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Protection configuration and fault characteristics analysis of a tap-changer
controllable phase-shifting transformer

SUN Zhongmin, GU Qiaogen, ZHANG Xiaoyu, ZHENG Chao, MO Pinhao, WANG Bo
(NR Electric Co., Ltd., Nanjing 211102, China)

Abstract: The phase-shifting transformer is a piece of economical power flow regulation equipment. It can improve the
safety and economy of power grid operation. To realize the engineering application of a tap-changer controllable
phase-shifting transformer, first, a main protection configuration scheme of a phase-shifting transformer is proposed from
the configuration of current and voltage transformers, and the protection range of each protection element is analyzed.
Secondly, a differential adaptive adjustment strategy based on the coordination of control and protection devices is
proposed. This can provide that the differential protection calculation of the phase-shifting transformer can be adjusted
adaptively according to the real-time tap position of the tap-changer. Then, a current calibration method based on the
differential balance of the phase-shifting transformer is presented. This can be used to verify the polarity and parameter of
each current transformer. Finally, the waveform characteristics and the adaptability of protection with different fault types
and no-load switch-on scenario are analyzed by simulation and real waveform, and the effectiveness of the proposed
methods and protection configuration are proved.
This work is supported by the National Key R & D Program of China (No. 2021 YFB2401000).
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Fig. 1 Symmetrical two-core phase-shifting transformer

structure including controllable tap-changer
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Fig. 3 Instrument transformer configuration of the symmetrical two-core phase-shifting transformer
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Fig. 6 Three-phase structure diagram of symmetrical

two-core phase-shifting transformer
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HIE 9 WA, SERRCREEHIRAT T R R — 2L,
LA CT NSRRI SBT3, thi
IE 7 2T 2B P A IR AR R T IR A R
4.2 ERRITEER

WAL AIZAT 2 1 BN R Az, R
SEUERSAL T [ R 1) — IR B S RO RO R R = 2=
WOTiE—), [FIRA e 250 A& N R 7 ik
HHBANZE R OTE ) ANFRIRL T B FR %
THERFFIRAR A M ZE BT IE 10 Fros.



I HETT R T R AR AR IR 4% DRy G B S SRR 1 o A - 127 -

IMPR, 55

0.1 = =,
E 4 [—%— -—-F#=
< &
g 0

-0.1 : : :

0.05 0.10 0.15 0.20
0.1

2R5 I A
Zi/p.u
L}

-0.1

0 0.05 0.10 0.15 0.20
25 1 : [—Hk— -—- k=
< &
B RV AVAVAVAVAVAVAVATA
gs
=R

0 0.05 0.10 0.15 0.20

t/s
10 NEHEM T HRKEERITEERIER
Fig. 10 Comparison of differential current calculation results of

parallel transformer at different tap positions

HPE 10 AT%0, SARSAKN 1 RS, Pikhor kit
B ZEI AR /N HLG5 AR . RS0 R 22 2 R,
YEIER BT Ll R —i A K Z IR EN KR
0.05 pw., HIZAT#4Hr 5 1 Rz, HatSEE R0 2%
TR, HPZERYEATRE RSN R ZEsHER
IR RN 22 AR A A R 28 1E 2 AT 4R 2%
PREFFE— AN ERAE -
4.3 RAESBMHE

MR R ARE R 8 B F1. F2 Fl F3 &bk
AR, FRIBAR IR v CT nRESM S
i, BB IEFAEA, FIHHFRA TR .
2 F1 AL IR, R ICAR i CT SRR &2 S M
T MR S R, JRAE e e R, TR
S JE R R AR N A A P AR . R
FH T 32 B e IR IR ON e s, R R T T AT
JRER G Z P R 20 . 2 F2 AbRRERS, &%
HERFES A ZR, HRBEADRM CT K4EH
MBIRNGH R, SMNERMDHENT S, HiEE
TN, 2 F3 AbliEns, JHFBARE R
Uty CT SRAEH AT B AR MRt f i, 43
HR AR ZE AN RE -1l

AL F1 AR AE A AR R e RS AR AR 4 25
MR, W 11 . B 11 Hp AR H e
. RimseH M BRI R, SEAMNEE
A FHEEREOR, HEmAFRCR R, BliAE B C A
HLRIE R . AT S HT Al 0, 1A b s 78 5 AR
W= B ZE . SR 2 DL R SR K E R
YGRS B A ZE B R I ZE T
WK 12 Fros. EE 12 775, 2 F1 kA A
B, AR R, SRR 2=

FIRAR A SR, SRUALRER P AR RO E
i, FERC BT, ARERGAL CRI R A K

201 — A#l
10+ —— B
0 — CH
-10k A . . . k|

0 0.02 0.04 0.06 0.08 0.10

AR B i
/A

RIS e bty
HLIE/A

0 0.02 0.04 0.06 0.08 0.10

ER IR A )
HLL/A

0 0.02 0.04 0.06 0.08 0.10

0.2 :
=)
& < e
o 42 0 - Lt
= / N~
R 02 A—— -
0 0.02 0.04 0.06 0.08 0.10
S 1 / /,A\\ T
E; ;\:i 0 \ 7 '
%3 AAY
B -1k . . . . .
0 0.02 0.04 0.06 0.08 0.10

tls

Bl 11 F1 &% A 1Bt R AR
Fig. 11 Current waveforms of phase A grounding fault at F1

10

o ' ' ' "—an
\3% & BAl
B 2 0 Ch
"= ——CHi
B
% oo :

0 0.02 0.04 0.06 0.08 0.10
e 20 : : : :
23
=: AN
o VARVARY
fadi
iy 20 0.02 0.04 0.06 0.08 0.10
y soF : . . . -
EE JANVANANWA
RSt \
LV EVEV,

0

0.02 0.04 0.06 0.08 0.10
t/s

12 F1 &% A RIS R 20K
Fig. 12 Differential current waveforms of phase A

grounding fault at F1

4.4 [H[E)pE

8 . e A A 3 AL ) o A e bk,
DR o0 I [ Wi, OR3P 75 2 B AT W5 [ R AU AT
WRPE. PAFIRARJFIATE FA Rb A /N 1A 4 %
BN, IR R E RN, HRILAE S
NERGMMEE B, I AUE BREUN. 4
RN ) R R, HL A B 52 L IR S AR AR AR



-128 - B R GARY 524

FEAF FFIRAZ S 7 A NI K RUE FL AL R R F
i, FEOIHEARRIFRENEZRECN, NEE
) R

BN IFIRAR A 7E FA AL R A= A H 3% [0 (7] 4 %
BRI, JFIRAR S HL R Y KO R ZE i B
B 13 oo HIEL 13 R, S FIRAR S A I TE) R B
TR ZEZE AR K, ZEBh IR RE e T SESh A

2 0F

& < — AR
B 2 BAfl
g
= 4l= CH ,
0 0.02 0.04 0.06 0.08 0.10

i
HLIfiL/A

FFHEAE
Zii/pu.
- S o f

0 0.02 0.04 0.06 0.08 0.10
t/s

[ 13 F4 Sb&% A 1EIEE)3E RE EPERT B AR
Fig. 13 Current waveforms of phase A inter-turn
short circuit fault at F4

2 5 B AR A I A R I, Lk IR A2 AT
A=Al P beee T (V73 i wl 111 = L VAL IP= D5 52
() [ P, 25070, MG 28 A /[N I [ A B i o, 22
TR AN o

UFEAHAL R B T B AT 2 8 By, LA
FRARTE F8 Ab A A FH 3% 8] J i Wb, 7531 B Bk
AR BRI K2R, WE 14 . B 14 )
HRIPAR N ZE ZE AL/, L 0 ) R AR o A 2 22
WAMEHERT RN EZR, FIHRHARE
B 25 137 3 1 (14 73 A 22 TT DA G i S i 48T H TE) A4 45
T P £ T8 /) [T ) o 4% g e
4.5 [MihEgpE

T IR SR EA R CT 2235 1E Sa sl i,
2 A IS M R G A PR, IR AR R CT R 4E
FEL YL g I b 6 B8 P 9 5 W e S 2H 9t ik FRL IR I &R
AT, PAIRIAR 1l Se e I o ik ], BT
FRIAAR K, RIS F -T2, AR R i 5%
A o 77— AN ) LI SR AR PR I g i 1) 1 5
o DRI o AR i v AR i FEL AL I S B AR A1 1)
FHRAR K, H5 1R 5B H CT REHRIF A
BT ZFEE CT RREMBMUHNME A B, ik
T T VAT IR B HE A P = R T B RO 22
TN g S e L) 7d S ATy A 1] P B Pt 2
R, Rl Ged 2E FGR 2] K 2 2 BOR 2

0.2F

of\

o AR B iy
/A

-0.2k

R IR R i
/A

R IPEA £ 0
HLIfT/A

B

Zifi/pau.

-1 , . \ .
0.04 0.06 0.08 0.10

0 0.02 ;

N 1F - - -

%2 JANVANYANA
s 0 - i

Y,

S

# 0 0.02 0.04 0.06 0.08 0.10

t/s

El 14 F8 A& % A I 8% RE AP AT FR 7 K 22 R
Fig. 14 Current waveforms and differential waveforms of

phase A inter-turn short circuit fault at F8
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