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Principle and realization of current differential protection based on shaping
transformation and capacity reduction
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Abstract: Current differential protection has become a research hotspot in wide-area relay protection because of its fast
action and high sensitivity. However, the implementation of wide-area current differential protection has caused a sudden
increase in the longitudinal communication traffic between devices. This seriously affects protection performance. This
paper proposes a current differential protection principle based on shaping transformation and capacity reduction. This
principle transforms the current modulus and current phase of the multi-byte floating point based on single-byte shaping,
and the exchange of transformed information can greatly reduce the amount of communication. The differential and
braking current are directly calculated without decoding, and a new differential protection criterion is constructed. In
addition, the principle of shaping transformation is proposed, the sensitivity of the improved differential protection is
analyzed, and the derating rate after transformation is calculated. The protection criterion is verified by PSCAD digital
simulation and a dynamic simulation experiment. The results show that this principle can reliably identify the faults inside
and outside the area, and has high sensitivity.
This work is supported by the National Natural Science Foundation of China (No. 52077120).
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Table 4 Sensitivity to different faults (400 km)
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Table 5 Sensitivity of different faults at K3 at different
signal-to-noise ratios (200 km)
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Table 6 Sensitivity of different resistances ground

short circuit (200 km)

T HLPH/Q A B #f C Al
0 5.527 3 0.0393 0.0314
50 6 0.052 4 0.026 2
100 6 0.065 5 0.052 4
200 2.8629 0.078 7 0.065 5
300 1.2516 0.065 5 0.052 4

PiAEE RRY], FELPE BN, GRETT A
ERIR R R e, AR BB T, f&
I BE NS 1A 5 R S A

5 g

PAREARIER i il (S A &, HABEARORYT
RBUENEFR, ARSI —Fh T BB AR 1 itk
R Z BRI SR B . 2 5 LK 22 55V e 2 LA
EAN A AL BT N BT, AR5 RIE 60%,
INRAG AR s 1 — D P IR T AR 5 A
ZRRFGE, T A R EZ R PERE, B
BEZEBN ORI ) RS By i PSCAD %y
D7 LI IS A A S0, ORI e AT 52 ) X
W XARR, B RTE A TP e I s
PHBE
3% 30k
(1] #EE, FMRER. BV R 2k B W e AN~ 4 LI 20

Br e Z B R4 B0E 7 R D] B RG R 5,

2021, 49(2): 47-56.

CHU Xu, SUN lJinchen. Analysis of single-pole fault

unbalanced current and improvement of a differential

protection scheme for HVDC transmission lines[J]. Power

System Protection and Control, 2021, 49(2): 47-56.

(2] ZFiges, HURHE, ZoTt, & FET R m AR

JE B B POl ZE B R4 [3]. H ) RS E Bk, 2021,

45(11): 111-119.



-84 -

Y EE X T EE S

(3]

(4]

(5]

(6]

(7]

(8]

(9]

LI Haifeng, ZHU Xinchi, LIANG Yuansheng, et al. Fast
differential protection for HVDC transmission line based
on current control compensation[J]. Automation of Electric
Power Systems, 2021, 45(11): 111-119.

&Re, TR, AR, &SR S RS RIS
HZhRE S 2 i SRR ZE S R AR AL L]
HUPL T RE243], 2018, 38(21): 6314-6323, 6493,

JIN Neng, YU Zhuangzhuang, LIN Xiangning, et al. Study
of multi-terminal wide-area current differential protection
criterion with high sensitivity and ability of tolerating
additional phase-shift error[J]. Proceedings of the CSEE,
2018, 38(21): 6314-6323, 6493.

R, BEE. TTEINE R HEE A TED] B
W i TE e, 2010, 26(2): 9-12.

HU Sheng, FANG Jinyan. A novel fault location method
in wide area measurement system[J]. Power System and
Clean Energy, 2010, 26(2): 9-12.

BIRNG, FYIUR, TR, S - XTIk AR R
grah i 5 R R 0], b B AL AR A A, 2011,
31(28): 95-103.

LI Zhenxing, YIN Xianggen, ZHANG Zhe, et al. Study
on system architecture and fault
zone-division wide area protection[J]. Proceedings of the
CSEE, 2011, 31(28): 95-103.

FHOURR, EWg, TRE. &N B iR AT R Ak
PR X 5 B i) S [3]. o B AL LA %44, 2010,
30(7): 1-7.

YIN Xianggen, WANG Yang, ZHANG Zhe. Zone division
and tripping strategy for limited wide area protection
adapting to smart grid[J]. Proceedings of the CSEE, 2010,
30(7): 1-7.

HIGEMH, E0E, BTIE AR PMU TRHZESIE D)
Dh&prid P A )5 & R[] E LR
%, 2018, 38(8): 2335-2347, 2543.

TONG Xiaoyang, LIAN Wenchao, TENG Yufei. The
wide-area backup protection based on differential active
power against transition resistance using limited PMUs[J].
Proceedings of the CSEE, 2018, 38(8): 2335-2347, 2543.
FHRMG, BT, BRHLER, & EH T A R AN I
RLZR R FL R ZE B RAPOBT FIRE 0], L RS IR 1%,
2021, 49(5): 11-19.

LI Zhenxing, BAO Wenliang, CHEN Yanxia, et al. New
criterion for current differential protection used for a
transmission line with series compensation equipment[J].
Power System Protection and Control, 2021, 49(5): 11-19.
FREE. AR R GTH W R R IRER S P ] R G R

identification of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[9]. {5 R UEHR, 2018, 35(2): 192-193.

QI Feng. The influence of communication system interrupt
on the power grid wide area protection control system[J].
Telecom Power Technology, 2018, 35(2): 192-193.

WRes, FSAEE, BIOCH:. BT RSN & sl i ae
eG4 EMIEN]. BT HEARZEHR, 2016, 41(8):
163-171.

CHEN Lei, ZHENG Dezhong, LIAO Wenzhe. Method
based on compressed sensing for compression and
reconstruction of power quality signals with disturbances[J].
Transactions of China Electrotechnical Society, 2016,
31(8): 163-171.

ZHANG Linlin, CONG Wei, XUN Tangsheng, et al. A
current differential protection criterion based on amplitude
and phase difference of fault current[C] // 2011 International
Conference on Advanced Power System Automation and
Protection (APAP), October 16-20, 2011, Beijing, China.

BIRDG, RBRE, AR, A& NI A BT AR P
7 RS R[] HLRIEOR, 2016, 40(3): 938-943.
LI Zhenxing, WU Liqun, WANG Xin, et al. A novel
WADP algorithm using composite impedance comparison[J].
Power System Technology, 2016, 40(3): 938-943.

R, RELE, Wby, & Tl 823 R
WRMERFAIE PR LR e b A i ORI B[] BT
ik, 2019, 39(9): 11-19.

HOU Junjie, SONG Guobing, CHANG Zhongxue, et al.
DC line fault protection principle based on polarity
characteristics of differential current of fault components
for whole process of failure[J]. Electric Power Automation
Equipment, 2019, 39(9): 11-19.

RRGE, FAE, ke, S TR R S
M0 BE R 4 5 BE [J]. R R HE R, 2019, 45(10):
3092-3100.

ZHAO Fengxian, MENG Zhen, LI Yonggin, et al. Pilot
protection component  for
distribution network[J]. High Voltage Engineering, 2019,
45(10): 3092-3100.

SHENG S, LI K K, CHAN W L, et al. Adaptive
agent-based wide-area current differential protection
system[J]. IEEE Transactions on Industry Applications,
2010, 46(5): 2111-2117.

RN, PR, 5K, & )RS 2 Agent R8N
SWENLHIP]. B RGR 5iEH, 2012, 40(3):
36-40.

LI Zhenxing, YIN Xianggen, ZHANG Zhe, et al. Dynamic
cooperation mechanism of wide area protection system

based on fault active



FIRM, R TEIRREER N R ZES R RS S - 85 -

[17]

[18]

[19]

[20]

[21]

[22]

based on multi-agent[J]. Power System Protection and
Control, 2012, 40(3): 36-40.

AR, SRR, TRR, 25 e SR EEER
IR E T B R E W EED]. B RG RS
¥4, 2016, 44(16): 130-136.

LI Zhenxing, ZHANG Tengfei, WANG Xin, et al.
Circuitous communication channel reconstruction of wide
area protection considering delay and balance of flow[J].
Power System Protection and Control, 2016, 44(16):
130-136.

RURE, JRAEAE, k. A RE DT I Y 3 i B T 4
L[] BREA, 2010, 34(4): 199-203.

LIU Yi, ZHOU Luowei, FENG Hao. Method for
compressing recorded data from power quality monitoring
network[J]. Power System Technology, 2010, 34(4):
199-203.

SR, RXUE, AR, S5 LT RAR BT QR AR L s 5

S EM R[] B RS R 5], 2021, 49(9):

97-104.

GONG Yu, ZHAO Feng, LI Donghua, et al. Method for
reconstructing galloping waveforms of overhead lines
based on compressed sensing[J]. Power System Protection
and Control, 2021, 49(9): 97-104.

ML, PO, BRI, . BT A iR R AR A A b
BUR IR AR AR 3], B R G IR S I, 2012,
40(23): 1-6.

YANG Hong, YIN Xianggen, CHEN Wi, et al. Wide
area protection based on phase comparison of segregated
current fault component[J]. Power System Protection and
Control, 2012, 40(23): 1-6.

KB BT oA ) SRk i PR SERT 7T
[D]. B HEh R R, 2013.

LIU Yingtong. Research on wide-area relaying protection
algorithm based on fault element identification[D]. Wuhan:
Huazhong University of Science & Technology, 2013.
BN, TR, ARk, S MO SRR R A T
PR ITIER T[] B, 2018, 46(2): 45-53.

ZHAO Xiaoping, HAN Tao, LI Yongzeng, et al. Filtering
of traveling wave with single phase to ground fault in

distribution networks[J]. Smart Power, 2018, 46(2): 45-53.

(23] {7, ook, BRfE, 5. JET/NEBMER R A
W 5 J2 M VR SR [I]. T AR E AT, 2020, 33(11): 83-90.
HE Ping, HE Ruobing, CHEN lJia, et al. Review on partial
discharge denoising method of white noise based on
wavelet thresholding[J]. Guangdong Electric Power,
2020, 33(11): 83-90.

[24] BIRL, ABEEH, BEREK, AF. HETRIZME R B

UK 2 BRI PR 7 [3]. b AL R A4, 2019,
39(21): 6263-6275.
JIA Ke, ZHENG Liming, BI Tianshu, et al. Pilot protection
of outgoing lines of wind farm station based on cosine
similarity[J]. Proceedings of the CSEE, 2019, 39(21):
6263-6275.

(25] Whazmist, %CHH, WHES, S, TCH ) SRAR Bkt g PR bR i

FITERE R[] B RSG5 ], 2021, 49(3):
96-103.
YE Yuanbo, CAI Xiang, XIE Min, et al. Fault phase fast
detection of the single-phase-to-ground fault in a power
distribution network[J]. Power System Protection and
Control, 2021, 49(3): 96-103.

[26] #R, 21, WYL, 5. MHCHL G 2 AR K A
VB b R PR B HE IR DT VA ], R AR A, 2020,
35(21): 4576-4585.

DONG Jun, LI Yifan, SHU Hongchun, et al. Study on
identification method of single phase permanent ground
fault in distribution network feedout line[J]. Transactions
of China Electrotechnical Society, 2020, 35(21): 4576-4585.

YFsHEA: 2021-04-08; &= HEA: 2021-06-18
fEEEN

FHRE(977—), F, @EEE, B, gk, M+
A FIR, FRGTEAE N R G BRI 5 b T ded
E-mail: 1zx2007001@163.com

ZREmW (1995—), %, MEHARE, ARXIEAL S F
Gk AR 5 s A8 7 124 . E-mail: wzl2020222@ 163.com

(4iF £A7TM)



