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SUMMARY

This paper explores the use of factory acceptagsting as criteria during factory assessments. It
presents the viewpoint from both a transformer rfegturer and purchasing utility. The paper
presents a frequent approach and its effectiversmsswell as recommending an alternative
interpretation of test statistics as evaluatioteda of transformer factories. The paper will sder
and categorise different test failures in termghef impact as seen from the utility’s point of view
Differentiation will be made between units basedtlom risk (or significance) it holds for the u#jijt
the complexity of the specific unit, the factorgsperience with the type of unit manufactured dred t
amount of test failure rework that is required.
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1. INTRODUCTION

Power transformers are subjected to various typaetine and special tests as part of the design
evaluation and quality of production assurancees€rtests are defined by the IEC 60076-1 (2000) [1]
and will be adapted by the manufacturer to inclagey other special requirements made by a
purchaser up front.

High voltage power transformers are complicated expensive pieces of equipment. Sub standard
quality will lead to an unacceptable risk for wids due to the enhanced risk of unserved enefgy.
elements to procuring a quality transformer is adyspecification, design reviews and purchasing
from a high-quality factory. Another critical inghent is a thorough assessment of the power
transformer manufacturer prior to listing them asapproved supplier.

The statistical performance of a manufacturer wébards to the percentage of units that fail the
factory acceptance testing (FAT) could serve asdacator of the required abilities as well as their
potential to deliver on time (with reference toaa caused by fault finding and repair of a test
failure). Therefore an evaluation of the Test FailRate is considered an important measurement to
pre-qualify a factory as part of the overall fagtassessment. A factory assessment will alsodieclu
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an assessment of their design capabilities, matkeaadling, inspection of the factory floor and
evaluating the quality management system.

2. AMANUFACTURER’S POINT OF VIEW

Power transformers are custom build, high end w@dgy products. The combination of human
labour and the variety of materials and componas&dd provides ample opportunity for errors and
omissions. Ultimately, the successful testing pbaver transformer requires a combination of sélille

personnel, accurate -calculations, material spetifins, manufacturing experience, suitable
machinery and quality systems.

A problem or failure during testing would include event such as:

= Non-conformances during routine tests (windingstasices, connections, etc.)

= Dielectric breakdown or unacceptable partial disgbdevel

= Measured values for losses, temperatures, sowibrations exceeding guaranteed levels
= When the unit for any reason has to be drained aihd corrected

= When acceptance criteria has to be negotiated lzanthed

The statistical information referred to in this oepis based on all the above mentioned incidenés o

a ten year period [2]. The Test Failure Rate ésrdtio of units that failed as a proportion of total

number of units tested on an annual basis. Alutage manufacturers track their successes and

failures. The wise ones are honest to their custerabout any concerns or recent improvements. A

transformer manufacturer may boast of a test flaiture rate of “2%”. This is an impressive number,

but a prospective purchaser must ask more quesiafsas:

= How are test failures defined? Does the manufactuack any minor incidence or anomaly?

= How many incidents or failures required the testieit to be untanked and disassembled for
inspection?

= What was the trend of the test failure over thedasple of years?

* |s the 2% a statistic for this factory or an averdgr various plants of the same manufacturer
(which may include mass produced small distributransformers).

To ensure equal treatment when evaluating manutsta utility might dictate a simple definition of

a test failure by including all test room incidentdowever, some minor problems are easy and quick
to fix making this definition very difficult to tick during the supplier audit. Alternatively a ityil
might decide to define a test failure as a testrayp requiring the active part to be untanked for
repair. This definition is simpler to track and mapplicable as a proper assessment criteriat but i
also presents other complicated matters to consider

2.1 Impact of test failures

The Test Failure Rate is an indication of the oegaality of the product produced and should
therefore be under control. It could also aledspective purchasers of a higher probability foe la
deliveries and therefore requires careful attersi®part of the factory assessment.

2.1.1 Extend of repair

The extend of repair is categorised into threesarea
= Repair inside tank

= Repair outside tank

= Repair outside tank and disassembled

The third category listed, i.e. to repair outsigiekt and disassemble implies unstacking of the tiqe y
(assuming a core type transformer). This typeephir also implies the most amount of rework and
longest delay of the delivery date. A repair tmdged insulation at a winding entry lead or to reeno

a winding in order to repair it will necessitateckia disassembly. Based on an analysis of all test
failures from a ten year period it was found thiaadsembly was required for more than half thd tota



number of failures [2]. The other two repair catégs mentioned occur approximately at the same
rate.

2.1.2 Type of test
Powertech Transformers (PTT) is equipped to conthatbry acceptance testing in accordance with
the requirements of either the IEC 60076-1 [1]EEE Std C57.12.00 [3] standards. These standards
distinguish between the following types of tests:

= Routine tests
These are test required for every single powersfoeamer before customer acceptance. Typical
examples are resistance measurement, voltage daiectric tests and loss measurement.

= Type- or design tests
Type or design tests are conducted on a transfowhigh is representative of other transformers, to
demonstrate that these transformers comply witltiBpeequirements not covered by routine tests
such as the temperature rise test.

= Special- or other tests
Special- or other tests are test other than typeouatine tests agreed to by the manufacturer and
purchaser such as measuring zero sequence impedanoe level measurement, etc.

FAT requirements for the majority of PTT’s transfar orders are in accordance with the IEC 60076-
1 standard [1]. PTT considers nine test categeviemn analysing “Type of test failed”. These are:
= Loss Measurement [1, 4]

Separate Source AC Withstand [5]

Induced Voltage [5]

Full Wave Lightning Impulse [5, 6]

Chopped Wave Lightning Impulse [5, 6]

Switching Impulse [5]

Temperature Rise [7, 8]

Sound Level [9, 10]

Other Tests (e.g. winding resistances, voltage,ratc.) [1]

The Full Wave Lighting Impulse is the most frequBAT failed [2]. It contributes to approximately
twice the number of test failures compared to tiduted Voltage test which is the second highest
contributor. These two tests dominate the totahlmer of test failures but one cannot discount the
other seven test classifications which can indialucontribute up to 10%.

As shown in figure 1, for all main test type catege the disassembly of the active part is moreroft
required when repairing the failed area.
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Figure 1: Extend of repair in relation to the typeof test leading to failure



2.1.3 Location of failure
PTT considers the ten areas to categorise thedocatt a test failure:
= Auxiliary Equipment
= Bushings

= Bushing Entry

= Cleats and Leads

= Core

= Main Insulation

= Not Found

= Winding

= Winding Entry

= Tank/ Cover

= Tap-Changer

The most common location of test failures is in Whiadings [2]. The next three most common
locations for test failures occur in the Cleats &edds, Main Insulation and Winding Entry. Test
failures in windings occur twice as much as in ather location. The four most frequent test falur

locations dominate the overall number of test fatu The combined sum of test failures for the
remaining six locations is less than any of thevidal first four locations mentioned.

As shown in figure 2, test failures in the threestmmmon failure locations will require disassembl
of the active part in order to repair the failedipa
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Figure 2: Extend of repair in relation to the locaion of the test failure

2.1.4 Thecause of thetest failure

The cause of test failures is categorised as faliow
= Design

= Material

= Production

= Testing Equipment / Procedure

= Consequential

= Not explained

The majority of test failures are Production refafg]. Production related failures could originate
from an activity not done according to the drawimgt according to work instruction, no work
instruction to work to or bad workmanship.

The next highest cause of test failures are Deglgted and is approximately one third the numiber o
Production related test failures. Material relafi@tures are approximately half of the design teda
failures. There is very little overall contributiérom the other mentioned failure causes.

As shown in figure 3, the extend of repair is simflor production and design related test failures.



O Disassembled
B Outside Tank
OlInside Tank

0.9 1

0.8 1

0.7
= 0.6 7
c
205+

—

€ 0.4 1
03 1
0.2 1
0.1 1

Production Design Material Other

Figure 3: Extend of repair in relation to the causeof the test failure

2.2 Special considerations

Evaluating the Test Failure Rate to compare variarssformer manufacturers is further complicated
by aspects such as voltage and application, treedfpest, batch failures and understanding theeau
of the failure. This section will explore theseas in more detail.

2.2.1 Voltage and application

Design complexity and tighter production tolerancas be related to the transformer voltage. This
might be a factor to be considered when evaludgsgfailures. A manufacturer that predominantly
produces Extra High Voltage (EHV) transformers wiobke expected to have a higher Test Failure
Rate than a manufacturer predominantly testing Joltage furnace transformers. It is also known
that HVDC transformers have a higher incidenceest failures than for instance Generator Step Up
transformers.

2.2.2 Type of test

The type of test relates in many cases to the gewdrthe test and thus the probability of failuré
short circuit test is an extraordinary test andbplidy represents the most severe test conditions a
standard power transformer will ever be subjecteflili]. The average failure rate associated with
short circuit tests are known to be significantighter than the generally acceptable Test Failute.Ra
Depending on the purchaser’s definition a manufactoonducting this type of test and fails might be
penalised just as severely as one who fails a simgdistance measurement during routine testing.
These are two tests that can hardly be comparechéyipresent similar sanctions.

2.2.3 Batch failures

Another incident of FAT failures that could skewcamparative assessment applies especially to
manufacturers of higher volume large distributioansformers. If a unit from a batch of similar
transformers fails FAT due to a design relatedrethven it is probable that another transformethef t
same batch might fail for the same reason befardrthestigation of the first is completed. This is
related to production pressures vs. the time reduio find the root cause of a complicated failulte.

is often not possible to wait until a conclusiontloé first failure is reached and therefore the esam
failure could occur on the next unit tested (assignthe design error is not obvious early into the
investigation). In such an instance the manufactunight be penalised twice for a single
improvement opportunity.

2.2.4 Cause of failure
A test failure may also occur due to material anponent defect. If it is a material defect it vaften
be very difficult to prove.

2.2.5 Defining a test failure for comparison

When including untanking as the definition for att&ilure it should be considered that a repait th
might be done in tank could also imply untankinf.the location is external to the active part and
easy to reach it will be done in tank, the samélera could be in a hard to reach place necesgtatin



untanking the active art. In both cases the imgmment opportunity is the same but different
sanctions would be applied.

A transformer could fail during impulse testing oike winding necessitating the active part to be
untanked, stripped and windings removed. In soase< the insulation can be easily repaired but in
another case the winding might have to be replac@te delay and thus impact on contractual
delivery date will be significant if the winding msiube replaced. This leads to the question whether
both failures should be rated equally since thesichpn the utility may differ significantly.

3. THE UTILITY’S POINT OF VIEW

The utility point of view is that it needs to re@uthe risk of power transformer field failures to a
absolute minimum. One measurement of a transfofawory is the factory failure rate. The ideal
measurement would be an accurate, consistent diablee measurement of in-service failures.
However the measurement of in-service failuresfignodifficult for manufacturers to accurately
report on as their involvement after delivery igeaflimited to the guarantee period.

3.1 Factory Failure Rate

The factory failure rate offers a measure of a rfasturer’s performance in terms of the qualitylod t
product. The factory has the detailed record off#lilere, cause, repair time and corrective measure
taken. The utility view is that the higher the fagtfailure rate the greater the perceived riskmofn
service failure which could result in unserved ggeiThe cost/value of unserved energy for a large
utility is not only the cost of replacement geniemrat but in times of a low reserve margin, it may
result in load shedding that directly affects tlerry’s economy. Factory failures may lead to late
delivery and where power transformers are urgemided due to an ageing and failing fleet this is a
significant risk that is undesirable for any powélity.

Measurement of the factory failure rate in a cdrgismanner across manufacturers is thus important.
Therefore it has become necessary to define fa¢tdyre rate so that both utility and manufacturer
has a common understandirig. failure in the factory is defined as a situatianising where major
opening/dismantling of the transformer is requitedcorrect a failure caused during factory testing.
Thus having to untank in order to repair a failuoe defect caused during testing is defined as a
factory failure. Untanking is defined as liftingtble active part from the tank.”

Manufacturing factories face different challengestérms of the type and number of transformers
produced per year.

To this end the population of transformers that @asidered for the failure statistics is set from
10MVA and above. By so doing, smaller transforntbet are less complex and have correspondingly
less failures increases the population and large iméricate designs of which fewer are producesl ha
less of an impact on the overall factory failureerd his was intentionally done to set a strendioois

of 3% factory failure rate per annum as an accegtamiterion to pre-qualify transformer factories
that will be included on the utility’s approvedrsiormer vendor list.

The factory failure rate is by no means a perfegasare and in some cases needs to be revisited when
considering the type and number of transformerdymred per year by a factory.

The difference in performance between factoriesrad manufacturer necessitates the utility to only
approve a specific factory from a manufacturergadtof a blanket endorsement to supply from any
factory.

3.2 Factory Acceptance Testing
Testing of a power transformer particularly a Getar Step Up (GSU) transformer is critical to
determine whether all design specification goalgeehaeen met. Besides the dielectric tests the loss



measurement and temperature rise are importannuaiag factors respectively in the efficiency and
the long term service life of a power transformer.

In terms of IEC 60076-1 (2000) [1] standard thegerature rise test is defined as a type test, Hut a
any manufacture will confirmthe combination of human labour and the varietymaiterials and
components used provides ample opportunity forreremd omissions”Therefore the temperature
rise test is considered critical and does not rerfiaiited to type testing for particularly largeitm
The importance of the transformer in the systemlds a factor to consider and as a utility replgcin
its GSU fleet the temperature rise test has becmaaitine test. For smaller less critical unitaay
remain a type test, but when long term reliabiihd availability are key performance measurements
of an asset certain tests cannot be left to chance.

4. CONCLUSIONS AND RECOMMENDATIONS

The in-service failure rate would be a good meagsuterms of the long term reliability and service
life of a manufacturer’s product and this ultimgted what any purchaser seeks, but determining this
accurately remains a challenge.

When assessing the test failure or success ratérahsformer manufacturer there are many aspects t
consider since all failures are not comparable.chSan assessment should ideally incorporate
parameters such as:

= Type of test failed

= Voltage and application

= Cause

= Extend of repair

= Corrective actions (e.g. whether it is appropriatglemented, etc.)

= Impact of failure on contractual delivery date

= Trends

The challenge a utility faces is that the evaluasbould be well defined and measurable in order to
act fair and be transparent towards competing naatwfers. This leaves very little scope for
subjective interpretations and therefore the fratjyeadopted approach is to put a peg in the ground
by defining the maximum allowed Test Failure RaBome utilities overcome this by an upfront and
very through factory assessment of which the acleat Failure Rate is a major component but not
the only deciding factor. This enables them to asosider the parameters already mentioned and
more.

The definition of what constitutes a test failurayrbe related to the extend of the repair required.
Relating this to a failure that would necessitagassembling of the top yoke can enable a consisten
measure that is traceable and more directly relatéise potential risks it may hold for the utility

The purchaser’s reality is that they are not asfiamer manufacturer and cannot go into a
manufacturing facility to dictate procedures. A su@@ of some sort is necessary to screen suppliers
and only select the best manufacturers for partigssThis will be easier with an existing partrizut
when trying to foster new relationships, this measent is vital. The ideal scenario is a long term
relationship between the utility and manufactuhat iasts beyond the quotation and warranty period.
In such as relationship the two parties would bmafootable to openly discuss concerns, improvement
opportunities, operational modification to addréistd related challenges and extend expected life
time, etc.

Power transformers are a major investment andcatittcomponent to ensure the supply of
uninterrupted energy. Utilities and transformemofacturers have an obligation to ensure a ris, fre
quality product that will endure network conditicansd outlast its expected lifetime.
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