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Abstract

In this paper a case for policy formulation was @ated for the maintenance of
power transformers using Transformer Condition Mdoring (TCM) as a way of
improving the life span and efficiency of power waformers. This work was carried
out by using existing data on power transformersdaacquiring information from
local sources (The University of Benin Power Semjcdy means of questionnaires.
The questionnaires were recovered and analyzed gsoategory weighting. The
results gotten after analyzing the questionnairesr& compared with researched data
on TCM. On comparison of result, it was realizedaththere was no awareness of
TCM, and as such, transformers in the University &enin continue to undergo
sudden breakdown which leads to severe damage ofomaomponent of the
transformer. Hence, necessitating the need for aseafor policy formulation with
regards to the maintenance of power transformers.
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1.0 Introduction

It is no longer news that power generation anditigiion is a major problem in Nigeria. One of they components of
power transmission and distribution is the transfar. The transformer is a high efficient staticcrieal device used for
power transfer from one voltage level to the otted plays a vital role in electrical transmissio aistribution system.
From the day of this equipment’s active operatitifferent stresses like electrical, mechanical,neical, and environmental
factors affect the condition of the transformer. [The power transformer being a key component iwgsdaransmission
system, any event of failure would cause huge emimdéosses and even catastrophic consequenceseforertimely and
accurate early detection of potential transfornadlufe, transformer master operation, and the paystem security are of
important guarantee for a reliable electricity dydg]. One of the major problems facing the powgstem managers is the
ability to determine the expected life of the powansformer [3].

The transformer just like all other devices is sysible to failure and more so with its service égge Figure 1). Failures in

a transformer can be caused by electrical, eleagmetic, dielectric, thermal and chemical factdis [
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Fig. 1:Chart showing failure rate as a function of transfer age [4].
These failures affect the service life of the tfanmer.Transformer service life refers to the péraf active service of a
transformer before a complete overhaul or refurbesht of the transformer is required. The servide 6f a power

transformer is estimated to be between 20-30 y&his addition to the failure factors listed aboweme other factors that
affect the service life of a transformer include;
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i. Environmental factors (the ambient temperature tef surrounding, over-voltage surges from lightnigd
moisture). The transformer useful life can be dal®d using the formula below:

Life(pu) =9.8 x 10718 exp( 19000 )

Oys+273
Reallife = Life(pu) X normalinsulationlife....................... 2

Wherebydis the hot spot temperature andis per unit of life

Now from the above formula it shows that to inceabe useful life of the transformer, the windingtdpot
temperaturéd, ) should be reduced to the barest minimum if thesfiamer life is to be extended. This rise in terapge
is caused primarily by the ambient condition, agerainding rise and hot spot rise [6].

ii. Design factors(Short circuits, Over-voltage, Loadlireyond the nameplate ratings (normal rating)

iii. Maintenance

iv. Operation conditions(Under frequency operation, i@viage operation) [7].

These transformers being expensive devices nebe froperly maintained for efficient performancel aninimal down-
time. Due to the complexity of the power transforndesign, operation and maintenance policies, itmpossible to
accurately predict the expected life of a transtEmnConsequently, power system operators have perdkeon various
condition monitoring and condition assessment tegles available to determine plant condition anchrrant life [3].
Transformer maintenance can be categorized intaateas: Routine maintenance and Reactive mainterj8hc In

Nigeria today, the maintenance practice adoptethdscorrective method which requires the continuoperation of the
transformerwithout maintenance until a breakdowwuog This has led to increased cost in procurenoérdamage
transformer components, loss in service life oftthasformer as well as loss in productive workrsou

In a bid to correct these problems, power statltnge been created and more transformers have beeidgd to lessen the
load on existing transformers but this hasn’t yéeldhe desired result of increasing the efficieoicgower distribution in the
country. Hence, the need for a proactive maintemamethod Condition Monitoring)

1.1 Transformer Condition Monitoring (TCM)

Condition Monitoring of Transformers is the procedsacquisition and processing of data related adous parameters
of transformerso as to predict and prevent the failure of asfi@mmerTransformers just like human beings need a physical
check up for a clean bill of health [3].

There are variousansformer condition monitoring techniques as shawthe figure below.

Transtormer Condition Monirormg

v v r v v

i e dissolved gas analysi frequency response
thermal analysis vibration analysis (DGA) PD analysi analysis (FRA)

Fig. 2: Transformer condition monitoring techniques [9].

1.1.1. Condition Monitoring by Thermal Analysis

The useful life of a transformer is determined ipdlyt by the ability of the transformer to dissipahe internally generated
heat to its surroundings. The comparison of acindl predicted operating temperatures can proviknaitive diagnosis of
the transformer condition and might indicate abrairmaperation. Thermal analysis involves the develept of a
mathematical model that predicts the temperatuoéil@rof the power transformer using the principliethermal analysis.
Thermal analysis is used to determine the topemiiperature and hot spot temperature (maximum texyperoccurring in
the winding insulation system) [10]. Thermal anayaso involves the use of thermal models [9].

1.1.2. Condition Monitoring by Thermal Analysis

The health condition of the core and windings canalsessed using vibration signature of transfotam@t. Vibration
analysis is used for assessing the health of thé @ Tap Changer [9]. Accelerometers are usedlieat the vibration
signals by attaching it to the transformer wallbeTvibration signal is collected and analyzed udtogrier transform to
show that the transient vibration signals are cotraged in the range from 10 to 2000 Hz [9].

1.1.3. Condition Monitoring by Dissolved Gas Analysis (DGA)

The purpose and function of DGA is to provide adigation as to whether there may be an active @pient transformer
fault affecting the operation and continued heaftthe equipment [9]. It does this by measuringdtssolved gas content of
the transformer oil using a number of qualitativel guantitative means including; key gas analy&EE gas guide tables,
Roger’s ratio method, Duval’s triangle, Domeberipranethod and the IECmethod [3].
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1.1.4. Condition Monitoring by Partial Discharge Analysis (PD)

Partial discharges which occur in oil filled tramshers is caused by voids in the solid insulatieet fibers in oil, gas
bubbles in the oil etc. PD measurement is doneliawing ways: Infrared receivers, Special sensitimicrophones Acoustic
sensors/piezo-electric transducers, Radio receiMgrBy taking measurements at a number of planethe transformer
tank, PD activity region can be identified.

1.1.5. Condition Monitoring by Frequency Response Analysis (FRA)

This method is used to detect deformations whishiltén relative changes to the internal inductaace capacitance of the
winding [9]. The FRA method uses a sweep genetatapply a sinusoidal voltage at different frequeado the terminals

of a transformer winding. The problem with FRA &t it needs special arrangements for its apptinaéind it can’t be

performed online easily [9].

In addition to the five methods stated above, sesfgnal conditioning is also used for monitorirge tcondition of a

transformer.

1.2. Benefits of Transformer Condition Monitoring
The following are benefits of transformer conditimonitoring:
i. Timely field measurement.
ii. Confirmation of the presence of fault.
iii. In time proactive decisions.
iv. Reduction of unplanned outage.
V. Predictable and reliable maintenance schedule.

Vi Prevention of catastrophic failure and destructibperipheral equipment.
Vii. Reduction of maintenance cost.
viii. Provision of obtaining quality control features.
iX. Increment of the system stability.
X. Minimizes the severity of any damage and eliminatessequential repairs
Xi. Increase safe working environment.
Xii. Information for future plan, regarding up ratingdarefurbishment of equipment.
Xiil. Use of equipment for maximum economic efficiency.

Xiv. Manages and extends the life of equipment witttiedfit and cost effective maintenance.

Today, as a result of the numerous benefits agsalcigith Transformer Condition Monitoring, it isibg practiced in some
developed countries like China, Great Britain, Aals and India. Some large companies where tram&fs are made like
TATA in India have been able to formulate policiesthe effective monitoring of transformer condits [8].

The objective of this paper therefore is to review the curreahsformer maintenance practice adopted in the ddsity of
Benin in order to generatecasefor policy formulation using transformer conditiomonitoring.

2.0 Methodology

The steps taken in this research include: Surveyamisformers within the University of Benin; Intexw of the staffs in
charge of transformer maintenance in UniversityBehin; Distribution of questionnaires; Analysis epiestionnaires and
Comparison of results.

2.1  Survey of Transformers within University of Benin

University of Benin has a total of 41 working tréorsners which are located within the school. 40%hig transformer has
been in use since 1970 with a few damaged. 25% rgeemntly installed in the last eight years meatimg showing that the
rate of consumption of power in the last eight gelaas drastically increased. Different types ofdfarmers are used in
University of Benin, they include 300KVA, 500KVAOBKVA 1000KVA, etc. with the type used dependingtba load or
the location of these transformer. The UniversityBenin uses the underground distribution systetimoalghthe overhead
type is also used at Senior Staff quarters. Itsguasource is from BEDC (Benin Electricity Distrimi Company) where
33KVA of power is transmitted to UBTH (University Benin Teaching Hospital) where it is stepped daadi1KVA. This
11KVA of power is then transmitted to the Oil CiicBreaker (OCB) at the power house wherethe valuihe voltage is
checked, then stepped down to415V.It isthen disteith to the transformers through a Ring Main URIM({) which then
steps it down to 240V.

2.2 Interview of Maintenance Staff

From the interview of some of the staff at the mgity’s power house, it was discovered that mgjarf them had limited
knowledge on the causes of transformer breakdowreisas standard maintenance procedures.
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2.3 Distribution of Questionnaires

A detailed questionnaire was developed aimed a&rohéing the type of transformer maintenance peadtin University of

Benin. The questionnaire was designed to addresesslike the number of working transformers, tpetof transformer

faults usually encountered, the life span of tlaasformer, how faults are reduced, kind of mainteaabeing adopted etc.
Four questionnaires were retrieved which is reddyiva small sample. This is due to the fact thaffstwith the basic

knowledge of transformers maintenance in UniversitBenin are few.

3.0  Analysis of Result & Discussion

In analyzing the questionnaire, researched datth®mse of Transformer Condition Monitoring i®dsas base point for
comparison. The responses were rated on a scdlépfive (5) being a case of concurrency betwaereatly practiced

method and researched data on Transformer Condvtmmitoring, and One (1) a case of sharp contrasivéen these two
methods and other ratings based on the differdmegeen the two methods.

The responses were weighed as shown in Table 1.

Table 1: Weight categorization for Responses to Questioenair

Response Weight Description

Accurate correlation between currently practioexthod and researched TCM data

Very close correlation between currently practiogethod and researched TCM data

Fair correlation between currently practiced rodthnd researched TCM data

Little correlation between currently practicedthuel and researched TCM data

RINW(~|OT

No correlation between currently practiced metand researched TCM data

The currently practiced method refers to prevertimeective maintenance strategy being practicddniversity of Benin.
All of the responses to a question were given QateW/eighting estimated by

CategoryWeighting (CW) = Z‘=+W" ...................................... 3)

Where W W,, W3 ...W,are the weights of each respogk, W, - Summation of Weights for each response from into
is the number of responses.

On collation and analysis of the questionnaires résult presented in Table 2 was obtained.

From the results, it was gathered that the lifensplamost of the transformers in the UniversityB#nin is approximately
30years, this shows that the life span of a transfo is conclusively 30years. Thus, given a catgguegight of 5.From
guestion number 2, it is discovered from reseanah Transformer Condition Monitoring is used inesading the life span of
a transformer by using monitoring devices like sesasnd mobile device which the currently practioegthod does not use
rather protective device such as Ring Main Unit (RNMs used, thus, giving a category weight of 3orfr question number
3, with Transformer Condition Monitoring, incipiefaults are detected and correctedbefore occuthiegefore faults hardly
or never occur. In contrast, the current practicedhod allows fault to occur before maintenancdoise, hence, a category
weighting of 3.25. From question number 4, in Tfamser Condition Monitoring the fault detected da&sic transformer
faults such as deformation of winding, de-polymatitm of paper insulation, etc. whereas, in theenirpracticed method
secondary faults (networking fault) like short citing, voltage surge etc. are detected, hencategory weighting of 2.
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Table 2; Category Weighting of Response from Questionnaires

CATEGORY OF SAMPLE RESPONSE
S/No. | QUESTION
W; | W W; W, Ccw Conclusion
1 What is the predicted service life of a newly itisth 5 5 5 5 5 30years
transformer?
2. How do you extend the life span of the transforrders 3 3 3 3 3 (LjJse_ of protectivg
evices
3. How often do they generate faults? 3 3 4 3 3.25 eRar
4. What kind of faults are commonly encountered? 2 2 22 2 Networking faults
5. How do you reduce these faults? 2 2 2 1 1.75 Lkitlewledge
What type of maintenance is being practiced — 'cl':ganndsii?orrrper
6. Corrective or Preventive Maintenance or Transformeér 1 1 1 1 o :
i o Monitoring is not
Condition Monitoring )
practiced
7. When was the last maintenance done 1 2 2 1 1.25 Year 2013
(yearly bases)
8. Wha; dp you k_nqw a_lbout Tr_ansformer Condmog 1 1 1 1 No idea
Monitoring and is it being practiced?
. .
9 \(/)Vhl_ch met_hod has been practiced? Offline or 3 5 5 1 2 Offline
nline maintenance
10 Is there any maintenance record or log? il 11 1 1 None

From question number 5, since the fault that isallgudetected in the current practiced method isvaeking fault little
knowledge is known on how to reduce this fault,stlaucategory weighting of 1.75. From question nunhethe current
maintenance that is practiced is not Transformerd@mn Monitoring rather preventive and correctivaintenance, hence,
a category weighting of 1. From question numbewith Transformer Condition Monitoring, maintenanselone every day
by the continuous monitoring of the transformer velas, in the current practiced method maintenasmderne yearly, thus, a
category weighting of 1.25.

From question number 8, Transformer Condition Maniitg is not known let alone practiced, hence,tagary weighting of
1. From question number 9, Transformer ConditiomnNwing can be done both offline and online. Therent practiced
which is corrective is basically offline method,nee a category weighting of 2. From question nunilierin Transformer
Condition Monitoring, maintenance log is kept wtaxdn the current practiced method there is no t@aamce log or
record, hence, a category weight of 1.

4.0

Conclusion and Recommendation

It can be inferred from the research work, thatrieed for Transformer Condition Monitoring is ofr@aount importance
not because the current method is no longer wotsinidpecause of its benefits, efficiency and rédliigb
From the analysis of results, we hereby make theviing recommendations;

5.0
(1]

(2]

We recommend that the current maintenance pragRieactive) adopted by the University should basetted for a
more proactive method (Transformer Condition Momitg) which will enhance the expected life of the
transformers, its efficiency, and also reduce tiwt of operation.

Also, as a matter of necessity, we recommend thatmaintenance staffs should be properly trainedhen
techniques of TCM as this will aid their work amdturn reduce the cost of operation and maintenance
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