9540 BH 2 W) ?@: }L:,H‘: T *5'3 Vol.40 No.2
2021 4£ 6 A COASTAL ENGINEERING June, 2021

EOEEEMFHALATEZRULRRS N

& OHYEE R, EETY I E R
(. PEEERSY TREE., LR 55 2661005 2. INARBWEE THEESTLKE, LK 55 266100;
3. A TREEBEEETERAERAHE, IWE WA 264035; 4. FHWEEETEGHIMEERAFR, IWE FE 266100)

W E UL AERREMIARAL HAARENRPED B AAETEEL TR, EL S E ARG F
BMH UM ERRBARER AR DN RENLG EH EH LR P AAMAMA R B AR DNEL =AML
EAR. FIH % BArte ok R BER BT A 7 Z Mt &, BB A A 2 F B E TOPSIS(Technique for Order Prefer-
ence by Similarity to an Ideal Solution) 77 #% , Z W/EH A BB EHFAK 5 AL R AN ZLABRETE. E12EN
A AQWA(Advanced Quantitative Wave Analysis) ## K 2 TR W EH#H B KA BB ELCEH AN XL, L4 H
WA T ETRESARREE T E. FENAR T ETECTIEERMENEHE RATRA T £, 2Lk F
FEABRRAMEARNREBBR T Z AT RFTHERRCRELAE,

KGR A A E RO AR s & B AR R S 4R 5 TOPSIS %0 Uk &

HE LS U674.35 XERIRERAD A M EHRES :1002-3682(2021)02-0096-11
doi:10.3969/5.issn.1002-3682.2021.02.002

S| A& : MENG X, TANG P, LI D J, et al. Analysis of optimization and decision-making of ballast allocation
scheme for revolving crane vessel[ J]. Coastal Engineering, 2021, 40(2);: 96-106. % # , EF &, /&L, £, A H#
REMEHART RRMRE A 87 T, 2021, 40(2): 96-106.

Wt 5 VEE P T e B R B S W i Ji Al R R A B T A T A i Y T R A TS A A O Vi TR
HEBL P OCHE R At H R R R R R EE LR A S5 A TR S W2 o T E PR SR e X T
[ P A Y GRS 7 R A P 2 S SO A 1) R i AR S R o ) B 2 A B RS R R Y
R 32 ) U Sy 5 0 o 2 0 ) o 7 A DR W A AR R A A PT RE A B 70~ 87, il 3 1) i 4
R e 28K LA 23 TR 7 B A 0 AR 0 R ] A0 Ak T AR A [ B EE AL A A A 2 A M A [l e
B 157 3 R L ) N 2 T 5 S SR s K 75 U 2 A e A R A Ml 22 42

SO AR T 28 e P 5 TS 28 R 4 M TR KO A L 9 e ) S AR S DT Rk HG 2 4 e 8T AR S [ PA A B R A0 T 4
] REHEAT TR ORI SE . BLAR I S5 N AL ST IR MR AT 1 B R o R 4 B B SR 3 A 2 Bl A A R B0k 4
SR AL A X 359 T 2 £ 9 8K A 3 AR BEAT O AL o AR 7 R TR 9 52 R 4R AE . Bara S5V T T 0
FTARZS BTS2 Ty J0 B 0L L T PRI R T 3 28 4 0 T 80 R 0 R A e O 92 o SR s AR AR BE AR . X g
O LA TR 7 [ A e R v P AR R R B e /N R Al BB P TR R, A R K O
AR, R RRASAET DA AR A T G o AL R At S O A e T AR T K R T A A/ R AR
A F 2 R TG 5 R A A 055 S 2 SR AR P S T R AR TR AR R C O A A L W A S i T — b
HAE R K IA T B A RSB T R A RS EORE R H A A Ml P v O[] A R s K BV R

W7 B #9:2021-03-05

HEWEB AR AR ERGW EFH— R R RGER E G 5 2 K12 S T IE (52071307) 5 Tolk A B A6 30 =i H A i n
L5 H K IR b 3l P 5 b — A Ak R M 2 A B B R 58 (MIC-201713-H02) 5 11 7R 48 T s 0F % 31 % (IR B 0158 T
i) T H —— i 1K S5 M R BT R BIF5E (2020CXGC010702)

EEBIN R W73 L R W LR AESN, TENFRERLZERRE L YL KIE3) 53 I M M 75 1l W58, E-mail:
mengxun@ouc.edu.cn

* BASIEE (1982, 53, TRIE i+, E2 GGV TR WY E 5. E-mail: dejiang.li@ cimc-raffles.com
(E # e




2 34 i H AR A [ R R A 4k O SR Ak D SR 40 A 97

/N EH Y. BRAS AN S AR MR T SRR X EE AL AR O AT LD, 3 BT AE N L R RIS =
it LTV B TENZ 7K — & I AR B2 A, I3z PR 3 2 05 2081 6 88, g8t 1P S i #oT &

IR 2 USSR SR R IME S B — Ak B bR A E AL 0 e — /N A B S — IR IBC 2007 58 7 Il
KA BE B e 2 I C 2y SR S A I KB MEFE . DRI, A SCHE A S LA 7 T ) DT AMOK A 2 L i) B T 22
HbRist (50 , DL He a3 18] 480 fi R i/ )N A T AL 7 T 400 O [l e 5l R v AR A DM e /N RS f £ e /MR
Sy 3 AL B AR, AR B0 R 4R IR I F R ALR) TOPSIS( Technique for Order Preference by Simi-
larity to an Ideal Solution) 7735 » DA & WLHERH AT B B A ) 7 28, R A R 3R IRt S 2%,

1 RN R 2 A AR A ke 2 i o307 0%

1.1 BEMES

FEBEAR A AR R Oxy'2" o VA BRIE (265 96260 RARMANE O G OSBRI (20720 R M
AREC B WAL E (B D) AR LE 8K TP AT BOIRES R iAo B2
W=A
hy—xo=(z—z)tan 6 , (D
V= ye= (25— 2 tan o
Ao, WO E &5 A 9 HEK R 0 MBI L i R L) R AR A IE 1) R AR R R s o SR RS L i R
LA 1) A7 L AR A I ) 2 R ABRE R 7
AL TR AE AR B, B i RO A 5 0 1 35t S R 8 A R ) B L ARV A0 SR K A A 2°, e R R it
5%, TEE 1, Oxyz NEETEMRABIIEALIR R, EBERIRR P EO G AN (26 y6,26) 17
0 B AR A (s y g sz » WISFHRIRZS 19 05 72 R
6 =acos 0+ 2% sin 0
) (2)
Yo =B
va :yé,« cos ¢ + 2% sin o

A, 0 YIS 0 BB 26 v Azt AMTAREE O A BEAR AL bR 2R T 9 Gk 1) 488 ) 5 2 1) A e

z 7z zZ A
rmey G(X, 71) ..., G0 2)
F ! / H y
= 07 — X, = . G = '
0 *B(x,, 2, ) : X O BW. 2 y
@YK O} U

BT K R AR BOR A

Fig.1 Free position of a vessel in the calm water
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Fig.2 Layout and related dimensions of the ballast tanks of crane vessel
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Table 2 The components and gravity center position of the crane vessel
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Table 3 The scheme of ballast allocation before crane lifting load
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Fig.3 The Pareto map of ballast allocation scheme for lifting a load of 5 000 t at 90°
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Table 4 The optimal set of ballast allocation schemes
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£ 350 o P B B R B/t 1777.1 1 160.6 916.7
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Fig.4 Changes of the heel and trim angles of the vessel during rotating at the time without ballast allocation
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Fig.5 The Pareto map of ballast allocation scheme for lifting a load of 5 000 t at 90° according to engineering requirements

TE 9082 5 000 t FEHJIF X bE I 2 MLV 0K T A5 B A9 B A T 8000 S8 A B L B VOB A ANl A 1R
ARATHY R A C 8 T7 S8 4% T 3 1A 4k B 09 O L (EL R | 0 A B AR AR 2 b v/

x5 WERBSEMEHFRRLEFTR
Table 5 The final scheme of ballast allocation for lifting a load of 5 000 t at 90°

AR IR B 20 B RSB X 1 2 Bl B R e U B RS H papE 2 ¢lEl
9-2P & 9-2S Wk i/t 1258.4 25 A3 R K R KA/t 2 118.4
8-2P % 8-2S ki /¢ 2 118.4 M A /() 0.413
7-2P & 7-2S Ik R/t 1871.5 ERIViVEe! 0.013
6-2P & 6-2S Pk &/t 1011.6 s A £ 2
10-2P & 5-2P Jik &/t 978.6 AR 2 30T 0.903 8
10-28 & 5-28 Pk &/t 1874.6
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Fig.6 The Pareto map of ballast allocation scheme for lifting a load of 5 000 t when rotating 90° counterclockwise

F) T & WAL TOPSIS 5 ¥ 52 5 5000 ¢ 30 A &1 156 00 I AW Rk TR, WWE 6,
H £ 1R e 1R 3 i B B BRSO 0,329, BE WAl BB AL A 0,293, G A AR A R 0,378 , T e 1~ 25 A8 S AL
M0,
R6 EBBBS000tEYHMEEE ICEHARRLAR

Table 6 The final scheme of ballast allocation for lifting a load of 5 000 t when rotating 90° counterclockwise

FE SR B AT AR S X B 2 B fE FE BRI T AT BAR RS XN 2 HH
9-28 T 9-2P JK &/t 809.7 2 R A VA Bk B R AH / t 819.3
8-2S % 8-2P ik i/t 808.9 MEABA /() 0.821
7-2S & 7-2P Wk /¢ 819.3 ENGVEAG! 0.005
6-2S & 6-2P ik i/t 817.7 Wi AR % 0
10-2P & 5-2P Jik &/t 428.7 AR #2230 2 0.946 5
10-2S % 5-2S Pk 2/t 737.1
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Fig.7 Changes of the heel and trim angles of the vessel during the rotating at the time when adjusting

the ballast allocation based on the finally optimized scheme
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Analysis of Optimization and Decision-Making of Ballast
Allocation Scheme for Revolving Crane Vessel
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(1. College of Engineering s Ocean University of China » Qingdao 266100, China;
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Abstract: A multi-objective optimization mathematical model is established for revolving crane vessel with
multi-functions and under the conditions of the crane lifting load and doing large-angle rotation operation.
By taking the minimization of the maximal allocation value of each ballast tank and the minimization of
both the trim and the heel angles of the vessel during the crane lifting and revolving as three optimization
objectives, an optimal set of ballast allocation schemes is worked out by using the multi-objective genetic
algorithm, and then the final scheme for the coordination of ballast allocation and crane operation is objec-
tively and accurately obtained by using TOPSIS (Technique for Order Preference by Similarity to an Ideal
Solution) method which is based on entropy weight. The results show that the relationship between the
gravity center and the inclination of the crane vessel can be accurately obtained through hydrostatic analysis
using the AQWA (Advanced Quantitative Wave Analysis) method and several optimal ballast allocation
schemes can be output by the multi-objective optimization method. The final ballast allocation scheme can
be output by using multi-criteria decision-making method and combining engineering experience and objec-
tivity. By using the above method, a simple and effective ballast allocation scheme can be obtained, thus
providing references for the optimization of ballast scheme in the project.

Key words: ballast allocation of vessel; optimization by using multi-objective genetic algorithm; multi-cri-
teria decision-making through TOPSIS
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