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On-site transient performance calibration of DC current transformer for HVDC transmission project

PANG Fubin, LIU Yu, JI Jianfei, BU Qiangsheng, ZHANG Chi
(State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China)

Abstract: With the constantly development of High-Voltage Direct Current (HVDC) transmission system construction,
the on-site calibration of DC current transformer has become the major research interest in HVDC transmission field.
According to the research gap of the on-site transient performance calibration technology, the working principle of the
existing DC current transformer and the on-site calibration method are analyzed. A set of portable transient performance
calibration system for DC current transformer is devised based on signal resampling and pre-distorting adjustment. By
revision, the system produces the large step current close to the simulation signal, and its 500 kHz high speed sending and
collecting modules ensure the accuracy of the sampling and waveform restoring during the transient process. Furthermore,
the first on-site transient performance test of the pole and converter valve DC current transformers has been carried out
with the system in Sunan UPFC Project. The rising time, maximum overshoot and the transient delay of the pole and
converter valve transformers are tested, and the results provide the basis for the evaluation of the DC current transformers.
The technology has a good application prospect for the on-site DC current transformer calibration.

This work is supported by National Natural Science Foundation of China (No. 51707090) and Science and
Technology Project of State Grid Corporation of China “Key Technical Research and Application of On-site Test and
Operation Maintenance for UHVDC Control and Protection System”.
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Fig. 1 Layout diagram of active DC current transformer
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Fig. 2 Principle of DC fiber optical current transformer
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Fig. 3 On-site calibration of DC current transformer
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Fig. 4 Principle of DC transient step current source based on

signal resampling and pre-distorting adjustment
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Fig. 5 Testing method of transient performance of DC

current transformer
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electronic current transformers
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Table 1 Transient performance comparison between the
standard source and the tested transformer
BuA& i)/ s BRI % uA&

RS
WHVA  bREE W AR W s
X 100 68.9 82.5 51.0 435 3093
el
300 2074 2073 10.3 6.8 3074
1 it 100 67.0 77.3 51.1 45.0 69.3
A 300 2120 2100 104 9.0 76.6

Q) MEAEF N 300A I, BYERAE 508
K, fashminEle; m g Caw
BT U W Fe e AL e, MRIR s AR
B A FA, BRSO, B R
iy H BOARHERAS 5 Jov SE DL PG TR RS8R,
DRIHA RS S A LIS 1 _ETHN AR T 200 s,
AL T AR PR TR, TS AR
TR R A A T TR (1) B R s ph SE AR 3 I E 10% LA
W il R RRTE R

(3) T2 5% 5 e HUb VHE D B Al A T Js () s 5
YIS B BRAS 5 RAE ) 90% KA Ky B kA5 5 & 1 st
Z, XT 10 kHz i ARG B, HEAES
FEIRFRRUEISME 540 300 ps AiA7: XFT 50 kHz %
IR N s, LRSS 5 2B IR T AR AR S
SY 70 us AiAy. R AU, MR H
RIS EAE AR . AL RN A T BT T
BANER. SR, RUEEAE 3 ANEE S A4
PR, HAGRIG ML R —3, BE T il5 e
fiffi o

4 i

Oy AR R LR LU TS I A R v 1R AR
PEAR R Z G B A K 1)L, WER T — B A S
(LSRRI £ 460 465 XU A L s A 2
K FR G, WIS PR E N AR ZEHRE
1, ATRU U L A B T SRR . A
M Z RGN IE 75 UPFC TREFFRE T E N Ik E
Vit L SR I AR A HE I, R AR el K
R 1100 ELJR 0 E T I T s e R b M A S IS
SEFRARIEAT T AEARR BRI I B KU ) BT
I ] . e B SR M 1 P ) e 3 e 420 A LA A v )
FOR, ARG TR L R B S bt
SR E VO AN S AAE FL I B S DL
Dy ARG R AT, AT R LIRS I AE

MEAEAK DL
H T LR AP RIS LA [ T 2L

FRIBRAR, 2 AR RS I L I PR dme R oA A v

BN BT TR A s, S LR Y A

e ZHOEA T, PR A R R PR E o

Sk

(11 Bjawl, 5kF, W5, mlk E R BARBUR &k g
HISE[J]. HMHR, 2012, 36(4): 1-9
LIANG Xuming, ZHANG Ping, CHANG Yong. Recent
advances in high-voltage direct-current power transmission
and its developing potential[J]. Power System Technology,
2012, 36(4): 1-9.

(2] VRO, Daeifs, VRERES, 5%, SEdem Ik ELTTHRAR K

WS IR SET]. ) RGO/ 54246, 2017, 45(2):
140-14e.
XU Pengjian, HUANG lJinhai, XU Jingjing, et al. Study
of Bin-Jin UHVDC project commutation failures
protection[J]. Power System Protection and Control,
2017, 45(2): 140-146.

(3] gL, sKERER, FRFeWl. R4 800 kV i ELIRL B

PBUR PRI I REN [T W) TREEER, 2018, 37(4):
14-20.
LIU Kai, ZHANG Qingwu, SHI Qiaoming. Application
of coordinated frequency control function in Lingshao
+800 kV UHVDC project[J]. Electric Power Engineering
Technology, 2018, 37(4): 14-20.

(4] KA, WIgEEE, XK, &5 SR E R LRSS R G
BER[T]. mHERR, 2016, 42(9): 3003-3010.
ZHANG lJie, HU Yuanyuan, LIU Fei, et al. Critical
technology of on-site calibration system for DC electronic
instrument transformer[J]. High Voltage Engineering,
2016, 42(9): 3003-3010.

(6] ®WvF, MBRER, U, 55 T IHE RS LE

TR AR [T]. L LEORER, 2017, 32(7):
84-94.
YANG Yayu, TAI Nengling, FAN Chunju, et al. A pilot
protection scheme for HVDC transmission lines based on
calculated resistance[J].  Transactions of China
Electrotechnical Society, 2017, 32(7): 84-94.

(6] B, R—, E% T, 55 moREDGY i B
AR HT]. B 5E R, 2017, 33(6): 7-13.
CHEN Bo, LI Junyi, WANG Junlong, et al. Technology



- 186 -

® LRGP B R

[7]

(8]

[9]

[10]

[11]

[12]

[13]

and its application of high precision optical voltage
transformer[J]. Power System and Clean Energy, 2017,
33(6): 7-13.

SUERE, TR, Mt 5. Ol o Ui LR R S il B
DEPAE T HINTI]. HEAR, 2008, 32(1): 17-19.
X1 Chaoqun, CHENG Jiong, YANG Shigui. The application
of optical current transformer in converter station DC
filter and its fault reason analysis[J]. Power System
Technology, 2008, 32(1): 17-19.

homA, FREW], RFER, A T U B R AR
REMP 5N ], IRl TR, 2012, 31(5):
32-36.
BU Qiangsheng, WANG Jianming, YUAN Yubo, et al.
Research and application of the polarity verification
system of electronic transformers[J]. Jiangsu Electrical
Engineering, 2012, 31(5): 32-36.

2R, A, Ak, % £800 kV E M R
Ul LU R U LA I BHMEBOR[T]. v AR A,
2011, 37(12): 3053-3058.
LI Qian, LI He, ZHOU Yifei, et al. On-site calibration
technology of DC current measurement device in converter
station of +800 kV UHVDC transmission project[J].
High Voltage Engineering, 2011, 37(12): 3053-3058.
ML, TR, M, % HVDC Wy TSI
T2 VR 5 2% B S T L[], b R ML D RE 22 3R, 2016,
36(19): 5227-5236.
BAI Hang, XU Yan, XIAO Xia, et al. Research on field
calibration methods and key problems for HVDC electronic
current transformers[J]. Proceedings of the CSEE, 2016,
36(19): 5227-5236.
HRK, VER B, PRI, & EUE TR LSS I R U Ty
VERN D). BSEK, 2015, 52(16): 119-123.
ZHENG Xin, WANG Sike, PANG Bo, et al. The method
and application of DC current transformer test in field[J].
Electrical Measurement & Instrumentation, 2015, 52(16):
119-123.
CALLEGARO L, CASSIAGO C, GASPAROTTO E. On
the calibration of direct-current current transformers
(DCCT)[J]. IEEE Transactions on Instrumentation and
Measurement, 2015, 64(3): 723-727.
TAKAHASHI M, SASAKI K, HIRATA Y, et al. Field
test of DC optical current transformer for HVDC link[C]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

/I Proceedings of the IEEE PES General Meeting.
Minneapolis, July 25-29, 2010, Providence, RI, USA:
1-6.

HOHM, T, WA B REAT R R
HLZE S RGP (0 ELERBIE E[0]. 0 ) R AR 37 S 4,
2018, 46(1): 1-8.

DONG Xinzhou, LEI Aoyu, TANG Lanxi. Comparative
study of traveling wave differential protection and current
differential protection for power lines[J]. Power System
Protection and Control, 2018, 46(1): 1-8.

[ERASNE % SN A S R W I s 3 NS
Q/GDW 530—2010[S]. dbxi: H [ Iy HhR#E, 2010.
Technical
transformers: Q/GDW 530—2010[S]. Beijing: China
Electric Power Press, 2010.

RIETVELD G, BEEK J, HOUTZAGER E. Accurate DC

standards for HVDC electronic current

current ratio measurements for primary currents up to
600A[J]. IEEE Transactions on Instrumentation and
Measurement, 2015, 64(11): 3055-3061.

GiSae, b, VEAME, 5. m B E AR ) A
TR 93], ) RG R 584, 2018, 46(3)
152-157.

QIU Jin, WU Shipu, WANG Benjin, et al. Preventive test
method research of UHVDC converter station DC
voltage divider[J]. Power System Protection and Control,
2018, 46(3): 152-157.

B, AW, TH, % 800 KV fFE K ERAE
2T FL UL TR A IE R B N TR SE (9. o M LR, 2016,
52(10): 1-7.

LUO Sunan, CAO Dongming, WANG Yao, et al.
Development and application research of +£800 kV
UHVDC fiber optical current transducer[J]. High Voltage
Apparatus, 2016, 52(10): 1-7.

VPPV, Ak, suERE, 45, R TR IR R
HEARI]. M CHEORZEIR, 2008, 23(10): 47-52.

JIA Danping, SAN Hongli, YUAN Weiqi, et al. Current
transformer based on optical fiber thermometry[J].
Transactions of China Electrotechnical Society, 2008,
23(10): 47-52.

RIS, FIEE, BRI, S 2GR R HR
R VFR[I]. A R GRS S, 2016, 44(8):
149-154.



Petmise, 5

L R L A RS U B SR BOR

- 187 -

[21]

[22]

[23]

SONG Xuankun, YAN Peili, XIAO Zhihong, et al.
Comment on the technology and application of fiber optic
current transformer (FOCT)[J]. Power System Protection
and Control, 2016, 44(8): 149-154.

TRARE, W, AREE, S5 R E LR HRRsAT

IUR BRI HER AR 5T [I]. s 5 R, 2015, 36(6):

787-793.

ZHANG Dingqu, PAN Feng, LIN Guoying, et al. Optical
status and on-site calibration technology for HVDC
transformer[J]. Power & Energy, 2015, 36(6): 787-793.
G, IR, FEG s, S5 £500 KV OEREE KA
IUIGASHER AR I 0T [T). Wi EEIR, 2010, 36(11):
2856-2862.

LI Qian, ZHANG Shuhan, LI Dengyun, et al. Experimental
analysis of the on-site calibration technology for +500 kV
DCPTs[J]. High Voltage Engineering, 2010, 36(11):
2856-2862.

BOLH, MEL, T, S MR E AW
JACHL T ST 2% 4% FE[T]. W RS B Bk, 2017,
41(18): 118-124.

GE Liqing, LIU Qinghong, WANG lJianfeng, et al.
Economic dispatch optimization method for large-scale

power grid based on variable dimension reduction[J].

Automation of Electric Power Systems, 2017, 41(18):
118-124.

SN, ¥R, BRI & 2408 HReE R 4R
FMRZR T[], L THOARR, 2015, 30(4): 457-462.
JING Wuwei, HUANG Xueliang, CHEN Chen, et al.

[24]

Study on impacts among wireless power transmission
multi-system[J]. Transactions of China Electrotechnical
Society, 2015, 30(4): 457-462.

PEARIE, W%k, T, & B R ik RIS RN A
WEIRRFERTFE]. HOD ARG S, 2016, 44(15):
86-94.

PANG Fubin, YANG Yi, YUAN Yubo, et al. Research on

characteristics of intelligent substation protection time

[25]

delay[J]. Power System Protection and Control, 2016,
44(15): 86-94.

YrkS EHEE: 2018-07-26;
fEE B

FAgiE (1987—), %, @344, ARIEM, ARH
FMAALRALALEBZMNAMEAR, T BHETARE G
#7; E-mail: pangfubin2006@163.com

x5 1987—), %, HAIRNT, ARF @A LREL
BB M B AR KR AR

{&El HHF: 2018-08-25

(%% 2H1m)



	DOI: 10.19783/j.cnki.pspc.180947 
	直流输电工程直流电流互感器现场暂态校验技术 
	On-site transient performance calibration of DC current transformer for HVDC transmission project 
	1.1 直流电流互感器基本原理 
	1.2 直流电流互感器现场校验方法 
	2.1 直流暂态阶跃源系统原理 
	2.2 直流电流互感器暂态特性测试方法 
	PANG Fubin, YANG Yi, YUAN Yubo, et al. Research on characteristics of intelligent substation protection time delay[J]. Power System Protection and Control, 2016, 44(15): 86-94. 



