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Modeling and Simulation of Mooring System in Anchor Handling Simulator

Abstract

Abstract: Dynamics modeling and simulation of the mooring system are the key technologies in Anchor
Handling Simulator (AHS), the model's quality and the visualization have great impact on the real-time,
fidelity and immersed feeling in the scene simulation, and hence affect the quality of training on the
anchor handling operation by using AHS. Based on the Lumped Mass Method the dynamics model of the
mooring line was built up, and 4-order Runge-Kutta method was used to solve the model, and the
computing speed could meet the demand on real-time; A model for the mooring line embedded in seabed
soil was established, the modeling of line-seabed interaction was realized, and the results can reflect the
line's motion in seabed soil; By applying a series of visualization technologies, the dynamic simulation of
the anchor handling operation in offshore engineering was realized.
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Abstract: Dynamics modeling and simulation of the mooring system are the key technologies in Anchor
Handling Simulator (AHS), the model's quality and the visualization have great impact on the real-time,
fidelity and immersed feeling in the scene simulation, and hence affect the quality of training on the
anchor handling operation by using AHS. Based on the Lumped Mass Method the dynamics model of the
mooring line was built up, and 4-order Runge-Kutta method was used to solve the model, and the
computing speed could meet the demand on real-time; A model for the mooring line embedded in seabed
soil was established, the modeling of line-seabed interaction was realized, and the results can reflect the
line's motion in seabed soil; By applying a series of visualization technologies, the dynamic simulation of
the anchor handling operation in offshore engineering was realized.

Keywords: anchor handling simulator; mooring system; lumped mass method; dynamics model

5= gt WIHE N RGBS EAL RS B E AL
ARG RA RN AR TR e T (AR
s RV AR Gepl) 2 N i TR, 2 H
i E LR B AL R S
BEAT IV TR AN ) YRR A, U B Y Ay V7
BT a7/ K9 GiNE EREN U JUDUHERIEN /S S DN e
Hekig HOB: 2015-06:00  {BIIH: 2015-07-24; o PR S RN )l R BT T
H4IH 863 MLBI(2015AA016404); A7 3 # JH Hk ‘ - . . . .
Voo abwision b eo14320225870); o serkediApiony,  ORBRHZER . DR, W fer X B AR AR OGN Bt
U Bk evi)(313204330): P ., Y G
O (I KERQR6). B UL, 1 AT VR RO O T, 2 H TN ) i A
m. BFSCT Ul P B (R RAE, 1969-), R 1) R o A% 2 AR R AR AT R DI SR S A U 5k

b1 5 5 2 77 245 M B0 A BRI
WA ST, SERA ) (0 5 A 1] R A 52 3] T
Mo IR AR - e TR v 32 SR A P E AL R

gy, WL, ¥oE, W%, BROTROMUESSG o e
B, RIS AR 17, B BoRBUR, BAAER KN 22k

http: // www.china-simulation.com

© 2285«

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 10, Art. 9

%527 B3 10 1
2015 4F 10 H

ARG HAR

\ol. 27 No. 10

Journal of System Simulation

SECRI RS, DRI T 3B D) s 4 L DRGHURIT i 25
N7 3o FET X mZL TR, N 2 Fhoe
Fe R 7 R SRR A A P i A AL
VAZ T A o

K] b — A0 44 (1) 28 ) 48 8 T 4/ A L 2%
IR I IE TR NAL T, n4l)gi¥) Kongsberg, 5%
[ ¥y Transas A7 /) MPRI %%, STCW A%y e
FHAEIE LR AES B-Vie 15 h3in 1% T g it v
i I 97 T (1 PR P A AR s A 5 1 R IR B A
T NP T AR RIS R UE AT B E
R, FEEIAG T N B 24T B I AR R
DNV M At o 81 B VR VL R I A 0L 2
Tl T VRN A UE bR SO0 RV E R0 3 1 R
SHEARBEL A TR . TEE Y, B R AR
L4 (IR A3 Kb T RIF TR B

BT R 0 1) S 55 7 B R A AR % 11
KRR —, Hg) )y 2 BRI o sk 25 5 21 v
SEEE BRI Se A S M AT AL O R
23 R B4R R B2 P37 s 07 B0 38 L R
R, DT 552 M 811701 FH B 450 A S0 25 0T D A A A O
BN AT R8O o

RSO b R A A R E 80
PR, 78007 IR AR MR SEEAE H] D B R G 52
w4 ST A R AR, IR

Oct., 2015

R LA Z T A NI DY JeAs - P BT A T
RS, FERH — RS VA S Bl R A
FEMBIAS 15 o

1 HEHRERE) S FR R

BTH R GE Bl ) 2 B N ST AE I ) AR
PRAE, ANSOME 7 Z S T B AR FR 2R 0 — xyz
MRFBABbR AR i —btn , WAL 1 JroR. PEAAAR 22
25 [ [ 52 AR ARBR AR SR T3 AR U AR i L
MIHERAL, AR s=0. HIARSM
By ) SR R ST AR AR R AR R, BT T SR N
P B2 ARbR AR N BEAT o SR AR R 2R B A A T £
Fs tHOVESRZDI T ], TREAL L s (1
INT5 100, n R b 23 5 A B S ot R 1) A i
] s BRFLA (p,0) MEITALMOTBU A . A
AARR AR AT TARR R, TR A (9,0) BEAT R
Hko Jah PBARAR 2R ZIGHIE AR AR 28 AR AR Ny «

cos@#  sindcosg —sindsing
[A]=|-sin@ cosfcosg —cosfsing
0 sing cos¢

Bl: [x,y,z]" =[Allb,t,n]" . HiFE[A] A BN IE
AR, HLIRE R Ok L B

seabed

Bl 1 ARG R

A SCHEE TR FRA LA R G ) ) o
B, KA e e W) O — RSN R R
s=0NEi=0DWrl, Limridbs=S, HEi=N

AR AR RN S o I Bl ds Bt
11 o, Higahk 52 2 H )1 57 01 HARRL
JIRIREAZR 5K ) S RS o X ROC BN, FY A2 —

http: // www.china-simulation.com

* 2286 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss10/9



Zhu et al.: Modeling and Simulation of Mooring System in Anchor Handling Simu

5527 55 10
2015 4F 10 H

SERE, AFRIEEIAZAT | AN AT A

Mi% =AT, + B +G; + Fp; + Fy 1)
b, X A ES AN A BRI A ) i S, B
HIERE s AT, A5 sz 205K 1, 5K J1-RNAR QR 3%
LRMEAALEE, FLAKYOCF R IR v s Al ik s By Al
G, 7 AN B AMHOT BT I ARE s Py AT
B T2 AR RE Sy, 4% AblowP A Huang!™ 45 A (75
EVEES M OB TR, RO
BB e o my A AR K TR B & My, 3
T 2 00 B R I SR R R 2 L,
TR Fou AL SR AR A BARH
WP
1.1 5K E2Z BAZE

ik BT 3 00 MR BE s ORISR
T AR R AR B RE T30 R D BB S ik A\ B IR
brbe ARSONETIEMM A, LR -IIR
LA R B T A, ST BRI R A
B 1A 9, BRI SAE HARRIE B 52 ) 43
Wranl 2 fhose o, v ONIZALE AL I8 3
R R F, 20 59 by i A £ 32 3 1K) A BE B O A0 - 4t
I35 o3I RHERTA L D) AL, R AR bR &R
RS T AT o

K2 krhainges )i

X T4 T ARSI 8RB G, VR B )
q ZMURE ) A
g= Ncsubb )

ARG, A5 AR RS TR AR SRR 7 3

\ol. 27 No. 10
Oct., 2015

Horpre NAAREREG s, AAHEKBUBT IR
b, =d, ~3d W ABRBEE; d, A HIRALHA
FH R R AR AR EAR: d ARSI EAR.

ZIEESVIR aVSE

f =b.a,s, ®3)
Horbe o APTIRAREL EWRIPOR LA 1.05 b,
HABEIYIEE, it b, =5.2d ~10.3d .

WEIRIH LA R AR AR, LA K
PULBY SR S, =S,0+K-z, I s,,=00kPa,
k=157kPa/m, T/AREEs =3.

1.2 HAZBUR

BT 2RISR BE B R vy, » A2 OC T I IRD 1 BRI 2
Vr > O BFCEE, vy, < O P . k2R IO AL R
S B H PR WA VAT R AL A

A= Vg d, @

JRCEERT Al> 0, Ja AN sl Z RN RE
Iz + Al 24 |Al|= 1y, BFEEI—N 1, iy
1 R PR PR Ay B0 P N R IR A R
ZH—F, Al=Al =1y, s WEHERT Al <0, f)5
PEANT AT Z RN RE A 20y + AL, 2 A2 1y,
IR — A, A=A+l gy, o 555 P T A5 )
R FEN T 1y ~ 2l yyp ZTH]

2 BRI ERA

AN TS &, TR
/Ny VR AR G0 IR B i I S A A b T s A
WL TARSBEAR Y B, MRSl 2 A T ARG A —
AR, TARS Eim SR s I fr— 86 i
P VH e T P AN o 5 IS B IR R —
o WIUR S AT AR TH AR G0N AT 48 7E A 4R N %1
P R B AR AR A R, ) T o i A SR Ty
ECELIR

WRAT 5 RE(D) ML F 56 AF, FHIN_E45 €1
HHR GG 5, IFiv =dx/dt , 135585 (1 ki
(O wiEEa N

http: // www.china-simulation.com

© 2287 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 10, Art. 9

55 27 %4 10 RGN A Vol. 27 No. 10

2015 4 10 H Journal of System Simulation Oct., 2015
T i G SR T2 1T IR 8], I B 22 32 SR A B
T l12eN-t) ) I =t - AUNZIREIRG . HTIZ AR
Eﬁ:; ViR 5 B 3 i, 81 ) 2 B R AT R P 4 TR o
dt

X5 R 2R A DY B e A% - P PR AT AR

BRSNS KE . SBKE, SRk
EER. HA. PIMANE MR RS, k)
v
FREE S B AN XU JRGEE 38 )
. W BORSH, WIEME)
v

Bl v 2o 2 | L |'?'JH&(+§W
V%mﬁ%?uﬂﬁN&
'/H&f’:’%‘“ﬁb‘l‘ﬁ(}’ e
JERH T, KRG REI)

v
W B ) TR YIR AR (DRSS AR A I iG
HH,$ L@ﬁx&mﬁ@ﬁ%%ﬁﬁ&)
v
WE AR
Uiy, [ E i IS B )
!

B R KAL 1%

PRI AR ST 155

P

ERE e d
v

SV B T

K3 HEAA ARSI
3 HBRMEIEMGE

W 6 (0 AL PR BE B K TKIR R
7 HTE W 2 R 2R, 7 H A S A B
fifs(Anchor Handling Vessel, AHV)5¢ A7 .
PRI AT T AR B B %, AR IE L
A SFRIMNRR A, I ITME e TR Hi
AR I Z 0k RS, ).
T I SO LG T A o o il i 48 1 el R )7
AR B Z I GRS R T A

| iy 4 14 |
v

REUAR AT (=1 =2+ i i1 i+2))
M BEAL R, SR EES K.
EAR PPETE . D) R R R
v
KBRS B (=1 =2+ i 1. #+2)347T
WL S5 BB R )

| s 2 i A |

WA PR W
i, &)1
v

RS

THE A R BRI 9%
RT3 A
v
AR T RE SR AR
BT A A3
v
SR RN SRR, A
g U AR [
'
i=N? i > i=it]

')

T&

IS V]
K4z )y r R SRR

B, ek TAEIEE . 3 TAERCR, #ihlfpE
ANV RS 3 AR I S AR AN [ [ 28
VENVZK IR T 2R Gk A PSRNV AR Al s o 22
S, AHRBUS R A —SL.

AR SO i B A T 1 5 I it A A R o AR
AT T 80 3 7 BLAT S /B Al A e PR 65 2
200 m. KA 700 m RS b, BRI AR
S CHR[L0]H 20 88 . B8] 5 B A A RE 1)
R Hig S TAES SR 1 PR, JHk

http: // www.china-simulation.com

* 2288 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss10/9



Zhu et al.: Modeling and Simulation of Mooring System in Anchor Handling Simu

27 555 10 Vol. 27 No. 10
2015 4 10 A R, S H BRSSP RS LS T Oct., 2015

HivE W EE RN 18 000 kg (4 400,

TG, PREMREL - & IR R G,
FERE L TEAAE BN L PR R AR
i TR A B2 m, &L 1.0 mis (R
R, ORGSO . BL 0.5 mis I FEST
1T HAL TR WA 6 Frox, HrhRpmiskihz
[) P BRF 0] (B g ok 2 3% o BEC 8 W T 52 v 4 4
M tn i 9 128 0~23 min k.

TEFESF- & 750 m AL, ~F & U FE S K T I A%
K, 151 450 mo U5 6 R R IR 0.4
/s, I EC O LS R TS T ) A 4 i A
2 M RTAT I, MihE o 0.5 m/s. 7EFEF-4 1550 m AL,
MK IR 2 100 m I, P& R R . kR
HRETAR IR AR AN ] 7 J7i o B B0 IR hE ) R
/NI 9 5 24~48 min TR,

R1HHLS TAESSH

iKY BAKSE o K HAR BRI AR W IR R 10 0|
/m fkg-m? Ikg-m™ /mm /m? E(Pa) FLODZES B R
TARgE4 1200 24.7 20.83 77.0 0.004 7 1.96E+11 18 0.004 9
Rl 2 450 92.0 80.0 84.0 0.011 1 1.96E+11 15 0.004 9
ke A A HtE U
O 1400 800 1200 1600 2000 2400 2 8003200
+700.0 ‘ _A_A—/r/; — -
A5 20
T T
5 HigfEd TR ER
N/ 7777777 DU HIAELEL, 05 mis 73, JHERIFE 1
= \N""///) )]/ 650 m 4TI I AR CEH, WAL 2
£-300 \\\:; //’ ’/ S HiI7E 0.5 m/s~0.8 m/s. e B Fr IS T A 455 a5
;‘gg ' %i}_z, //"/ 0.5 MVs.. AR 1 2 TR AT 11 00 5 00 24 T
it ;)o 600 700 800 PRI
x/m YA BB 3 250 m I, I
6 VG R R IR ALY R B A 0, - 6 T8 HE A B UG O 2 450 m,
0 PR A AT TAF S48 1200 m. 4] 8 i
~100 R R S TR, 26 rh B SR i Sk i 1
ool B i TR R LB A, 0 A
| 400 TR . A R TR B A AL A .
| 9 45 49~102 min Jy e L B IR I ) A
~700 ek, 7558 94 min /idi, HENZIFUH S IIRE

0 200 400 600 8/00 1 0001 2001 4001 600
x/m

7 A 1 PUE ST IR T A 2B AR

AT H, SRTALRIK G R B, JEERVE G B A
AR

http: // www.china-simulation.com

* 2289 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 10, Art. 9

5 27 %55 10 ] RGN EAR Vol. 27 No. 10
2015 4 10 H Journal of System Simulation Oct., 2015
0

)

. . ’a‘%?{/ﬂff / '/

-200

—400

z/m

—-600 r

-800

0 500 1000 1 500/ 2000 2500 3000 3500
x/m

8 U A v M R A 2B AR

x10°

N
W

Tension/N
= N
> o
i

o
n

(=)

0 20 40 60 80 100 120
t/min

1O MR LR Ay
4 TIRMAMTTIERT RS R

3 LA Microsoft Visual Studio 2008 4~F-4,
W JT] Open Scene Graph(OSG)f¥) sk %, K — %
H T ARAG A A R GEEAT T LA, RS T %
A S B A I R R B AT B AR IR B AT T
VESR IR FH Al A 5 BB, &1 10 DAl BE AT TAE:
AR TR RCR . B 11 25 BB UR

10 BHEEAN TARSE ) A MALOR

P AL Rl G A B 15 A 01 SRR ]

5 Zig

Bl 45 VAR AU BE N8 0 TIUBIE N DR 32 1 FK) i 45
PEN GRS RAFR AT &, X1 ss TAF
RGP TARRCR, AARFEERR . ETE
O BCRAIE ST T RIS ) 2, F R DY B
JERG-PEREIHAT T BAGM S e %18 T #5500
XPETA LR AE T, S 57 T A 28 S IR AR AT L
VEFIRRAY, JFSCBL T A2 SO IR s e Jm i id
K — RS ATAEAR T B, LB T R AR
FEMIZN A F o AWFFTITN TAR 4 Bl as
WIBEAFT B T2 KAt

SRR :

[1] Bingka Yang, Kegiang Zhu, Yanjie Zhu, et al. Dynamic
response of towed line array [J]. Journal of
Hydrodynamics, Ser. B, 2013, 25(4): 616-619.

[2] RIS, Ryiim, Mk, &5 SETHBEE TR VAI T
BRI N BB SHEOR ). #E TR, 2014,
32(1): 112-116.

[B1 £, sEBE SURSHE R RS EZ) &S ) A
HPl Risddm kA (A2RAKR), 2012, 46(10):
1658-1664.

[4] K. e BRI R Sris B 0 B 4R R SR 5T
[D]. g b #EAgid K, 2006.

[5] CM Ablow, S Schechter. Numerical simulation of
undersea cable dynamics [J]. Ocean engineering
(S0029-8018), 1983, 10(6): 443-457.

[6] Shan Huang. Dynamic analysis of three-dimensional
marine cables [J]. Ocean engineering(0029-8018), 1994,
21(6): 587-605.

[71 BEHR. WS R g8 e e 5 IR IR 5T [D]. At
M WILR A, 2011,

[8] MrEN 5. V1m0 A& ) Gl R 2 b FE AR AL [D]. At
Mz TR, 2012

[91 FL&, Wmeh, FEk, 55 3w AR dit B e head f2
(F 3 ARl [3]. 7 LFE, 2012, 30(3): 18-28.

[10] Lars Andreas Lien Wennersberg. Modeling and
simulation of anchor handling vessels [D]. Norway:
Norwegian University of Science and Technology, 2009.

http: // www.china-simulation.com

* 2290 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss10/9



	Modeling and Simulation of Mooring System in Anchor Handling Simulator
	Modeling and Simulation of Mooring System in Anchor Handling Simulator
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/FeGcNPhaMK/tmp.1688110563.pdf.zifw6

