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Abstract: In order to effectively improve the management of ship building process, an optimization model
for expansion of three-dimensional curved hull plate is proposed based on an expansion method with a
constant unit length, taking the steel plate cutting and plate conforming technology into full consideration.
The error of area, linear degree of borders, and mean strain energy are taken as objective functions. The
multi-objective memetic algorithm (MOMA) with heuristic operator is adopted to solve the optimization
model of three-dimensional curved plate expansion of ship hull. Based on the analytic hierarchy process
(AHP) method, multiple solutions are selected to obtain the final expansion surface. By comparing with
the geodesic expansion results, the effectiveness of the optimization algorithm is verified. Besides, the
effectiveness of local search operator and heuristic operator in the algorithm is further verified.
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Fig.1 Example of expanding operator

SR T L AT 3o R 6 T T A
PR 2, DR 5 0 T A B i 2 5K o A e
TF i %8 10 BT 25 R A K. 3 F ) % ol
R T I TR 1% 2 L 2 6 O 0 %% 110 7 9 4
o i 2T B2 2 ) A (K-
2 HFER

T b P ) B B A = 2
B 2 TF 01 437 0 B0 R0 A4 B S5 . T A
S e PR 00T 22 R 1 1 2 4 2 1
IR IF T 14 366 4 75 i 3 > 4 B F 400 JF
ES

TR 22 b AA S FFE JF O 1T L5 I =
I T AU 35 2% 40 4 X0 (8 35 T AL 58 2 H b AT
FCH 0 8 S FF I 0 T A5 =40 0 A )52
ENNCE TSN R YN S e
R
A, — A,

A,
B A, = 2 i A R A Ol JE JF T 1R 4
#4430 2 B T SR A

PP TV 3930 4 2 p 23 3 5 JF M
BT U 30 0 O 3R 5 2 3 0. 0 4R R 9T 5 % 7
FA T4 R B 300 4 2 3 1 T 7 8
AR SR 95 5 AR ) 3. R OF o
B AR AR R LR XY PN R R T
BERECAR A Db A SR AR REEAT N b
NI PES e

p(X.Y) = Nl—li;(X'aX#X)(Y[ayW) (2)

_ 1 <
,0:;2\‘0;\ 3

i=1

fUP HX A6 x éj\%'UﬂX E"Jﬁj{ﬁﬁniﬁ/ﬁi’/ﬂ Sy

@)

.

SrB0h Y B A FUAR W 22 5 Sy BT 1 0 I Ad B
n=4; [ o | N FABIR R R XIE. 47 o #
U 1L TR T T 5 A 4R R

fH TR s 6 o T A 3 o R T i ) TP 2

RiASAE E ST e, JB O T A T 7 5 0 —
AR T B A K K S B R 22 ) Sk ¥ 2 RSP RN
TS = 2 o A JRE T T 04 IR B e 3 i X A
AR SR T VY 21 8 B0 i A = 4 i Al 2 AT
A% 3 AR DU YT AR 2 oA IROT B il U
H A BTG 4 N RE L B0 N AR BE FR THT P S g R AR
AE IR 11 9 D) 1V 78 BE 4 1

E = | delondA+ | dele.dd (0
A A

61, = D&y ()
6, = D.g, (6)

Ko g, AT NS RN AR S B el A B IR AR A
o KT N R )RR e, R BY VIR S A 5 ;D o
SR [ s A Sl oG i L
T T i A S 24 500 0 A% fig an =X (O s, H
B M Sk BT
E = MLZJE 7

H b 3 A T A A = A gt Al TG T ) I A

min f, = min A”;)AO (8
max f, = max p(X,Y) 9
min f; = min E (10)

min p(i) < pi (i) < max p(7) (1D)
(i=1x.,y,2)
min p(i) < pu () < max p(i) (12)



1104 E EH X @&

554

(i=1x,y,2)

Num € {1,2,++,RIBN,., (13)
Al min p (G AR5 IT il 5 TT T L 4 AL bR Y I
/ME smax p () SR RETT T BT A 7 AR Y B
KAE 37 ARG 5 0 IR sy 25 pra (D R
T e Y 2 7 i i HY) 4 AR AR AEL 5 i (0D DR ) S HE LR A
Uiig i B 7 AR BRAE s Num Sy G 1] i o 2k BT 35 By ) B
RULR G 5, T B i R R 4 B R R A2 2
A7 BEAT G5 s RIBN, 4 Ul Y 28 18] PP A die R 20 5

3 ZHRMA

MA R4 R R i SEah - 55 F AR
SRR R ML A AR T BRI E ML)
MR AR R RIeE B T BIE M R R R . sk
AE MA BE) T 12 0 SRR AL 38 A 7 e DY R
S A, TR 45U I8R AY AH SC TR] R, A R L  UR y
B LA KRR A 3 S AR SO — Rl 2 H bR MA(MO-
MA) LR fige M A = 4 il B F 59 1 £k 43 A ) . 1
% BAREAR S L . MOMA 3t F Pareto fie fi M &
HEAT . MOMA SR Z el i i, 51 AR R R
Az BRI R A T B T R G A T T A AR A
WAL ERAE LA LR 3 R . T X MOMA fif 1y
FI5 P RERD WR AL | AT BRAE R R A R A N A AT
AN A
3.1 FhEMBRK

h T B SR G FRE L R T A RE T
A W b A SR R Y R P T 2 LI M 2 1 X

vl
3@1-%1|1|0|1|1|1|1|0|1|o|
v
S nnNnnnnnn

i Lo [o[ o[ [ ]o] 1]

WA EAT JTF L RAT i 2 04 Joe T . ) b 26 72 1) Joe T JE
REU AR SC— B0, PR AT DA AR BRI b 28 5 R T 1 B AL
FE e 28 10 1 8. I R b e LR AT AR A L R A
KRR TR AR . B T W0 1A M DR 1) 5 ol 2 o ait
AR S LA U6 A 358 SR B S i ) R ME LR L 7 AR R Y
3 RIS T BRI G R 0 2R SRR R
20 s il 1 S 5O S A E RS 1 10 %%,
3.2 EEBRME

K TR g 23k 3 APk AR B IR A AL
28 SR S 3o A v, % 3 R (8 T R R
AF v B0 I 3R AT 0 fige 76 P A7 S Rl

VERE 2 XORAR S50 FH 1 A i AR R Y 3 A%
FRAE. SRR AR SR 2 I S0 A5 ZORT4H Y B B 1Y
TOCERAR TR I AR B BE R ik A S A R E AT
WL PRAE. o8 bR T8 1 B R R O X AR S D
SRR (R P AS A B 58 18 2 Al S E A IR Y A
A 5 X6 Al S e A5 A [R) 1 79 A A I 2 3k R 4 B
B KA AN s 0 3 Hh A AR AN IR F R PR AT D
XF A8 XL A8 SUHRAE R FH S 4358 SIS SR gk HL AR H A
WE 2 frs GZE YR BB SEhr e ik K ER K,
Horp R MYk & HEARE TR T .

T FE 1T AR 2 g ik b e EUH
A E (R, .R,).

FB2 AHAAC 1 RN 2 Bl ke B B 43 Y
LR N o S AV I I S A

T3 XTFAR 1 AFAR 2 BT T
HH R AT 380 ik BE ML AL L X AR e R B AT B IE

R] R2

v
gzl tfifolofolifi]of1]

v
st [T o oo [ [o[1]0]

wter Do [0 1]0]

B2 22 AR

Fig. 2 Example of crossover operator

N T RAERNRE 9 2 RE M 0 32 SR A 7 AR Y T
PR AL A S 7 e A R AR AR R R
R FEECR I T B A 36 Gt (R 2 15 15
3.3 BHMERET

1E MOMA w2 BEHE SR P o6k A P it in 2 1
BEADLR 3k 19 Jr 348 R 1 BRI R R AR
S T AR KD B [ A PN TS L R I AR R i
gl PR T0 e 5 100 I A A B ARG [ AR P B 3z Bl
B R 1A PP e 208 B R UE RS SR Kk

— P AR L RS R P I T RN R L —E
P MR 3 4 A2 e 2 R A+ TT LA B B 3k Bk o ) T e A
ST RE 52 I 4 JR) B AL i

JE R TR BB

B DR P KBRS X AR T 2 AT
J iR,

FB|2 AHEARAE R T BCE AR K
FEIEARS R XK T, BEAT 88 . BEAL™ A= A 1
T: WARIAEA.



210 4

ZRYIF MR BRIk S A AREAARER 1105

|3 X AR G AT g A 5 AR
WA Y IE N B A, O T H S S g B B
HE .

B4 AR T bR B a0 X S I AR G i i
HEATHE Y S BCAE S FE i 5 AN T 47 b 45 40
B ST AR T D 42 32 <0 B 4R vh i 00 55 i, 5
D) L2 — 2 WO 5 ) T 2 5 4 52 % i
3.4 HiERRE

FEF LU EX MOMA B4 4.7l LIRS 1
AR K 3 s, Hode g R EECEG nFEs
IR F s nFEs, R FEE B9 AR B 5L

WEFESH

g=0
nFEs=0 10%

Ly aliaiv i B Y
D(g) Mt H Dy
LiTHEE(S

N
a2
- )
EEPRE

v

SESUARAE

v
pT —
feReqt ERIME

[ l i=1
HEFAE
SR NCEEAY]

!

2 FRME AT FARA
TRFEAT R R i=itl

N ¢ Y
3 MOMA i FEE
Fig. 3 Flow chart of MOMA

AT
2k 12

H—1R
SARFIRY

4 BEBFLG

DI A 3t 3k R v — Rl B A O ) R R
SRR N I HEAT e TF LA 43 BT ARBA 1 R SR AN 1 4
(a) it 7s. Horp e W K45 L S il B 4R BE B 2 10
PR 2S5, NURBS ff 18 % 2 0 8 A i 47 itfy 180 =2 44 i
¥4 435 A% B 6 SR DU I 4R R 43 6100 (100 X
61 AN, ANl 4 (b) PR,

BB FRE /N R 60, BB 100 I, 28 X

WEA Ry 0.6, R RNy 0. 1538 KL L HE4)
Gl R 800 °C LR EE LS R AR 0. 2, i B AR
0.9, N MOMA X [ 3R W 78 iz B T B0 45 K
) AR S I 5 ik AT AL T S T IR SR A
R SR FH b 4 92 % ) — B ple A 3647 e I F . b Ak
A3 SBE ST TG R R SR R0 TG SR R 2 i Bk g A T ) R
TEEL I 96 90F I & B8 R Ry S 48 R T 1 A R

XoF R FH eh A1 B 9 AR AR 1 i 4 L 5 Il SR
Ji VA S TC 45 ORI 55 12 B S 4 A AT HE T L S TRE
R 10 A v R M i ALk 3 B A A O
ZFOBCENEHL0.3,0.5,0. 2] 3% 3 NIEH IR IR
#10.035%,8.84X107",0. 698 1 1M} 4.

MF 1 A LUE R AR AR 7 15 31045 1 J T
T3 ZE W TH R 25 7 X N AR BE RN SR 2k 3 AR R
P00 000 b 2 3 15 B S A A Ak AR A Y R T O Tk 4
TR PG 00 4t 2 32 99 E 1 i P AR A A b SR
A [F] 4 A X T Jry BB 48 R B8 FLTC e A PR
PR AR A AT R A RN 1 PR, E RS
R BT WAL D7 245 21 19 R T Oy 48 T AR R 22 A1
Y 0% 7% BR R AR 1 5 0 Ak J7 B A B R 22 B AT 3
Jr A8 AR A AT AT RO S B O Ak T 3k Bk R
PG B R R AOR ARG o B . s KA
T AR B R R 3 Titshn 5 AR AR T
AT T B AE T i 25 BE AN K 3 g2 RO T 4 58
BN £ H AR AL Bk B — s R i
FEEAC B R A A BE R H AR S o0 R BRA S
KT B AE T v A5 B0 G I A 1 M R K

®1 HERFITHSER

Tab.1 Results of expanding operators

R/ WA 2/ % TP RNAERE LRk
IR e 7S 0.5500  30.17X107* 0.5155
et s s 0.0350 8.84>X107* 0.6981
TR TR E 0.6423  66.04X107" 0.6531
T R T 1A I ik 0.040 0 8.95X10°% 0.6885

BEXSIZ WL RS AR L R L R O Ak R T 53k i s s
B 20 WL AT LASRAS Z2 A5 O7 98 R SIS )5 P
BB RS A A AHP 35X 2 4R 7 LR
WP AR R AHP 3 R X H B HE ¥R
Saaty 54 H A Y — il e M 43 BT FE 43 BT AH B
LEE VP DR SR 7 vk 38 i A ST [R) AR JR R AN R R
T I A5 T2 B W B L R AT J2 R e S — Bt
Ko HEAT RS HE Y e — B R 4 P ROk 52
JEALAE B 5 5E



1106 E B X @A K ¥ F K 55 54 4

W/mm

y=300 y=600 »=900 »=1200 y=1500 y=1800 y=2100 y=2400
120 087.5 17080.2 17 748.1 18231.0 186153 18931.0 19192.5 194083 195858
121 115.0 17 157.1 17 816.7 18289.7 18665.6 18974.0 19230.7 19441.5 19614.0
121 902.5 17209.6 17 860.4 18327.8 18673.4 19000.0 19252.8 19460.6 19 630.6
122 690.0 17254.1 17896.8 183584 18722.6 19020.0 19268.8 19473.7 196419
123 477.5 17290.8 17926.1 183823 18741.5 190350 19279.8 19482.0 19 649.0
124 265.0 173189 179483 18400.5 18756.1 19046.0 19288.0 19488.7 196552
125 052.5 17337.8 179635 184134 18766.0 19053.0 19293.3 19493.7 19 660.4
125 840.0 173474 179712 18419.1 18770.6 19057.0 19295.6 19496.0 19 664.3
126 627.5 17345.1 17967.0 18415.5 18769.0 19058.0 19298.7 19500.2 19 668.5
127 415.0 173349 179569 18406.2 18760.1 19049.0 192903 194924 19661.2
128 202.5 17312.7 17936.3 183869 18741.4 19031.0 19274.1 194779 196479
128 990.9 17280.4 17905.8 18357.5 18713.2 19004.0 192488 19454.6 19627.0
129 777.5 17237.1 17865.0 18319.7 18677.6 19970.0 192157 194234 19598.9
130 565.0 17184.5 178159 182729 18633.1 18928.0 19176.5 19387.6 19566.7
1313525 17123.6 17759.4 182209 18583.8 18881.0 191324 19346.6 195293
132 140.0 17054.8 17695.1 18160.7 18527.5 18829.0 19084.1 19301.8 194879
1329275 16976.8 176232 180942 18465.5 18771.0 19029.5 192513 194423
133 715.0 168919 175443 18020.6 18396.7 18707.0 18970.4 19196.8 19392.6

L/mm

(a) HatAiEMER

(b) FRIFHA () =T3S

K4 ReJRITARM 0 B A S A
Fig. 4 Information of 3D plate to be expanded
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Fig. 5 Expansion plan



5510 3] ZEPLF MR BRI Tk % B AR AL A 1107
. Journal of Materials Processing Technology, 2013, 213
5 4%iE

AR SCAR X A A = 2 il AR R O ) R 4R 3
JCER Y B IF I 05 IF 5L T I% vk 2 5r i iR = 4k il
R 1 Ak 1) R ) H 2 AR L T B AR 25 L 349 R AR
BRI I0 26t B bR B FH MOMA X il diz i 7 7]
AT T 22 B ARG Ak 38 5 55 00 M 40k AT H G
UE T Z A A 52 B A R0 5 38 o 18 37 % BB R i e
B E T 5 R A R B RS R R A k.
B8 T A B R IT Y JE S T2 BT R 3 Midk
H AR sRE T AR5 10 J TT O 02 25 25 IR 5 )
ERFRM BIE T2 H KRR ) TR EiE
FiFs 20 R T 1 AR R TR ORE SR — 2 1 S

S & k-

C1] MM, sesise, BTG, 45, =2 il i o AR B
JFordatael)]. ARIE IR, 2013, 42(1) . 74-77.
XIAO Xiong, HUANG Chaoyan, HU Yong, et al.
Study on the method of mathematical expansion of
3-D curvature hull plate[J]. Ship & Ocean Engineer-
ing. 2013, 42(1): 74-77.

HINDS B K, MCCARTNEY J, WOODS G. Pattern
development for 3D surfaces [J]. Computer-Aided
Design, 1991, 23(8): 583-592.

AZARIADIS P, ASPRAGATHOS N. Design of
plane developments of doubly curved surfaces[]].
Computer-Aided Design, 1997, 29(10) . 675-685.
WANG C C L, TANG K, YEUNG B M L. Free-
form surface flattening based on fitting a woven mesh
model [ J]. Computer-Aided Design, 2005, 37 (8):
799-814.

[5] SHIN K H. A method for planar development of

free-form surfaces made of anisotropic materials[ J].

(2]

L3]

[4]

Journal of Mechanical Science and Technology, 2011,
25(11) . 2817-2825.

SEONG W J, JEON Y C, NA S J. Ship-hull plate
forming of saddle shape by geometrical approach[]J].

L6]

L7]

[8]

[10]

[11]

[12]

[13]

(11). 1885-1893.
KE, wain, XIER . S TS0 RS W
WUTE M A 0 A e FF 5 ik [T ). R E S AR, 2005, 46
(3): 92-97.
ZHANG Xuebiao, JI Zhuoshang, LIU Yujun, et al.
Plane development method of convex hull plate based
on parametric surface representation[J]. Shipbuilding
of China, 2005, 46(3): 92-97.
Zali gy BAROAR. RT3 RN = A AR B4R TR 23 B
Mg sr[J]. MARBZER AR, 2018, 40(11) . 25-28.
LI Chunjin, YANG Qiulin. Ship plate section surface
mesh segmentation based on adaptive triangulation
[J]. Ship Science and Technology. 2018, 40(11): 25-
28.
XNBIZR . MR, AR R AR R IF A0k )Y S LT .
MEARTFE. 2007, 29(3): 34-36.
LIU Yindong, ZHAN Yiting. Arithmetic and pro-
gram realization for shell expansion[]J]. Ship Engi-
neering, 2007, 29(3) . 34-36.
HAN Y Y, GONG D W, LI ] Q. et al. Solving the
blocking flow shop scheduling problem with makes-
pan using a modified fruit fly optimisation algorithm
[J]. International Journal of Production Research,
2016, 54(22) . 6782-6797.
WANG C, TIAN N, JI Z C, et al. Multi-objective
fuzzy flexible job shop scheduling using memetic algo-
rithm[ J]. Journal of Statistical Computation and Si-
mulation, 2017, 87(14). 2828-2846.
FoOat. BT 0 B IR I A TR A Ml EE B B Y
LSt [D]. HmPR: HRKAE, 2012
CAI Bin. Research on the job shop scheduling prob-
algorithms [ D J.
Chongqing University, 2012.
SAATY T L, VARGAS L G. Hierarchical analysis
of behavior in competition: Prediction in chess[ M ] //
The Logic of Priorities. Dordrecht, The Nether-
lands: Springer, 1982. 207-226.

(ALtp#t:. 5 50

lem with memetic Chongqing





