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Table 1 The numbers of samples
MAigs BEENIEGS B1TENa GGRRE
Al 0 2
XLPE-0 A2 0 )2
A3 0 A2
Bl 15 M2
XLPE-15 B2 15 2
B3 15 HhE
Cl 30 Wz
XLPE-30 2 30 Tz
c3 30 Hhz
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Fig.2 Complex dielectric constant spectra
of each layer for XLPE-30
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Table 2 Conductivity of each sample at 250 C

HMGmS  ALZENME  ox1072/(S'm™)

W2 42.41
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Table 3 The peak frequency for
each sample at 250 C

HAIARE  ABZNE bR IEE TR/ He

2 0.39
XLPE-0 rhz 0.63

A2 1.00

M2 0.63
XLPE-15 thz 0.40

ShE 0.62

Mz 0.40
XLPE-30 rhz 1.58

Hh2 1.59

ghiy e 2 T2 3 ATAN, MR RN F & e e
SR 5 W (AT AR AL L — B, AR
i S (D 51 3 D P, 5 SR L 1 S AR 5 0 T 11
PGB B AR K, W AL Arrhenius 75 2 0z (7)

B7s

= f o /D)
{f fo 7

-E,/(kT
g =0ye o/ (kD)

P fo 1 oo B0 4 o B O OB 5 AL RE 5 & O B
IRZEZHHR I 8.617 3x107 eV T N RNVIRLEE . XF
H(T) 73 BOSH A -

lgf=—E/(kT) +lgf,

{lga'=—Eﬂ/(kT) + g oy )

P S S5 R B E ) 8 K5 i) 5 52 A LA

R PRI EL AR P R A SC AR o T I X I AR

PRHEATERIE A, 15 BIZ PR U A eR B0 R IR
P (8) 5t AR SN AL RE £, 1R/

10¢ «Cl — ClULE Lk
0 C2 ———-C2HUAihek
4C3 - C3UhAr 2k
1F .\\\{\
. i ~
ks e, EA029ev
= Wil
0.1 £=0.42 eV TNa
LIS \‘\‘
S
E=033eV **
0.01 s - s s - ;
18 19 20 21 22 23 24
1 000/T
(a) VEAEATRPLA LR
10° ¢ A
«Cl — ClHA iz
0 C2 ---- CofArih 2k
. AC3 — - C3 A il 2k
= R ., E=029ev
<o e
i A
- /e
107 ¢ E=033¢V
107

19 20 21 22 23 24
1 000/T
(b) HFEUALER

5 XLPE-30 £/ IR 2 E #BIE(E
MBEMBESEHNUSER

Fig.5 Fitting results of peak frequencies
and conductivities for XLPE-30
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Table 4 The activation energy of
each sample at 250 C

HL 440 5 Y2 ) E,/eV
W2 0.32
XLPE-0 s 0.37
HhZ 0.50
P 0.35
XLPE-15 2 0.38
SN2 0.42
W2 0.42
XLPE-30 2 0.33
=S 0.29
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Fig.6 Cole-Cole plot of outer layer for XLPE-30
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B & 7 A] 1,250 °C B XLPE-30 4% J2 ik 1
Cole-Cole B FTEANR], HJZ 1AL Cole-Cole HiZk
KEMRRTINZMNEZ, ERBLLEZED, BT
XLPE {3 T HEASHRFR , BN AEAE N e Y
WALIIR AT 5 TR b B e o o A Ak i 7 O A i
B9, U] XLPE Jp T-HEZ5 1 18 BIROR ik TP AP e 2
AR . UG BT AR Cole-Cole IR, 15
BTN B0, AN S R T IR A
Yl IHZ IR A A T4 D 725 P it T R AOKG

%®5 250 CT&ifk#E Cole-Cole k3 57 i Bl F
Table 5 The central angle corresponding to
each sample’s Cole-Cole plot at 250 C

Mg BEEANE BOMC)
M2 146.19
XLPE-0 2 164.56
SN2 145.86
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XLPE-15 2 155.14
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M2 166.78
XLPE-30 iz 144.19
HhZ 150.54
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Fault detection method based on LCL fault current controller
YUAN Xiaodong' , SHI Mingming', YANG Jinggang', GE Xuefeng', YIN Jingyuan’

(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;

2. Institute of Electrical Engineering, Chinese Academy of Sciences,Beijing 100180, China)
Abstract : Compared with AC distribution network , many problems should be solved in DC distribution network, such as fault
current limiting, fault current blocking and power quality control. In order to reduce the number of equipment in DC system, a
multi-functional fault current controller topology based on LCL structure is proposed, which has the capacity for fault current
limiting , fault current blocking and voltage regulation. On account of the topology structure, the operation principle of LCL
structure under different working objectives is studied, and the multiplexing process of filtering and limiting current of LCL
structure is clarified. A fast detection method of fault current is also proposed. By matching the threshold value of voltage change
rate and current change rate at different positions of current limiting device,the fast judgment of bipolar fault, single pole fault
and high resistance fault are realized. Finally,the system simulation model is built to verify the validity of multi-functional of the
fault current controller topology,and the rapidity of fault current detection.

Keywords : DC grid;fault current controller; LCL structure ; fault current limiting; fault detection
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Insulation dielectric properties of retired high

voltage cables at different temperatures
FAN Xinghui', XIE Yue', LIU Gang', ZHAO Yifeng', ZHU Wenwei’, ZHANG Juntao'
(1. School of Electric Power,South China University of Technology , Guangzhou 510640, China;

2. Grid Planning & Research Center,Guangdong Power Grid Co.,Ltd. , Guangzhou 510075, China)
Abstract : Based on two retired cross-linked polyethylene (XLPE) cables with different service years and a spare cable, the
changes in dielectric properties of XLPE from different positions of cable insulation are studied. The XLPE samples are sliced
from the cables, and the dielectric spectra are measured at eight temperature points located between 50 C and 250 °C,
respectively. The results show that the spectra of complex dielectric constant for XLPE at super-high temperature exhibits
regular change with frequency. Then,the electrical conductivity and peak frequency of the relaxation peak decrease firstly and
inversely increase with the cable service year,which can be good index to show the changes in dielectric properties of cables.
The difference in the activation energy corresponding to the peak frequency of the relaxation peak and the central angle
corresponding to the Cole-Cole plots at different insulation positions of the same cable decrease firstly and inversely increase
with the cable service year,which can well reveal the difference in dielectric properties of the different positions from the same
cable. The variation in dielectric property of each sample at super-high temperature with its service year can be used as an

effective method to evaluate the insulation status of XLPE cable.

Keywords: 110 kV cross-linked polyethylene cable; super-high temperature ; dielectric spectra; complex dielectric modulus;
Cole-Cole curve
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