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An optimal transformer differential protection method based on zero-sequence differ-
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Abstract: When current transformers are not installed on the delta winding of a wye-delta transformer, the differen-
tial protection must utilize currents measured outside the delta winding to calculate the differential current. To ad-
dress the issue of reduced differential protection sensitivity during single-phase faults under this configuration, this
paper proposes an optimal transformer differential protection method based on zero-sequence differential current
characteristics. Firstly, the corrected currents on each side are calculated using a method that does not subtract the
zero-sequence component from the delta side currents, from which the three-phase differential currents are derived.
Secondly, based on the characteristics of the differential current during single-phase faults, an estimated value of
the zero-sequence differential current is obtained. This is used to eliminate the influence of the zero-sequence com-
ponent, yielding a corrected differential current. Subsequently, the protection operation decision is made by combin-
ing this corrected differential current with the percentage differential characteristic, and fault phase selection is
achieved based on the operated phase. Finally, simulations and actual waveform tests verify the effectiveness of the
proposed method. The results demonstrate that the method increases the differential current in the faulted phase dur-
ing single-phase faults while eliminating the impact of the zero-sequence component on the healthy phases, thereby
improving both the sensitivity of the differential protection and the accuracy of fault phase selection.
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Fig.7 Differential current and estimated zero—sequence dif-
ferential current calculated by Method 2 in Case 1

R ITT i k2B BR 22 S L R P B Ry
i, AR S AROEZE SRR PO AN 8 . i
KIS, JHBRELE PR, By CHZEshif
MEHRIL0, AMHZEZhHFAN T 6 ik —it
AR ARAZES R, IR AT BRI N .

K 5 1 —FIJ7 06 AR 22 3l i A R
L2 g RAP ST THAEDNS LN &l 9 Bz o shyET AR

IMIER, 5. FETEF2EMAHER AL R 8822 s i r iAok 87
s
=S o |
i(é,ﬁ
£ o ‘ ‘ .
= 005
=8
= -005
= 005
HE
S =005 \ \ ‘
0 0.05 0.10 0.15 0.20
] /s

8 BHIHEFEIHEREEINBRER
Fig.8 Corrected differential current calculated by Method 2
in Case 1

{6 o il 3 L A G A 22 s OR3P s R At A

2o mE9RIAL, RATrE R, HRARRIA =
ZE SRR AR S = TR T TAE s SR D7k
A B A ARSI, BeArERy . BLsh, J5ik
AR 22 Bl L A U R TSl AR T TR (E P AR R

Y R=n
TIE—, RIPRBEE .
40
3 - E— 22 B
£ —ﬁ«zba_l;‘nﬁ@mﬁ
P I BE TR
%20'—}7(2 SHYEN TR
junng
e | (e S i i =
<
0
15
5 - R
£ ol —FE s T T TS T T
12 - F— R I = Yy
T | o} L
m= Of \
= r -
=
0 b~ : ~
15
] -l
\:ilo_—T«zL ZHiw| T T T T T T
52 Tk | \\
3 — i s T
= 57 i
e [ ™ 5 N -
<
0 0.05 0.10 0.15 0.20
s 18] /s

B9 HEI1E=EFRINETHEXTEE
Fig.9 Comparison of differential currents and operating
thresholds in Case 1

3.3 Hfl2: ZiERREEE

FRAULIX P KT A A FH 200 98 ri BHLE b e, 422
Hi L BH R 300 Q, SR JT A — A7 vk R T
(14 25 Sf L LA U B shAE T TR (B L An ] 10 i o
M 10 AT %0, SR E—mF, ZMEEITHIR 4
w2 A SIE, PR HE. R
AF, R U ) A KH 22 s H SR A L s TR Sh 1



B, CARIIMIE = T 22 sh i A RUE, ISR 3h
VEo RA P R, BB R i, ot
T AT AR A PR3P Sl R U

L - k—22 i
_T(%4£m%1ﬁ

R
—T«ZLKMEHM

=
(=3

________

ARG /pou.
o
W

- LOf----J5ii— 223
3 —}szgié_tjlﬂim
£ AR Al
05 — ik A T
2L
- I . :
i i . " e

LO[[—Jrd—zahi
— ik
- IE T K

— itk afi Ik

CHIF I /pou.
o
n

0 0.‘0’5 - 0.‘10 \0.‘15 0.20
HsF 1) /s
5110 Ef|2dhFE—MAXEZEEFRINETE
XtEk

Fig.10 Comparison of differential currents and operating
thresholds between Method 1 and Method 2 in Case 2
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Fig.11 Differential current and estimated zero—sequence dif-
ferential current calculated by Method 2 in Case 3
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Table 1 Fault types and operation results of Method 2
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J7 ¥k — 07 W 2= B L S Bl VR TTHE b A
ZERINE 17 s, 7R, SRATE— =
FHZE SN SAE T T A 2 i3 T 22 s L A A8,
P SRk e, R () C A 22 sl HL i
= TR, 2304 CHRTEESIE, A, B
AR TR DU 5 T 22 Bl L i A AUMEL, A7 S PR i
FRAE, 037 S BRI o3 B 45 Stk — 20 ik 1



90 =k 2

45 %

IR

0.8
R e S
BoallrE IR 0 _ mmom o
B — sz - -\
E || s -
< ||=JmiAz e i - \

0 = =

0.8
=
£ — S~ |
£ 04 ([ TrE—zamn
B || — sk - === \
E |, -
= || S

5 "

L2 b i 2
5 ||—rEsEak
Zog = aE
2" [ [k A
ﬁOA
b
[}

0 0.05 0.10 0.15

s T /s

E17 CHERERNGFE-MAEZEZFERE

ENIEITREXT EE
Fig.17 Comparison of differential currents and operating
thresholds between Method 1 and Method 2 during phase—C
inter—turn short—circuit

5 Z5iE

Y $ELRAL A% BN K LR BRI, i 25 Bl
TR R D8 252 P 0 B T IS A IE 22 3L
X2 55 A AR 22 BRI, [ A ARl A 22
AL, MIMEER ORI R UL . ik, $2iI—Fh
H TR P2 WAL AL s 22 sh AP A T ik

ARSCTT 1R PR e 45 FR AN U 2 7 7 RO A
IERR, FOHTT R SRR AR SRR . it =
MZES R T BT A THE, R e
fifi IHBRF iR, A3 RIS 22 B
ZITERERE RS BN 22 B R, R BRIP4y
AR BT, AT TR 25 Sh AR A R A
JE SRR T . BEAh, TEXAMS IR T,
JrRITE T SR s s, BERTSERT 1IR3

T EAR A, R AR O e AR AR 2 3
BRI, Hy T o0 A 22 Bl R A —
., SFEORSOTEME LAER AR 5 22 Al T HE
Pt , 72T 00T et — 20 32 i 22 sh AR 37 R
g, vafs IR ST .

£2% 30k
(11 R . Fa TR S 7 HLI B R 2

[3]

[4]

[7]

R LT 0 A Sk, 2019, 39(5) : 109-
115.

ZHENG Tao, HU Xin.Fault inrush current mechanism of
UHYV converter transformer and its impacts on differential
protection [J]. Electric Power Automation Equipment,
2019,39(5) :109-115.

FREGER WL M FEE, A5 AR AR SE L S BRI T
FEPE SR Tk T [T, WiV ey, 2025, 44(2) « 110-
123.

LU Yinggiang, HU Zhongzhong, SHANG Hujun, et al.
Research on magnetic flux leakage characteristics and iden-
tification methods under typical transformer winding de-
fects[J].Zhejiang Electric Power,2025,44(2) :110-123.
SR, JRIDEAE B S0 A L R R A A SR A 22 P 4 1)
AR P Bz W [T ] B e 7, 2024, 52(5) £ 98-104.
ZONG Lin, ZHOU Xiaohua, LUO Wenguang, et al.
Transformer fault diagnosis based on probabilistic neural
network optimized by dung beetle optimizer [J]. Smart
Power,2024,52(5) :98-104.

DM TR, SR T, 45 . M TF C AT AR AR 2R R
PBCE KSR T[T ). B RGP S5, 2024,
52(14):121-131.

SUN Zhongmin, GU Qiaogen, ZHANG Xiaoyu, et al.Pro-
tection configuration and fault characteristics analysis of a
tap-changer controllable phase-shifting transformer [J].
Power System Protection and Control, 2024, 52 (14) :
121-131.

WREAR, 2503, TR B, 45 RCS—978 B FE AR LB {14
BT I RG A3k, 2000, 24(22) :52-56.

CHEN Songlin, LI Haiying, QIAO Yong, et al. Res-978
digital transformer protection set[J]. Automation of Elec-
tric Power Systems, 2000, 24(22) : 52-56.

ST BRI R, TR, A5 AR T 2 IR 6T B O R A i
FE[J] WHLHL ), 2025,44(2) : 103-109.

HAN Xiao, CHEN Haotian, ZHOU lJia, et al.Research on
the impact of transformer switching-off on core residual
magnetism[J].Zhejiang Electric Power, 2025,44(2) : 103-
109.

FIOUR , HE T, S0, 55 B T 22 AT S T S RRIE Ay AR
J 45 R SR A [T, H ) A Sk B, 2022, 42
(6):206-211.

WENG Hanli, MEI Hanyu, GUO Yida, et al. Identifica-
tion criterion of transformer magnetizing inrush current
based on symbol sequence characteristic of differential cur-
rent [J]. Electric Power Automation Equipment, 2022, 42
(6):206-211.

KRV, GG, W2, A5 . 0 MG e A s g e B P
AL R X 22 s R g S [T ], 8 A ik e,
2019,39(9) :39-45.



el IMPES, 2. BETEP AR AL AR Z s R AT ik 91

[9]

[12]

[15]

ZHENG Tao, GUO Xingchao, HU Xin, et al. Fault inrush
current generation mechanism of inverter-side converter
transformer and its influence on differential protection [J].
Electric Power Automation Equipment, 2019, 39(9) : 39-
45.

KR , Ao Jit A7 B ek, 45 SRR IR IR M S A 22 Bl I
P TSR U PG LT ] LR A, 2021, 45(11) - 4490-
4497.

ZHENG Tao, HE Rui, YANG Xinhui, et al. Reliability
risk assessment of differential protection of converter trans-
former under influence of fault-induced inrush current [J].
Power System Technology,2021,45(11) : 4490-4497.
SR, BRI, AR, 45 | 2 s [a) SAL L R R B0
A8 e 2 22 sh R AP I (T f8 1 R 48 F 34k, 2020, 44
(9):144-150.

WENG Hanli, JIA Yongbo, LI Zhenxing, et al. Trans-
former differential protection criterion based on recon-
structed trajectory of current characteristics in two-
dimensional space [J]. Automation of Electric Power Sys-
tems, 2020,44(9) : 144-150.

H2GRE  fLEEIE  FEUE, 4 BT 5G JoZkiE {5 Y Ie HL I
WLV 2 S R B R ST B (T ], s 54936, 2025, 62(1) «
116-123.

FENG Xinglong, KONG Fengfeng, HUO Kailong, et al.
Design of current differential protection system for distri-
bution network based on 5G wireless communication [J].
Electrical Measurement &. Instrumentation, 2025, 62 (1) :
116-123.

SRR, AT 5 s S, A AR T R G R 0 22 3 I
P KA AR 1], 1 ) TR AR, 2025,44(3) - 160-
169.

SHI Yangang, ZHU Haiyong, .U Liwen, et al. Influence
of low-frequency transmission system control on differen-
tial protection and optimization strategy[J].Electric Power
Engineering Technology, 2025,44(3) : 160-169.
AR, FRSC, R, % 5T 5G Ak R L A i
HLRZE BRI [T ]. Al 518055, 2025, 62(7) : 148-155.
HAO Hanbing, WANG Tongwen, ZHU Sijie, et al.Differ-
ential protection of distribution network based on 5G and
particle swarm algorithm[J].Electrical Measurement &. In-
strumentation, 2025, 62(7) : 148-155.

SRR 1L NG L A BT LS SRR I G
AR G S 2 Sl R 4P 07k [T ). B L L 2025, 53
(6):93-100.

ZHANG Xinyi, GAI Wuyang, SUN Qiaoyu, et al.Single-
pole grounding differential protection method for DC distri-
bution systems based on current variation characteristics
[J].Smart Power,2025,53(6) :93-100.

VFHR, FAEFE, 2558, 55 LT 5G A HC L M2k B NI L U

[16]

[18]

[22]

22 AR TP M T I [T s 5 {03, 2025, 62(4)
105-112.

XU Rui, YU Yuexiang, LI Xiao, et al.Zero-sequence com-
pensation method of line longitudinal current differential-
protection based on 5G distribution network [ J]. Electrical
Measurement & Instrumentation, 2025, 62(4) :105-112.
WRIGE e, R R, 3Ky, 2 DGR Lo A8 R a4 HE AR 22 8l R
FPORT UK e b R BB ) 1 L A (). v A sl Ak ik
#,2023,43(10) : 217-224.

CHEN Xiaolong, ZHU Yujia, ZHANG Hao, et al. Adapt-
ability analysis of photovoltaic power station main trans-
former ratio differential protection to single-phase ground-
ing short circuit fault [J]. Electric Power Automation
Equipment, 2023,43(10) : 217-224.

RER EGH PR A 0 AR g 0
WX 22 Sl R 4P R 23 BT (T, 8 ) R GEOR AP 5 S
2020,48(17):170-178.

WU Jianyun, GUO Xingchao, LUO Meiling, et al. Analy-
sis of influence of grounding fault of the network side of an
inverter-side converter transformer on differential protec-
tion [J]. Power System Protection and Control, 2020, 48
(17):170-178.

HET-, 220G, WA HE, A5 . 70 He A4 I ) s s T 0L
F0 T B R T 23 (0] W0 R 8 A B4k, 2022, 46 (15)
121-127.

ZHENG Yuping, GONG Xinyi, PAN Shuyan, et al. Analy-
sis on leakage flux characteristics of turn-to-turn short-
circuit fault for power transformer[J]. Automation of Elec-
tric Power Systems, 2022,46(15) : 121-127.

rh AP35 . 2017 4 42 [ )R] SE R AR B 4R A
[EB/OL]. (2018-06-07) [2025-06-11]. https://cec. org.
cn/detail/index.html 3-258004.

FBE, KN, AT, 45 BT THFEAY Hd A T &
[ R [T ). T3 3 58 A 8k, 2013, 37(10) : 104-107.
ZHENG Yuping, LIU Xiaobao, YU Bo, et al. A method of
adaptive transformer turn-turn fault protection based on
power loss [J]. Automation of Electric Power Systems,
2013,37(10):104-107.

FRE- ABIE I BEAREE, 5 K B R L 21T
ESRAEORER T I REEA I, 2023,47(20) :
1-12.

ZHENG Yuping, HAO Zhiguo, XUE Zhongxin, et al. Ex-
ploration of safe operation and active protection technol-
ogy for large-capacity power transformers [J]. Automation
of Electric Power Systems, 2023,47(20) : 1-12.

JRTAR , SR TE, BT, A5 . TR G i ) TR T
PO 22 B P4 [T). L R G A Bk, 2023,47(7)
184-192.

GU Qiaogen, ZHANG Xiaoyu, .YU Hang, et al.Fast dif-



92

=k 2

45 %

[24]

[26]

[27]

ferential protection of low-frequency transformer based on
fault negative sequence component [J]. Automation of
Electric Power Systems,2023,47(7) : 184-192.

FET A A A T, A TR 22 Sl R 22 S 1Y
oA He s I (6] PR3P LA [T ], o B e BL T A 240
2023,43(17) :6576-6589.

DU Dingxiang, YANG Guosheng, CAO Hong, et al. Re-
search on the optimization of inter-turn protection of con-
verter transformers based on the difference of phase se-
quence differential current characteristics [J]. Proceedings
of the CSEE, 2023,43(17) : 6576-6589.

WO, TG JRENT, 4 UPFC SR IRAR FEAR I 8] SR 48T
JEERFSELT ). R R A, 2020,44(4) - 1568-1575.

CAO Hong, WANG Xingguo, ZHOU Zexin, et al. A
novel protection principle for turn-to-turn fault of UPFC
series transformer [J]. Power System Technology, 2020,
44(4):1568-1575.

ZHENG T, YANG X H, GUO X C, et al. Zero-sequence
differential current protection scheme for converter trans-
former based on waveform correlation analysis [J]. Ener-
gies,2020,13(7):1814.

SIOCH, E I, G, 45 . RSl RIS | & e A %
P22 sh PR s g o M BoRms [T ). v A sh kst s,
2021,41(3) :64-70.

WENG Hanli, WANG Sheng, RAO Danging, et al. Analy-
sis of mal-operation scenarios of zero-sequence differential
protection of converter transformer caused by subsequent
commutation failure and corresponding strategy [J]. Elec-
tric Power Automation Equipment, 2021,41(3) : 64-70.
WiE T, BESF- Z5RB T, 45 500 kV AR TR #5387 22 sh R 1)

[28]

PERLES T U TS S GRS [ 7). Wb 77,2020, 44(2) «
67-73.

YOU Li, XIONG Ping, LI Zhenyu, et al. Research and
field test of zero sequence differential protection polarity
checking method for 500 kV transformer[J]. Hubei Elec-
tric Power,2020,44(2) :67-73.

TIRBH AW T BN, S R T 2 R TE R DI BR
2P TR i A0 18] £ 15 Bl XU 237 [T ). vl [l L ML T 2
#2,2017,37(34F11) : 12-20.

DING Suyang, LIN Xiangning, WENG Hanli, et al. Mal-
operation risk analysis on zero-sequence differential protec-
tion of converter substation during existence of recovery in-
rush due to fault removal [J]. Proceedings of the CSEE,
2017,37(S1):12-20.

FIOUM , 2 5, TR, 5 RPIR 0L T i A T 22 sl i
PERBIHLBE AT B ST (], i ) RGP Sl
2020,48(5) : 56-64.

WENG Hanli, LT Haowei, WAN Y1, et al. Mechanism and
countermeasures of mal-operation of converter transformer
zero-sequence differential protection under special condi-
tions [ J]. Power System Protection and Control, 2020, 48
(5):56-64.

WFaHER: 2025-07-14; fEEBHA: 2025-08—18
EE &

w7

FMPE.(1989), B, TH¥H+, R TN, FTENE
ARGk AR B AT A 1E Yoy @ A9 AT S0 AR,
(RLmAE: Kansh)



