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Hierarchical Progressive Optimum Design Method for
Composite Stiffened Panels of Warships

ZHOU Xiaosong, MEI Zhiyuan

Department of Naval Architecture Engineering, Naval University of Engineering, Wuhan 430033, China

Abstract: The optimization design of composite stiffened panel can be difficult to carry out due to its in-
nate features such as anisotropy, complex interfaces and multivariate design etc. In this paper, a hierarchi-
cal progressive optimum design method is proposed, where the side composite stiffened panel of superstruc-
ture is selected as the research object. Firstly, all available design variables are extracted according to ac-
tual engineering practices and the design characteristics of composite stiffened panels. Then, calculation
and analysis for the two—stage optimization are conducted on the stiffened panel by investigating the sensi-
tivity of all design variables. Finally, a comparison of results before and after the optimization shows that
the hierarchical progressive optimum design method effectively solves the multivariate design problems of
complex composite stiffened structures.

Key words: composite materials; sandwich panel; stiffened panel; hierarchical progressive optimization
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Tab.l1 Dimension parameters of stiffened panel

Ll 312 HE f5 /mm 100x80
I B /mm 3 000 A7 /mm 100x80
K P /mm 4100 755 1) BE /mm 1 000
17 % /mm 5200 I 55 5] B /mm 1 000
JZ 5 /mm 2 600
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Fig.1  Structural layout
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Fig.2  Schematic diagram of structural components
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Fig.3 Schematic diagram of local section
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Tab.2 Material parameters ( glassfiber reinforced plastics)

S i BE
E1/ GPa 25.3
E2/ GPa 21.7
G12/ GPa 2.96
B R 623/ GPa 0.99
G13/ GPa 0.99
ul2 0.26

p/(kg:m™) 1.9x10°

S11max/ MPa 402.04

S11min/ MPa -275.54

RS $22max/ MPa 489.47

S22min/ MPa -304.99

S12/ MPa 64.01
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Tab.3 Material parameters(PVC foam core)

A K fE
E/ MPa 90
u 0.31
p/(kg-m™) 1.9x10°
P A58 5/ MPa 2.5
JE4 58 B MPa 1.4
B )58 B MPa 1.15

(a) Boundary condition

(b) Mesh generation
K4 ARG TR RO

Fig.4  Initial computational model of stiffened panel
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Fig.5 Displacement contours
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Fig.6  Stress contours of glassfiber reinforced plastics
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Fig.7  Stress contours of PVC foam core
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Fig.9 Screenshot of design variable sensitivity
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Fig.10 Displacement contours after optimization
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Fig.11 Stress contours of glass fiber reinforced

plastics after optimization
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Fig.12  Stress contours of PVC foam core after optimization
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materials before and after optimization

fefbni  ALSE MR /%

Jé R B BE /mm 40 32 20
AT R S /mm 10080 80x80  20(# L)
WA IR S /mm 100x80  60x50  62.5(#{ i AR

4 mm, > T 20% ; A 2R 25 K8 0T B N 486 kg Tk
12 %391 kg, WiHE T 19.5% , Uk T AL R . Hip
B A7 RS ARG T AT R A8 A A /0N | 38 B A Al 48
5 Ky R 3 RS R R B FHE K IRAKS L S5
1) $5e KA A% B fe RN 1 55 Ak i AH EL 3438 K, 3
T2 SR DX IO DA K 30 Ak ) R R B
EATS 5 e B SR S A Y BE T A RSk . b AL, AT
FUOCTE S AR MR JE 0 7 AR 0, R i i e 45 W 5 5
T TR i DX e (Ao o 1 ) S OR T R N
i g SR G R A0 T T A 25 R I A T DA A
G3HTo

5 45

1) 2T Isight 46T & 19 73 938 AR Ak i 1
T L REAE W 2 A MBI JZ AR AR S5 # i AR Ak i T
BRI JE M2 2 RS A 1 N 1K )
TR ERAE, BB T EEK

2) Byt gk A VE T, X5 A R Al 2R 4 4 i
BRAE 1R M SR K BT B R e R AR R 2 B B AN
JEL B RS A JRE B, LR R s 7 S A R SF . R
B AR ZL S AR A T e, B AT B
R E"

3) SR H 0o M 45° R HEATHIZ , & R
P A AN 2 7 210X A B BEJR 7 T R A 42
S5 K05 B BRI T T, B2 A A R SR 25 4 1 I
T M 486 kg T I4F] T 391 kg, M7 95 kg, I H ik
19.5% , Ut B AL 7 R AR &, FLOG A 25 SRl 12
il T 202k, AT AR & 1) TR R A

4) 3C AR SR A A 2 SR AS A s X IRR A
149 07 3 7K ST SR PEAN B R Al 22 19 7R 2R BE ), 2 % Al
DRRSEI HEAT TR A0 5 0 AR A gl AL | T X R 3 e 4
4 5 300 2 SR 5 DX el e ek v P T A D0 O o %
S XU AE T — 25 R R G A AT T g A B =X
PEALT 247 A 8T

5% 30k

(1] ZRFHT, W TR . & AR RN i i 4544 09 — W R
At 7 ik ()], M RS i K K 242441, 2011, 43
(5):645-649.



434

J G R 55 < AL 525 ARSI )2 A R 45 ) ) o 48 ok DA 3O 69

WU Lili, YAO Weixing. Two—level collaborative opti-
mum design method for composite stiffened panel
[J] . Journal of Nanjing University of Aeronautics &
Astronautics, 2011,43(5) :645-649.

Tedl, kTR A APRUIM AT B2 OL A B Y S5 3
25l K BE k[0 35 T 22 A 4, 2011, 28 (1)
158-162.

QIAO Wei, YAO Weixing. Equivalent bending stiff-
ness method for stacking sequence optimization of com-
posite stiffened panel [J]. Chinese Journal of Computa-
tional Mechanics, 2011,28(1):158-162.

BHE, T8 5T, AN, —FhEE T 5 5 RH i AR 25
MR AR E A [0 ], A AR 4R, 2010,
27(3):169-176.

ZHAO Qun, DING Yunliang, JIN Haibo . Buckling
optimization method based on structure efficiency of
composite stiffened panels[J]. Acta Materiae Composi-
tae Sinica, 2010,27(3):169-176.

IR IRTTER TR . R T I 28 I 45 0 7 AT 114 A B
B AL BT[], 2 A B R E 4z, 2005,22(5)
134-140.

LI Shuo, XU Yuanming, ZHANG Jun. Composite
structural optimization design based on neural network
response surfaces [J]. Acta Materiae Compositae Sini-
ca, 2005,22(5):134-140.

ERSE, Tz ss. A PPRHINAT BEAR 10 25 #4417 Rt A
B LI]. P AL 2 R R 2 2 i, 2010, 42(1)

8-12.

ZHANG Tieliang, DING Yunliang. Structural layout
optimization of composite stiffened panel[ J]. Journal of
Nanjing University of Aeronautics & Astronautics,
2010,42(1):8-12.

XVTE I, Bk AL AR RE PR, 38 AR 1 F 3 IR £k 11
PLIL LS T h Z 22 B L) ] s 2241, 2007,
28(5):1025-1032.

LIU Kelong, YAO Weixing, YU Xiongqing. Multidis-
ciplinary structural-aerodynamic design optimization
of wings with low degree—of—freedom collaborative opti-
mization[J]. Acta Aeronautica et Astronautica Sinica,
2007,28(5):1025-1032.

BLAIR M, HILL S, WEISSHAAR T A. Rapid modeling
with innovative structural comcepts. AIAA-98-1755
[R]. American Institute of Aeronautics and Astronau-
tics, 1998.

NAGENDRA S, JESTIN D, GURDAL D, et al. Im-
proved genetic algorithm for the design of stiffened
composilte panels[]]. Computers and Structures, 1996,
58(3):543-555.

MOURITZ A P, GELLERT E, BURCHILL P, et al.
Review of advanced composite structures for naval
ships and submarines[J]. Composite Structures, 2001,
53(1):21-42.

[REHRE: FE5]



