U ER TR

215 2023 47 A Electric Power Engineering Technology A2 E FHA4H

DOI:10.12158/j.2096-3203.2023.04.023
e i & 10 KV R 25 A [A] 2 Sk 00 = 20 A

PRA, BA, TaH, IRF', 24, BEL'
(1. AL Ay Ko A T TR0, LT 1000962, S Ap T A4 B VTt F RS FEL
ST W/RUE 15000153, AR H RO IRFEAEA R MELHLR )2 1M 510410)

i B MAEEREWEFRFEEERYA S, B b Ak TARREELET, A, LPATARTEES
10 kV =35 8 R F [q 4 k45 AR, 2T R BRI SRE R E AR B LA T P RELRES T, §4, FREIRX
I R R P Rk R BN EE IR AR EAE; R e, SRR RIER A T PRk S EHR T
WEEBELS LRNIHER, ARTAT L RRABS AR E T PRELORRELRAT, ZFXE9, F3
BT B P Sk 3 R BUR FIR R 6B A A B IUTIE A B R, AR SN B S R AL AL R LA, P
KBHERAFREATDREL WAEMR R BRX L, SO AGIAA 480 A ZRFERBAEA 75 CH, & EHA TR
A5 I bR R &R A AR LA 30 Catey 1.57 425 1.69 45, %3R3 R AT 55 T, 428 E 4x
MEHBEAFBASTAE T NELSEAFRA TR ERT R HAFETREI C, £ B3 A 2020 FAE
FRBLIBEH I e AT EAR T 10 kV 4854k =08 R T 6% 0 45 W 18 48 5k 09 B 4 A BOR B MANS B
KEIE: =S b Sk WA MR IR IB A R BAE

HESES TM247+.1 SCERAR SR A

0 3§

I, 3T A, g Jr iR B P, H T e 4 5 e
Rl TE PSS el S W b | ARG L] [ - O E o
TR R g miE Ae, WA 5 kA Ftil, I8
Giit,70% 1) vy i 48 R RS Hy H 4 ) 4 Sk i
A A P RS R B T
A i v st P B3 T R A — 0 1 v 45 v [ 2 Sk B
AR XURSE o 2022 4 K 7 [ P ik 20 4 DX %) #0455 i 35
it 55 °C,{H BT EZ bR GB 50217—2018 Hr{{
fza it 1T 35 C R RU N IREGIRE T T R
HL 28 %) 23 0t M T R R R g e TR 2 8 ™
FIAZEIIE R AT o XA S IR T,
AR R AR R i GB 50217—2018
TR (1) A SE IR SR M SRy 446 2% 1) P, 4 ) 5 R 1) B v
T 90 °C, H 4 b 8] 49 Sk A ¥R 408 2 b R 2 ik 2
Ak, BT 2 A it 1

R B P Ab 2 AT D0 v Tl e 3k i N R iR 2
PEAT R ST . SCHRL 16 ] 8 i 52 30 I 24 3 J3E 7
100 CZeAa I, fi e A B ) SR R AL, HL B
T EE B, AR 1 F R 25 52 AR AR i a4, 3¢
BRO 17 IBIFGE T FEAS ) i B T 1R A% e Hs H 40 114 4 2%
SRt . A bR SCHRATOM S 56 1 £ JBE T 5% P
TR Ao e 0 e TR Sk 1) 52 0, 5 A i 5 LB Gy
WMAS B 47 :2023-01-31; 149 B 49:2023-04-03
AR BREEALTRIFTHRB FHARE LR
T & B2 AL R s H RAF R (2021 YFB2400602 )

X E YRS :2096-3203(2023) 04-0215-08

Ay e a2 Sk AR IR L 0 A Bl o SCHk [ 18 ] i 2 fF
B H L A B o 1 0 B i R 1Ak e U
AR BIRLEE L R S VRl B (e, AR T
A IR E 1847, SCRRL 19 il ad 5 HAR ) 1 IE
TABAT LA I AN Sk v A A ) B R KR I 4
SAPR L E 73 A o SCHR[ 20 [l 57 13T RC
P DL 10 KV A2 =00 HL A HE Sk 1) = 44y LA
TR AR A S AR X il R B 4 IS Y
PEATIERE G 05 HE T . SCHR[ 21 ]33 T B 18 P 3
R e e R T L A O . b A SCHR A IR
W IBTIRE N BEAT 05 B AT, IR AR T i g L B
B35 I A P () Sk PRI JEE A o SCHR [ 22 ] X 1B A%
110 &V HLAG R 4 % 1 R P B8 AR BIF 20 A 1
PEAT T A B, AEX B85 I E A F 5415 7 IE
TR, R I8 AR o vl PR L

2021 45—2022 47, JLLU X 5 A O 2
AR5 &R PR BT IR VT Bl it SOh BT IR
TUHE, HENT 10 KV =08 48 S H e [l Sk 1 B A
H AT AEAS ) 1 i o 30 P 85 AN [ L3 T A 3 T
HLZE A Hh A L B ) 42 Sk 1) R e Al o SO
WFSE AT b 25 SRR S g i PR T 10 kV A A =858
R IR 0 240 % v 255 v ) 2 K O 15 S AV B Y
PRl 2 R AR

1 10 kV B4 EEA T ERE

1.1 HERERMHSH
FIRT, 10 kV R85 R 2 9 8570 il ik . 3T I,



2 HEHEAR 216

SCHEE S YR EL AL, AR TR 43 Ol DU ), B —
HIY A 10 KV =8 A 4 vl 3k, 2 SC o R
FENF G 3 55 T4 5 v )4 Sk R ) = 4
2 T 1) A% RO e ) 22 Sk R B 43 A I RZ R, A ]
P T S A% 3.75 m K (0 B 4, FE LA R
Xof e )42 3k 1) A 1 A% TG 5 =0 0 S L A, AR AR
R SR YA TR v % R 4 0 11 56 B DA JEE 1 g 4
m, K55 R Pm I EE B A5, O 8 m 55 PR
SO, R SR AR B A
HLARANT P A BB F 45 20 m' P 10 kV
HLA PP Sk I S A AN T L TR, LM AR P 40 51
H R AR DRl 2 | F 48 2 % | o 2 5 i A
W2 LM E R, IR ZER 1
FESC 2 b e Sk b 1 T 1. 2 2] <250 mm
i, g )4 3k X I, 2 (2] > 250 mm B, Sy AL 4G
X 45,

12345 6 7 8 91011 12 13

—2.50 mm 0 r.nm 250 r‘nm :
|—E R H A 2— s R HR AR 3— g%
d—AHZ G S—HCRAS: 6—HlIMZ,
T—RAOIEYIKESH . 8—Fadetr: 9—R#EE,
10— 1l—mEhrl: 12— RiJ0HE: 13—BiKH
1 10 kV B4ifEELAHEEmRETE
Fig.1 Schematic diagram of the cross-section along
the axial direction of the joint of the 10 kV cable

DA BT M JE S v TR Sk B 26544, 15 PP OB 1
BOEIR RSN ESE ), v 28 K H A i 2K 1) £ FLAR
TUINPE 2 7 o SCHIA R I HAE 5 i e 3 S R
Gy i, AN R Sl PR B B9 L5 T A R B 4
G RAFHE b, ANAEAE R U5 220 W HL 43 o 5 42
LG Y SR RL, B A 25 M A A R S RO 3R 1
Fj]j/j—‘_\‘[24—26] .

B2 ZBBESRHEPEZELRERE
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Table 1 The material parameters of
the 10 kV cable joint
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Fig.3 Boundaries of the simulation model of
the 10 kV cable and joint
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Fig.4 Temperature measurement test of cable joint
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measuring points
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Table 2 Comparison between simulation
results and test results in steady state
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Fig.6 The temperature distribution in the joint
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Fig.7 The temperature distribution on the surface
of the current carrying conductor
(T,=45 C.l,=480 A)
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Fig.9 The comparison of temperature distribution along
the axial direction on the surfaces of the outer sheath
and high voltage current carrying conductor
(T,=45 C,l,=480 A)
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Fig.10 The comparison of temperature distribution
at different ambient temperatures (/,=480 A)
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Fig.11 The relationship between the highest tempera-
ture of high voltage current carrying conductor
and the current amplitude under different
ambient temperatures
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Table 3 The parameters of curve fit
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Current carrying capacity analysis of 10 kV cable joint

under extremely high temperature
LU Binxian', XUE Tao', WANG Yijing®, SUN Xinyu', WU Zheng’, JIAO Chongging'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 100096, China;
2. Heilongjiang Provincial Government Investment Project Construction Management Center, Harbin 150001, China;

3. Guangzhou Power Supply Bureau of Guangdong Power Grid Co.,Ltd.,Guangzhou 510410, China)
Abstract ; With the increase in ambient temperature around the world in summer, the working environment of cable joints is
deteriorating. Based on the finite element method,a simulation model for temperature analysis in a 10 kV three-core cable and
the joints is established. The temperature distribution is analyzed under different ambient temperatures and different currents.
Firstly ,the temperature rise experiments are carried out to obtain a steady temperature on the surface of the cable joint, which
verifies the accuracy of the simulation model. Then,the relationships between the surface temperature and the current of the
high voltage current carrying conductor of the joint under different ambient temperatures are fitted. The ultimate safe current
carrying capacity of the joint under the different ambient temperatures can be calculated by using these related functions. The
results show that the increase of ambient temperature has little effect on the temperature distribution trend of the high voltage
conductor surface of the joint, which also meets this rule on the outer surface of the outer sheath. The relation of the surface
temperature on the high voltage conductor of the joint to the current is approximately a quadratic function. When the current
amplitude is 480 A and the ambient temperature is 75 °C, the highest temperatures on the surface of the high-voltage current-
carrying conductor and the outer surface of the outer sheath are 1.57 and 1.69 times higher respectively than at an ambient
temperature of 30 °C. When the ambient temperature exceeds 55 °C ,the continuous allowable current carrying capacity specified
in the national standard can make the high voltage copper conductor of the joint exceed the maximum permitted operating
temperature of 90 °C. Considering the continuous increase in summer ambient temperature since 2020, the continuous allowable
current carrying capacity of the intermediate joint of 10 kV copper conductor three-core cross-linked polyethylene insulated
cables in the GB needs to be improved and perfected.

Keywords : three-core cable;joint;cable trench ; extremely ambient temperature ; finite element method ; current carrying capacity
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