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Dynamic Modeling and Simulation Analysis of Underwater Cable
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Abstract In the process of underwater cable motion modeling, there will be low stress relaxation, large bending or
torsion and other deformations. Therefore, it is necessary to finely divide the spatial discrete micro-elements and the time domain
solution step size to describe the cable curvature change and avoid numerical solution singularity. This processing method makes
the solution of underwater cable motion response extremely inefficient, and may even cause calculation errors caused by the
accumulation of truncation errors and rounding errors in the process of numerical integration, which makes it impossible to
describe the real state of underwater mooring, towing and other systems. In order to accurately describe the bending, torsion and
other deformation states of the underwater flexible cable and its influence on the mathematical model of the motion system, the
cubic spline interpolation method is used to construct the micro-element space form of the underwater cable, and the continuous
underwater cable is processed by nonlinear discrete processing. The motion equation of the cable micro-element in the domain is
solved by the Galerkin margin elimination method, and the mathematical model and solution method of the dynamic motion of
the underwater cable including the bending moment and torque are established. The accuracy of the model is verified by
comparison with theoretical numerical calculation data and offshore experimental data, which can provide an efficient design
method for the engineering application of underwater mooring, underwater towing and other systems.

Key words maritime engineering and technology; underwater cable; dynamic analysis; weighted residual
method; model simulation
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Fig.2 Non-linear element of the underwater cable
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ship accelerating process

IBA S R R HEAE ALY 2.5 kn S B)

BrAIR PR EIRES , RO HEADBGE B B, S
HEAE 60 s I [a] A XIS FERE 1.0 kno TR

B ME 4 FioR, Bl =0 i 2009 251 &%
N F 2.5 kn Bk W 4EFRE =60 s BF A,
ML M HGA R 1.0 kn, tHF LSS AT H, s
T TR AS I R) T S 2 460 s,

'R B
¥ R
_50 |
=0
100k 2.5 knfif X}

E
@ —150+ =60s |
K
=120s
—200F
* —>=180s
-250F , X
1.0 knfji % §
300 : , : : :
0 50 100 150 200 250 300

ACEITEARR G2 /m

4 JERRRIEIDIE HA i85 T
Fig.4 Attitude change of HA cable during the towing
ship decelerating process

i LS4 R 57 L % Hopland
S A B R S AL B AR AR, R L B A AL
WE 5 SRR W 5 B S AR A L e S — B, ALAF
TE AN 22 , HEDU R Pl T S0 9 0 e i 22 K S ) A
HA T L T S R A B
3.2 AREMTHZTHETIHERIE

A 1o 55 AR At SR AT i A (LA 28 ML A I SR PR AT
52 71745 B AL BT HEAT HEXS 20, B e A T3
v B AR e P ST R 3 B IS AR B T 1 T B AR
2 Ha I ) PSR LS s (IR 25 05 A e, B
PSR v 25 i 1 g B S W 4 SR AT HEX A3

051 ) Ay PSSy — i ] 7 2SR, — B L
8 A SRR ATF , 0 AR S o 125 1) 8 Hp 2y
Po HIRPR IS ASC AT SR A 7 i TR, AAT
fE— Ak iR F

l:%:__MBEND (22)
p ds EI



KTFREREHERSG AW = - 223 -

Lia

dh

BS5 AREZUEFHSHPEETEEIERE
Fig.5 Bending deformation validation model of
flexible rod

P Mpeno WIZRAALCE S E 9B AR i
I AR RGE SRR s 0 iz DA I 48
O S s BRI
R, ARG A A o Y
2EI

A = Lot =3[~ 510 O (23)
P
dv :I sin @ds = Lo —dh ﬂdx "
S ' 1—sin’ 6
H AP OR S 1 RUABR L  Omax N
Onax = arcsinM (25)

2E1

AR IR T S B E RS B | AR AT o B E AR
Gy 3R 7 AR HER

ARF BB T HSEUT . EAR 20 mm,
KB 10 m. 25 1000 kg/m® . #idEAR 2x10"! Pa,
SR FH 0 9 AR 2 B 1A B 28 S S A 14 3 3 4
i RE 5 BTN RIS 188 PR AS T AT
TEAS KA 1T 5 AR e, FREE SR AN 6 iR .

/m

7

LT T ALS

1
=

0 2 s 6 3 10
JKAFAE R /m
6 ARIEHPHEERATHRTFEEES
Fig.6 Torque equilibrium attitude of the flexible rod with
different loading

0

P=40N
-2

/m

7D

T A

-6 I

g

07 50 100 150
/s
7 RimT R A AREREE A R E R
Fig.7 Change of the end node’s coordinate value
with time

{H/m

70

HIT A%

1l

0 5 10
KAFTT EI AR {E/m
B8 MHRAESHEEZEWEER (As2s)
Fig.8 Change of the attitude of the flexible rod with time
(A=2'8)

TSRS R AT 0, AP S 1 a5 AR 2 2y P
A R Sz e | 725 i R 7 5 28 P 3R IR] A A
& R 7 B B RO B R 5 I 2 T

AFFHRLHRAAET , (A SO 2 3h 5
A TR SRR iR A5 B (9 A S 19 e AR AR (LS i BT (EL25
FAXIUR2E & N R BN, BARTTR I %N

=0V wdh = L)+ + ) Vg (31)

RN RAE IS B TP N e | 32 SN St 7
RS WO vk A S 0 g 2 4 ) O R EL A B O
T o




- 224 -

BFHEAEHRKT A %5 %

#z1
Table 1
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Comparison of the simulation value and
theoretical value of the flexible rod

WA PN RS AR BB /m RS AL bR EDE(H/m A X R 2 /%

20 (9.165, -3.665) (9.182, -3.654) 2.07
40 (7.877, -5.583) (7.877, -5.560) 2.30
60 (6.869, —6.568) (6.843, —6.563) 2.64
80 (6.110, -7.172) (6.082, -7.170) 2.81
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