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Finite element analysis on thermo-mechanical effects of smooth aluminium
sheathed cables under serpentine laying

JIN Chengyichang', LI Huachun’, REN Zhigang’, WU Ming',
MEN Yekun®’, GAO Jinghui', LI Huagiang'

(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University,
Xi'an 710049, China; 2. State Grid Beijing Electric Power Company, Beijing 100031, China;
3. Beijing Electric Power Research Institute of State Grid Beijing Electric Power Company,
Beijing 100075, China)

Abstract: In recent years, attentions on smooth aluminium sheathed cables has continued to increase in China, but at
present, the researches on the laying of smooth aluminium sheathed cables are still insufficient. Conductor heating caused by
thermo-mechanical stress during laying process of cable may cause safety problems. In this paper, a finite element model of
smooth aluminium sheathed cable under vertical serpentine laying was established, and the thermo-mechanical effect of the
cable was calculated and analyzed. The results show that the vertical serpentine laying of cable would generate serpentine
arc lateral slip, making the axial force induced by thermal effect much smaller than that of the straight laying of cable, which
meet the long-term safe operation conditions of cable. With the increase of temperature, the lateral slip of vertical serpentine
laying gradually increase, the increase trend is consistent with the theoretical calculation results, and the axial force changes
from tensile force to compressive force and then gradually increase. By appropriately increasing the arc width and semi-
serpentine pitch of vertical serpentine laying of cable, the axial force of cable can be reduced.

Key words: power cable; thermo-mechanical effect; serpentine laying; finite element analysis; smooth aluminium sheath
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Fig.1 Schematic diagram of cable under serpentine laying
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Fig.2 Structure of smooth aluminum sheathed cable
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Table 1 Simplified structure parameters for cable
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Fig.3 Finite element model of vertical serpentine laying of

cable and meshing
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Fig.4 Temperature field distribution of cable under

vertical serpentine laying
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Fig.5 Displacement distribution of cable under

vertical serpentine laying
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Fig.6 Thermal stress distribution curves of cable under

vertical serpentine laying
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Fig.7 Thermal expansion schematic of cable under vertical

serpentine laying
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Fig.8 Curves of axial stress component
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Fig.9 Axial stress components and equivalent stress curves at

point a of the aluminium sheath

T PR o475 B 1 J5 PR, 78 X6 L 48 7 iy 120 9
AR B W E AR R — e R LS RN )
LRI AN JME S B S TR JEA — &
N AT EENNE = B 6 R Ui, 45
7 2 R 3 A H B B R RN ) 43 ) A i 58
MPa 131 MPa. X A SCHERH 1060 5544 L 22
PES R, B B /D0 03 DX 3R AR 1) e KB PR T AR
5 0.025 0 F10.060 0 2 6], BEPE T AR FE AR /N .

TESE R b b de T S gk e S AT . HLAR
e T SN A 1 g B R e T R S T e A ) e
23, 1A S 77 R A G O B T 1R . O T R
245 3 6] EH T 32 [8 58 29 %A 77 A2 B 7 &7 e AT
XoF 01 ) 7 4 v 7 AR HOK SEA , AE FEL AR T A R R T
I (8] 5 v T 1) TR AT S 80T, 10 AL
B TR -

JE 0 FCAR T b )l ) B 7 AT AR 43, R4S 2
A ARG 2 R A T, A R 11 BT R . HH
B 11 A 50 AR S VR T S R 32 B #RZ K 52 i 3
PRI N 20°C B, FE 8RR A2 hr g, AT b i 1) 2
732822532 N, 77 A4 B 10 8 U5 3k BT s 75 1 s
MES AR S BRI KIE 0T, ARk
JE 77, SARTEE N 90°C I, Hh i) R 45 1 1E N 3 146.9
N, 75 1 A B 10 40t 5 Sk B 7s 77 )« GB 50217—
2018 71 6.16 25 , HL 25 0 T2 A 1) 2 000 % AR
TIE F 205 DAL I 2 A Ak 7 A il ) A S g TE 3 L 4 4
G, Ao nt L8 4 R A B K A AR R AR 9 5 B
2, HE i o vr ol 70 s A e ™. & B STk



SRS P Y B A O T AU A BRIC 2 Hr 163

FOVFHI R I T+ 5L T7 30 AT S, A S0 AT AL 2 490
mm?® [ ER 7S 2 VE AR 0 TR 70 19.6 kKNP, AR
328 KT 3L AR BT AT A TR e E B ) il 1 T 1
WY g TE SO LA 2 S BUBR 7 8 N AR 55 T 2 1)
AR R

DAL JE45 71

=

E10 EEBEBELSMENTER

Fig.10 Schematic diagram of axial forces on cable under

vertical serpentine laying
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Fig.11 Curve of axial force versus temperature
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Fig.12 Curves of lateral slip versus temperature
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Table 2 Simulation results of force field at 90°C under

different laying methods
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Fig.13  Curves of serpentine arc lateral slip and axial force

versus arc width
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Fig.14 Curves of serpentine arc lateral slip and axial force

versus semi-serpentine pitch
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