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Fig.3 Schematic diagram of HVDC cable structure
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Fig.4 Schematic diagram of HVDC cable termination
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Fig.8 Stress cone curve electric field intensity

8(a) J I I M 2R AR m] L3758 T, S50 %
L TR 52 L R MBS s AT R R, IR HL Y
538 88 HH BUAE IV ) HEAR TR, 2390 23.0 kV/mm, 16.8
kV/mm,3.0 kV/mm , Fifi % P25 093G 0, v 37598 5 %
WTREARG . 151 8.(b) Dy I g sl £ el 1) FRL 375 B2, 3 vl
FLIR T e KR 3 1 B IV ) HE TR, 0 5y 6.1
kV/mm,4.9 kV/mm, 1.5 kV/mm, FfE RS 038E 00,
ML 5 BT H, th T ) HE i 4 R R OR %
S5, P ECERE R I T HEARER 4.1 mm L0 5 2
[ FEL, 375 B L B A

S0 — U#202kV
a0l —~ U,=174kV
N . U=80kV

E/(kV + mm ")
S

20 40 60 80 100

s/mm
(a) &
or — U~202kV
5| —_ U,=174kV
~ o UsS0kV
g41
E
. 3 L
>
o
<ot
Ly_] N
1 L
0

20 40 60 80 100
s/mm

(b) Hhra

B9 XLPE/SIR fRHEHEIZ®EE

Fig.9 XLPE/SIR interface electric field intensity

9 (a) Jy A5kt 2 o I AR 52 P s VB A
BT XLPE/SiR FUi 42 ) #8375 0 A, e KAH
4350k 48.5 kV/mm,38.8 kV/mm, 13.1 kV/mm,
9(b) 2y XLPE/SiR 5t il ] it 58 B , fe K AF 7393
5.7 kV/mm,4.7 kV/mm, 1.7 kV/mm, £ &L
JIHEARES 30 mm P, S IRIAR ) Al ) 37 i P
TR 30 mm JEHURE B TR T AT
0k 5 KL TR HEARTR S mm Ak, X A A2 18] A
Tofr o] H, 3558 B 4 91 R 39.6 kV/mm A1 4.7 kV/mm,,
33 EHRBUARZKREWEIE

T HL B 240 2% I B A 24 A A S T, BT ) 48
Lo BE -5 L A 20 S R VG T R RE DG RERE L B
N RA K, ZR R RKIERTT 551 KB R
193 G BU20E2 v ol e o S s F 8 7 N G R
BEHE A B L AR R G S5 BR Y . SOk [ 22] 4
U A 48 S35 EE 2 0 3~ 5 kV/mm, TR AR
a2 EAE BT FEL A O 4.7 kV/mm B T S
2, DRI Dy v il ) v 37 2ok v 1 A i
AR N o U A R G e
Y R S KM AT Prifs K B L 2 L
IR Y ol 27 AL B i HL S 9 R O 4.7 kV/mm,
T PR 25 28 e it 7K A2 Bl 1) L 3798 B2 O 4.0 kV/mm,
PRI XS I 1) 22 A BE O 1.18

4 #Fig
SCHTLL£80 KV i IR L L AE RGN BT X 42,



203 R AF SR ARG AL L 2R

TEdR =B AT EE 90 CF IR T ML Hii 4 R4
(022 et B, 0 M 1 B 40 AR e i o I L B
Y MM S T R 0 A AR LR 458
(1) =80 kV i E R B RGN % 2L N
118, il JE R GE 40 a Frfim Al FHEOK o
(2) i s LU P B PR P 5 2R 5 v 14 55 B
AR R R RS s T R, A P
B ofs % 5 I 1A 2 Z ) A DR C R0 AL, B340 F 3 70
(3) CH5EE T Ik B R G L B
TR BERS 2200 KV, £320 kV L) % 400 kV J%
AL R S5 A TR LI AR A0 1 A BE T 9T R
.
SE
(1] B, BI04, 45, HLBERC D P 28-3R 4 1w
PONELT]. ARG S ,2019,47(11) :44-50.
XIA Shu, WANG Naidun, SHI Yuan, et al. Line-transformer-
meter topology anomaly identification method for cable distribu-
tion network[ J]. Power System Protection and Control ,2019,47
(11) :44-50.
(2] MkEAE, RIS 5, £, 45, BT Carson BIEFI EMTP ff) 220
kV Z BRI S B ARPE L)) RS
PRI 594 ,2019,47(20) : 142-148.
LIN Guihui,ZHU Pengyu, WANG Can, et al. Analysis of electri-
cal parameters and unbalance factors of 220 kV multi-circuit
transmission cable based on Carson theory and EMTP simulation
[J]. Power System Protection and Control,2019,47(20) ; 142-
148.
(3] Zemldl, Erfil, 25 0. 13 He VAL P 0 0 1) I 0 e 5
Byt J]. S ERIA,2018,44(5) 1399-1411.
LI Shengtao, WANG Shihang, LI Jianying. Research progress
and path analysis of insulating materials used in HVDC cable
[J]. High Voltage Engineering,2018,44(5) :1399-1411.
GHORBANI H, JEROENSE M, OLSSON C O, et al. HVDC
cable systems: high lighting extruded technology [ J]. TEEE
Transactions on Power Delivery,2014,29(1) .414-421.
FEFEAT. MG i L AR IO B T B A R R A
B [T]. KHEFA,2020,41(4) :361-368.

CUI Jiaqi. Quality management system and maturity evaluation

[4

[

[5

[}

of overseas flexible HVDC transmission project[ J]. Power Gen-
eration Technology,2020,41(4) :361-368.
B AR, R S T E SR SR S e BT
B S =2k - ] 160 kV ] 200 kV FEF 320 kV[ . B U5
FEL 4 AR ,2015,9(10) ;5-12.
XIE Shuhong, FU Mingli, YIN Yi, et al. Triple jumps of XLPE
insulated HVDC cable development in China; from 160 kV to
200 kV and then to 320 kV[J]. Southern Power System Tech-
nology,2015,9(10) :5-12.
(7] ¥AA%%, 200, s gR 55, i LIRSS IR 3R 2 4 L B i
SHFFEHERLT]. R IEHAR,2017,43(2) :344-354.
DU Boxue, LI Zhonglei, YANG Zhuoran, et al. Application and

[6

[}

research progress of HVDC XLPE cables[ J]. High Voltage En-
gineering,2017,43(2) :344-354.

(8] XU, AT24fh, IRl B U M 4 R BEL e DRl Ik 52 A e 18 S

1 22 s 2 P A i o LA RO (0] WiV e J,2018,37
(9) :8-13.
LIU Li, YU Xingwei, QIAO Min. Application of DC circuit
breaker and damping fast recovery system in multi terminal fle-
xible DC transmission projectin Zhoushan [ J]. Zhejiang Electric
Power,2018,37(9) :8-13.

(9] Fkikss SRR, T k4%, 4. T E TR £525 kV XLPE 484

HRARSE R BT S e [ J]. BB RHOR 2018, 12
(1):.1-6.
ZHANG Hongliang, ZHANG Jianmin, YU Hongmiao, et al. De-
sign and test verification of China's first + 525 kV XLPE insula-
ted DC cable[ J]. Southern Power System Technology,2018,12
(1):.1-6.

(10 % SCHR, AR, A SO, 46, 525 LV S 4 8 1 Him i

BB TRIBTTE T ). a5kt A,2018,51(12) :47-52.

PAN Wenlin,REN Haiyang, MEI Wenjie, et al. Study on de-

gassing time of 525 kV flexible DC submarine cable with extru-

ded insulation[ J]. Insulating Materials,2018,51(12) ;:47-52.

PO ATVE W58, 5. BYELLE Gk TR BLIR AL B R

[J]. F e EH A ,2017,43(11) .3473-3489.

ZHONG Lisheng, REN Haiyang, CAO Liang, et al. Develop-

[11

[

ment of high voltage direct current extruded cables[ J]. High
Voltage Engineering,2017,43(11) .3473-3489.
[12] RAPBE MR ERT, 45 B B 40T i vl v 22 4
JERFFELT]. W) TR, 2020,39(2) + 135-139.
WU Xike, LI Dong, DENG Tianyu, et al. Safety margin of DC
cable under lightning impulse voltage[ J]. Electric Power En-
gineering Technology,2020,39(2) :135-139.
[13] BRIEH, IR 6, RAEAR, 5. R IR EE T o s U R B 4
Gt o R LA [T ], P E B L LR 2 4R, 2018, 38
(24) :7121-7130,7438.
QIAN Kaiyu, SU Pengfei, WU Jiandong, et al. The effect of
thickness on breakdown strength in high voltage direct current
cable insulation at different temperatures[ J]. Proceedings of
the CSEE,2018,38(24) .7121-7130,7438.
[14] XNz Mg AR, XIBUR 45, ahii g JETF 160 kV & K B IR
BB AR AR T [T ]. Ak bh kL, 2017,50(7)
49-54.
LIU Yunpeng, YU Lichao,LIU Hechen,et al. Study on break-
down characteristic of 160 kV HVDC insulating materials
under impulse voltage[ J]. Insulating Materials,2017,50(7) .
49-54.
2R DR, kLT S 4. T R 1 A T R 8 B LS
aALT]. B R G 55, 2020,48(18) :95-101.
LAN Li,QIU Cheng, DU Xizhou, et al. Analysis of power fre-

—
—_
W

[

quency parameters of HTS cables in a distribution network[ J].

Power System Protection and Control,2020,48(18) :95-101.
[16] e, e (5, 45 5 i f Rk i XLPE iz fl

TEEMIET]. 5 2 77,2020,48(10) : 113-119.



2 HEHEAR 204

YANG Liang,ZHOU Kai, NI Zhou,et al. Analysis of XLPE ca-
ble insulation aging considering load characteristics[ J]. Smart
Power,2020,48(10) ;113-119.

[17] Z=908F, "™ 4 BRI %, 45, )5 XLPE W 8552 oh =454 Xt
B IR T [T]. AL ,2018,36(1) :87-92.

LI Shanshan,YAN Youxiang, CHEN Li’an, et al. Influence of
high-voltage cable buffer layer structure on current carrying ca-
pacity[ J]. Distribution & Utilization,2018,36( 1) :87-92.

[ 18] 5, oms ARk, 4. IR IR T XLPE g Rk
AERLFIE RER B BIOFFE [T ]. BEATHL,2020,37(12) :81-86.
ZHANG Long, HUANG Ting, LI Hongjie, et al. Study on intel-
ligent recognition and location of partial discharges in XLPE
cable under damped AC voltage [ J]. Distribution & Utiliza-
tion,2020,37(12) :81-86.

[19] HAMPTON R N. Feature article-some of the considerations for
materials operating under high-voltage, direct-current stresses
[J]. IEEE Electrical Insulation Magazine ,2008,24( 1) ;5-13.

[20] BOGGS S,DAMON D H,HJERRILD J,et al. Effect of insula-
tion properties on the field grading of solid dielectric DC cable

[J]. IEEE Transactions on Power Delivery,2001,16(4) :456-

461.

[21] XVEE, T, 80014, 45 & [k XUPE Ha g2 %% V-t FFPETT
FLER[T]. B A,2015,9(10) :57-63.
LIU Xia, YU Qinxue, ZHONG Lisheng, et al. Review on re-
search of V-t characteristics of HV XLPE cables[ J]. Southern
Power System Technology,2015,9(10) :57-63.

[22] RiJ B. 5 6 R s XLPE s 4B AR R (T ], H
2L 4E,2000( 1) :3-12.
YING Qiliang. Technical progress of the accessories for high
and extra high voltage XLPE cables[ J]. Electric Wire & Ca-
ble,2000( 1) :3-12.

ZEMR(1988) , 55, M+, AR, AT Ha 4R
% 2 1%+ T AF (E-mail ; 753015323@ qq.com ) ;

KRB E(1983) 5 1 R TAR I,
e (] i fF I A 5

Bt (1992) , 55, 1, TRE00, S HL
LA AR

Thickness experimental on safety margin of HVDC cable system
LI Dong, CHEN Longxiao, ZHU Zhien, DENG Tianyu, WANG Yu, WANG Rongrong
(NARI Group (State Grid Electric Power Research Institute) Co.,Ltd.,Nanjing 211106, China)

Abstract : The safety margin of high voltage direct current (HVDC) cable system is the precondition to ensure the long-term

safe operation of cable lines. To obtain the highest service voltage of the HVDC cable system,the conductivity characteristics of

insulation of cables and accessories are tested in this paper,and the dependence of conductivity on temperature and electric field

intensity and the expression of conductivity are obtained. A safety margin test method is proposed based on +80 kV HVDC cable

system , the breakdown voltage of the HVDC cable system at the maximum operating temperature of 90 °C is tested by applying

voltage step by step. The electric field distribution of cable system breakdown is calculated according to the conductivity of cable

insulation and accessory insulation, and the safety margin of the cable system is obtained by comparing the electric field

intensity during the breakdown of the cable system with the electric field intensity required for long-term operation. The research

shows that the safety margin test method proposed in this paper can obtain the safety margin of HVDC cable system,and the

research results provide theoretical and experimental basis for the safe operation of HVDC cable engineering.

Keywords : high voltage direct current cable ;cable accessories;electrical conductivity ;electric field distribution ;safety margin
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