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Fig.1 Schematic diagram of two-winding transformer

with balancing winding
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Fig.2 Reactance diagram of two-winding transformer
with balancing winding

a. IEJF LB A SOk B s e A1 e A
FIF-fir S 20 1 1 7 (A 450 (0 AR LA )
RS R 2 BA B R 0w, % XS
B, BRI 2() I X\ =X+ X, B EE TSR
WG G A | IE #3817 X, AN R AR, SO ) iR
g s Lzl XA T MR E R T T
587

b. EF YL IR R4 4% = 5 A8 R AR S A5
e A FG 0 0 - iy 5% 2000 %) 55 P L BT 24 K )
WP N B M (AN 1 TR ) B EL TS B AT ]
B A 2.(d), B SR FH e B AN e I R A0 % B 1
M HUE Xo=Xno+Xaoo

(2) 7 B8 e S A A T T O ) T

SE(E L 22 VTR AUE AR AR AL T DU A R AR (B
= AR AR A SR AL ) B R {H Sl U AR R AR T
XoF I ABE R AN FH A 38 A A AR TR i 5 = A AR A%
TR, R IRE AR TR AR A 25 pR 3 &2 7 38 % |
WA BN YN 4B X 5 S XU AR TR
AR S PR R Y B AR | O =678 R4
B E A7 25500 o T i 4 45 B AL 45 I BHL T | 0 452
I REE S TR S BT AR T I )
Xu BUCX, X BUOM/IME Xy B X B X X R
FAG ST B Gl 7y = & AR R e AN
H) X o BUME/IME

A A Ak B X S A X AR R A AT AR R
UE T 2R ] B f v A 55 1 5 g 2 0 5% 42 40 B
1 F 11 3 p e 0 548 R 0 52 422 4 B L IE P 25 4L
[l (e AT A7 A R 53 AT S DR AP R

2 FELAEXNERF B A0

PSR O R (] AR it e B 2 A
75 1 2% [

a. MR AR, A 2(b) | (d) AT SR
B8 T i 1 2 [ e S e e T -5 - A S L A

B, BDAEAY T YN B4R A0 28 R 2% . TR I S 1y
XU AR F 48 0 e T 1 8 2 f S AR 0 s T
PP e A REZR O | FR A (rh ok ) 2 7 FL AR
Py ] Y AT FLRE AT E

b. X - i 3 21 B RE T B RE R S A U AR
JE £ 5 0 T8 O AR A 0 E 2 XA T A SR AL
N AR | -l S AL 2N R R/ H BTG
AN [ G o TR S B b i AR P 25 01 2% A
33 % 5% 50 % (5 WU AE R A5 W) 22 ok e 25 i I
50% 5% 100%) , A8 A5 Pea BE A A% 38 H R FH 5™
AL 5 5 B = e I R s AT e R A = A e
B, P i SR H B FRL IR B T 0, A R R AR R R
£2/ 3L 4 N TS R ST e N A S B e
XU AR e 28 76 BT 18 AU i 28 5 Z2 00 -l G2 2 (1) P
BERE T NI B TR T SCORF X e AR AN X AR e s Fof
(2 Ty N AE VRN 23 #T

IR 2R AE R P A R B
FEMREL TR s 2, RE )T RILE T IE
¥R, B R AR 3t ik A T B o3 A

0 M PR 2 M AR (A AR ) B I A R A S
iy WU AR e 4 (1) 2 T FL S 4300 K

Ifh= ot

2X . +Xo/Xo

X, 1
I 0 g 2
O T X+ Xy T 2X, (14 X0/ X o)+ X, 2)

DR TR 3R (BC AR ) IR 3 o e e A
i XU 7 s 45 14 2 WL TR0 010

(1)

I=———— N (3)
X51+XSI(XSO//X0) Xsl+X50//X0
[E)l‘l)_ Xso JiD= 1 (4)

T X0t X M XL (14 X/ X o)+ 2X,
B (2) (@) EIEHEE B ().

A 1 17:X51(1+X0/X50)_X0 (5)

:F_ 150
M (s r45ie,
(A FEMRGE TG KX, —~0 Xo—0,
1
3X, °

A EMARGAH R WA TEie,

a. g Xo<X, B, W A=X>0, 80 V<50,

b. M Xo> X, B, 45 Xo< X2, M A>0, B IV <
IY B X=X, W A=0, BF I8V =150 47 Xo> X!, A<
0,80 10> 150 Hod X'=X X0/ (Xo-X4) o

LRI R BR T Xo>X, H Xo>X! WTEBLAN
R M T R 2 M R B O A P A X AR R e ) R T
FEL I 340 T i A R e e i 9 3 S A RO A TR
A HL AL B 7P R e 5 e

A AN K BR A o i 2o T 5 48 4 1 R FLUR T
Keah BATECK 530028 .

IV =D~



£ 128 BOH A OB AT S8 2 Il g 43T B G ek HL GRS T @

1 S

lo=— b 7 (6)

TV V3 U

K:IL: 0 Vv 3 UEA :IO SBUEd (7)
T St ﬁSmU&i

Hodr | 1) R i e VA U AR TR 8 19 T HLIA 3 Sy = 100
MV-A, KW Uy I d BN L R AR
SCHL 10.5 kV 3 Sy R d BUEZRMNEE 2 Uy A d Y
PR A L R I 10.5 kV 24

2 (7)) TS0, ST 98 2 5 3 A8 B S i TR R
5 4 2y L S B SR E R, TR M
RGN ATHE T | A7 2 2 A5 B0 K AN 2L ok W
BT 2% X A SR AL R A T4 2% 6 T B = 1
AR | D0 07 R s i) e XA 938 ) 148 et %
BT, BT A B o SRS A AT 4%

ARSCHE T T PRI 19 G = H48 K4 (LR
=L A 220 kV /35 kV /10.5 kV) B =448 FE 2%
o S 0 e e e v o o R R SR A LR 1, 5 3
b BRI K R () ok A3 A5 X T v 4 708 e i B30 o
tp W 3, AN Hri A Rl A 8L 458,

Y e o =R B2 L A I S S =15
11377 A, BEAk, A 2 b e s (%) 532 g b SR 422 b i
W (1 52 W) B R ) A R AR R B S8 % (11
B W d BIRELR R4 (M SR 4L ) B R AL TR
2 B AN = AR | BN 32 G TN X bR
IR PR 2 b e

b. AT K B AR 1.27, 5= b 8.96, KZ
BB ERE KAETE S UT, N BB 84.21 %,
SR N O B S OGTE K (EAE XTI [7.2,9.2) B =%
AR H B 10.53 %,

c. TR K AAHAEIXE][1.2,3.2) 1 2 JiE —
BAR RS e 25 & 5% F & R A 2 K
fHAE[7.2,9.2) X (8] B £ 4 - i W48 R 4%, HEA
PRI 0 255 5t Dy v AN 25 65 19 33 9%, IR, P AL
B ELRAEN K A— B AR e, 5 AR R & 4,
WIS B 2% A SR 4 AR AT AR R A i e A
B, 025 ROk K (EAE h EE S H K,

70 157.89%

35 26.32%

p/ %

P 10.53 %
5.2I6/b o
[12,32) [3.2,5.2) [52,72) [72,9.2)
K

B3 HHERERE

Fig.3 Histogram of calculation results

3 FESRAXIEFF O R RPN

3.1 FESAILER BT
S5 28 2H 0T VA XU 7 T A 1 (S ) 52 ) £

HFAREL T X, B0 S5 A A )R R
KL N GH ZWZ AR, AN d B L )
JE R TE T d BN fomg | IE 5 RS RIE T
ML O T Rl — A e R A S s TR A
FETE LT S A g 1 ke 220 s 2 A s 1 T
Pk Ay SR /A U B ERAS T LS R AR b
42 B8 2 e AN () DU A8 TR S IR P e &

HJR | LB AT i S 22 R Kk A Al 58 4 R
FER Y S VR B AR AR IR A Sk 1 BH 58 4 2
W& Xy K% NOZGI T, S5 e S )6 T 1 ¢
SRR S R 4 2 2

a. KAMAXT PR (£ 220 kV 3¢ 110 kV H
LRAAHEE R ) RS 2 1 AT AT EL R X AR
R G e SRR NN ERU N . i N

b. 7% i M4 Gk K- B R P SE 2 [ B R
(ZRAEFBATERK 8% 75 2% W ikm K5 kE
RPN A2 ARG DL ), ST 1E % i 17 I
MR 2l O 1 — e | 24 o) — R e R M R
AH S 0 2 20 00 1 A 6, S B 3 1) 5 s
R SRR AR T X — A,

ST KU AR g A A 7R 2 0 VR e st T
Fig HE OUE AR e e (DL YNOd 11 BUdE 4k d R4k
% A BC AHE B R 1) B AT 0 B, 42 B AR 43 B 1
HEAT 40 BT (R RE W ) R S A K IE F HL I
b ZAB W20 (8) 5 it ik o F SR 2 5 SF- i 5 41 (1) 1E 3 AH
LI LA 4,

1
I'.d = 8
T2 (X X+ Xa) ®)
20,/\V3 V31

In/V3
R

I,/ V3
¥ _
Ah — AV o

N * Ad
4 FEWNEETESR MR EMBHERPEEER

Fig.4 Short circuit currents under phase-to-phase fault
at angle-connected side of two-winding transformer
with balancing winding
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Circuit analysis of two-winding transformer’s balancing winding and

its influence on relay protection
HUANG Chao,LIU Bin
(Guangxi Electric Power Dispatching and Control Center,Nanning 530023, China)
Abstract: The partial neglect of balancing winding brings hidden trouble to the safe operation of two-winding
transformer with balancing winding in engineering. The impacts of balancing winding on the transformer’s
anti-short-circuit ability and relay protection are studied,and based on the parameter input of two-winding
transformer with balancing winding,the influences of balancing winding on positive-sequence and zero-
sequence circuits are analyzed. The setting calculation principles of relay protection associated with two-
winding transformer with balancing winding are modified and improved,which guarantees the stable operation
of two-winding transformer and power grid from the perspective of relay protection.
Key words: two-winding transformer; balancing winding; circuit analysis; relay protection; setting

calculation



