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Abstract

Insulation failure between winding turns is one of the main causes of incipient winding fault in a
transformer. During the operation of a transformer, strong electric fields are applied to the dielectric
material of its windings. Dielectric deterioration and aging are the most important causes of short circuit
faults in transformer windings. Due to the probable occurrence of this type of defect and its extension,
its early detection is a very important task in power systems. In this paper, it is shown that by measuring
the phase difference between voltage and current of transformer windings under load conditions, the
existence of internal winding fault can be detected. For online fault detection, an intelligent system
(neural-fuzzy system) has also been proposed. Both simulation results and laboratory tests confirm the
ability of the proposed method for the detection of internal winding faults especially at light loads. With
this method, there is no need to de-energize the power transformer.
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Figure (1): Laboratory test transformer [20]
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Table (1): Simulation results: current of each phase and the angle between voltage and current of each phase for a 0.15 Q fault resistance.
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Table (2): Some experimental results for a 0.15 O fault resistance in phase A (angle in degrees).
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Table (3): Sample of input variables calculated from the simulation results of Table (1) for a 0.15 Q fault resistance in phase A
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Table (4): The pattern used in the fuzzy system inference rule to detect faulty phase
oo 50 o (6l ()18 ot g licsiw! jaig0 o 0ol oolaiw! oI :(F) Jous

ABa ABg AbOc b s> s 090 s o
- + - Ala-Alc>0 Sl ools &5 Uas A 516 o
- + - Ala-Alc< 0 Cewl ools &, U C 51 o
- - + Alg-Ala >0 Sl ools 7, Uas B 56 50
- - + Alg-AIa <0 sl 00l ) Uz A 5L o
+ - - Alc-Alg >0 sl 00l ) s C 58 o
+ - - Alc-Alg <0 Sl ools &, U B 51 o

&l el oas solaiwl g5l somaies (b, I ANFIS o il Uas Guls aseis jelateds 45 pg0 (651 piiwew (5l
adgl laably )3 ol 5 5y 5L ST fals 5 5L Gles oo Gl Gl o3l i oo s p5 (63959 A e
99,9 Olye 4, Sledbl ol o 2y Uas 516 s Sledlbl ¢ ol (536 s Loy s 56 (13908 pasiioe b gile 9] 5
00iS (s g0l YD VD sl slacaglic 0l aseie Uas ol B ogd oo 423,5 Hlai 10 pg0 (51 s
Cenglie Hlade .Cuwl jioS Uas ol ¢ inn glas Caoglin [0 ¢ inn Uas Sod (ieS gllas Caglin jo aiiiws Uas Sl
Olsieas S n 45 Ry Jlaie agd (630 el 55 ysbite ol gly g Conlhas St Sily <l a0 Ry oligS Ll
b £95 31 piasms 9290 slaosls s ANFIS ;5 (6518 (guiualips (b, 5l oolitial b 09l oo 43,5 S5 )3 (29>
L ogd os cditnd Cogae @l cnl b plp a5 Gilgd olass 5 g9 Cugie wly Sbil Jold (2l (nl 45 090 o
Cogac mlgs cpl WS o i o] Cowddy gull G aiiud (yuilgd slasl § Cugiac wolg Byme aS laades slaws Ll
G () 5 s wlate Ll iy a3 03 5 Wis i o0 etd ANFIS Lasss (6395 5 (51 rodls o515 5 (FuSTy (sl
ol ead eols las gl jo aee i |) Cogac mle gl el )l Wilgs co IS aldl wloals Gl swsS Cuguas ailss
g 00 b (63 pimap Hlles (1) USE ol o0y ooliciol e ailsi sl 538l bl gl el 51 allie
Loiye aY) Olets Y Su 5 (2955 5 639)9 &Y 99 b (fman (sras 4D S aile Bl (plaws oo Las T, ANFIS
S Sl Dlo 1) Zaze (nl (651 (ganadss wiadisn (B bawg (31 a1k 9 ANFIS 51 (6 250 500 el (0ls® 40
Iy Sble ol g sl pis 0,515 B pae a5 WS co astiin (31 i Sy g0 oSl dgazme slaosls I eslaiul b
Sy Yo Gliae o eS 4 ol glhas B aes co (yojgel Wosls awgi cunl aias amac a0 S aiiles a5

polie aileads eols plis sads Sk (5l- cas wieaw (B350l Gl 2Eiole;] slacols 5 isu () Jgax o
S (79,5) olisS Jlail glacueslio o3l prlez (g yiolie 5 GhalosT 52 51 (59,9 00ls aws ey b 5l slo s
Il )l Conglin o5l Uas S 1 o) Jsoz VA B Ve (slaciys, LA b\ glackss, alKiyle)] mls duglio
SIS L 55 gm0y 45 jsblas iz e o5 | ol sl Sleeid 53 1 ssibersidl ) 5l e 5 (S
St 3)18 392 a3 ] 50 a5 oo 50 Glyz g 55 o gly Sl (e Sas aalE) ()15 Cglie o3l
oo oolatwl oy ol ig) 5l Sl egian cmas 4l S asiler o] LS le a5 556 s ol (jsel lp 0ed e
ol 00l 00ld 4yl ps ] u‘b)’y’T s (V) U o .ol

€85 e hisel slp a5 ais (bla bo,liw (V) JS0 50 aiies golgainy onsl 80uS 0l codwl cowody b
a0l gy las o] jo a5 556 gl alislesl eols amiliz .l (55— cas aih 9,5 iwgn v g Silodds
Sl Sl a5 WS adg g olerea ) Jlasl e o Uas Caegline lade Wilgs oo 99 00ls 0als >l (651 pis
99 6l S8 HIE s 0y50 as 5B (arsitd (sl (531 e (BELLo3T 5 (gilodnd @S (sl el U
(soglio oS’ Jlail gile il 5 slagmpans 51 (o 50 45 (> 53 (V) Jgoz sla)l 5l e (2la)l o 5l caslllas
oalds (b i a5 Coul oals sasline el ool ool Uas 5B aseid (65 piieen i (5l g plol l0 5eg

Sl ly oyl agzg s 4l o a5 (558 ais olly oema

@Y



oal,;cw HR e )lﬁ'ﬁ"’ —&lfu.».iw.c uyl.o.tb/ ..... 5 olS55 JL&S‘ 6Ua>' RS

Opeatons

Logesl
®
o

L)
o
ot

Figure (2): Designed neuro-fuzzy system structure

Table (5): Part of the data used to train the neuro-fuzzy system (data related to phase A)
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Figure (3): The result obtained from the training of the neuro-fuzzy system
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