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Inrush current characteristic of high-impedance transformers and its impact on protective relays
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Abstract: High-impedance transformers have been widely used for their advantages of limiting short-circuit current. The
inrush current problem of the high-voltage built-in high-impedance transformer (T-Hin) will be more prominent than the
traditional transformer. In recent years, there have been many misoperations of the backup protection of the transformer
and its adjacent equipment. From the perspective of the winding structure, the correspondence between the magnetic flux
distribution and the parameters of the transformer equivalent circuit is clarified. According to the analytical expression of
zero-mode inrush current and the difference of the leakage inductance parameters of several transformers, it is pointed out
that the T-Hin inrush current amplitude is larger and attenuation is slower, which is verified by simulation. The causes of
protection misoperation caused by zero-mode inrush current are obtained. And the future improvement of simulation and
experimental platforms, and the direction of deepening research are prospected.
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Fig. 1 Comparison of several transformer winding

arrangement structures

XTGP TR s, 2 Rl Ly 04,
TR HSOANG, D BB SR X T =2
BHPTA g, 55 B ARSI sUSA L =,
A A s A filiE) SR, SR = PR SEELS
ORAAART U, AL IR AR s 25 BT 22 P 5
b, gedl Py B AL m BT 3% S R R 24l



FHR, 45

5 B L 28 s R R R e X R S ) 5 -3 -

U R B HUAR i 28 S BT 2CRA AR A, AR
JES RS KL XM, FHESNHE= HEY
Pl BT AR 2% o

(1) R ESRL P B A BT AR FR 2% (N R

T =S8 2 m BH AR R 4% e - P BT R bn B
Po AR PHPT R AR PP A S BT, R RGE
B IR v LT A s i 1 48 4 S TRy O e i e 2
B REILAYCM, SedLHES A - - -1
AR, il 1 FR. e m-rP Tk 2 ),
HR AR BE BT T DA ek 1 2 A 2 TR 1) = 2 T AR R
WAL TR, IXFERAE IR 25 S i s BLH LT .

Ry AP AW E N /W 1 =T ARTAE= I 223
AREASAE; H TR RS gL STk, Ik
LRI B2 AL B L S 2. {HBERS 500 KV
HAAR R 28 AR Il 5% f, RZ ] KOL ¥R
T 220 KV AT BRI a2 B S, L E AT
Keit, LGB CEARM B, 59 A% i R AR
T 2SS B (R HEAT B BT, A, Al SR

(2) i H R BR A FL LR 2R (HR AR

X b 2 X AE LI iR BEL AR s 2% o L g it
T, FLAR R AE AR R 25 (AR S ) R I — s
Y ELPTAS, THI AS 0h FEL TS ) FEL TR B AR T 2% -
AT AP BT, AR S FPTTh g, Wil 1 Fios.
RN TR % M GE R LR EL e g B, 7R 5 s
EREAS R B AR R, [ T2 0 L B 1
B, ATRE SR B SO PR AR I — L e R, 4
TN T IBATHEY MRS, ATEETEAR U TR geg ] py el
1.2 SMEMTER LN AR

e HETpTRe WA S T B G, Ik E
KW 5w 7 AR AR, B TR s 4
TR, 2012 4E, [ 5K AL AR IE AR
220 kV AR B4, mBHPTR e #s Lh il 5 B T2
30%., 1M 7EFE 7 LA TR ARIT) 220 KV 48 H 28 504
LTRSS L) 2 T 50% L B,

PEAHOAR R8s e, (e A e Bt T
35% U B Y, PR A R AR i B B R PR bR A28 B A
Y, mEZEA A BRI E AT AR, AR EERD;
FE AT E BT EE KT 35% B, HRIEN B T
PEER AR TR A IA AR o T3 S e 2 M
K — B TR) P AT S A 52 DN RO P s
SER, IR BRI F PR A R S R R RS
TR, T2 gt R rb o s s Bk i 0, M A7
1o SR 4L P T 2R v BEL B A% s AR e I [ B A 7 21
TTZAE o {HIZ G 00 AR e 4 22 TR,
ZAEII I RAPHERFAE , S S A
IR, BIAZR PRk I PR 4 5 I GE I AT K 4K

EAH, TR BIE.

ARk, Bl A 0] R I P B BRI s 45 W = B
PUAS S SRR, KRB 1 A I Y R o 4
Fa R v B AR s 2t R Rt (1) S PR 300 K 8
AP, FEEMA &M AT ) . B T2
AP, R, m IS Oz i a ), 1%
SERYIEAE RSN AL b o S nT DA v e
B ARG IR U ) L, Xl 8 R 0 BB AR AT A
() FHPTAR ekl SRy 30— PR A
CHFER R TSR kR, HA—EMsEd ).

BRI, ToiR At A i e OIS s RSl N B
PHPTAR RS BB AT R, I8 e N RGP B T
FHATAR 2% N A e R eetig, #0a U) 75 T Ji
LSRRy BH AR e 248 Tl G U B AH IR
1.3 SMEMTESIIFIRENFSG

AR, M5 M2 R BN B AR BE
JihRER I BRI R AE L, fE RIS T A

F 1. K220 kV ARHLYE, 21 IRE TS, 12
AR e, S b2k 11 BEahiE,
PR AN e, B AR s U —AH R B an il 2 Bt
N, R R EIRERE, AR IR
SPHTREAE, TR EEL EAGEROR, BIAEFTF
T AR s I S AT RT3 e {E, 5 R 301
AR s g% i s M BT 220 kV BEER (0 BOTTF S 1
BOE o 600A. 0.2s, 78 HLIN BRI R 7 Hy,
WA IEBIEE, R IEMshiE.

G 22 K H B R AR sl 34 AR B TS I
3#EASLIAT 3 kb A ARG, 2 1. 3 kil A
Ii] PR 22 )7 L el i O CRE 2 (R 600 A 0.2 )3l E
MRMG, 26 2 G TR 580217 10 mine 3 Ik
A FE SR P I 0 960 AL 240 A 640 A

E) 3. RH ARG A uh#l TAKE se ek
HLERAE, & b A slhi#l EARR TS0, A b
220 kV REZE FFTER) AC st B R 225 0.
TEBEI, GHU(C 55 220 KV BFZR M) 47 % 5 225
WAL FFeBki .

2 SMEMTESBRFEREIES

WIS BN FHR TS , YO/Y/ A BRES 1 = A7 Tk
SN EARRFHONE, RS E S5 4, T3
(1) H A 5 5l AR 1R 2R R Bl ) /D WARGE, T =
FIDNIAE T Hed 458, DRI FRE LS Eorar
TRIZESR . L YO/Y/ A RS () = A0 oA R AR
JRAs e R S B A T, A il i A
TR N H R RS UL AR = ARG, ek
F G AR R 2 ATV 3 W



4. ® ) %S5

0 0.05 0.10 0.15 020 025 030 035 040

<« 4 T T T T T T T
g ]
S oo -
z 2 1
< 4 1 ! ! ! ! ! |
0 005 0.10 015 020 025 030 035 040
t/s
< 4 g
@ 4 . . L . L L L
0 005 010 015 020 025 030 035 040
t/s
< 4 T T T T T T T
=2 L 4
5 0 -
z 2 1
O -4 1 L ! ! 1 ! !
0 0.05 010 0.15 020 025 030 035 040
t/s
<5 4 T T T T T T T
= 2r R
K2
2 of 1
Ry 4 L L L L L L L
0 005 010 0.15 020 025 030 035 040
< t/s
=4
= 1.0 T
=
& 0.5
B
=
=
b

t/s
B 2 FEREHREE

Fig. 2 Record of an accident
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