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Kb q NREGT XA NI D, M oE AR RS, BB @ RO4ERIE o . q ROGERSE 0 0 @, J& o X b 4E
P,
%E%,#%ME@J(,,N:W,EEP i=1,2, a3 j=1,2,,b,

1.1.2 ADAMS & h #7542

£ ADAMS AF v #8410 S50 B AR AR A R 26 7 #8108 2 L 7 1) IR R AR i 25 PR T Ak bR L e fE ¢ =
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Fig.1 Rigid body modeling
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Fig.3 A virtual prototype of the full swing heavy lifting vessel
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Fig.4 Calculation results of the responses of roll, pitch and heave motion of the hull
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Table 1 Increase of the rope tension relatively to the still hull %
Mz FPIRES AR 1 A 4R % 2 R RARH 3 S
P RGBS 13.82 15.72 17.31 23.26
K% GG 27.81 27.94 27.73 22.68
B3] 11.94 12.25 12.25 19.01
1 4% 14.48 14.58 14.53 6.64
% 2.18 1.35 2.91 3.88

B 5 AR R IE SR PE EG A E o TASIRA Rk S ih g, T WA B B R R G R A is sh S A
TRARR KT A R KA IR . AR LA 28R 1 R JIMIE(E S 3.96 X 10" N, AR #E 5 MG i3 P&
1k IR IE{E A 5.06 X 107 N Xf LU AR #f R A5 00 B 4% .5 i B 2 s S B4R 1 R I IR 27.81% .,
P A L B 2 2 2 5Kk T A Dy 3.95 X 107 N, A IARRE#% A G2 3 T4 R 2 iK1 IE(E N 5.06 X 107
N % L A A 00 B P2 B G AR A 2 o SRR 2 TR SRR 27.94% . ARIRER IR 4 ER 3 5K iy i
fH>h 3.96 X107 N, i fAM 3% G Gis 8 T4 E 3 K II A IE(E Jy 5.06 X 107 N X bb A i # 1k 1% O B4
LGB AIZ TR R 3 5Kk TR R 27.73%
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Fig.5 Comparison of luffing rope tension under the cases of hull still and coupling motion of pitch and heave
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Fig.6 Comparison of hoisting rope tension under the cases of hull still and coupling motion of hull roll and heave
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RF BT R S0 W3 2. B3R 2 "l A, XF HE AR Table 2 Increase of the node stress relatively
s i L5 0L % 44 B D Iy X L A A Ak 9 R ) to the still hull
0 E A R B B L R B S 1 Bl i AR K, L ) B fifs iz AR 25 14 LB A7 K W/ 4
AR X e an & 7 B o AR 1k B SEE 5 4 A Wi G HA 13.76
KL 3% g 5 A5 Ak Ry 7 A8 Ak 5 I Dl 6.44 X 107 BOE R A 26.94
Pa, iR 4R . E G A iz 3 T S W & KN ) P 10,61
X N T AR N T AR AR B {E Dl 8.17 X107 Pas X L o 14.67
P A 01 O BE R L IR AN G2 B 5 B M "
JIHE RN 26.94%

=9
£ 8 — WABEASI)  — REHE. ESBAGTARIT)
%
=
.]a
i
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F7 A AL 5 AR 2R SRR 5 18 B DU T 55 R T S5 R R 1L

Fig.7 Comparison of node stress under the cases of hull still and coupling motion of hull roll and heave
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Fig.8 The finite element model of support structure
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£ ADAMS B ffrp, S PSSRV Fe b A i AL R R 45 4R Rl i AR D A 1 BAR G 7 ML i
NG B E 9) ki fL s 3 L5 B, fE ADAMS 05 B R 3R BRI &S 1 BARIC A 7 B Ry ad R E s, 24
t=37.74 s W}, SCHEGERG T RN J7 R B I 7 b AR ic B 0 It n 20 A BROTECRL FL Il 10 R, 24
RS PR LSRG JCER I 3 5, A% KN ADAMS B4 b B AL A% ) 43 R/ — 30, B T moX T m, #6170 58 iU )
M. M e=37.74 s B}, 7 AbbRic s B 1N 3 TR

B:5.767x10'N
B 5.774x10"N
[ 8.397x10'N
B:1.372x108N
B 1.374x10"N
H:8.393x10"N
| 5.978x10°N
0 10 20 m
AR 1 BARiCs 6 AERSHE 0L, WA ZEF SR IMAEFRC R 1 Zhrids 6 B,
FRigs 7 AMBERRRGEMWER S G BEE8m 5, G A MAEFRIE R 7 YT,
B9 J1RfL s bRIg B 10 A BR SC R Y fin i 1
Fig.9 Force transfer marking points Fig.10 The force exerted by the finite element model
F3 LH=3774sH,7 RiRIEREHNA
Table 3 The force at seven mark points when t =37.74 s N
Frid B X s Y J5 143 1 Z Jrma
1 —4 117 730 012 57 665 520
2 —12 664 743 450 57 731 220
3 —22 963 850 —38 101 540 —71 216 780
4 56 141 590 33 822 530 —120 470 600
5 —56 229 130 33 854 320 —120 704 700
6 22 965 560 —38 088 470 —71 175 610

7 69 375 —37 590 990 46 479 490
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Fig.11 Time-course variation of the stress distribution of the support structure when the crane rotates counterclockwise

HR 35 S 5 5 40 I 743 A 5 a5 8 BN A L R i 2R A o T AUAF, WORKBENCH A B o T AU b 4%
F TCIR 248, SCHESS R A 18 FH Q345 89, BN IR A% FR &y 345 MPa, T A RO ~F K 37 #5800 J5 B 4 46 15
RN 4 PR,

F4 TEMRIRZEREE

Table 4  Size of the T-section bar and thickness of the support plate m
E IR PN Z M NN
T BUMFRE A E H 0.300 T BE JEL 0.020
T WM AR SEE B 0.200 HINEE R JEE 0.070
T BB IEAREE d 1 0.011 Al A R 0.065
T R TR TR d 2 0.017

2.3.2 XHERXRLEMMEATE
VA S5 2540 L g d5e KA d5c /> B SCHE B b T St de /N S A A E A 58 U AR T3, Bt AR B U an gk 5 pr
75 BT Y RE B S AEAR /N XSO 25 SR TE W) B LB R O 8 0.02 m, T BUM R R G T AU,
MEA R H K TRRTE B IXA RS ZHEL5H 197 MPa B9 IR 71 C # s 7As & nf 2R
H>B
Equivalentg,e,, << C ’
Ik s Min max(Equivalents,.. ) 278 55 UV ) fi KAE /)y Min Weight 378 SCEE S5 H i e/ T
HRADH N T M Pt v e sl

x5 RUILTEVMHRERRELER

an

Table 5 Initial values and value ranges of the designed variables m
B AR i TRR ERR IR A WA B TRR BR WA A
T BB MR B H 0.180 0.420 0.300 T B FARITEE d 2 0.010 0.024 0.017

T BIA AR 56 B 0.120 0.280 0.200 HhBE JE B 0.042 0.098 0.070

e
T B BEARESE d1 0.007 0.015 0.011 ali bR R 0.039 0.091 0.065




13 i H AR A [ A M OC B XU 2 A S ) A e A 23

AL Design Exploration 3£ F £ H bR it {48 5 (Multi-objectives Genetic Algorithms, MOGA)!,
AT 100 DHEA i RIEMRIRBOR BN 5, B URER A 50 DA, e X4 — POt B AR ik it
FOEAT 3 WCE B B UGS A B 1 min, DLEE G DR TS AL I A7 1) B0 A 2 e, A 58 iU 15 31 45 4
Wit 7 % K& Pareto BUWT, WA 12 FiR : 45 A B WAL TOPSIS Ye 3 Jr 0 153 2] 1 S A A i) S #4500 O
R, 6 PR,

7 o ATHR
mﬁ] 6 ParetoBi i
HE o
g5
X 3 I | | I | | | I |
1.1 1.2 1.3 14 15 1.6 1.7 1.8 1.9 2.0
T RN T B KB/ (x10° Pa)
12 W47 757 %} Pareto Hi Y
Fig.12 The feasible schemes obtained after optimization and the Pareto frontier
ko6 ZTEEMRLFTZR
Table 6 Optimized scheme of the support structure
BT EURGE(:N R S Wit AR FURGEIEN (RS
T BB E MR 2 H /m 0.300 0.243 HMEEJELFE /m 0.070 0.069
T BB EAR S B/m 0.200 0.213 SRR/ m 0.065 0.042
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Optimal Design of the Key Area of a Full Swing Heavy Lifting Vessel
Based on Multi-Body Dynamic Coupling Responses

MENG Xun', TANG Pin'?, DENG Xing-qi', SHENG Xun-ning', LI De-jiang'"*
(1. College of Engineering » Ocean University of China, Qingdao 266100, China;
2. Huadong Engineering Corporation Limited , Power China » Hangzhou 311122, China;
3. CIMC Raffles Offshore Limited , Yantai 264035, China)

Abstract: A method for optimal design and analysis of complex multi-body systems considering motion and
dynamical coupling is proposed by using multidisciplinary crossover technology. A rigid-flexible coupling
virtual prototype of the full swing heavy crane vessel is established based on Automatic Dynamic Analysis
of Mechanical Systems (ADAMS). The analysis of stress-coupling response characteristics of the key area
of the system under the typical sea conditions is completed by taking the hull time-domain hydrodynamic
response calculated using the Advanced Quantitative Wave Analysis (AQWA) as the motion driving. The
optimal design scheme of the key area is obtained by optimizing the module with the ANSYS finite element
analysis software and combining the objective entropy weight TOPSIS (Technique for Order Preference by
Similarity to an Ideal Solution) decision-making method. The analyses indicate that the dynamic response
of the support area can be greatly affected by the rolling and heaving of the hull. Compared with the static
hull, the rolling and heaving coupling motion makes both the tension of hoisting rope and the stress of the
key nodes in the support area increase over 20%. And compared with the initial scheme, the optimized
scheme can make the steel consumption of the support structure save by 12.30%. It can be seen that by in-
tegrating the virtual prototype technology and the finite element mechanical analysis into the multi-objec-
tive optimization and multi-criterion decision making in management science, the analysis efficiency of a
complex multi-body system can be improved and a scientific and reasonable design scheme can be obtained.
Key words: heavy lifting vessel; optimal design; multi-body coupling; virtual prototype; multi-
criteria decision-making
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