ot=CAD/CAME S| =2 %! Vol. 17, No. 5, pp. 324-332. October 2012

Transactions of the Society of CAD/CAM Engineers DOl http://dx.doi.org/10.7315/CADCAM.2012.324
(SE=E) ISSN 1226-0606

CHERIA| Sofsig 7|to= 8t slojoj=ze}
ZME 2 ol Alo|o] ZH] AlE0|M

zofat - = - xFEF - R - o7’

2N YE TdATE, UL AYrEd g}

oG TIFATA, A

Simulation of Contacts Between Wire Rope and Shell Plate of a Block
for Shipbuilding Industry based on Multibody Dynamics

A Ra Jo', Nam Kug Ku*’, Ju Hwan Cha’, Kwang Phil Park’, and Kyu Yeul Lee’

'Central Research Institute of Daewoo Shipbuilding & Marine Engineering Co., Ltd.
*Marine Technology Education and Research Center, Seoul Nat’l University
’Department of Ocean Engineering, Mokpo Nat’l University
“Central Research Institute of Daewoo Shipbuilding & Marine Engineering Co., Ltd.
*Department of Naval Architecture and Ocean Engineering, Seoul Nat’l University

Received 12 October 2011; received in revised form 9 July 2012; accepted 31 July 2012

ABSTRACT

In this paper, a method for calculating the contact force and the frictional force caused by con-
tacts between the wire rope and the rigid body is introduced based on multibody dynamics. And
the method is applied to a simulation of contacts between the wire rope and the shell plate of a
block that can occur during shipbuilding. The wire rope is composed of a number of lumped
masses and the wire rope segments that connect the masses. After calculating the position of
interference, we inserted a contact node into the wire rope. We then derived the equations of
motion of the wire rope and the rigid body using augmented formulation based on multibody
dynamics taking into account the constraints between the contact node and the rigid body. Using
the equations, we were able to obtain the constraint force between the contact node and the
rigid body, and calculate the contact force and the frictional force, based on which the position
of the contact node was corrected. Finally, we applied our results to perform simulation of con-
tacts between the wire rope and the shell plate of a block in order to verify the efficacy of the
method proposed in this paper.
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Fig. 1 Contacts between the wire rope and shell plate of
a block for shipbuilding industry
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Intersection points
between a line
_and polygons

1

Fig. 3 Calculation of the intersection points between line
and polygons

B =0l ARE-shE v AL EH oA, of
olo] 2= 7| o] B FElA ARk 7}
gt dE 501, 54 Al Fig. 33} 7ol
270 8] sapzd o] AREE 2 7 7R e sabd 7t
& AT BA S golo] 2 Fole o R
Sl g

s =g ;‘d% % (contact node) O;= 4t
YBkaL Py, PSS A3 Slolo] B 2745 270
o] Zz}oi 1,]__|_01 242 ;HXJJ,], oﬂﬁsh;]_ 7442?&
7(-]2—] Q'/] pAR=1XoR o] z4x40ﬂ ;Gs]. P, P,A _4 =
TS the 2ol wet ZuiAIeh A Bl

-2 Servin 581 FHaLgh.
_ lM. .
my, =5 inimum(mp ,mp)
r— ll 1
mp, 7mP1_Z]+12mQ1 (D
/
mp r— 2

mp ———m
p Py I,+1, 9,

71X HE AR Q-°4 PR mQ,“C‘ olA A=A
& Py, P, 2 277F A2 ghe] Ahte g A9

Fig. 4 Contact node inserted on the edge of the rigid
body



A p, pel 27, 1, e HE
& Py, P3rel 71ElE Hehdo.
?J A= Fig. 491 2ot

4. 2l0j0f 2= e} ZH|Q
SEUHA 7Y

41 2j0j0f 2=} 2| SSWHA 7 |
sfolo] 2ol ZAle] LEWHAL FAY
o], ofolo] Zxze} A 71e] M-S s 9
o theel WA £5AAE T
© shole] Z3Ls} A7 Mol 3=
of msmo} Ak A= @AEo] A B &
U ALS LAF)
@ sfolof Zzo} A7} Hohe= 7, S HE
o] 7+ A * (contact node)E 7}ttt o] 7H
N A3} AR T2 A (join)S 7}
31 o5 At tHEAA F % SH(multibody
dynamics)E 7|¥t2. 2 augmented formulation
& 18309 Solof 2uF L 2490
AEel gl SEWRAL FA .
B SERL 5l AVD Hele] Sl B3
o] 742 o] g8l AR g &

d

o

Nz nj e AN o2 B3l 4%
) A1k Ao 913 1 shole] 2z
z7te] 49 BulE WA H.

@ +3% 4% 249 H?ﬂﬁ‘r sfolo] == 27}
o Y Bl eEUAAe 27 2dow
Qele F, the Al e] 5o o)
g 7o

4.2 2l0|0{ 2=o} ZHA|7} H 5K 2 AL, 2
olojZ2= e} Zx o 2SWHA 74

elojo] o} 7|7} kA &S 735, 2ol
o] 2o HF AdFEd AAe 52 AR A
dE]o] UA| Frt. o] wf, gfo]o] Bz e} A o 2
FUAAE v A

M = F* @)

1714 M2 A AlLEe] AR B A4 ZRlE

Po) T & 7t BAl9) 949 AN S Lehhe

8 5 2 Afele] 4 AlEdlold 327

LS, F & 4290 4830 919,

Fig. 2¢] 73, 9]g& 53 4 glolo] 23] ¢]
& o) Telvin B 8 A BE 08
7o) EdT.

=3
mp 00 0 "tp,4
M = 0 mp 0 0O i Tpp 3)
0 0 my 0 -
0 0 0 "I 0,,,

71914 M ZA B @4 EHE ol
i< 3 FFEA (n-frame)ol A H2lE A Py, P2
AR, A Be A E A E Ve 3] 7h
28 ZH(Euler angleyS AH-3HC}

E]:% SRR o] AR o -‘?—HHO]-H] HD]' o] U:H;‘il‘

713 HE: A4S Ba Tetaa) ske AL A
o g3k HEHolr},
OEAAE F 7l ool BAEol M2 &5t

A (kinematic) & HAZ °47§% AL Gtk
& AR QdE EAES 94 AN &8
WHARg-o] Ao sl &S —Zrl W=t o
2hA] o] A5 A3 A Atelod] A AA(fixed
oin) 347, ol CEAA F5S Aoz
SRS s A ARelAM Y F45Y
‘E‘ :IL%L ZI\‘ MEP-

Augmented formulationS ARS8t /43t &5
WA vt 2

of7lellM M JF dHe sigshe 3 F
g_g <3_];<4 HAE

=E=% =9 o il
A 5 A ZRE gFolt), i B FY § E3
HE AHS 1Hste] £43 dolt) € & %5
8F2& G-4-Z 7 (kinematic constraints)E 0] 3%
2 Hul& 3k Aot} A= Lagrange multiplier]
th. F” & —(C,x),r °|t}.



328 Zole} - - A

/
1\ vy
i/
'
¥

Fixed joint
(0 degree of freedom)

Fig. 5 Fixed joint that connects the rigid body to the
contact node

Fig. 59] ﬁid
I AAE HoR

n n b n
Cr=Crouet Ry 15 ,0)= 15 =0 ®)

o] W} Op= ZA Bl 28D FHFTA L Ao
o, 'R, & ¥4 FHEAS} A B 24 HRA AL
ole] 314 W Fholth 'r, , & WA B 1H
ANA g H 0,0 YA WE ot}

4.4 2|2} 2l0|0f 2= 710f| &-Z5l= OHE Al
e S HE R 21Xl ¥ 2t0|0f 2=Zo| F
Ed ='|;||.| EX-I

LEWEY @] e AR ALt o
AlZkolIA o] Zh Al o] 91A], 5, PG E B

; & 78 lh
Fig. 69] 3} 7479} sfo]o} Izo| 285
vl S 78 ER] e Aol d|E S, Fig.
62] “JEollA ZFAe} efolo] ZaTbe| wpEE o]
“F8EA BT A A 0,2 FATE S1olA]

Fig. 6 Positions and orientations of the rigid body and
the contact nodes obtained by the equation of
motion

) R golel i, LERE W Yol G ol
_%_t_ "—Oi o]Eaﬂ- 7—]0]];]_

74A|9} sholo] Zrzhel] AHg-sh= vhaE e o
olo] Zxo| $Fo| YIS Frh. gfojo] Zto]
Agsle nlREe 49 wAjg) Wakow 28
sty 7Y ek 2A g wWeke 2 #e-slE g

o The AL WIS A ol A vl ol
285j], o] IAS Yorl £5 vhEo] a3k
[FJ<uN (©)

2 (6)= =5 vz 2(Coulomb’s law of
friction)ys LR 2o|t}, sd kol 2hg-sh=
3ol 91¢] Z27& vkEste] ZA|ol] HA] mpzke o]
2851, J&F A2 Ao A 221t o]
SHAIE dol ZAol F o] 2Hg-shA H
W, JF A2 A e 5SSt

o]lZ =+ A H(quasi-static)>.Z 1 3}7] ¢35
Servin 5P Th-2] WS AAI T

b b b

o0, = Ypo, A=A 0, (7)
of W pe= 7Hd "R Al (pseudo friction
Coefﬁcient)o]x;].' 2] U]-z;,_]—?_ﬂl o] XP_Q_‘d- 7o H__
1o]™ 5 mpzkeo] 288 749 p= 03 1 Aol
o] Ztolth.
O & =FoAe o] HES ARE-aE, T
z27& F7hst sttt
7P ek Al (0) w2 T 2ol ALkt

[F|<uN->p=1

N
IF) 2 N> p = AN ®)
|F
@ HE AA) o15F A'rp o = A BAT
K'YB
W, stolo] ZEe| Ao PO o] 1
=
@ HEF: DAL 7HA 2AE oA HEF dd3
AZE T sfolo] 2= 27 Zolo F Fol
a8} = XO = o)Fsit)
"rp 5 = Minimize(l;+13) )
o}7]0]4] o] F Fo| % sfojo} R 27} Ao

£ 1), L' EaL g



Fig. 7 Movement of the contact node along the edge of
the rigid body

Fig. 8 Movement of the contact node along the wire rope
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