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Mechanism and countermeasures of mal-operation of converter transformer zero-sequence
differential protection under special conditions

WENG Hanli', LI Haowei', WAN Yi%, LI Zhenxing', HUANG Jingguang', LIN Xiangning®
(1. Hubei Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station, China Three Gorges University,
Yichang 443002, China; 2. Three Gorges Electric Energy Co., Ltd., Yichang 443002, China; 3. China State Key Laboratory of
Electromagnetic Engineering (Huazhong University of Science and Technology), Wuhan 430074, China)

Abstract: Aiming at the cases of mal-operations of zero-sequence differential protection of converter transformers in the
HVDC transmission project, the saturation mechanism of current transformers on the neutral line of the UHVDC
converter transformer under long-term unipolar-earth operation accompanied with high-impedance fault conditions of AC
system is analyzed. The reason of the mal-operations of the zero-sequence differential protection is revealed based on the
UHVDC model, which adopts the actual engineering parameters. According to the polarity difference between the
self-produced zero-sequence current and the zero-sequence current on the neutral line on both sides of the protection
under internal and external faults, a novel blocking criterion of zero-sequence differential protection for converter
transformers based on S-transform phase angle difference is proposed to solve the mal-operation of the zero-sequence
differential protection under special conditions. The validity of the criterion is verified by simulation tests.

This work is supported by National Natural Science Foundation of China (No. 51607106) and Open Foundation of
Hubei Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station (China Three Gorges
University) (No. 2018KJX05).

Key words: converter transformer; zero-sequence differential protection; saturation of current transformer; S-transform;

phase angle difference

s a R LR ERIE R

B 85 (2018KIX05)

35 ERAEINERIFAEEEAER . Wi 28 3iir)

P [E BEYE AN A Aur Ly A AN TR I T FLRE KRR VB i LR O 2 —, R TR
B ZES R E N BRI A8, 2% T R &)

ERWE: 0RO AHEEATE A5 G16071060; Bach 02, A IR P Al Y L. 1N
WK BT b T & S s (S k) FARAR b, s ke R, R e i 2 22

SRR N ] SE A o

"R e s LA i P A



FIOUR, 4%

FEIR UL T A%y 22 8 DR R BN B LEL ) Bt BoxT ST - 57 -

SRIM, KT R AR e 28 2 7 ZE sl R AP i sl I
%.%ﬁi?%%ﬁﬁﬁﬁﬁﬁ”%%ﬁﬁﬁﬂﬁ
JaPle SCHRI6-7120 M A5t 4 A AR A 3 e B 1) s i Pk
Eﬁ@mﬂt%mﬁ@%ﬁm%,@ﬂ%ﬁéﬁﬁ
PAFAERBI MG o B T IR AR AE S M e AT
SR B AR RS LB . e T AR T =, LT
WA HRARG AL, BT RAG L L4
ANBAKERR S RS R, B AR B A
IREER 1 — 20 0 R AR 25 7 22 S AR 1R B0 AU

1 Hs B L R G K () B K IS AT = AR 1)
N HbL R0 R b A% 5 A 1 M RSB SY FEL AL (GIC) R
A ] GEAE I s L ) g AR e b e AR H
W, FHERmENATIE 100A LI ERL R
Gb, AEHEG ML E %, KBS ST
et e W], 70w s rL R e, 859 P I g s S LA
PR, L s BE R W B 24 o 31 A
BN 5%~10%, Fed ek BT, H
FE A 12 R S EARKEE R B A 7 1 B i AR kiR
A, AR EE I 38 U Ay ST AR 28 2% 1)
NP A R, HFR S A LR B e (A B A
WL BE R I e (B LU AR, T A e P22 b g e
IS 1= O N = 2 7 4 5 7
EJ?E@J[M_”]O

FiACI R G o B B — T A 2 P ek S AR iR
), BEAS L 2% L A 1 2 R IC TS B
1M RIS AT B R R RR SN )3 K o X A T
IAS TR, K AR Rk - TA ARk PER
AP A BhIE ], %N AT AT X i A & 2
PIE AR . R, A SO A s L e
BRI, p o B Y ﬁﬁﬁ“ﬁ%m%%I%Tﬁ
AR 72 R REIHLER, 25 A AN A1 bt
TA YOFRIRN P 8 A ok 9 e BHAS 0 22 B AH
P ZEse, $e T T S AR AN Z= M Hm AR = P 2
SR (R BRI o 85 A B TR R R
WVERA T IAIE

1 BRI TRAEEFENRPRIR
K534

1.1 R EEFENFRIFFE
TP

BN 1,21,
(1)

AEAE: 1, 2 k-1
e 1 WARYE S LU 31, -3, W3
PRI 1 =max {37, |31, [} Miblah i, 37, %

SOHBEZN E PE R, 30 b EEp
Wi k RAEAF O MR HIZIFE R, T &
1 0.8,
1.2 FR T4

B SR 1 R SURIIN VS AP E ISR S 5 2
RIS HINER 1 s, RP RS —
R HL AL o

F 1 EMARERREF SRR EE
Table 1 Value of zero sequence overcurrent protection of

a converter station of State Grid

SEAH AR el R P
BEAFFRIIBEM  015A  TAZAELA 2000/1
Wi JRARSE PR 1B (] 6s /
BEAFFARIBEME 015A TAZEH K 2000/1
SEAR SR i BN [ 6s /
s FfFidi I BGE 20A AH
lﬁgi TR B 10s AH
Yok TR I BCE 0.08A  TAZASLLH 4000/1
i L FEREI 10 B 3s /

iy L2 i A e FL 3 K/ —FEAE 10~200 A, Tfi HL
FEMRGERFE AR, R L e
T P IR B ARSI EE R 300 AT 52—
YRANY, o L2 b i e H 328 /N 126 0 8 25 1 ek ¥
TR, AR AR U o 1 244 o T L
F TR R Al - HZ A7 (1] i 7 QAT H g AL %
DA R R A i AR IS, 22 (R TR FL DR e R
PE R I e i AR R B

W 1 s, BV FELUA (Te) A e BE 2 i i
Bt 7 A (1 25 PP LI (L) ) A i AR vh k25 11 TA

T
f::&

A

I% e ylc

1 R TESPHESEANETRE

Fig. 1 Diagram of neutral injection current

in converter transformer
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Fig. 4 TA saturation simulation model of converter transformer
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