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ABSTRACT

The government sampling inspection passrate of Digtribution Transformers
(DTs) islessthan 75% in China, which causes seriousimpact to the product
quality and brings serious security risks. In order to improve the whole
quality of DTs and energy security, it has important significance to study
quality control method. The main quality defects and reasons of the DTs
are introduced. The game theory of sampling inspection is analyzed. The
method of establishing quality information system of DTs based on life
cycletheory isproposed, which includes production, installation, operation
and maintenance process. The DT’s quality control method based on life
cycle information is study on. The effect of the method is verified by the
distribution transformer sampling example of State Grid Corporation of

China(SGCC).

INTRODUCTION

In recent years, Chinadistribution equipment en-
terprisesincreaseinvestment, expand thethroughput,
which causesthe DT market overcapacity and fierce
comptition™. Theenterprisestakelow pricecompeti-
tion strategy, while some hold down cost deliberately,
inorder to takethe market share. A few enterprisesuse
theinferior raw materid (such asinstead of copper wire
with duminum, used slicon sted sheet) during the pro-
duction processin order to reduce the costs, which
causestheloss, partia discharge and temperaturerise
of DTsunconformity.

It al SO causes seriousimpact to the product quality,
and bringsserious security risks. Thegovernment sam-
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pling inspection passrate of DTsislessthan 75%in
recent threeyears. It hasimportant significanceto study
qudity control method toimprovethewholequality of
DTs

QUALITY DEFECTSANALY SIS

Thegovernment entruststhe specidty testinginsti-
tution to inspect the DTs by sampling from 2009 to
2011. Thetestingitemsinclude measurement of wind-
ing resistance, voltage ratio and check of phasedis-
placement, short-circuit impedanceand load | oss, no-
load loss and current, separate source A C withstand
voltagetest, short-durationinduced AC withstand volt-
agetest, temperature rise, measurement of partia dis-


mailto:chenjinmeng@sgm.sgcc.com.cn

1296

Study on quality control method of distribution transformer based on game theory

BTAIJ, 8(9) 2013

FULL PAPER o

chargeandinsulating il test. 87 DTsaretested, 22 of
them unconformity, wherethe passrateislessthan 75%.
Thedetall informationisshownin TABLE 1.

TABLE 1: Thesamplingtest passrate of 2009-2011

Date  Total sample unconfor mity Passrate
2009 29 7 75.9%
2010 29 6 79.3%
2011 29 9 69.0%
total 87 22 T4.7%

Theunconformity itemsmainly includetemperature
rise, loadloss, no-load lossand partial discharge.

Temperaturerise

Temperaturerisetest checksthe DT’shesat, which
isdetermined by thelossof DT. For the oil-immersed
type DT, theinfluencefactorsof coolinginclude prod-
uct structure, winding up state, oil tank capacity and
radiator areg, il circulation. For thedry-typeDT, itis
related to theair ventilating duct of coreand windings,
insulation wrapping, resin-casting.

DT temperaturerisetest belongstotypetest, and
few enterpriseteststheitem beforeitsdelivery. Itis
difficult to detect the defect. Duetotheirregular mar-
ket competition, some enterprisesreduce theoil tank
capacity and radiator amount, decreasethedesign mar-
gin of conductor and core, and even use theinferior
materials, in order to reducethe cost. All of that result
inexcessivetemperatureriseof theDT, which will ac-
celeratethe aging of theinsulation materids. It also af-
fectsthe DT useful life, security, reliability, and even
leadsto short-circuit, accident, which brings safe hid-
dentroubletotheuser.

No-load lossand load loss

Theno-loadlossof DT mainly compriseshyster-
esislossand eddy-current loss. Hysteresisloss depends
onthesilicon sheet sted materids. Eddy-current lossis
rel ated to theflux dengity, thicknessof silicon sheet stedl
and thefrequency. Theload lossof DT ismainly con-
sisted of windingsand |leadsresi stanceloss. The addi-
tiona lossescaused by leakageflux takevery smadl pro-
portionid. Theunconformity of thoseitemsismainly
because of enterprise’sdishonest behavior. Someen-
terprises decrease the design margin, without consid-
ering theraw materia sand production processdevia-
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tion, in order to reducethe materia scost.
QUALITY CONTROL THEORY ANALYSIS

Key factorstotheproduct quality

Product quality not only constraints by interior of
theenterprise, but isal so affected by the externa envi-
ronment. Thequality problemisnot limited to only
enterpriseits-sdf; itisasorelated tothewhole society.
Thekey factorsaffecting the product quality arefrom
of enterpriseinterior, including theenterpriselead’scog-
nition, quaity organizationlevel, worker’sactua abil-
ity, highquality raw materia's, advanced techniqueand
equipments, reliableinspection.

Gametheory of samplinginspection

The selection mode of therulesfor theenterprise
dependsonthetota income, including obeying rules
incomeR,, disobeying rulesincome R , and the prob-
ability punishment for disobeyingrulesF. If R > (R-
F), theenterprise probably obey therules; if R < (R -
F), the enterprise may not obey the ruleg*®.

Hypothesis

(1) N={1,2} isaset of thetwo sidesin the game. 1
standsfor theenterprise. 2 standsfor the sampling
ingpection unit.

(2) ©={6,,0,} isthe enterprise type space, whichis
privateinformation of theenterprise. Thesampling
inspection unit does not know the value of 4, but
can get theprobability of 6.

P{0=0 }=a,

P{0=0}=1-a;

where

6, theenterpriseobey therules

6, theenterprisenot obey therules

(3) M={S,,S} isaset of enterprisesignal space.
where
S, the enterprise does not put up production and
sdes.

S theenterprisestill putsup productionand sales.

(4) A={a,a } isaset of thesamplinginspection unit
action. a, standsfor no sampling. a, tandsfor sam-
pling.

Game Sequenceand solution
First step: the enterprise select the signal
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m(6)=SeM based on the privateinformation. It means
the enterprise can sel ect to produce and sal e the con-
formity or unconformity product.

Second step: the samplingingpection unit observes
thesignd S, k=0,1, and thenform theinference about
typed:

n=p{6=0|m=S}, k=0,10
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Figurel: Gamesequencediagram

It issolved that the sampling inspection unit infer-
encecompliedwith thesub-gamerefined Bayesian equi-
librium, and the enterpriseinference complied with the
sub-gamerefined Bayesian equilibrium. Thesolutionis
showninthefollow figure.

D1 D2

0 s 1

. _ SC+Th
" ev-ert TR
where

c thecost of sampling inspection unit.
g, thereward samplinginspection unit obtained with-
out findingthequality defects, accordingtotherules.
g, thereward sampling inspection unit obtained,
whenthey find the qudity defects.
T the punishment for the sampling inspection unit
nonfeasance.
/3 the probability that sampling ingpection unit non-
feasance can befound.
WhenreD,, namely ' <z<1, itispooling equilib-
rium.
WhenreD,, namely O<z<r’, itispooling equilib-
rium.
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Only 7" closeto 1, namely e =c, and R -F<0, itis
separaing equilibrium.

Theaward samplingingpection unit obtained should
not belessthan theinspection cost, and the punishment
should morethan the disobeying rulesincome.

R, R, and F

Thevaueof R, R, depends onthe enterprise. It
can beregarded asfixed inaperiod. Thevaueof Fis
proportiona tof, p,, p., o namely
F=f(f, P, P C),

Where

f.thefrequency of samplinginspection.

p, the probabiility of finding defectsby samplingin-

Spection.

p, the probability of enterprise’sproblem.

c_thelossbecause of the punishment.

Thevauesof f, p, c ae related to the sampling
ingpection. Thereasonableva ue of F can beobtained
though scientific setting, whichmakesR > (R -F).

THE QUALITY CONTROL METHOD

Thelifecyclequality infor mation system

Thelifecyclequdity information of DTscoversthe
following stage: purchasing, design, manufacturing,
packaging, transportation, install ation, debugging and
operation. Theanalytic hierarchy process can beused
to classify thequality defectsof DTS®. Thelifecycle
quality information system can be established, which
can providesupport to enhancethequality control. The
DT qudity information should includetheenterprisein-
formation, product type, techniquerequirement, project
name, thequdity defects, dassfication of defects, weight
of defects, dateinformation, detailled analysis, improve-
ment measures, and i nformation source.

The quality control method based on life cycle
theory

Theultimategod of enterprisemanagement isprofit.
Inorder to guidethe enterprise pay attention to quality,
the reasonable profit R, should be guaranteed inthe
purchasing period. Based onthe DT lifecyclequdity
informeation, thesamplingingpectionmethodisordinarily
adopted, combination with the manufacturing supervi-
son.
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According to the contract, the manufacturing su-
pervision enterprise constitutes an expert group to su-
perviseand witnessthe DT manufacturing processand
schedul €. The whol e manufacturing process can be
witnessed, but the costishigh. Itisgpplied tothe enter-
prisewith more problems. The samplinginspectionis
to test the sampleof product. Theitemsinclude prod-
uct performance, parameters, raw materialsand com-
ponents®. Thequality control flow based onlifecycle
informationisshowninfigure2.

p, can beobtained thoughthe DT lifecyclequaity
information system. Compared p, withp_, insize, the
manufacturing supervision method istaken, whenthe
enterprise hasmore quaity problems. Otherwise, the
sampling i nspection method is adopted. p, is propor-
tional tof_, which should be higher to enterprisewith
more problems.

p, depends on the scientific sampling inspection
method, closely related to the test items. The items
should betested, which are easy to find problem and
have seriousinfluenceto the security operation, such as
thefollowing items: temperaturerisetest, short-circuit
impedance, no-load lossand current, separate source
AC withstand voltagetest, short-duration induced AC
voltagetest, measurement of partia discharge. Some
time short-circuit withstand test can betaken to check
the DT short circuit withstand ability. Wed so candis-
assemblethe DT to check thematerials of conductor
andsilicon sheet stedl.

Itisdetermined by the punishment measureslargely,
whether sampling inspection playstherole. Thepun-
ishment measuresshould consider the DT’squdlity de-
fectsandlost.

EXAMPLEANALYSS

In 2012, the sampling inspection of DTs was
strengthened for SGCC. Theitemsincludevisua in-
spection, key performancetesting and disassembly in-
spection. The performanceitemsinclude no-load cur-
rent and on-load | oss, short circuitimpedanceand load
loss, temperaturerise, and so on.

During the sampling inspection, the correspond-
ing punishmentswere taken to the enterprisesfor their
unconformity product. According to the severity of
the sampling unqualified product and the punishment
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Figure2: Quality control flow based on lifecycleinformation

criterion, thetreatmentsof liability for breach of con-
tract, replacement of the batch product weretaken.
Therelated suppliers cooperated with therecall or
replacement actively. 9578 DTswere sampling in-
spected in 2012. 660 DTs of that were unqualified
with 691 unqualified items. Thequalified rate of sam-
pling inspection is up to 93.11% compared with
61.26% of 2011°. The unqualified itemsare shown
infigure 3. Theunqudified ratesof DTsareshownin
figure4.
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Figure4: 2011-2012 DTsunqualified rate of sampling in- [8]
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CONCLUSION

Thegovernment samplingingpection showsthat the
sampling ingpection cannot sol vethe problem without
the corresponding punishment measures. It only reflects
theproblemsof the DT industry and enterprises.

The gametheory of the sampling inspection and
exampleareanalyzed. Thevdidity of thequality con-
trol method isapproved, whichisbased onlifecycle
information. Through the reasonabl efrequency, scien-
tific methods and punishment measures, the risk of
breach of contract will beincreased and the costs of
breach of contract will riseup. Thequadity supervison
effect will begivenfull playto.
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