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Fig.4 Distribution of excitation current and GIC in
transformer with Yg-Y connection,when three
phases are not saturated

Lagic
e —

[t r,n:l C =

Lacic = Lpoic = Leoic

B 5 ZMERBFAE CIC £ Yo-Y B
o [R 2% Y B 1R
Fig.5 GIC flow paths in transformer with Yg-Y
connection,when three phases are not saturated

Bl Bl 2 Br AR U RN 55 1R R ) il
HLE SN Ly 5 Lo M T Ly KT Ly, WS
BC AHAYSFRLBHPT S T A AHAYSFRLCFHDT, A A FHEY
GIC ¥ K FHAEM A B A .C Y GIC,

A3 (3) AT AN, 2 = AR XS FRET ) AR TR RS Yg
AR 2 Y 4541 GIC Z Ak 0, IR, B .C A
[F) SRy A AR FIVAR PR S AH [R] SCe s Y il B .G PR AR
GIC KRN,

izr«;lc = izcclc ( 8 )
FRAK (315,
izA(;Ic = 2i2B(;1c =-2 izcclc (9 )

El6 45 T A MIRFET GIC #£ 728 4% % 4
WP, WE 6(a)Fron , A FHARFTES 5 G L U rh i
GIC | K, AEMFIAH B .C I GIC 43 H A 5 Yg ]

A I GIC 2 KT B.C MM GIC, W&l 6(b) T
N, HF A BB AR GIC 194% A8 AS B
JEAR R R | GIC ML AR 2 B4 hi B.C
FHAR R AR, GIC WAL A2 A5 AR IR 888 Lh G & |
FJ& B.C M GIC BB IE W L2 Y M, WE 6(c)
Frs Y il A A1 GIC 5 B.C A GIC AH7AH 2% 1800,
A A GIC 7E8UE L B .C #H GIC 1% 2 fi,

60

= A HH
T o5t
&~ B.CH
-10 L L 1 1 L |
0 5 10 15 20 25 30
t/s
(a) 25 5l R P U D OB
50 r
- A M
T 20 A
S B.C #H A
-10 L L 1 1 1 |
0 5 10 15 20 25 30
t/s
(b) Yg £ #HZEAL GIC BIE
50 ¢
T 25; A
g ! 8
<0 VB C A
v
_2.5 1 1 1

0 5 10 15 20 25 30
t/s

(e) Y M5 AHZE4] GIC IE

Bl 6 A 48 H B RYRE BN GIC E YooY 2
TESRGATHS M
Fig.6 Distribution of excitation current and GIC
in transformer with Yg-Y connection,when
Phase-A is saturated

GIC H1 Yg 22k i A Kt (57282 Y i, IF-AE
Y MAHTEDE RS B 7 450 T GIC 78 Yg-Y 7%
FEAF A AR B 3038 BE AR T i e v e o e 3
A Y MR A B.C —4H GIC,

Lacic
P —

i(:lcl C
= i»((:lc =-2 il;(:l(? 5 i(ér;l(; = ilé(;l(,‘

B 7 AR GIC & Ye-Y BEERPRREKRE
Fig.7 GIC flow paths in transformer with Yg-Y

connection,when Phase-A is saturated

. AR FE g% =R H B Sk A R LB o A A e
ARG GIC B e A G A 3 bk S AR A
HUEJRIRAE 22 1720 V., LB Yg M5 AH GIC Y M4
FH GIC LA B Jih w6 f 3 /9 GIC 43 o) Wl /2 =X (4) |
(6) (7)., ZIELRTE 10 s(H) GIC 09— &) N IE



%28

A W A H W N R VR T R L g 7 T R A Y R B A 0 T @

a2 8 45 H B — R A A
8 78 s = AHXT PRI AN GIC 7E28 e dsrh
B AR P 78 TR i = AR 6 R AR AR il g F O
1) GIC 315 Yg S ¥ GIC /A A TR, il 8
(a) (D)i7R W GIC =AY I, B P FebE ;Y Ml
T GIC il , i 8(c) i,
50

- Lo
)
_50 1 1 L L ]
0 5 10 15 20 25 30
t/s
(a) 45 A1 il g v 3 % 1
50
< L
.
_50 1 L L 1 ]
0 5 10 15 20 25 30
t/s
(b) Yg M4 HHZE41 GIC W IE
1,
-
\g 0

0 5 10 15 20 25 30
t/s
(c) Y ML CIC P
— AM,—BAM,-- CH
s iRt fREE R GIC 7 Yooy B
TERSGAPHER
Fig.8 Distribution of excitation current and GIC

in transformer with Yg-Y connection,when three
phases are saturated

WM Fof 722 e g A > A SR R IR S 2k HL AR R
BAT, W GIC TEAL R 24§ = A1 A ) 30 8 s A2 5 =
A A 1 R AR TR B GIC 28 P pE a5 o Y 2R it
J TR AAH SR E W o5 an &l 5 PR

T UL TR B S ORI T
TR GRSy fii AR e 2% B R B GIC 1Y A
SCAVR AT Fi, s R {1 15 B K, o T S B v A R Y
R,

122 A GEREAGELT ,GIC £ Yg-Y B &
JE 3509 45 T4 T

B R SE ek k= A D Ry A R
A 0.1 Hz 850 GIC 1 AR AT REH BLLATR 3 Fif i

a. [RAHL R 200 V, 28 R 4 —AHZEA H Rk &
AR, BB GIC fE 72 R A% P By 4 A 5 AU A
GIC By 4 A A R, BD GIC #5359 43 A 78 Yg fll =
G5 = AR 8% Y MIZEH A2 B GIC,
P9 25 i T M A G HL IR I A A B FR L 9 T
UL il v U A R A e A ELBh R R R ) GIC 5

Yg () GIC & & AHIA]

0 5 10 15 20 25 30
t/s
(a) 25 3l G Fi U % T

<
N
5 10 15 20 25 30
t/s
(b) & ARRRE TR Y GIC 4 it
<
S
5 10 15 20 25 30
t/s
(¢) Yg M4 ARLE P iy GIC P B
0.2
<
X0
-0.2

0 5 10 15 20 25 30
t/s
(d) Y & AIZ4 GIC WP
— AM, - BAH,-- CH

Bo HRGHBRABERT,Ye-Y BEERR
& HE R A0 A A BB R
Fig.9 Current waveforms of transformer with Yg-Y
connection,when three phases are not saturated
and load current is considered

GIC S i 25 i i FL A8 R 25 A 1 RN (1) 97 38 5
1, 55 Frn R & 0o 3 R U B AR TR A% A R
FIET Y GIC Vil B AR AR R BY GIC 2P P i il Yg
2% 8% I I AR AR B b s, HANTRZ Y Ml

b. 3 3 15— m A T R AR g A R
PR ARA A, LA A AR ) 24 AE R AR A
SRS | b w r 0K B P AR A R ARR R 0.1
Hz 1 GIC T 5 % JE A 04 8 S 2k KB TR,
Bl 10 %5 T iy A DG B 3 A A i i, B I 10 1]
W Yg Ml A A1 GIC IR {H ™ T B .C AH, Hh B .C AHTE
5~10s WIEEN 1.4 A;GIC fEZEZ Y il ,A # GIC
WE{E R B.C AH GIC 19 2 %, Hth B .C MAHAE 5~10 s
WA 3 A, AT ULILAT A AR FE A8 Z 230 B .C
WA GIC IE %1% 42 | GIC 40 A 5 AN v K £ 28 A i if



® ® 0 8 & iR B

F£37%

t/s
(a) 4 H ARG F U I B

80 1
- !
T 5 A M
3 B.C
~10 : . . . : .
0 5 10 15 20 25 30
t/s
(b) 2 A RE H A h Y GTC 43
80
A
<
£ 35 B.C
~10 : ; : . : .
0 5 10 15 20 25 30

t/s
(¢) Yg M#AHLEA T 1 GIC 4r it

i

B.CH

i/ A
ENN
L i =

0 5 10 15 20 25 30
t/s
(d) Y &ML 1 GIC 43 it
10 T RAHERHBERT,Ye-Y BEESR
A A0 B R R
Fig.10 Current waveforms of transformer with

Yg-Y connection,when Phase-A is saturated
and load current considered

A M AT GIC /AR A A

i GIC 5 7 40 i TR & Ui A 8 T A A A
FIE ) 0 A2 5 1 7 BR RS Ik 5 A AR
Y GIC Jiiim AR AR R BE GIC HY Yg 2648 B i A
K fEAZ 2 Y O FEAE Y AR E TS R 1

(3) R fdi 725 s 2% = RH HE BB S A A EL 45 ) A
BF RGN GIC St 75 4 FRYE [B 38 K v s Ik
A R IR B 2R 400 V., A8 Fe 8% = AR R AR BE — 3L
B, GIC 4340 5 AT Je 1 % H A8 F& 2% — A AR A e /9
GIC A AR, & 11 fron . AFEBE, B TElA
TR, T AR B A B B A A
FAH2E 1200, WA 11 (a) s, B 11 (b) Al WL e
FIBFRGE T GIC St 48 A, HIE 11(c) T,
GIC 7€ Yg M = AH L840 5 = A0 il i 52 #% R ¥ 43
B 11(d) AT LY M-S GIC Jiid

GIC B i 28 L JE FL AR FR 2% = AH 1R AT %) 378 3
S RS T IR N =9 [ A = e £ b N U
) GIC il A, B GIC &P Pk il Yg

in/ A

t/s
(a) 25 il vy VA D6 T

moic/ A
[«

0 5 10 15 20 25 30
t/s
(b) B HPhEEHR TP CIC 4r &

’:lG]C/ A
=]

0 5 10 15 20 25 30
t/s
(¢) Yo M4 HIZE4L 1 GIC 4Kt

iZ(LI‘I/A
[«

0 5 10 15 20 25 30
t/s
(d) Y s AESE4 T GIC 74
— AM, - B, -- CH
1 I RGHEBRWERT,Ye-Y BEESR
18 a0 B Y BB R
Fig.11 Current waveforms of transformer with

Yg-Y connection,when three phases are
saturated and load current is considered

28 8% J5 0 A AR FE A BT Y Ml
123 GIC /£ Yg-Y R &R 5% W 498 %12

LA A TR AL GIC 7E Yg-Y AUE F 4 i
PR IBSNE S/ 1 A

a. A GIC BN B FEASAHES GIC HTE Yg
ML, MAFEET Y ISR 52 g i Yo (28
i GIC = A5 GIC A S 5 Yg MIZE4

b. 2748 2§ & AR AN KRR AN | DL — FH AR Ay
i, Y Ml FIAR GIC WEAE = TR0 AT AR  GIC 15742
FY ), 1 B R RRE e AR g AR LI R AR AR
AR 4% A2 He 8 H I ¢ R AL 72 Y ] GIC HL Ji 2 Ay
F HOyE AR AR Y AR R]E A

c. MR S A WA GIC U TE Yg M3
W, £ 4r GIC, 7E GIC A9 — AN R iy WE & 48 1E
] AR A A & AR R T AR R GIC W &8 i S 5 Yg
Mz



%28

A W A H W N R VR T R L g 7 T R A Y R B A 0 T @

2 GICTE Y- ABITERPHRERE S
BT ERIE

2.1 Y- ABTER[RENSTEE

B 12(a) A T Yg— AR = AHAS AR I Rk 1A
HR Al AR AR e T 7 458 200 i BB AN L = AR S5 {H
BE AN 12 (b) s B Zy Zyy e 9 Y WA AE B
B3 20 T T NITEZE Yg MR A M EAEBEST ;2,0
g Ty FYTHZE Yo M AN GBI ; Zon Zos Zne
MR A Yo A Sl G S B A BE BT ;5 foancic Fancoic
beae WEEAS Y ML EE iy GIc, R . Z,=
Zin=Ti=20 In=Ly =2y =2y, Lo =T =Ly =T, Do =
ZmB:ZmC:ZmO

HRYEE 12(b) AT 15| Yg— A BUAR F 25 45 ) H 3 ¢
i (1), Y I = HIZE4 GIC 5P s EA GIC
KRR (2),

Bl 12(a) 45 T GIC FE 78 R 45 BTl g A 3% U
A1 R A A GIC R WX (10) FiR

Iaacic = LaBic = L2ABGIC
Lagcic™ Lacoic = L2pecic
Icoic = baacic = bacacic (10)
Inascic+ Lascoic + Lacacic=0
AMZEA R HIE | e R G2 vh 23 i 8L
Wi,

bagic Zy Zy Zia
o ——=> [—rYyvynm Y

Laagcic

ZI,I?
_:'_m

Lapcoic

LiBcIC

Liccic

Zic
1 Y Y Y
—_>
Lacacic

(b) Yg— A TUZAE 28 25 i, i 12
B 12 Yo- AR T ERENEIEE

Fig.12 Equivalent circuit of transformer
with Yg-A connection

22 GICE Y- ABTERIHREBEBREITRMNA
BHIGIE

TS R A 0.1 He 855 GIC Jm A
[ S W= A s £ B B S A W B R o |
PLRASKE BRI 3 Bl 50 T /) GIC il g4

a. AL Rk 200 V, —HHY R K AR, oA
AR R = AT FR Yo M GIC W A2 (4) 5 (5),

GIC 7E Yg Ml =AHGEA rth 450 40 A, 72 A SR 20
i I R A TR R S S A R b e
GIC AIEAE JE AR IE # AL AR

K13 41T GIC &M ERRELT Ye-A R
A S 2 45 AH A AR AN S AH G FL TR A AR S oL, B 13
AL =M GIC i w2 EA , Yg ML GIC 5 AN
LR GIC AW A8 L OC & W 2 LA 3R 41T

0.08
e
T 0h
~0.08 1 1 1 1 1 1
0 5 10 15 20 25 30
t/s
(a) 25HIBIRE HL IR Y GIC 43 ft
40
<
T 0
_40 . ) . ) . \
5 10 15 20 25 30
t/s
(b) Yg M4 AHZEAL T GIC J3 4k
100
<
N 0

5 10 15 20 25 30
t/s
(¢) AMFAHZEA T GIC 75
— A, B A, -- C A

B 13 it RAHEBRNERT, Y- ABTESR
& 18 oK (A0 B A BRI
Fig.13 Current waveforms of transformer with
Yg-A connection,when three phases are not
saturated and load current is considered

BT T GIC M7, 28 R840 Y TZE 5440 GIC %5
R UE T A 3 (I kil dioh 1 gk)is 17, Bl 14
25t T R GIC MY E AR BRI GIC T4 Yg
M Jahg S % AL AR B AMSEAL T AT i

b. 34 KARHI B MR {E 2 700 V B, 28 e g th 3l =
AL A BEBS GIC 437 JEAL = AH S A M A 5 00, 4an
K15 FiR

c. 8 3 B AR R RS — A i A T R A R AR
IS IR FR A, LA A MR ARG 4 1.2.1



@ & B %Lt & %£37%
e 205 ¢
O Y4 Do [ R ir I\
g T fcic =3l < I -0 0 ; lIO 1I5 2IO 2I5 3I0

C=
iA(:lC: im;n;: i(‘(‘l(' i, »:i'm(' = i{;('l(': ii"“l(‘
B 14 HRAEBTEHERT, Y- ABTER
FHERBIEL GIC REEE
Fig.14 GIC flow paths in transformer with Yg-A

connection,when three phases are not saturated
and load current is considered

5 10 15 20 25 30

5 10 15 20 25 30

B 15 iRAHBRHERLT y Yo— ABT R
& 18 1 T B Y BB ST IR

Fig.15 Current waveforms of transformer with
Yg-A connection,when three phases are
saturated and load current is considered

W b FEAT AT A WA 16, B AT AT,
TLAAH A AH R ELHUIE N, 2 A AH Yg U GIC 1R
H & AR ATA B .C A GIC WRAE , an & 16 (b) BT
7, HOA ARG LR R Y GIC TRAE R T B.C AHP Y
GIC MRAE , WA 16(a) Wi, BB 16(c) WL, A=
AHGELL T GIC & it 22 AR /N | BT LUZE FR 4% A
HZ i iy GIC & AR/, W E 16 (d) i, & i
A .C WA GIC FHA/NT 2A,

417 45 T GIC &2k i i AE 0 T, Yg—
ARVEFR S A FHIR AT GIC MViiE BE 12, GIC &48
FEAS R PE R Yo M2k, A% 728 2= AMIDE AR

L, AN LR A A N R
23 GICTE Ye-Y B 5 Y- AR T ER{HPRYRIE
=3tk

a. 7 TR AR =R I R AR R A ] B =R 3 R

B GIC 7E48 JE 2% Yo Ml = AHZR A h 355y X F
Ye-Y BVEIEAR Y M I GIC Wil ; X T Yg-A
RIS FE A | GIC 7EA8 FE 48 A B4 H B B3R Ui, A8 TR

/\\
< \ A\
\~_J \'\ \
= A\
A\
—40 h h
5 10 15 20 25 30
t/s
(b) Yg 4020 T i) GIC 43
100
=
N
~100 L L L L L |
5 10 15 20 25 30
t/s
(¢) AMIARLEA T GIC 434
2.0
28 27N
= RN N .
N ey PR

0 5 10 15 20 25 30
t/s

(d) AMIH AT GIC /&
— AM, B, --CH

B 16 HEBHEBRHBERLT Yg-A ABITERS
A HHIEF0E A BRI

Fig.16 Current waveforms of transformer with
Yg-A connection,when Phase-A is saturated
and load current is considered

-1
LABGIC
R —

.r
Licclc
<

.
Leacic

B 17 tERGHEBRHNERLT Yg—A*"'QE%
A HHIEFME K CIC MEKE

Fig.17 GIC flow paths in transformer with Yg-A

connection,when Phase-A is saturated and load

current is considered
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Fig.18 Waveforms during Phase-A inter-turn
fault of transformer
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Analysis of GIC flow path in windings of three-phase power transformer
ZHENG Tao',GAO Xiaogian', YANG Guosheng’
(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. China Electric Power Research Institute,Beijing 100085, China)

Abstract: A simulation model of AC system with GIC(Geomagnetically Induced Current) is built and the GIC
flow paths in the windings of three-phase transformer under different operating conditions are studied for
Yg-Y and Yg-A connection modes respectively. Results show that,GIC is not evenly distributed in three
phase windings during the asymmetrical saturation,and due to the low-frequency variation,GIC may flow to
the Y-side in Yg-Y connection mode or the A-side in Yg-A connection mode,influencing the reliable
operation of protection system.
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