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Parametric evaluation method for torsion damage of submarine cables

LU Angiang®, LI Ting®
(a. Department of Electronic and Communication Engineering; b. Hebei Key Laboratory of Power Internet of
Things Technology, North China Electric Power University, Baoding 071003, China)

Abstract: In the process of transportation and laying, the submarine cable will inevitably be twisted. If the twisting angle is
too large, it will cause irreparable damage for the submarine cable. In this paper, a torsion model of submarine cable was
established by finite element method, and the characteristic parameters that can effectively reflect the mechanical
characteristics of submarine cable were determined by analyzing the temporal and spatial distribution characteristics of
stress and strain. The threshold values of each characteristic parameter when torsion failure occured were established, and
the mechanical parameter system that can represent the torsion behavior of submarine cable was established. The results
show that the axial stress distribution of the submarine cable is more uniform at the initial stage of torsion. With the increase
of torsion angle, the axial stress distribution of cable body will fluctuate. A parametric system including copper conductor

stress, XLPE insulating layer stress, lead alloy stress, armor layer stress, and torsion angle can be established for parametric
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evaluation of submarine cable torsion behavior.
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Fig.6  Stress-plastic strain curves for each layer
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Fig.7 Stress-torsion angle diagram for each layer
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Tab.2 Warning alarm and distribution rule of each parameter index of submarine cable

, \ e
WH e i e g 17 : :
iof (] 75 (8]
60% JT IR % 4 % i IR I 1%
s ps ORI SRR i B 1 1 B AR
186 270 310 480
60% RN AR i e et
BN S MPa ‘ ““ - 2 BRI , DU T
410 600 690 1 040 ,
o 0 \ F PERR B S £
%uc.%l\i’%ﬁﬁﬁ eomimﬁ 9fﬂf1€i’f)(§)€ﬁﬁ EHE’;JiJ‘Jﬁ ﬁ/i*)(})iﬁﬁ s
a . . . .
P R A3 —
N 1.4 n - ENSN—
XLPE 4i %) 5 60% D ] N £ AN AT
GAIER ST 60% RN I H R i PR 7 BERR e
/MPa 20 31 34 35
SRl
oy PURE HARTRAHE  RRAE MACEEER &R
U £33 1/ m) ° s I fo iz MR BRI R b,

3 11

17.4 FE NIB IR B

NGH B RSB R LR R RBEE K
AR AL . HEHI, A AN 2™ E
477 AR I AN B B () B, AR A RS i % R
LR PP RURE 2 R R I 18] 3 A A2 7 AR, S L IR
HOBAT , BRI B O TR R E B B oy T N#EAT 36
BT T2 a] . BEE A RE R RN, B 5
SBR[ A L Al B 4B CRIDIE 31 ER
B, B B R IEAL , i T8y & e MR RS R I

RE » 47 1 5 T 5 0 B L A AR TR 2
A PR AR T RE 2 R B SR AR IR A s B AE
FeRp s AT , AT RE S R BUTRI R KA, Lt i
IKAE 2 A7 32 NI 11 RS, 2 T 2 M 26 2% ) IR 18
170 REHLEE A ARSI, ] S 1R B R ARG R
bl 2 52 B AL I s 07 AR W R AR T, OF th T
I B Bt N Y B B R 2 5 BUR AR
RBGR T ETOR V2R R B RIS R



@EFR 2023,56(11)

B 2250« IR BT 07 (1 2 BAL VAN D9 115

FUBL G R A a3 T 7™ B U i 48 48 4 1) I i R
W&

2R 28 S b A o, TR S B 7 0 A0 75
R € Z BRI g0, 2 UOR A LU 7 4 J D ik
17 ORIE SR R A DhREm € L . 4%
JE Ry RE R BR E FR 5 i K, Ho— B iR B
P 3 U R M, A R AR R TR
FELUAL L I B R S M 4 2%, B R s R R BE
i gt B3R AEAUBR R 37 M 5K 0 2 1k, By 1 i B A
AT R KA AR B, BRI IR e E L
LT B AP BRI A AR S — R B B
Ub, AL 5 R S BN S R HE P N XLPE 4% =
2 A7 A S AR N A AR R E N VB S BN T
HEE AL . ORI s e A I 2 B AR A 1 e )5 I
FeuE i edi. E 4R, B e ERkKE
Ji AR 5 B8 J5 AR K O AR AR 2 )RV XLPE 425 % .
T34 FEIE BN S5 E B VI S KB A R 2
e e EOiE R 1 RN E, HAl R A K
AT BT U L A S RICT i a S BN
ANV 3 A B 73 2 18] 5 B Ja 45 2 (8 S R e O - i
B A BNy HLE R A AR R ) R
JIXLPE L JZ N F) o SEBn TREH, AT AR 4 B A4 1
DU — P E , B 255 25 S SR

b, RTIRBGENHIEIT NI ERRNE
A7 5 e S B TR 48 5 A AT I B S BN
AR » B AR 1t ) i 2 PR PR T R

4 BSERZRIENX

P IR ESL R Tl S L i )15 5
AR T 12° /s 1) ¥ 45 A1 i AT
X H I M AT BIE

P AT i S LR A R (A LI IR 4 )
=) R 2, 5 R an i 8 s . AR 8 AT LL
B :O&Z &M/ T 5 TIRE R AR, 8514
XLPE 4845 2 VHi & & 978 28 2 40 T 530 1 N AR By
B, HN TR I — i) (A B AR AR i, H 2 R M K
i, 5 BRSSO R — B0 b i S
S IR LN 2.1 /m, 7R 1% 2 5 A L Y, i0f
Bish T IEHREN B, 5R2NEMFF. @4
KA B A] 2 0.05.0.30.0.65.1.65 s I, i & 440
B A Sk B R XLPE 484 2 2 ) T 4Rk B
RS2 B 5 240 5 58 — RO AR i RN CRIVRS & 46 47
BIRB MR , B A BN 3° /m: 5 ZIOR B R
JIR b CE BEL K 4 S 4 e A2 it IR ) » Y 20 1L 4% g P55 488
F) 18°/m, ML g 25 Bk j™ HORES , HEZ A B R w ™

RS, B LM S ER RN EAY)
B OMRBLRJZ S5 KNSk 3 Jt e oit B2 AR PR A » 86
PR R W R AR, 8 2 S5 KR 52 B AN T 3 e (1 7™ 2
W0, G AT 1R A AR H ™ FORES

G4

<= XLPE4i %% )7
§2$; M e
_%400
=1 200
0
0 0.5 10 15 2.0 2.5
40 I 1) /s
£ < XLPE4i% 2
S 30 ~aehE
-ﬁ 20 ‘.-';,-.-
=10

0 0.5 1.0 1.5 2.0 2.5
Hf 1) /s

8 IBUIR BN SRR E T L Lk
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Fig.9 Comparison on stress nephogram of submarine cable
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