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Fig.3 +10 kV ring-shaped flexible DC
distribution system topology

AL 3 B, +10 kV SRR H AL H R 534y
3 HE MMC 46 gty , Hepy FREC 45702 e 2 >R FH Dy 11
R4 WA Y TE &4 H ik fi 2 2 500 O L BH$Z
H1, MMC1 MMC2 5 110 kV 589 R4 % 4, MMC3
B IR A R 3% 2, L [ S AR R AR 5Ok &
LB FLBAARE S 750 V/400 VIR B B 3k0E 2 .
Al 3 b R R B T A AL 10 KV 2 EL
R80T HAE R SR I 4 1 Ab e B 1 P s
Eij

AL R F A b e B 8T % 5 o4 IGBT EREXAYTR
3 T B A O SBAR B SR ok 2
RS IR ER] . SCHPR A YIV-8.7/10 kV-1x400 #Y
FA T FELA R T 0 BLAUE 5T, FE 40 5 28 5% i AR G A L
BORUE 2.3, RSN E AR A FH BOBE 2.4, L
A5 FURFN 42 JE S A L U 2.2%107° Qem 3¢
H BRI S RO R AR N S S BN E 4 Je 3k 1
FiN o

Bl 4(a)d, T Jy @b s 22 8 s Uy U 550 R
i AREMISS R E 5 €y, C 4300 e AR AR Hs

L5
]
5
|
o
| |
[
S 3

TS
I
11
o
o
=
|

(a) ISOP-DABH i 4l JE 2%

ESd

—

= -

BIF%
BOERLIT R S
_%%ﬁ%% % % % B

FERE LB

=5

(b) IGBTH AR A 3 i BT 28

lph1 110 R,

O® ¥ [k U

() JEARFES
—F — L -BlL,,dt
E=E; KQ’.[]bmdl +A4e Bl |- oo - "
1
l_|_‘_>
Rbat T+
U

(d) & At RE AR LRIk HL %
B4 BRRELEBEH

Fig.4 Equivalent model topology of each module
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Table 1 Equivalent model parameter
settings of each module
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Table 2 Converter station control
modes and parameters
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Table 3 Protection action scheme
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Table 4 Voltage observation point
and steady-state value
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Fig.7 Operating overvoltage during faults in
MMC1 converter valve area
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Fig.8 Operating overvoltage during bipolar short-
circuit fault on the DC line at the outlet of MMC1
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Table 5 Summary of operating overvoltage decisive
fault conditions at voltage observation points
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Table 6 Maximum operating overvoltage at voltage ob-
servation point of DC power distribution system kV
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Table 7 Fault transient voltage characteristics
of flexible DC power distribution system
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Table 8 Arrester parameter configuration
of flexible DC converter station
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DL 20.5 0.82 25.0
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Table 9 Minimum coordination factor of withstand
voltage of flexible DC converter station equipment
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Breakdown property of +320 kV HVDC cable system XLPE/EPDM accessories
LIU Yongbin', GAO Jinghui' , ZHONG Lisheng', MEI Wenjie*, WANG Jiru', PAN Wenlin®
(1. State Key Laboratory of Electrical Insulation and Power Equipment ( Xi’an Jiaotong University) ,
Xi’an 710049, China;2. Hengtong Group Co.,Ltd.,Suzhou 215200, China)

Abstract: In high voltage direct current cable system,the cable joint and termination are the weakness to stand high voltage,
thus making their breakdown strength the critical property to the reliability of power transmission system. In this work, the
breakdown mechanism of cross linked polyethylene ( XLPE)/ethylene propylene diene monomer ( EPDM) interface in the
cable accessory during the load cycle test of 320 kV HVDC cable is analyzed. Firstly,the voltage withstand test of the cable
accessory suggests that the weakness locates at the XLPE/EPDM interfaces under applied electric field. Secondly, the
temperature and electric field distribution under no load and full load are calculated through finite element simulation. This
result indicates that the highest electric field is about 29.5 kV/mm located at the cable insulation material near the stress cone,
which is far below the breakdown strength of each insulation material. Finally, the electric field distortion in the interface of
XLPE and EPDM induced by space charge is measured by a pulsed electro-acoustic system. It is found that the electric field
distortion rate reaches 100% ~ 200% in the interface, suggesting that the space charge in the interface is responsible for the
breakdown behavior of accessories. This work might provide a breakdown mechanism for further development of high voltage
materials and structures for HVDC cables accessories.

Keywords : high voltage direct current cable accessory ;cross linked polyethylene ( XLPE) ;ethylene propylene diene monomer

(EPDM) ;insulation coordination property ;electric field distortion ;space charge
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Overvoltage and insulation coordination of flexible DC

distribution network with DC circuit breaker
LIU Shuhan', ZHUANG Yuan®, LIANG Zhan', LI Jiangtao’, LI Chenjie’, WANG Yifeng’
(1. Xuzhou Power Supply Branch of State Grid Jiangsu Electric Power Co.,Ltd.,Xuzhou 221005, China;
2. Jiangsu Xudian Construction Group Co., Ltd.,Xuzhou 221005, China;
3. School of Electrical Engineering,Xi'an Jiaotong University ,Xi’an 710049, China)

Abstract ; With the continuous application and popularization of distributed energy, DC power distribution will become the
mainstream form of future power distribution system. As a new type of power distribution system,the overvoltage and insulation
coordination of flexible DC power distribution urgently needs further research and improvement. The addition of medium-voltage
DC circuit breakers has also led to fundamental changes in the operating overvoltage transient characteristics of the system. It is
necessary to analyze the operating overvoltage distribution characteristics and insulation coordination of the flexible DC
distribution network with DC circuit breakers. Firstly, the electromagnetic transient simulation model of +10 kV ring-network
flexible DC power distribution network is constructed ,and the protection action scheme based on DC circuit breaker is designed.
Then,the 10 kV ring network flexible DC power distribution system is simulated and analyzed for operating overvoltage,
horizontal spatial distribution characteristics of its amplitude and the decisive working condition of the maximum overvoltage at
key positions are obtained,insulation coordination scheme of the £10 kV ring network flexible DC power distribution system is
proposed. Finally,the simulation analysis of the transient induced overvoltage of the DC cable sheath under the influence of the
action of the DC circuit breaker is carried out. The results show that the addition of DC circuit breakers improves the reliability
and flexibility of DC distribution network ,and the layout of arrester and cable metal shield protector is further optimized , which
is of great significance to the design of insulation matching scheme of flexible direct distribution network of ring network.

Keywords : flexible DC power distribution network ; DC circuit breaker; protection scheme ; arrester ; overvoltage and insulation

coordination ; PSCAD/EMTDC
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