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Abstract

This study analyzes the dynamic response of a floating crane with a cargo considering
an elastic boom to evaluate(or for evaluation of) its flexibility effect on their dynamic
response. Flexible multibody system dynamics is applied in order to establish a dynamic
equation of motion of the multibody system, which consists of flexible and rigid bodies. In
addition, a floating reference frame and nodal coordinates are used to model the boom as
a flexible body. The study also simulates the coupled surge, pitch, and heave motions of
the floating crane carrying the cargo with three degrees of freedom by numerically solving
the equation. Finally, the simulation results of the elastic and rigid booms are comparatively
analyzed and the effects of the flexible boom are discussed.
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Capacity 3,600 ton floating crane, “Daewoo”
L: 110m, B: 46m, D: 7.5m, T: 4.8m,

Max lifting capacity: 3,600ton,

Max lifting height: about 110m

Fig. 1 Typical floating crane (Courtesy DSME)
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Fig. 2 Global position of an arbitrary point P on
the rigid body
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Fig. 3 Global position of an arbitrary point P on
the elastic body

0 A A
Too =Tyo+ Ru(Crp s+ g p) (2)



50

Moo D
1o
5 & i 5
b o | © o
I o~ e oD =]
.80 o L = &
0 2 ol £ A m X ~ G B e T
T S8 ¢ g Egﬁ;g =3 _ e -2 = i© g J
AR o0 LI TR e i
_mm._.w.m.v S - Q. = 1) RSN mwo..r.__La
x._bmp_.r = = oF ol A2 5m HfAmWAT(.I\o_EwWQ
7 K s T olmn&.:ml.r I T i
0 = o = ol HAa°e ™ = il oL % o W
wl DS o RO 7 — + <r o =) o
t+ n c = _oo- - - _ o< T ® &g Ol
s . Bo © E m oW = 9 = g Is m_;o_Zerﬁ
05 o & 5 = Yo € .5 SR eGP
1 o ol o Al + T o = A ol < = g ) =
T Y0 5 x < & 1= mgo|.M_:maﬂ
TR T 503 2 A 11 5o o
== 3 9 © = Il — o m 0 = =4 - I - E
2 < Ty Z T oW g K, D25 Mo W&
Mﬁ s RO — S = - %0 _._.& B W oo I ET A i O Uk ol x.,
mW%eE%Nﬁ = 3 IR = Imm@mgmL.wmo@
i) 2T 3l a Qo i ﬂmaa mlr.o___m._mv\amuﬂm;
L. 5 = B o © U B3 oF O = ngoE
or zr B3 = o] .. N= = al =
(OB - = S I = Iam\)
3 E R < <+ o g XN o 3 O = _. oS W
oy o — —_—— D
< gme =_._|_%\.VM\‘/|u._._A.A|o © mm ,u_L.IWC
= f X =0 |9)=_aouo_=_un(4aﬁw_4i
- = & = < W) I ® = :moﬁO__\_.__.__l_
AT 5 Z o AU = < _Eq+
B, B A S —~ == M85 M
_ ol mw s S = &) = & W g 0l
EW@@@T 2 ol :._._HQDR =g
_J_,OL|..|2_UL|. J.muo_. - © N
I == 0 W o] R0= B - = R0 o3 o
A M= S T N2 g o mowﬁma+£ oW W ol o
IR - < ow i — % z_mwo_zﬁa%ﬁg%
JlJ o W<k 1B o — 0 4y 00 oo o - H AR AR o] % B o
oF 0l L@ ol Ol = 10 + DN — = + S T i o <
= 3 30 =<k 0 - < P o Su i < m - 0T o o g ™
Hu_ 7] <l - X = — — - > ~— =S o0 x__. i | 110 _._._o
v - M &= O A o0 = D0 5 oF K RO J_ = m 3 = .~ 4T o Roow
o . — 3R X T o S 5 8 ° rIX ~ WowmI g 53 5 o <
MmEo z ioJ K <0 g X — W o = 2 U = RIS =5 o) = S mw <0
mm%mﬂmaoenm e :O_._%._.ru_m: |07__ N o_._:iWM_Jvﬁu_o_nﬁ%E_Ewao
9@%5%@5%% “n 00 5 WA T Y w_m:_aaca%mwol_ﬁﬁao
wﬂx%ﬂﬁ_:&mza i g;ﬂaw_ ow_ @ ueggam ﬂ;ﬂ@
oA . g =T . = ., = tloJ ~ 3 o = —_ = _
N @;ﬁgmmﬂﬂmmaﬂ S 1 oo T e b © Ew%i_w.mm_ﬂogc_mmp
0 o7 . 0 - = ® — " oo © _ . g _ O T _ 0z X
N2 T T wg R o T 10 - - = T = ST X0
X o= A g <0 RO > hn = > N Mol 5 o x A !
o X003 s ] @ 0 = un Lurkj._C:A H_J._AﬁE._
&MEAOLEEULWQ ! I S =gy L ° s DPO=g rD s ®
Imla__m_:_:f, - . =R I A B . <4 s)
= o33 v Y ~ - = o m mw__g _ I ___H___Oﬂwj_\ou_w ul 1o
:um Lo @ o omWsHEW B0 0f o
R s ¥sCRESEELA,
wawugﬁgwﬁg
i p o) O
S WO F

20104 28

=)

M 47 & H A

pN|
=

S0 USHH S

=]
224 0| CHSohn and Yoo 2003)



51
(12.p)

Loq

SR
50
6q;
[1 B" (AS)'|F

[I B AS]{
L'F=

g = AEYQl(strain) HE, 2l

or,
Q.

(stress) HIE,

R+Au+ASq,

Ip

180
il

i

o E

(0]
el

dlel

AE

V = EtAR9 £II0ICt

(6)a AXIBE 2

Al
2l

uny

Shabana(2005)

et H2=(Young’'s modulus)2

E =

(14.p)2t Al

<

LIEFHCE

-

Al
Al

o
il

. o0

=]
=2

X
10!

JJ

o)

2bcH

I0IE

9]

KJ

k

(14.c)

HOUA dold 20

3.3 2=
E

DA
— O

(16) 24

R

oW, =—[ &"sedV (14.a)

==
==

= 2

t

3
(11.b)oIA

=]
[

k

Jbak < (virtual

3
ol
=
Al
-/

fuatd

S

—

[a—

(11.2)2t 20l 2= <

=

Al
(generalized external force)Ol™

work)2 DSttt 0IIA Q.

o,

(14.b)

Du, =DSq;

eE=

o0

(14.c)
(15.a)
(15.b)

704

T

f

Ee=EDSq;
jv (DS)"EDSdV

9
Kff

é\Ns =—q

(11.b)

"]
HIOll A

T

Q

T
4

T
R

oW, =Q!5q
Q.=

(16)

F, =-Kq;

2 AHE o= 9

p[ENITE= 1

il

o

)
=

NZ HAZE SH2e 2

EHOICH.

=]
S
&9

(11.a),(11.b)

Xl (transpose) 8t

Le 2y x

{0 0 XIEWAM N2 A

be

=
=

HI Ol A

i
el

=]
=2

0
o
il

A
4

(17)

A
A

[

[a—

Fconstraint
Lagrange Multiplier OIC}.

=]
==

sy
=

2

T2 Z2(constraint condition)

F

=

S

0ol <
GIJIM A

FCH.

2
=

P

C(q,t)
nl

February 2010

1,

oW = Fé‘rp

Journal of SNAK, Vol. 47, No.



¥ = )
s S = &) = )
s & 8 & Ko O g o T mol s al
ar ~ b - ~ N [ A .
o %.& mﬁ EAHOMWNOW%___%OC.@L
= N Ko 0 o 1 e <
i o = |T.NE _ __OL|.._._C1._A.o ~ _:Dllr. -
o [ T < =7 ~ — U HMOG = 49 o — ¢ s 3 5
s T T g T 9w SERERicig: YL
= c 16 . — . A < R0 g
o klg £ = 25 A R LLEM FLL o
PES L b, 59 shsiEg Eand
7 . ez ey S 5 w@czhEmmy M 5 : S
= = |-z |& S S o0 3 I el o T s kU AN z = s =
m %{[ omu e = OF m_nA:_._Aolm___g+ﬁ = J
2 = & = "o 3 g8 o EH&NH?QIEDOT 5
0 ol = 4 5 = Y O M SEhw2 Hl &
e} + M b 11 + —- Uy = = N o_=_ 5 S .__._ oY) (%)
o - | - R - o ol QW5 R D T o W = =
__wmm = I SN ﬂ .KT = T Molm“a_mo_%AAw_ﬁ 2
. o T S g o Mr Hwe_maomom% .S M >
Tod 5 2 2R 50 o) W5 . T ar o
1 X - S g T Ko o ol &
e < x4 = 30 0t = o_._mu7|.0|||1 ©
= U s R © 3 iA;aEa_lam;___m_x =
“ 5~ _EﬂAHogmMow%%% T
Ry L ~ E_O_Em___owmxrn__wmwlm_&mﬁ S
_ ol T - _ i <0 o = < .
3 == sso0N®R G e
o O — (@]
i = = ol WM B [
~ —_ o — —
W:O_._.. E_._Tm_._._m:_ol_ © @ > —
i al I 0k = = o o ° 3
" HE LM 2 2 2 & $ WEARDA
=la) 0 ME__I e ~ = |w_u_mu__\._.rAED._Uo
Ml = H & M — . > o) o RO =
oy ) < ano__mzi.oL_%_ — - . - s & 3 uﬁ._uA__gEbﬂ_J|OO|D
o3 = K| — hd _ = 3 I
7 o L o pemTo- M3 > =352 3 2 - ~SEX W8 g
RO I m_m__oor_mmeoﬁ = a - B B 3 O] E:M&lwﬁ%
%_m @) £ i0 Sz __mou Mm S m., = T._L MR Ma 0,v S oD mm _IC _L s < ol
0 - : Qsas_ @b L S —= == 5 o3 g oW ¢ ™
H s i 2 . o o B gl - S 8 o = o s o3 s
e = S L . N T = z 8 ol m___f.rul.,uwm_n,
BN = Mo e W e s s = 3 - oW BJoar
= .l g %3 - I I T s s 2 o m_ﬂﬁuo_aﬂ&
- = = e [ P
_ VU K =3 mM_\\lﬂwm:E = M = ..m.an L ___mmm__g
S o K __._o_:ct . — -] —_— s = _
= b = _ o298 QU Q Q R a5
o hr=3sCc g —= weL T S
R g R A e G
= SR e I __|z,s.a__o [
uaMﬁDl.m.w| s 5 < .ﬂlumﬂmlﬂozla}.mlw
Aﬁ L2ROREER
SC%ﬂmol_:(Eo____
ﬁmﬂa|5__+%
X M I 0k X0

20104 2 &

=)

& M47 A M1

pN|

elastic boom, and a cargo

S0 41(20.c)d o 2Lt



53

(28.b)

;W

S(elastic boom)2l X2t XA

=

©
e8]
o
o
0
S
o
J
IS
Al
[eal
<
@
a
3
@
o

(23.a),

<r
Al
Al

I
1
KA

3

(1+0,)sin Gy e
(Gqu -1 Qfs)COSQB/E

Symmteric

Mg
Mg
12

m; =-—

ol

0

(23.a)
(23.b)
(24)
gl 3|
(25)

=

(=

o4l
=

EAY=

BEM 2
o Z2& Aol

=
[

q:[qq qg, qB:IT
2

T
[XGME Yoe QQ/E]

.
|:XB/E Yore s Gn G2 qfs] (23.c)

qs, =

.
qGZ=|:XGZ/E Yo,iE ‘902/5]
Qs =
S UI M

=~
(=)

°
[e0)
o
7~
Lo
o o
375 &
M —_—
+ o
—
i 7m
+
+ o
o ~
g|m T
N 7o)
+ H;m
C R
N—
o
e
I
3
1S
)
«©
o
-
1
o™
(on —
o
(on
o
(o8

[

G,
, m

. ODI0A, m

0(3><6)
0.6

0(3><3)
M 5.

Gy(3x3)
(3:3)

MB(GxG

0(6><3)
1, February 2010

(6x3)

Journal of SNAK, Vol. 47, No.



54
0.5 (346)
()(3x3) ()(3x3)

(3x6)

L (6x3)

o
o
o

(30.a)

~
W
1]
o o
o o
=~
Do

00 symmetry
00 0 (30.b)

Fig. 5 2 B XI&HA
o UATks 7% =
e A (31)2

S

H

0

t3310101 N2
1) ZCh
molEst
Bl
Al (17

St
AHAl

b
z

8 0
By

]

H‘u w

Al
ol
=2

oo 0,
> +>

1)
(32)010H, 842 4l
34)2] Lagrange Multiplier £ =39

S nz NE2 NS

w
)
=1
&y
[l

,\
x

—
n

oz -
=]

M

E
Ige+ Rg Ty —Toe = 0 (31)

4w 000 0 -1

Cas 000 -1 0 00 0 0] (32
c 0000
-1 0000 0 1000

—Xgs6, SINGg je — Yase, COSG,

=
u (Il
o
e
o
e
= FHl
Hu
o
] i
el
= i
T o
ox Uy & .
M o[r Y oo 02
o g
0y g
QO ~ —
8 & Lo

rlo

>

>

X

=

my

Ay

o O

5
[

fol
[
il
kJ
o
re
%
0x
W
@
e
1o
0
K
|
o
é
o
12
g
%
Jx

_ Hydrostatics Hydrodynamics
(Qe,G1 - (ze,G1 + Qe .Gy

| (36)
+QMoor|ng +Q22Vlty
Q.q, = Qe + Qg™ (37)
- 0 -
—Mgg
(29‘830
1 .
Qe,B = _Emsgsmgsnz
1
—EmBgcoses,E
1
gmaglcosﬁa,E
ro -
0 1
+k HdH_Lo Qe,BSl O d
[d] )| cose  sinbye
—Sinfy,e  COSO, e
L0 O 1 @
1
E(I+q“)coseB,E
Qe,BBO =-Mgg 1 1
_(zqu_qufsjsmele
Qe,BBl:_<I+qf1)SinHB/E_quCOSHB/E (39)
Qe :<| +Qf1)00595/5 =0, SN Gy e
3.7 BUlM £ZE 3@ Delsel g2 4
(40)1 22M, 89 =2 Al (41)1n 2Ch 59
2t A2 Al (42)9F 20
T
Q, :|:0(3><1) 0(3><1) Qv,B(6><1):| (40)

Qs =[(Qus), (Qs), (@), @D

tHetxdsts =28 M47& M1s 20104 2E



52
(QV,B) _LHB/E(I +Qf1)00595/5

RILT 9
32
LY s
12
+Mg Gy U4, SN G e

(Gqu_quS)SineBlE

6 . .
+%(6%2 -1 Qfs)COSQB/E
6? .
(QV‘B )RZl = %(I +qf1)sm Ose
+mﬁ’7g§’5(6qf2 ~1Gy5)C0S 0y

12

—Mg 95/5 qflcosgB/E
mg 6 . oL
+7BGB/E (Bsz -1 qfa)SInHB/E

. 1 . 13
(QV,B )911 =205 Mg (gqnqn +£qf2qf2

11 . 11 .
_TJ.OI Q¢50s, _ml O¢20¢5

1., . |
+ﬁ| Uiz +5U1s

3
1. 7 . .
(QV,B)f11=§‘9§/E mB(qf1+|)+EeB/E Mg Q¢
1. .
_BHB/E mBqu3
13 1 (42)
(QV,B)”1=£‘9§/E mquz_mgélEmqufs
7 - .
_BHB/E Mg Aty
11 . 1.
(Q\/,B)f:ﬂ:_mng/EmBqu2+ﬁ0§/E mg %0y

1. .
+BQBIE Mg |qf1

SEE Al (24), (27), (29), (32), (34), (35) O
2l (40)als Al (22)01 CHEGHH EtE S0 i
g dfd3dcon S22 25 d3As 74
StRACH P80l ==01 dlelosts #x 24

Journal of SNAK, Vol. 47, No. 1, February 2010

55

(structural damping) &0l Z &t ALCEH

A7y el Lol CHoH alstE 2 (heave),
=Q(surge), E=R(pitch) 3 URE 2
2] vE]

o
w i o on

2

(6]
i
e
]
&
e
lo
30
e
[w]
Mo
_i_l
=
O
R
I

SH s AMEdIol&0 AMEE 29
1,200ton OI0H, S H<2Us cha=2delel
12,600ton OICt. =0 2A0IH 2EE SoH
EE9| Z&2 1,300ton OICt dimtel 2

o 1m, 10 =8 FIE AEs
(following sea)& Jt&EGIY L, Ol2H2 =
HAUA HEZHE TR I SHAM
s#S AESt H0ICH oAyl

M#=2 Fig. 6 0 2Lt

oY e oy o
[0 MY oM on

=}

rr

I8
o 3 M & H oo o

U
0
OfH
w =
W £

L:10m, B: 15m, H: 30m,
Mass: 1,300 ton

Fig. 6 Dimension of the floating crane and the
cargo

u
X
>

10
m p
%

ol Y HU
o
g
o
i
0T
B
%
0z
]
&
e
[
)
&

> 02
_t"_‘_l

S

J

0p

ol

Ir

x

o
x
Y
=1}

. @ o
~ je 0
o
Q

m o 32 o
@ 0

rr
g orr

LHEHLH

T
Q

il
X0
g
Jo
[
Op
O
0]
¥
in



56

elastic boom

= rigid boom
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Fig. 10 Heave motion of the cargo

Fig. 7 Heave displacement and pitch angle of

the floating crane and the cargo
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Fig. 11 Pitch motion of the cargo

Fig. 8 Heave motion of the floating crane
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