/11 KY. 

The Prilnm·y Substations at 33/ll,KV,: and 

Secondnry Substations at II /0.41.'i/0.24KV. 

The cap:tcities of the various substations are within the t'ollowing nmges: 

10- 30M VA udd 20- 90MVA for the grid: 

.'i -20M V 1\ and 5- 30M VA I 'or the primary and .. 

1)2/33KV or 

tiiit 100- 2000KV/\ and .'iOO -7.'iOOKVi\ for the secondary suhstatiollrcspcctivcly !'or the 
various consumers listed. 

Si.thst;ttions can be of the indoor or outdoor types. Irrespective ot' thL' types the 
followittg components are present: high voltage equipment. step-down transformers. consuniers 
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low voltage equipment, meters :md protection equipment t circuit breakers. fuses l. The local ion 
of the substation is such that it is near the load center in order to reduce the cable lem!th and 
hence. power lossjmd voltage drop. ~ 

All slatiur,~s should lw 'itf fin•proor constntction. wl'il \'t•ntil;tted and dry. Cahks are 
cont:tincd in earthenware pipes within the substation. or in co11crcte ducts in the floor cast in situ 
1 for the~ indoor typ~s l. 

In general. transformer installation can be grouped as follows: 

1 i 1 Pole ntout1ted units; 

t ii) Outdoor units and 

(iii l Indoor units 

Underground substations also exist. 

1.3 TRANSFORMER TESTS 

Tests are the principal means of detectipg troubles and defects in electric equipment 
ttran~fonners. motors. generators. l and of checking the quality of repair. Each test has certain 
objective(s), techniques and requin•ments. The tests can be broadly categorized as pre­
installation/n•pair and post-installation/repair test respectively. The objective of the pre-test 
is to ddennine the state of the transformer and/or the scope and nature of' the repairltn:tintenance 
work dune ur lu l>e dt>lll' ;utd ;tl~u. 111 ~ll(lJ>IY lite pnlu::uatllT dat:: \\':tit wl11l'lt lite J>Psl 

installatinil/repairltnaintcnance results arc to b.: compared with. The essence of the post-test is to 
check the we: kn;:!nship to make sure the transformer is free from cletecls that might upset its 
norm:l operation. lo see that its performance complies with its data sheet values and applicable 
specilicatiotts and standards. 

til 

1.1.3 APPLICATION TI!:ST STANDARDS AND SPECIFICATIONS 

· .. ~ 

Transformers are. tested in accord:n1ce with a program. which includes the detection of 
likely ddects and a check on the performa·nce characteristics for compliance \\'ith relevant 
st:111d:u·ds or spccitic:ttiolts. 

These standard tests can eithl"r be': 

1 iJ Routine tests: AI' transformers arc subjec
1
ted \O these. 

t ii l :rypc tests: These are carried out on the lirst unit only of a new design. 

Also. we can talk of pl't'liminal'y :1nd final test respectively. The former are tests carried 
out hdilt'e tratlsf'onncr Is assetnhkd in its tank in order to ensure thai any f'aults dei<Ticd ::re 
n:ctilic·d and include the lullowitlg: Core Insulation. Ratio. Polarity and Resistance test 
respectively. The final tests are carried out complete with :Jll external components and tittings 
which are.likely to affect the performance of th•: transformer and generally include the following: 

J 
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li) lbtio and Polarity tests: 

t ii J Surge-voltage withstand test; 

·-
t iii J Separate-source-voltage withstand tL:st: 

rivl Induced-over-voltage withstand test and internal discharge test; 

tv J Resistance of windings t DC resistance test J: 

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

tviiJ Noise test thununingJ: 

(viii J Zero sequence impedance test: 

tixl Temperature rise test and 

( x) Insulation resistance test. 

/\II tlw tests ;u'e routine tests except t ii land (X l which are type tests :tnd 
t 1i) and t ix) which are special tests . 

The acceptance test sequence is as fo'l!o.\\'s: 

tal Electric strength ot'transl'o!'llll:r oil 

t b) Winding insulation resistance 

( c 1 Electric strength of insulation with :tpplied voltage 

t d l Electric strength of insulation with induced voltage 

t e) Open-circuit conditions. 

tli 

There are yet other tests, referred to as proof tests. These are test :1pplied to individual 
parts und units of a transformer in the process of manubcture and assembly. The purpose of 
these tests is to prevent f~1ulty parts and units from being installed in the transformer :1nd check 
those parts and units. which.cannot be tested in the' finished tr~lnsformers. These are primarily the 
windings. core and switches. 

The following tests constitute thost: i11 the post repair category: 

t I l Oil test. 
I 

( 2 l Transl(l!'lnat iotJ ratio/:11Jgul:tr 1 vector 1 displace!llcnt t'roup 

t3l DC rcs;,;iance of windings. 

(4) 'Open- circuit and shot1- circuit current and losses. 
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L'i l Insulation resistance oft he windings. 

( 6 l Appficu high tension. power frequency test 6f tl;e major insulation for dielectric strength. 

t 7 l l11duccd voltage test of tne turn insul:trion for cliekctric strc11gth. 

It is not possible that at any point in time. all of these tests must be performed. However. 
various authorities/power supply authorities and manut~tcturers make specitic demand and 
requirement for transfot·mers before being certitied tit to be hooked up to the entire system By 
NEPA standards, it is necess:try and requ_ired th:tt the following tests be carried out on 
trans fo rrne rs: 

(a) Insulation resistance test, 

(b) Ratio test 

(c) Exdtalion test 

(d) Oil test 

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

(i)Oil Test. 

This uses a high voltage oil tester to dete1'111ine the dielectric strength or the oil. 
The oil sample collected is about O . ."i liter. put in the test vessel :.~nd allowed to 
settle tor about 20 minutes to. free it fro111 :tir bubbles. An incre:tsed voltage is 
applied until break down occurs. Six such readings are noted at 10 minutes 
interval. The .average break down voltage is obtained using the last ."i readings. 
A i·eading of between 25-30 kV is acccptttbh.:. • 

Other possible oil tests include: abridged chemical analysis in order to determine 
its acid number, the tlas!1 point of its vapour. the reaction of a. water extraction. 
the suspended carbon content and the mechanicttf impt:1rity content. 

(ii) The D.C. W!nding 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. resistance owi1ig to an increase in the contact resistance at 
the joints and within the defective sections. Resistance variation should not 
exceed 2'~·. An avometer/ a multi-meter can be used to do this test. 

(iii) The Insulation Resistance Test 

An insulation mcgger (uigit:il or analogue) is nscd with a IOOOV range 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. \vinding grounded, and between the L.V. and H.V. 
winding connected together and to the tank. At 20°C. at least 300MQ is satisfactory for 
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lransf'"nners up lo GMVA and GOOQ are satisfactory for units from IOMVA and :.~bove. In 
gencr;d. IOOOMQ at a test voltage of IOOV are satisfactory !sBy. M.Gl ;tnd NEPA accepts any 
value between 200MQ and intinity. 

... 
(iv) The Oprn Circuit Trst (Corr loss/Magnetizing current test) 

This detect core defects evident by increase in m:tgnetizing current and 
:~ssociated losses thus reducing the overall efticiency or overheating of the 
transformer. 

Note: V. is increased in step· until the r:tted normal v:~lue is obtained. However. 
if a reduced voltage is used. transformation must be performed to the rated value 
in order to get the appropriate P.,. 1.,. This test might also serve to determine the 
tr•ansfonner ratio. 

(v) Short Circuit Trst (Load loss or impcclnnrc Test). 

The imped;111ce voltage is the voltage that V:'ill cause the rated full-load current to tlow in 
the wittdings. Normally the LV windings ;tre short-circuited for this test and the transformer 
energized front the H.V. side. This test detects defects in the windings viz. Incorrect transposition 
of conductors. partly or fully broken conductors. iniproperly made soldercd/brazccl joinls. using 
smalkr cross-section area conductor. These defects m;tnifest by raising the ohmic resistance of 
the winding and entail an additional loss under no load. 

(vi) 

The measured input power represents the !o!al load loss at the ra!cd load ;tl about 
7."i 0 C. it is thus necessary to measure the winding resistance during this test in 
order to co111pare/prorate the re;tdings obt<tined. This test can also confirm the 
real ratin; of' a transformer. 

Ratio/Phase I ntet·ronnrction Test 

• To determine the transformer ratio, to check phase interconnection ;tnd the 
connection of taps to the t<tp ch.anger. 

Apply <tl least 21il of tl\e rated voltage simultaneously on all 'the phases of the 
transfdrmer. Usc the tap ch;,~nger in a step-wise manner to adjust the voltage. If 
the variation in voltage bel \"eelt the plwses does not exceed by 21ft.. then all is 
well. . 

The ph<tse interconnection <tSSerts !hat the windings have been properly interconnected 
and th;tt the angular or phase displacement is correct. 

(viii) I nducNI High• Voltage Test. 
I 

This determines the strength of the insulation between the turns aud other parts 
oper<ttlng at different potentials. 

The test involve operating the transtonner at between l."i - 3017r higher then the 
nominal voltage on open circuit for a very short time tsay I minute). If no 
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current inrushes/discharges/other symptoms of defects are observed. then the 
transformer is okay. 

... . 
INSTALLATION OF J>OWER-DISTRIIHJTION TRANSFORIVJimS 

I ' 

Different types of subst:ttion exist in the entire po\\'er system namely injection substation 
(at the grid It' Vel 132/33 KV or 13211 I KV to,- feed various zones and districts). Primary 
subst:t(ions 13311 I KV to feed major industrial. commet:cial and medium sized consumers l; 
secondary substations 1 ll/0.4l.'i/0.240KV to feed small industri:tl. small commcrci:tl and 
domes:ic consumers). They vary in sizes and complexity and also in size. complexity and 
installation techniques. 

Depending on tilr. size of the installation. one or more supply feeder cables will be 
brought into one or more substations, then by injection to various primary substations to various 
secondary substation :llld then to consumers. The substation is built to house the step-up 
transformers and/or step down transfor!ners. the consumers low voltage eqtJipment. meters. 
protection equipment (circuitbreakers and fuses) and feeder pillar. 

The substtttion should be of tireproof construction, well ventilttted and dry. Adequttte 
space' should h.c allowed for moving equipment ttbout and provision should be made to limit the 
spread or tire in the event of escape of burning oil. Also. the substation must be prevented from 
intruders and should be kept very clettn and tidy: 

Substation/transformers are installed outdoors. indoors and some transformers are 
ttlOLIIJit'd 011 1·1-typc poles. However. one ttlust properly site tlu: substation itt order to tllinitllize 
cable ·runs. power_losses and voltage drops. The edtire 'process requires that the following actions 
be taken in general: ' 

i. Sm·vey 
ii. Cm~stJ•uction 

iii. , .• Testing, and • 
iv, Commissioning 
Basicully u substution needs u building, or fence und plinth(sJ plus high voltage control 

eguiprnent (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 
neutr:d busbars and high breaking capacity fuses (for up to eight outgoing distributor cable ways). 
Reset able maximum-demand indicators are often titted to enable a check to·. be kept of the 
transformer load. Thus. the major work aspects'are electrical andci\'il ei1gineering based. 

The only prodltctive component in a substation is the transformer. All other items. 
including building and ci\tiJ works are to the. detri.menr of economy and tlt~ associated low 
voltage 1 L. V) network. 

lr is worthy td note :tt this point th:tt injection subst:ttions make provtston for offices 
and/or residential guarters for staff and space for some key operation personnel. . 
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1 1.4.1 SURVEY 

. The ai111 is to locate an appropriated or. best site for the substation and assess the civil 
worb to be carried out as well as all the materials/other accessories required . .. 

The primary and grid substation sties require a large space which can be very costly and 
individual de~ign problems adopted to save ·space and contain transformer noise. For space · 
ecoJIOIIl)' without compromising standard. substations occupy the following approximate land 
areas: 

i. Primary substation : 836m2 

ii. St·rondary substation: 15m2 

iii. yrid substation: 1672 to 2508cm2 or 2 to .3 time that 
or primary substation. 

For a grid/injection substation, a coinpact installation is possible at the extra cost of more civil 
works. plus elaborate tire and safety precautions. 

Son-c comn1on instruments for use includes pencil. paper, cutlass, pegs, t<lpe for 
llleas11rcmcnt. razor set. All these will assist from the mapping of the area to the construction 
sla!.!.C. 

1.4.2 COI\:STRUCTION & INSTALLATION 
This inclucks both civil and ck~ctric:d works ranging !"rom the i"ounclation level !'or 111c 

substatiqn building tindoorl and the plinths tfor outUoo1' substation). the fencing (outdoor) and other 
dcctrical g•Jcl!-'t'ls. 

The lncated site is pegged •1nd the civil/building works commence getting an appropriate base 
ready i"or the transfo:·,rer and other accessories to be put in place. For a typical secondary 
subs! ;II ion with' bet w~ctl I 00-.'iOOK VA transformer. the size of the plinth is about I..'JI!m x 1.24111 
x 1.2:2 t.'i'x4'x4' l and the fence size is about 4.57m x 3.05m 1 l.'l'x IO'x I 0') coverin!! a !!ross area of 
about l."iO squ •• re feel 1 13.94tn2

). Thr figurrs (A 18/A 19, 6,7,8) show the va;iou~ outlay. It 
should he 11nted that 110 co11struction could comlllcllce without the appropri<Jie 
drawillgs/plan/sketch/schetnatic for all the electrical and civil works. 

The other figures (A 18 & A 1 0) show typical out door and indoor substations at the 
prinJaJ')' and secondary levels rcspecti,iely. !Sec Appendixes). 

For indoor substations, provisions are made to limit the spn,:ad of tire in the event of the 
e~capt~ of buming oiL This is achieved by placing oil-filled equipment above a pit tilled with 
graded chipping. This tends to absorb leaking oil. The tloor is sloped away from the switch gear 
t the r:radic111 being not loss than I meter in I OOml towards the sump so that in the event of water 
gel tin~~ into the substation. it will run <tway from tlie switch gear. The windows should be located 
high up the walls and the glass should be unbreakable. Doors should be of solid construction and 
kept lnckcd. the keys being retained hy a rcsponsihk~ person ami the supply authority. 
Elltcrr~l:ncy doors IIIUSI 0c lilted with crash barriers.' 

. *The list of some materials for the construction of a typical distribution substation 
t300I-.:YJ\l is given in sections 1.-+..'i. 
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1.4.3 '!\•sting: The purpose for tests has already been dealt with. A list of the most relevant 
ones 1 post installation test) are here enumerated. 

·-
I. Insulation t\.:sistance ot' the lines liiTi and their associated <~Ui\iliarics such as insulators 

and lightning arrestors. 

I ' 
11: Insulation resistance tests for tho;: H.T <tnd L.T cables and thei1• <~Ssociated auxiliaries such 

as feeder pillar. H.T fuse holders, 

111. Insulation resistance test of the transformer windings HT/LT. HT/E and LTIE (200-MQ 
okay I. 

1 v. Ratio tests of the transformer. 

v. Exc.it:ttion kst through the secondary windings with the primary open. 

vi. Dielectric strength test for the oil. 

vii. Testing the earth resistance of the substation including the tr<lnsformer neutral, channel 
iron. cables. feeder pillar. transformer body. and lightning arrestors. t 1-10 Ohms okay). 
These tests .must be separately done and all mct<tl works should be bonded if possible. 

1.4.4 COMlVIISIONING 

This is Jo11e alkr <ill the nL·cess;:ry a11d rcquin.:d tests h<tv..: been satist'actorily c<~rricd out 
by s\\'itchi11g 011 the tr<lllsfonn..:r on no load. The output voltage is monitore,d and the necessary 
tap ch;111ging clfcctcd. The transformer is allowed for at least twenty-four hours in this st<tte 

· bcl'on· it is lo:1Jcd, synchronized with the enti1:e p~wer system a process known as 'SOA Kl NG '. 

1.4.5 M:llrl'i<lls Rcquil'l'CI Fo:·thc E1·crtion of A 300I<VA Distribution 
Subst <~lion. 

Th::sc include: 

I. 2 Nos. I 0.36111 or 34' wooden or concrete H.- type pole: 

") I complete set ( 3 Nos.) of J & P 'D' fuse; 

3. I set of II KV lightning arre.stor; 

4. lOOm. 70mm2 bare hard drawn copper; 

5. 20 Nos. 6' galvailized earth rod; 

G. I No. 300KVA. ll/0.4!5KVA transformers: 

7. I No. 4 w<~y lceJcr pill<1r: 

8. 15 Nos. bim.:tallinc tap; 
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10. 

IL 

12. 

13. 

14. 

15. 

16. 

17. 

IS. 

19. 

20. 

21. 

.22. 

I' _.). 

24. 

25. 

2 lengths channel iron 5" x 3" x 21' 

l.'ii\1. 7011111/ 3-core. PVC. l·lkV undergroundtulgl cable: 

·-I no. I I kVRaycllcill kit. 3 core. outdoor tcnnination t50-95lnml·: 

Inn. llkV Rayrl.w1n kit, l rn1-r. indnnr tcrnlination t'iO-CJ'iltnn)
2

; 

I no. I I kV Raycllem kit mounting bracket complete with insulators: 

24. Nos. 70mnl cable socket: 

8 Nos .. 300nun2 cable socket: 

I No. [verite pipe; 

24m, 300mm2 single core PVC underground(u/gl cable: 

3 tins of nuxite soldering paste: 

-+sticks of p\umbers metal 40/60 alloy: 

95 sti~·ks of tin man's soldier 60/40 alloy: 

4 liters of kerosene oil: 

4 liters of el~ctro clean solvent: 

I roll of kakris tape: 

• . 'i roll~ or Lassoric tape: 

45111. 70mtn2 4 - core PVC undergwpnd(,u/gl cable (for 3 outgoing units ;1t least with 

each outgoer cable being approximately 15ml: 

26. 

Nolr: 

Suflicil~nt cement/gravel/chain link: 

If the overhead 1 o/h l mains has not been strung to the substation location. the following 

lnat..:rials will be included to {]le list: 

27. Bolt & nuts. (9Nos. of .'i/8x2": \?.Nos. of5/8.x7": 12Nos. of5/8x9": 12Nos. of5/8x11". 

28. 6 Nos. of 11 kV pin insulator: 

29. 6 Nos. of 11 kV spindle: 

30. (J Nos. oi' pilot spindle: 

31. 6 Nos. ofll kV (Disc) strain insulator 

32. 6 Nos. or Adaptor socket clevis tpilkington typcl: 
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JJ. 6 Nos. of t.daptor clevis ball; 

3·1. 6 Nos. or Galvanrzed steel iron. six-bolt clamp; 

35. 2 Nos. of I I kV stay insulator: 

36. 2 Nos. or I I kV stay rod 7/XxS": 

37. J0nl7/8 S.W.G. stay wire. 

MAIJ\'TENANCE OF POWER-DISTRIBUTION TRANSFORMERS 

Maintenance. in general is a process that involves rcpai1·, replacement, and rcncm1l in 
order lo ensure that systems/artifacts are in good working condition at all times. 

The objective of maintenance is to attain a condition whel'e the system or artifact always 
functions as if they were new. No known methods exist for preventing normal wear and tc~1r of 
con1pnnents. modules :.nd systems/subsystems. 

The maintenance process involves the minimi:wtion, cont<tinmcnt and correction of the 
wear ;111d le~1r. 

Different types of maintenance can be embarked upon to cater lor both natural and 
:1rlilicial comlilions and include the following: 

i. P1·cvcntive 

ii. Schedule and 

• iii. Breakdown, maintenance respectively. 
i ' 

S imil:1rly repairs can be categorized as minor and major repairs respectively. 

Maintenance is related to the cost and complexity of the equipment viz the maintenapce 
of pole mounted transfc,mers and those in generation and transmission. Since each maintenapce 
opera! ion has its own risk to introducing a cause of failure. care must be taken not to ovj!r­
Imiinl ain the equipment. The periods adopted for maintenance usually takes into consideration 
the following: t·n·,,ironmcntal factors, loading and mode of usc. In most cases. the procedure is 
to ins pert the possible cause of failure and ouly if necessary, to carry out further work. There 
IIlllS! :dso be a system of reporting defects ·found in order to maintain the contidence in the 
Sclll!llll'. 

1.5.1 TRANSFORMERS FAULTS 

In onkr to maintain. repair or r~place <Ill)' equipment ami associated eo1nponcn1 of 
cquip11icnl. it is par~llllount to know the basic component of the equipment and also. the possible 
raulis I hal can occur on equipment. The· basic components of the transformer include the COJ'C. 

the windings. the tank. the tap changci'. the diclcctl'ic, (oil, bushing. papr1'. wood) and other 
accessories such as indicato1·s (oil lnel, tempemtiu·e), bn•athc,·s, ronsenato1·s, protection 
equipment (rd;lys) :111d fans. failure can occur due to a malfunction from any of the listed 
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itc111s. Generally. the causes of faults ma)' be due to insulation deterioration, faulty 
manufacture or maintenance or excess applied voltage~ l11e following is a general 
classii'ication ol' transformer Faults:· 

·-
1 I l Phase-to-phase faults on.the HT connections or windings; 

12) Earth faults on l-IT windings or connections; 

1l l Phase-to-phase faults on LT windings or connections: 

14) Earth-faults on L T windings or connect.ions: 

I 

t.'il Phase-to-phase faults on tap-ch.tnge gear; 

16) Earth faults on tap-change gear: 

( 7) lntertum faults in main tank: 

18) lnterturn faults in tap-change compartment: 

19) Core faults; 

I IO.t Low oil: 

1 I I 1 Over load ;tltd 

( 12 l Tap-change me~hanism . 

l .. 'i.l.l Tl PS ~)N T.RANSFORMER MAINTENANCE- GENERAL1 

• The following is a guide to enhance transformer maintenance pntctice all bothering on 
saf'l·ly, •·l'liabi lily, cosl cll'ccli vencss and enyiropmenlal friendli(less. 

(I l 

12) 

(3J 

Transformer should be inspected thoroughly as soon as they are received from the 
manufacturer or supplier: 

Distrihutio,l transformers should nev~r be energized unless the oil is at the proper level; 

Tran,;formers should be handled with care. avoiding severe jarring that might clamage 
the internal structure: 

14 l Transformers should always be inspected by the crew before installation. that is the 
bushings, access plates and other fittings should be inspected and thorpughly 
lightened before the tr;111sform:r is placed in operation: 

I :i I \\'IJc'll l'l'pklli~lijng Oil c';l!'c' !Ill:~: l,,. t;il\.-1) -'L1 tli.lt: 

1 i) moist w'e does not enter the transformer 
( ii l nothing falls into the tank 
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(6) 

(7) 

( 8l 

Transformers should nevet· be moved or lifted by the bushings or other attachments but 
with tile lif'ling lugs provided for this purpose; 

When a transfom~r is mounted on a pole. care should be taken to sec that the transformer 
is in a ve•·tiral posilion a1~d securely fastened so that a severe impact against the pole 
will not jar it loose: · 

When performing maintenance inspections, all bushings, connections, protective 
devices. gaskets; the paint tinisli on the tank, and all other exterior tixtures should be 
inspcctl.!d for evidence of rust, corrosion or over-heating. The oil level should be 
checked. and the condition of the oil tested; 

( 9 l If an inspection cover is removed from a transformer for inspection. it should be replaced. 
If the gasket is not in perfect condition, it should be replaced; 

1 • l• 

( I 0 l When working with any transformer. the connections on both the high and low sides 
should be opened. to avoid danger from feedback voltage. 

1.5.1.2 THE PURPOSE OF TRANSFORMER MAINTENANCE 

A few basic procedures avert costly transformer failures and interruption of servict• 
after they have been properly installed clue to periodical inspection and maintenance. If these 
procedures arc neglected over the years a transforiner might fail without any warning causing 
expensive n~pait·s ut· t·eplacement and loss of production~ This is the essence of transformer 
tna i 11i l'lla nee. 

1.5.1.3 lVJr:CHANICS (WAYS) OF PROPER TRANSFORMER MAINTENANCE 
' 

This b<~sically consist of 
(1) keeping all parts clean and protected fromt·ust, dit1, and corrosion 

• 12) testing the winding insulation <ind the insulating cooling liquid 

13 l inspecting <~nd testing the protective and indicating devices 

14 l inspecting the transformer inll.:rnally 

1 5l inspecting the auxiliary equipment such as fans. coolers, lightning arrestors and 
grounds. 

1.5.1.4 RUU<:S GOVERNING TRANSFORMER OPERATION 

i-.!t!wugil a transformer and its associated equipment do not have as many moving parts 
as mo~l electrical equipment, the same basic rules still apply. These basic fundamental rules are: 

I I l Current carrying components musl operate in a moisture-free insulating liquid or 
<~n.:a, 

(2) The installation must be kept clean from dirt. rust or corrosion. 

13 l All moving parts must be kept \\;ell lubricated 

13 

" ~< 

flt 

I
t; .l 

'. '· .. ~ 
" 

~J 

~ i 
a I 
I ·.t 
·t 

: ' 
t, ...... . 

,~ .. ,i r.·l:~ .... 
; !.'1 
. I; 
: [1 

' '' 

,· f 
r•'t 

( 
t 
I 

' ! 

' 'il 
If 

't'· 
! !' t~ 

I \; 

!: 

'ir 

if 
!I ,, ., 

t 
t 
t 
I' 
I' 

f, 
f 
I-

~ 
~. 

~ .... - ......... -.~,,~ ··~· , . .,. ..... A,•--·----· . '~'·' ~ -:-::.=H -·:.::; :.. 0 ' ;, ' - . J-



;.,o:·· 

... ~ 

( 4) All enclosures containing insulatitig and cooling liquids as well as weatherproof 
enclosures that protect the equipment from the weather must be l<cpt light. 

·-

1.5.1.5 INSPECTION AND 1\tlAINTl<:NANCE OF TRANSFORMERS 

The l'requency. of inspection and tllaintenance of transformers and their associated 
equiptncnt vari<:s but basically depends upon their size, type and usc, Large power transformers 
normally require more frequent inspection and maintenance than Sl11all lighting and distribution 
transi'onncrs. This is due mainly to the fact that they arc costly to replace, they serve electric(ll 
cquiptnent critical lor plunt production. they huve more ;issociated equipment such <IS cooling 
fans. l'orced oil pumps or protective ahmns thut must be properly maintained to insure a trouble-. 
free 
install<1tion. Operution personnel should make a schedule tor inspection and maintenance keep a 
logbook and closely follow the schedule. The record kept should list intormation relative to tj1e 
installation showing the transtormer specitica\ions/characteristics patt history, repairs and tests 
made and spare parts. 

The following includes most of the equipment that requires periodic inspection and 
maintenance and it' a schedule is made ;111d followed closely by the pl<lllt personnel and operators 
tonlinuous SI'I'Vicc and Lroublc-frcc installation is assured: load and voltage; liquid level; 
tcmperuture (for oil. air and W<Jter); pressure V<leuum gauge (tor sealed tank transtonners and gas­
oi 1-se;iled preservation sy:;tems; t;tns: pumps and t hci r co 111 rols; dchydrat i ng breathers; prcssu re­
rclid tkviL·c,:-:: insulating liquid. core and coils. The adjoining tables explain and illustrate 
inspection and lll<lintcn;mcc actions to be taken. -

Table 1: SUl\IMARY OF TRANSFORMER TROUBLES/CAUSES 

-SIN PART TROUBLE CAUSE(S) 
l. Wind111~~ • Turn-tn-turn short cin:uit Natural aging or wt:ar of 

insulation; rept:ated 
overloads; dynamic 
forces due Ln complt:te 

I 
short L'i rcui l. 

• F;lUit tLl rramt: (break duwn ); i nter-phast: Aging or insulation, high 
short circuit moisture content of oil, 

'"• 

low oil It: vel. 
,. lnternai!Extt:nwl twt:r-

voltages dt:formed 
windings due to heavy 
short circuit current. . Opt:n - Circuit Burned-niT leads Oil 

windings due lll pt)\)r 
quality or soldered joints I 

or clt:ctro-d yn amic l'nrccs 
in lht: wake or a complt:ltl 
sllort-circuil. 

2 Tap.( :lwn~c1· No Contact Maladjustment ol' lap 
changer. 
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Note: 

~:. 

Tcr111inal 

(:nrc 

Fused CoJtlact Surface 

llushin~s I El~t:Lric Br~akdown (llash-nv~r) to shell 

El~t:lrit: Br~:IKdnwn or insulation on iql~r­

phast: leads 

Burn~d Iron 
I 

~ 

;(.. 
·'~'' 

Th~rmal t!Tect or 
s h or l-ei ku i L curr~n ls 
on contacts. 

,< 

1~ ~ 

Cr:u.:ks in pon:elain sh~lls 
Low nil'·. !~vel in 
lransrorm~r 

Dir:t on intitrnal surr:tc~s 

or porc~lain sh~ll. 

Damag~d insulation on 
leads to l~rminal 

Bushings 

Damag~d insulation on 
l~ads lo lap t:hang~r. 

I mprop~r insula~ion 

h~tw~~n laminations' or 
damping lx1lts. 

Loos~ or i mprop~rl y 
t:lamp~d laminations 

Short t:Ircuits h~:caus~· 11r 
damag~d insulation 
het w~t:~l yokes and core 

Short l:in:uits in 
grounding, or tht: cor~ on 
th~ .l~ad sid~or th~ HV 
and LV wimffi1gs. 

Tank <'\: l'ittin~:::, Oil l~ak through we-lded and llangt:d jninls Irnpairment or welded or 
llang~d joints as a rt:sult 
or m~t:han ical or 
l~mp~ralur~ raclors. 

Oil le:,k l'rlll11 plug cock Poor fit bet\\·e~n tht: plug 
and lh~ t:ot:k hody. 

D:1111aged gask~t under its 
!lang~. 

.?. ir:msforn¥:r with a damaged winding or other p;u·t MUST be immediately removed 
from service and tumcd in for rcp:tir. 

Only persons well versed in the symptoms. CiiUScs of troubles. detection of trouble :rnd 
remedies must be allowed to be in charge of fault tracing (examination for likely defects). 
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• 1.5.1.6 ADAPTIVE MAINTENANCE OF POWER-DISTRIBUTION TRANSFORMERS 

This is based Oi\._'copy creativity' and 're-inventing the wheel' theories. It is cnh<IIJced by 
propn knowledge. or the entire ~ower systcm/transrormcr sub-COI11poncnts. The object is to 
sourc\' materials locally and improve the rcliabili.ty of the transfonner. It also reduces the bulk 
weight or till~ transrormcr. The theory of adaptive maintenance is also possible only when the 
roles played by the sub-components and their characteristic factors complementing such roles ure 
obvious to the maintenance staff. Research has looked into the possibility of using wooden 
hushi11~~s and wgct;:blc oils as ;dtcri1atiws to porcelain bushings and transrormers. This is due to 
the cost S<lvings of the former and their ready ·availability as well as the fact that their source of 
origin is a renewable one. Shock absorp~ion cap:1bility of wooden bushings vis-[t-vis their 
porcelain counteq:iart is another major i.n consideration favour of wooden bushing. Bushings ure 
meant to serve as cxtem;d connectoy 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 
cool<lllt and insulant carrying aWa)l\ heat froni the core and windings/associating insulators 4nd 
also ~:lrcngthclling inter coil insulation. These two: wooden bushing and coconut oil have been 
used on a I OK VA . .'iOHz. I I /Q..J.I ."i kV distribution transformer prototype and the results. were 
very encouraging in comparison with a sthnd<ird identical control prototype. In mind was that 
indoor substation and transformers with concealed bushing cabinet exist. thus weather hazards ure 
rcasollably taken care of in the use of wooden bllsing replicas. For vegetable oils. their chemical 
stability is yet to be fully ascertained. However. both models have not been used under sustairJed 
simulated/practical load conditions· over a reas,onable length of time. The tigures show the 
wooden busing prototypes and the Table , show comparative test results for busing 
(wooden/porcelain) and oil (transformer oil and vegetable oil). 

l.."i.l.7 DETAILED SCOPE OF TRANSFORMER MAINTENANCE~ CASE 
STUDY 

(a) l~<·quirenwnt for· Reconditioned Transformer Insul:1tion 
It IIlllS! be able to withstand \vithout damage and impainnent to dielectric properties the 

complete program of post-repair tests and al-so all electric. thermal. and chemical factors li~ly to occur in 
service. The quality of insulation is the principal indicator of a transformer's reliability in service. 
The insulation (Rigid & Sofl) i$ al'f'cdcd by. an); of tlie following: 

Excess aiiJount or moistun', traces of solvent, air or gas pocl<cts(which reduces drastically the 
dicll•ctril' strength of the oil and the service life of the transformer). 
Presence of medl<lllical impurities (such as tibers) redu~es breakdown voltage of the transformer 
oil. 
Complete short circuits in the windings subject SRB paper cylinders to mechanical action due to 
ckctn,dyll;unic l'nr•c,; pn1duccd b.'· the ,;lw11-:ir_-teirc,} 11·inding,;. 

(b) FAULT LOCATION/EFFECTS 

I. 

II. 

H. V. winding-this is the most vulnerable and frequently d;tmaged part. 
L. V. 1rinrling -this is very rarely damaged. 

(t') REASONS FOR FAILURI<: 

1. Reduction in didectric strength of the insulation within some p<trticular area of a winding. 
ii. Electric break-down of the insulation between turns 
iii. Turn-In-tum short circuit 
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These lc<~d .to complete failure of the transformer. Also. voltuge transferred from the HY side to the LV 
side because or impainn~nt in the insulation between them may result in failure. 

·-
Other source~ or rault include: 

iv. Terminal Bushing 
v. Tap Changer 
vi. The Cover 
vii. The t;:11k. . 
Table 3 show~ the degree to which various components contribute to fault(s l in a transformer. 

Tahir 3: PimCENTAGE FAULT POSSIBILITir:S RESULTING IN TOTAL DAMAGE Of' 
TRANSFORI\IERS. 

S/N I h·script iou Percentage (%) 

I. Windings & current carrying parts I 53 
2. Terminal Bushings 18 

I 
3. 'l';ql Changes 12 
4. Other parts 17 

(d) PRIME CAUSES OF FAILURE 

..;.:.':!{:' • Improper iVlaintenallcc 
. • Low quality repair 

(c) FAULT DETECTION 

• 
I. gXIl'f'll<tl Parts: (conservator. ·tank. tittings, porcelain shell of tenninal Bushings l spark gap fuse 

• By careful visual inspection. 

2. I ntrrnal P:-11·ts: 1 windings. core. tap cllallf!er oil etc.1 

• By various tests. 

• Open cirnait Te.sl 

Symptom: Increased no load current clue to any of the following: 

• Turn-to-rurn short,circuit in ;1 winding. 
• Short circuit through clamping bolts/parts. 
• 'vVrong connection of parallel windings. 

17 

~~ 

.... J" n· 
I 
' ' 

II, t 
1:1' j; 

1:: .. ! tt lj 
/,lr. 
'I'" I· n: 

li.lf I. r . I: If 
' ' 
I:, 

r~· 

' 

! 

I 
I 
I 

,("' 

t 

I ;• 

: ~· [I 

:; 

I' 
' ,, ,. 

:1 •. 

·:· 
~. 

~ 

-------------------•••===-=---=.:.:=::=:::-.::-:..::~::.::..:·.::..::·:~::::u:::r:e::uz~);;: · r:tt -~ 
a: , .czaa :uw;;;.~e.m-..a:~ .. ~t: '!IJ 



'/ 
~~ 

:! 
,, 

tP. if;:;, 
;,·., 
l,!i !: 

.~.,:.;/' 
"t'r~ . .:... 

./ 

,I 

... 
' 

- , _____ .................. <. 

• 
• 
• 
• 

~- _, ) .. ~ ..... -z= $!!5'¥'11 ~ .... -, .. ~ ... 

(I) NEED FOR FAULT TRACING/DETECTION 

This rc;o;u!t in the followin!!: 
Est;~hlish rite rossihle cause ~r the l'aulr.· 
The nature iiiJd cxl,~nt of damage 
Dctcrmin:11ion of the lll<~terials. tools and fixtures required . 
Delcnni 11;1! ion of how much time maybe needed for the repair . 

~~ 

(g) NEED FOR VISUAL INSPECTION (Extcmal Examination) 
' ' 

• T~ detect visible defects su~h as : 

cracks in cemented joints 
cracks in chipped spots on porcelain shell of the ten11inal bushings. 
Oil fe;d.;s through broken or welded & defective t]anged joints 
Mechanical damage to circul;Jting tul:Jes. conservator and other tittings. 

(h) Repairs Effected On A faulty Winding 

• Rrinsulation: !using cotton. silk. glass. tape of cable or telephone paper e). 1l1e process 
involves - removal of the old insulation. annealing. straightening and application of new 
insular ion. 

• Possible Damage to Wiudiugs/rcpairs cfl'l'l'lcd · 

winding insulatior1 ·: Reinsulated or change 
fusNIIdamagc wires: change · 

Partly burnt winding: change, partial 'rewinding and reinsuhrtion for small areas onlv otherwise 
repl;~cc .('Oil!plelely .since m:1tcrial matching is difticult and the former method reduce thAer·vice life 
to 1/z- J. 

Note: lr is usually necessary to dry a rep<•ired winding. 

(i) Rep;1ir Effected on the Core 

• partial 1·econditioning: Minor damage\; 01\ the punching or other p;u1s such as local 
short circuits. fused areas between/on some laminations, damage insulation. loose 
yoke clamps, dents and nicks. Then procedure involves drilling out the fused area. 
unclamping separation of laminations, straighten edges and introduction of inter­
l;llnirwtion t~lephone paper insulation/re-clamping, occasionally baking. 

• complete disassembly and rrblading: Severe damage such as "Iron burn" 
destroying :• good proportion of laminations and insulation components. The method involves 
prcparin,g fi,~ work '"·ca. core disassembly. cleaning ~111d insui<Ition of the transfor111er. rebl;1diug and 
clamping. 
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(i) R<'pairs Effected on Tap Changers 

In I 0 cases out of a hun,Jred. transformers fail because of a malfunction in the tap ch<tnger 
c not;1hly daill:I!,!L~d COIItacts). 

r Comlllon lap changu troubles/remedies- General 

• Poor lit of movable contacts to the tixed contacts. 
• Loose connection of taps to thL~ terminals on the tap changer. 
• Loose connection of taps to the windings. 

Not(': .t\LL the above causes a local heat build-up. which puts the transformer out of. service with 
ti111e. 

,. Rrpail' of off-load tap ch;mger (Ratio adjuster) 

• Clean and carefully examine all parts especially the mating surfaces on both contacts. 
• Tighten up all fasteners. 
• Replace damage springs, worn parts and spacers. 
• Properly align all contacts/ensure proper mating. 
• Free all jammed contacts. 
• Test to ensure proper functioning on all taps. 

,. Faults/Rrmccly 

13umcd/F11Sl'cl con tarts: - Replace with new faCtory-made or fabricated ones· using the sap1e 
materials. · 
Coated Contact: - resulting from exposure to oil resulting in a thin yellow tilm which increases the 
contact rvsistancc - Clean oil the tilm using a dirt-free cloth or rag moistened with acetone, or 
pu ri tied JWt roL II 

Nott•: This film is responsible for damaged contacts and heat build up, 

,.. Rt•pair of On load tap changer- General 

This is more complicated ·and includes 

Cleaning 
Washing and rubbing of all internal/external parts 
Operations necessitated by the design of the individual parts and the large 
number of contacts. 
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• Inspection- Things to inspert. 

lap selector 
co111 aclors"' 

~\ 

Electric part of' operating mechanism (master switch contact, relays and limit 
swilches). 
Tesl. 

:.- Faults/Remedy 

1 a) Soot covcrinl!/slight fusing:·- clean coiltacts and restore to shape by tilling. 
1 b) !Ieavy chum1gc:- replace contact 
( c J Exccssive play in !he operating mechani~m (selector/main contact, in the contact or). 

• Cause(s): Buming resulting from maladjustment und contuctor and selector. 

• Rt•mcdv: 

Tiglllen joinls 
Replace parts with oversized lwles I 
Replace purts showing heavy wear 
Readjust the contactor & selector 

*.Test the unit alw~1ys ut the end of each <~ction. 

( 1\) Rt'f>aiJ' Ell'ccted On Terminal Bushing 

A rca of' fail uri': Between the porcelain shells ~1nd metal tlange. 

Nofl~: Terminal bushing must be oil tight. • 
Rcasons: 

• 

• 

Differing thermal expansion which gives rise to heavy mechanical forces in the w<~ke of 
SIJdden temper;1ture changes. 
E!ectroclyn;llnics forces produced by ~hort circuits tlowlng through the centr;d conductqr or 
ln111inal. 

• F:lllits/Rt·mNlv 

•:• Chippccl spots/rrad\S 

Wash and give two coats of varnish in minor cases otherwise reph1ce the shell. 

::?.0 

·~ 

if' 
~· i: 

l 
'[ 

f 
~· 

II 
[f 
,f 
I 

i•· 

:.[' ~ : ;.·· 

l 
II 
,f 

'\ 
l ___ ...... --.,'-, .. ·-·····- .. ----~--·-., _ __...,.,_. ~·· 

...,......_._~_.... .... .....-. ..... ..___.._"_~··-- ... -~·--·--·---·---··...., ___ ...... ___ .. __.___._ __ :, ; : :"'"' ::::·:·::; l -I:NI I u 



""' ..... 

~· 

1;1"--- . --··-·-- .,....., .. ~~.,_·.-·.._-,-.,,.-~~=-c;·,... ,.. ... ~--~__.--..,..--~---

.. 

·~-

' • Des! royce! cemented joint 

1 i) Up to 30% destruction around circumference: repair by cleaning away the 
destroyed c~u-rcnt· and pouring the joint with a freshly prepared cementing 
compound. 

1 ii) More than 30% destn1ction amund the circumference with the shell loose in 
the flange: - Re-ccment the bushing completely. 

Note: A good terminal bushing tit for service is leak proof at the surface or the joint between the 
flange a11d the porcelain shell. Pressure test to certify. 

(l) Faulls/Repair Effected On Leads 

Causes of damage to S.R.B. Insulation paper on the leads or :;leeves. 

Charring within isolated areas or· all over the insulation of the lead; 

• Procedure to rep:tir a damaged insulation 

Disconnect the ic~tcl from the tap changer. the winding or the terminal bushing. 
Remove damaged insulation 
Clc;tn conductor and rid it from insulation traces 
Slip in new insulation 
Reconnect lead to tap cha11ger. winding or terminal bushing. 

• Dam:tgecl lead conductor (Fused at the surface or the soldered joint between the lead and the 
flcxillk cotlltecl or maybe broken). 

Remedy- Make a new conductor to replace the dam;tged one 
- Rem.ake the soldered joint between the lead and the tlexible connector 

Notr: The new lead must be made of the same material as the one being replaced. 

(m) Rl'p:tirs Efft'clt'd On thl' Tanl<. C'ovt'r. Consrrvator. Filtt'rs and Fittings 

Things to check- Gem•ral 

Oil leaks tirm tittings/joints 
Fasteners !'or stripped or otherwise damaged thread. 
Presence/condition of gaskets. 
Security of' the mounting of the relief- stack tlange on the cover 
Sec if the burst diaphragm in the relief staled is intact. 
Impact welded joints. 

Noll': Remove/correct all observed defects. 

a) Poor \Velcll•cl }oint 

Chip defective area with a chisel. 
C!e:lil up chipped qrea to rid it of dirt/oil. 
Remake the weld. 

• 
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b) Oillrakagr front joint~" hrlwren the circulating tuhl•s/ttmk 

Cnilk tile joints. 

r) Oil le:1l< from plug cqck 

Grind the plug lo scat with an abrasi\'c powder. 

d) F:lstrrH•rs (holts. srrrwed nuts) with stl'ipprrl thr·e:HI 

Replace. 

e) Damaged Gasl,ets (ruts ) 

R;:placc ·with. oil proof rubber of the same thickness. 

f) Rustrd Surfaces 

Scratch-brush and paint. 

g) Filtrr·s & Dehvdrato•·s. 

Fill with fresh or regenerated silica. 
Free the111 from sludge/dirt (Thermisyphon tilter, dehydn•tor, oil cocks) . 

h) Blocked oil cocl<, dehydrator·, thermisyphon filter 

• Fre~ them from sludge/dirt. 

Note: This paper has not dealt with repair of Buchholz relay, then110meter. spark-gap fuse :111d 
other instruments and protective devices which are normally repaired in specialized laboratories. 

(11) Management of Tr:msformrr Oil 

Fault: Low bre;.•kdqwn voltage. 

Causl': Presence of moisture and im;Jurities. 

Rrnll'dy: Puril)' and dry. otherwise change completely. 

(o) Tile Rt•lev:lllrl' of Tl•sling Transformer/Tvpes of Tests. 

Tests :il'l~ tile princip:il llle:lllS of detecting troubles. defects :md checking the quality or repair. All 
tesls !lave objectives. techniques and basic requirements. A pre-repair test for instanc(! 
dete1'111ines the scope and nature of the repair work to be done and supplies the performance datu 
with ll'ilichlhc post rep~1ir results could be compared with. 
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1.5. Ul Importance of testing Reconditioned Transformers. 

• • 

\

1 { 

• 
• 

To check workmanship. 
To make su~;_e it is free from defects that might upset its normal operation. 
To sec that its perform~1ncc complie-s with its data-sheet values, applicable 

spccitications and standards. 
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1.5.1. C) 

Olhl'l' Specific Post-repair Test 

These include: 

• Tr:.;ting the tank t'or tightness 
• Testing on-load tap changers and mechanisms including relays. 

Sped tic Types ·o.f Repair/Procedure 

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

( b l Reconditioning of tap changer contacts. *Partially drain oil up to top 

yoke level and affect the repair. 
( c l Core'-coil assembly. *Drai'n the entire oil and lift unit out of the tank. 

u; SOI\IE F~JIIipltH'III l~t'qllirt'Cl 

I. 
2. 
3 . 
4. 

. .'i. 

6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 

·f! 16. 

Adjustable or double-ended wrenches (for ants & bolt h~ads) 
Rubber slab/wooden board 
Work bench 
Cranelli fts (to take out core/coil assemblyl, 
U-shaped core search coil. C~shapcd core ;;carch coil. U-sh~qid core feed 
coiL indicator (instruments for the detection of turn-to-turn short etc. 
lathe machine (to ~1pply insulation to windings) 
Winding machine (to make windings) 
Tcnsioner (fo'r use in fabricating transforn1er windings 
Rollers/positions to handle the core 
Varnishing machine 
B-.1king furnace 
Insulation merger 
Special tixtures and slings. 
Pressure pump to test bushings. 
Soldcrin<>/brazin" tools :;, ~ '· 

Cutting tools. 
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1.7 CONCLUSION/RECOMMENDATION 

Maintenance culrure is very necessary for·any equipment designed. produced. installed 
:111d coJnJnissioncd to render specilic services. ·· This must become part of our technological 
aw;Jrl'IJcss ir we want to opctMe s;ilc. rcii;Jblc and l'fiicicnt systcn1s. Aspect such as rewinding. 
heat 1 n.:al1ncnt. cannibalized varnish impregnation was not dealt with in detail but constitute vital 
as peel~: of maintenance of transformers. 

It is recommended that power supply authorities look iq the direction of adaptive 
technologies as a way to enhance reliability. continuity. efficiency a11d cost effectiveness in their 
short :111d long term plans and management for the systems. They should also encourage 
trainillg/retrailling of staff (technical) with new theories and development in their areas of 
spcci;ilization (maintenance of inst:.dled plants a.nd equipment. 
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