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AbS1ntC1 
11lis paper describes tJ1e results of an 

investigation on the efi:ct of tJ1e use of different 
angle ofT.Joint in rwo models of 3 phase dis1ribution 
1ransk111ner with capacity of 3000 kVA. TI1e firs t 
model uses 3 phase distribution transfonner oore 
assembled \\'ii b T :i olnt C..."ldting \\•bicb bas tlJe angle of 
6-0° and 45°. 111e sooond 1no<£I uses 3 phases 
dis1ribu1ion 1ransfonner c:ore which is also asselnbled 
with T :ioint cuui 1,,g but has the angle of 45°. TI1is 
lnvcsiigation iJ1,'1h 1cs tl1e ' 'ariation of ))O\\'C:T loss, 
bulldiJlJt fae1or, tlJird bannon.ic and Oux leaka..Re by 
using 1Xl~ load test. ln perfonning this Ul\estigation 
pO\\'Cf loss and flux distribution are 1neasured 
applying power analy:--..er in the rwo types of 
1ransfonner which have the saine s i::--..e and use ~15 
grade (CGO) material. The result of tl1is iJl\\:Stigation 
shO\\'S tlJal the loss of tlJe transi.lnner core in the flJSI 
1nodel is 8 % better tl1an tl1e loss of tl1e transformer 
oore U1 tl1e sooond n1odel at I .7 r. 50 Hz. 111e factor 
tha1 ditrere111ia1es the perfonnailCe of 1raiisfonner 
oore is clearly described by the flux pene1ration in10 
tlJe central liJnb of tlJe transfonner oore. r1 is also 
ob\rious tl1a1 tl1e Oux leakages measured al tl1e T4 joiJu 
and tl1e tl1i.rd harmonic fttLX U1 the trai1sformerooreof 
the seoond model is larger thai1 the flux leakage 
1neasuted a1 the T ~ oint aild the 1hint hannonic Oux in 
tlJe transfonner core of tlJe flJSI model. From tlJis 
iJl' 'CSI igation '''e can conclude tl1a1 tl1e 6 ist model of 
tl1e trai:isformer oore is 1nore efficient tl1an tl1e seoond 
1nodel of trai1sfonner core. 

I. INTRODUCTION 
111e design and asseinbly of 3-pha.se \\titl1 3 IUnb 

la1ninated oores play a 1najor pan U1 detein1U1Ulg tlle 
efficiency of trailsklrn1ers. ln tl1is paper tl1e past DXlSt 
of the detailed e xperimental work on overall power 
loss in 1rai1sfonne1S was canic:d out on model cutting 
T4 joint oore ai1d all ha\ri11.g the sa1ne dimens ion. TI1e 
iron loss of a trcl.1tSfonner core is usually g.iea1er thai1 

tl1e n01niJlal Epstei.il loss of tl1e oore 1naterial and tlle 
Ulcreased loss can be tXll'essed Ul teinls of tlle oore 
Building Factor (B.F), the ra1io of oore loss to 
nominal loss[l,2]. TI1e objeciive of this investigation 
is to 1nake direct oom))l.rison berween the 
perfonnaiu::es of the oores of 1rai1sfonner ditlerent 
c,.."U1tiJ1g angle ofT-joiJu bul11 froin identical grades of 
electrical sieel (t\1.S) M sb0\\1l in Figure I. 

(a) (b) 
Fig. I Tnu1sfonner core l}pe (a) T-joiJH 60°, and (b) 

T-joiJu 45°. 

2. EXPERIMENTAL APPARATUS AND 
MEAS RfNG T ECHNIQ ES 

Bveiy 1raiisfonner has 12 packeis a:s sh0\\11 in 
Figure 2~ each pi.eke! of the trai:LSfonner core hM 
different si7..cs M shO\\'ll in Table I. The firs t mo~I of 
tlJe 1m1:LSi.lnner core Msembled '''ilh 4 iJu:ier packets 
of oore yoke is c UI '''ilb 60° T j oiJu and other packet 
is cut \\titl1 45° T·JoU1t. For tl1e ti 1s t 1nodel of tlle 
trailsfonner oore OOes not only 6-0degree T·joi.Jlt 
because difficulties Ul handli.Jlg the yoke sheet of tlle 
6-0° T4 join1 duri11.g the oore asseinbled. fn the seicond 
1nodel of the 1raiisfonner oore asseinbled all of the 
packeis of ooie yoke rue cu1 with 45°T4 joint. 

T\\'Q of tl1e 1 ransi.lnner core are as.se1nbled by 
using 0.3 1nJn tl1ick of lruni.Jlations of MS grai.il· 
orieilted sil ioon iron (CGO) 001:isistU:ig of 3% s ilioon 
97% iron. Each oore OOJnprises of 96 layers \\'hich 
every i:ncket has kiur layers bln tl1e flfS t packet \\'hich 



 

hM eigh1 layers as sl10\\il 111 Figtl"e 2. Eaoh core 
could be e nergi7JC<l 10 1.7 'I' \\1ith less lhan I .S% third 
hitnnonic di.s1or1io11 tuHI 1hc pc.nver loss. tlle 3111 

har1uonic of oon 1xn1co1 di3101tlon are 1neasured \\1itl1 
repeatability better :t ''~ us1113 a lhree phase l)O\\ 'C:f 

analyzer. Flu.x leakages al ·rj0t r11. ~ nasured " ''th 
magoenc ftcld Tre d.slribuhon dl«es rn I.be 
tran.si>rmer core f« four JllCL.!I of 1"0 1r.msfc:nner 
CC)re b)• ..sing the F 1n11e (leme11 ~1elhod 1" 0 
dimensions. 
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Table I Sl7.e of1\\'01mnsi:inner ccre. 

Oimco~oo \\'id• ofl inb T-Joinl NiaJc(") 
(1nm) • •Cl )'<I'- ,. '1" 

{n• n) Tran~fur ·rrai:13ro ... """ 31 20x32~ no Ill ., 
3 110 JC. 3140 )10 Ill ., 
3100 xJ'lJ> .,. .. ., 
JOIOxlltO ... .. ., 
D60xl190 ... " " »UJxl110 ... " " :<120 xll.SO ... " " 2990 x31'11 J9Q " " 2960 x 309'.l >60 " " 2930 x3000 3JQ " " 2890 x 30'20 190 " " 2830 x29«1 230 " " 

J. EXPfJUMENTALRfSULT AND 
DISCUSSION 

Figure 3 shows lbc ' 1n11ton of O\uall P<>"'Cf 
k>ss "1lh tll« <koi:1ty tn the three phase cores. "lbc 
power loss ol the firsc model of nnsfonner core ""IS 

S ~• h:tter lhao the P>"'Cf loss of die second model of 
the transfonntt core tu I . 7T, 50 I IL. 

TI1e B.F of ~"°h core reaches u peak al aro1.u1d 
1.6 T as s bQ\\' ll i ~1 F'igu1ti 4. 1'he disl~ion of lo~cs is 
IO\\'Cf in lbe firs• Qf lhCI lnll\SfOl'IUCI' Q(ll'C Ill l.S T lhe 
B.F is 8 % IO\\'ef lhwJ Lhe OF of lhe seoond of U1c 
trru1sformcr OON . Tbe O.F of U1e first of U1c 
ICWi>CID« core IS iol><r OV<r lb< !'bole tJu.' \kJIHI)' 
range. There are K \ Cfal dafTamccs lll the P<>"'Cf km 
\ arialion in the l \\ O o( tran.sforma core. The sec:ood 
model of lhe 1sans:fmncr core hn larger rowional 
Oux ln the T -jo int The loc:ahsed row.ion al flux t! 

more elliptical ( ' '11h the 1najor nls &Jong 1be ro lling 
d ircdioo) in 1he CJlher COl'C 14, S). 

( a) 

(b) 

(c) 

Fig. 2: Di.1nen.sion of l\\' O 1nodcl of 3 1~lnseofJOOO 
kV A lransfo nncr oorc. (afl'11c tlrs1 n1odcl of Ulc 

lr1111~fQr111er oore assembled " 'iU1 4 inner pool eL<; of 
core yole ii; cut " 'ith «:f T joi1u w1d olh!r pac:L.el is 

ell ,.,Jh 4$' 1'-Joiot (b)Thc ...,.nd model oflhc 
1raru;~rmer ()(re assembkd \\'1th all of piCkcl of core 

)'Ot:e tS Cll " rnb 45° ·rjomt. (crl " "-h e pact:eas tn 
transform.tr core. 

Figure 5 sb on'S tl1c average flux d1.s1nb1.11 ion on 4 
1nnc1' pack.Cl of tJ1c transfo1'lncr cores cnlo1.Ja1ed using 
finile e le1nent 1)1etJ1od sofhvru·e 111 (t)I • 0. Fi JP-ire 5 (a) 
shO\\'S 1.hc ·r.jo.i.nt 6-0°of 1bc llml.~1fbr1ncr 001e 1nore 
uniforin flu)( entering. centre li1nb ul core, 00111pa.red 
\\'llh figure 5 (b) shO\\'S U1e ·r-jotnt 4S0 of the 
trw1~(or111er core. For other piacliag~ u'iir~ Sllllle 
an,g,k of T ·joint Md s.arnc w.cs lh l l are not hts\'C: 



 



 


