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Table 1 Parameters of pulse waveforms
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Fig.4 Measurement results of Gaussian pulse
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Table 2 Evaluation parameters of measurement results

we X r A (veay
(V-ATH)  (V-AThH) (veA™h
A 4.98 4.99 0.01 0.147  0.964
B 3.65 3.68 0.03 0.145  0.894
C 1.21 111 0.10 0242 0.988
D 2.22 2.27 0.0 0.193  0.989
E 3.45 3.36 0.09 0.201  0.856
5 i

ARSCHE H — 3T ik b 5 Y = B HFCT f%
BTN 7 L T KR A A LTSS S,

a. N PRTIEAE S BELAC bk bl 2 92k B R e B
VA SR AR AG 58N AE 100 MHz LA |, [a] s ik i
55 FRH LT RIS 10 ns (18 w307 ko

b. ki A 515 G SO0k ) 25 2R 2 [
HABEN 8, 43 2 By k& 5 Fh
5 HFCT B4 BELPT i 26, AS[R] 5 1 45 2] 14 [7) Fofr 1
S Z I BE 22 AT 0.1 V/A TR 2/ T
0.25 V/A MHXRBKT 0.85,

c. SEUA B S AREEAR L Bk b A B A B
FRTE AN 20 B i AP0 A, MR B2 v T 1% i BELT 1) DU
RACR, o AE 0% T 4 b J2 300 A% Sy BEL T ith 28 4 40
BT .

P S JLAF) M 2538 (hitp : // www.epae.cn) .



@

& 0 8 % w it %

%39%

S

(1]

(2]

[3

[

—
wn
[

[ 6

[

[8

[

—
=)
[

(11]

[12]

[13]

EIGNER A,RETHMEIER K. An overview on the current status of
partial discharge measurements on AC high voltage cable accessories
[J]. IEEE Electrical Insulation Magazine,2016,32(2) ;48-55.
WILD M, TENBOHLEN S, GULSKI E, et al. Basic aspects of partial
discharge on-site testing of long length transmission power cables
[J]. IEEE Transactions on Dielectrics and Electrical Insulation,
2017,24(2) :1077-1087.

TLF R KA BN 26 110 kV KDL b H R SR s B s A 7
LML), ) A3k 4,2005,25(8) :13-17.

JIANG Xiuchen,CAI Jun,DONG Xiaobing, et al. On-line monitoring
techniques for 110 kV and above XLPE cable[ J]. Electric Power
Automation Equipment,2005,25(8) ;13-17.

ARUE VT, B R4, XLPE H o 85 5y 3Gl v, e 30 ARG W 5 A
BIBESEL)]. S ERIA ,2004,30(3E T 1) :75-76.

ZHU Haigang,FENG Jiang, LUO Junhua. Study on PD HF detection
technology of XLPE power cable[ J]. High Voltage Engineering,
2004,30(S1) :75-76.

TIAN Y,LEWIN P L,DAVIES A E et al. Partial discharge detection
in cables using VHF capacitive couplers[ J]. IEEE Transactions on
Dielectrics and Electrical Insulation,2003,10(2) :343-353.
WOUTERS P A A F,VAN DER LAAN P C T,STEENNIS E F. In-
ductive ultra-wide band detection and location of partial discharges
in high-voltage cables [ J].
Power Engineering,1994,4(3) ;223-229.

POMMERENKE D,STREHL T,HEINRICH R, et al. Discrimination

European Transactions on Electrical

between internal PD and other pulses using directional coupling sen-
sors an HV cable systems[ J]. IEEE Transactions on Dielectrics and
Electrical Insulation,1999,6(6) :814-824.

KATSUTA G,TOYA A,MURAOKA K, et al. Development of a meth-
od of partial discharge detection in extra-high voltage cross-linked
polyethylene insulated cable lines[ J]. IEEE Transactions on Power
Delivery,1992,7(3) :1068-1079.

JEHE 246 A, A5, i e H G B ) R T e e SR I 5 4
WrlT]. mHERA ,2009,35(7) :1571-1577.

TANG Ju,LI Wei, YANG Hao, et al. Ultra-high frequency detection
and analysis for partial discharge in high-voltage cable accessories
[J]. High Voltage Engineering,2009,35(7) :1571-1577.

SRAHT, Bk, £ 5, 4. XLPE Ha 77 H 25 rh Js) 3 il ey A 00 B e
PEEAR MBI [T]. 5 EHLES ,2009,45(3) :56-60.

GUO Canxin,ZHANG Li,QIAN Yong,et al. Current status of partial
discharge detection and location techniques in XLPE power cable
[J]. High Voltage Engineering,2009,45(3) :56-60.

| S HL R 22 ] H T L5 R P R A L AG I B A R R : @/
GDW 11224—2014[ S]. db5t. Ly Rkt , 2014,

XU Y,GU X,LIU B, et al. Special requirements of high frequency
current transformers in the on-line detection of partial discharges in
power cables[ J]. IEEE Electrical Insulation Magazine, 2016, 32
(6):8-19.

Wrafm 658 VP, 56, BB IH A o T L B AR A S g A 2 I
SRR S IR (B AR [ D] W A Bl B4, 2017, 37
(7):171-177.

CHEN XTaoxin, QIAN Yong, XU Yongpeng, et al. Characteristic ad-

mittance model and PD amplitude distribution of tunnel-installed

[14]

[15]

[16]

[17]

[18

i

[19]

[20

—

[21]

[22]

(23]

high-voltage cables [ J ]. Electric Power Automation Equipment,
2017,37(7) :171-1717.

FE G 2 B H 7 A A DU S BRI SR 5 #8402 i
N JR FS 3 Rl RSN X 28 AR B . Q/GDW  11304.5—2015
[S]. dbst: Ay A, 2015.

JUDD M D, FARISH O. A pulsed GTEM system for UHF sensor
calibration[ J ]. IEEE Transactions on Instrumentation and Measure-
ment, 1998 ,47(4) :875-880.

CHEN X, QIAN Y,SHENG G, et al. A time-domain characterization
method for UHF partial discharge sensors[ J |. [IEEE Transactions on
Dielectrics and Electrical Insulation,2017,24(1) :110-119.

R, B, BRI, 5. SR T 22 (Rl ik e g ok o e i
SRR IRy [ 1] W SR ,2012,38(3) :594-600.
CHEN Xiang, CHEN Yongguang, WEI Ming, et al. Time domain
testing methods of material’s shielding effectiveness of electromagnetic
pulse using flange coaxial[ J]. High Voltage Engineering,2012,38
(3) :594-600.

HERLEMANN H,KOCH M. Measurement of the transient shielding
effectiveness of enclosures using UWB pulses inside an open TEM
waveguide[ J . Advances in Radio Science,2007,5(E.2) :75-79.
ZHOU Y,QIN Y,CHAPPELL P. Cost-effective on-line partial dis-
charge of measurements for cables[ J]. IEEE Electrical Insulation
Magazine ,2006,22(2) :31-38.

AR LS AR AT BROREZE, 45 L 0 78 S 0 SR R T U 4% IR 1Y
5[], mHUERIAR,2005,31(3) :46-47.

ZHAO Laijun,HE Junjia, QIAN Guanjun, et al. Research on wide
band sensor for PD on-line monitoring[ J ]. High Voltage Enginee-
ring,2005,31(3) :46-47.

ThARE BT AL RS, A5 SRR ARG P S A Hh AL A R
WIGRIITI]. FIEHLES,2001,37(1) :24-26.

MA Cuijiao, HUNAG Xinhong, QIU Yuchang,et al. Optimization of
the wide frequency bandwidth current transducer for PD detection
[J]. High Voltage Apparatus,2001,37(1) :24-26.

XUWISE , AR, ARV AR 46 ARkt i [ M. ot B2
JiAt:,2010.57-82.

WREaM5 R 58 , etanis A5 Bk T Bl s A5 FR Y Jay F0 T80 vl 55 55 A0
AR RS HE [ T]. AR ESR, 2015,41(5) ; 1488-
1494.

CHEN Xiaoxin, QIAN Yong, SHENG Gehao, et al. Study of UHF
partial discharge sensor time domain parameters based on frequency
domain deconvolution[ J ]. High Voltage Engineering,2015,41(5) :
1488-1494.

EEREN:

HREAZ(1990—), B, ¥t b d A, T
IR M R 6 A AR A& RSN
Aok 47 3 K ( E-mail ; shawcine @ live.
com)

& B (1977—), B, ¥ KA
I B E R F M T Bk AR
AWl 5 % fe A @ 49 A A T AF (E-mail ;

qian_yong@sjtu.edu.cn)

(F#% 131 ® continued on page 131)



E38H t o A RO A R s LR Sl 5t i FORELJE A B I) 1 3 2 R g ®

PRI T]. o E LT REAE 4, 2014,34(16) :2591-2603.

LU Zhipeng, SHENG Wanxing, ZHONG Qingchang, et al. Virtual B R (1993—), B, 0T % IR A, A
AR A, BB T @A RIE F K AL
B H A2 4% W F & i ) (E-mail ; seanyang @
163.com) ;

M R (1982—), F , BB A EA P

synchronous generator and its applications in micro-grid [ J]. Pro-
ceedings of the CSEE,2014,34(16) :2591-2603.

[14] BISCHR, RAEZE Fhesh, 55, BT VSG MY AE R G f i A5 4%
RSSO E IR [T]. B A3k, 2018,38(8):

13-23.

HU Wengiang, WU Zaijun, SUN Chongbo, et al. Modeling and pa- R B, 2RI @ AR IR A A
rameter setting method for grid-connected inverter of energy storage (E-mail : meifei@hhu.edu.cn) ;

system based on VSG[J]. Electric Power Automation Equipment, REF(1989—), F iz hmMmMA, 4% &, £ 25
2018,38(8) :13-23. R 77 61 K # AR R B, Ay b, F R (E-mail : yu_z@sina.cn)

Coordinated adaptive control strategy of rotational inertia and
damping coefficient for virtual synchronous generator
YANG Yun',MEI Fei’,ZHANG Chenyu’ ,MIAO Huiyu', CHEN Hongfei' ,ZHENG Jianyong'
(1. Electrical Engineering Department , Southeast University , Nanjing 210096, China;
2. College of Energy and Electrical Engineering, Hohai University , Nanjing 211100, China;
3. Research Institute, State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 211103, China)

Abstract ; The control strategy of VSG( Virtual Synchronous Generator) introduces rotational inertia and damping co-
efficient that are originally from synchronous generators to the inverter control ,which improves the frequency response
and enhances the anti-disturbance capability. However, the system dynamic adjustment performance may be
negatively impacted. Hence,a coordinated adaptive control strategy of rotational inertia and damping coefficient for
VSG is proposed. Firstly,the mathematical model of the VSG is established ,and the influence of parameters on the
system output characteristics are analyzed. Secondly, the proposed control strategy is applied on the VSG,in which
the stability analysis under the change of corresponding parameters is performed. Finally, compared with the tradi-
tional VSG control strategy, simulative results on MATLAB/Simulink verify the feasibility and effectiveness of the
proposed control strategy.
Key words: virtual synchronous generator; frequency response ; rotational inertia; damping coefficient ; adaptive control
strategy
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A novel pulse-source-based method for measuring transfer impedance of

high frequency current sensor

CHEN Xiaoxin'?, QIAN Yong',XU Yongpeng',SHU Bo',SHENG Gehao',JJANG Xiuchen'

(1. Department of Electrical Engineering,Shanghai Jiao Tong University , Shanghai 200240, China;
2. State Grid Zhejiang Electric Power Research Institute , Hangzhou 310014, China)

Abstract ; Aiming at the shortcomings of the existing single-point frequency method in measuring the transfer impe-
dance of HFCT( High Frequency Current Transformer) with partial discharge,a novel method based on pulse source
is proposed. The proposed method adopts a pulse signal as the injecting source and can obtain the transfer imped-
ance curve within the detection band by measuring only once, it greatly reduces the test time,improves the test effi-
ciency,and has the advantages of simple operation and high resolution. An experimental platform is built, and the
transfer impedances of various types of HFCTs are measured. Moreover,the influences of pulse signal source on the
measurement results are analyzed. Finally,the pulse injection method and the single-point frequency method have
been compared. The results show that Gaussian pulse with a rise time shorter than 10 ns should be used as the signal
source. The measured transfer impedance curves of the pulse injection method and the single-point frequency method
are highly consistent. The mean difference of the transfer impedance curves obtained by the two methods is at most
0.1 V/A ,the root mean square error is less than 0.25 V/A jand the correlation coefficient is larger than 0.85.

Key words; partial discharge ; High Frequency Current Transformer ( HFCT') ; transfer impedance ; pulse ; measure-

ment
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Fig.Al Test principle and procedure of single-point frequency method
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TableB1 Parameters of experimental equipments

UGB B HRESHL
KEEH: 1GSa/s
B KIEFZA0#: 100MHz

LRIk Tektronix
. e/ ETHEAE]: Sns
KA AFG3101
g SRR P A -
(W B HIT 0.5%+0.5mV)
A Agilent KFEZ: 4GSa/
/J\‘?))*(%g i
DSO6104A Wi E: 1GHz
KJEF: 0.5m
Eki
" RG142 BH#T: 50Q

Fk: <3.6dB/100m @10MHz
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