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Abstract Based on topology optimization techniques, the influences of skin thickness, stiffener height and periodic grid

number on the optimized design of periodic grid stiffened structure was investigated. Firstly, topology optimization of grid stiffened

structures was carried out for different combinations of skin thickness and stiffener height. Comparison of the results shows that there

is uniform grid configuration with optimal structural efficiency for different material volume fraction. Secondly, the effect of periodic

grid number upon optimal grid configuration of one or two-ply periodic grid stiffened structure were discussed. The results show that

the optimal structural performance is tends to limits and the optimal configuration is change for stiffness optimization when periodic

grid number increase, furthermore, when periodic grid number is more than 7 x 7, the effect on optimized grid layout vanish for

multi-objective optimization. The results provide guidance for design and choice of grid layout of grid stiffened structure.
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Fig.1 A schematic grid-stiffened plate
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Fig.2 A schematic periodic design domain
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Tab.1 Optimized configurations for different 2 with =1 mm, f, =18.4%.
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Tab.2 Optimized configurations for different # with t =1mm, f, =40%.
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Tab.3 Optimized configurations for different /, with £ =1mm A =10mm.
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Tab.5 Optimized results
t/mm h/mm b/mm n
WIUGR{E Original value 1 11.65 10 1.32
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Fig.4 Convergence curve of structural stiffness per unit mass
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(a) XUZAE A N A AR
(a) Two-ply grid stiffened plate

(b) SUZHEHIR AR
(b) Two-ply grid sandwich
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Fig.6 A schematic two-ply grid-stiffener structure
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Tab.7 Optimized configurations for different m

SR N AR RO L PNy
Two-ply grid stiffened plate Two-ply grid sandwich
REA AL AR
Optimized layout Optimized layout
1x1 x 3.87 4.95
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3x3 @ 3.00 3.71
4x4 2.82 3.62
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b
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Fig.7 Convergence curve of n vs. m

LEAE A DI T YA A LA ] A 2 | K 1 A A T Ay 22
A58 7 eSS 45 BETAR B85, BIVAT 8 FH AR [R]A% B A4
BT A R3]

SEAFMEAL T IR BT T 5% KRR i 7 e AR
AR e AN A R4 7R ) 52 i), % B0 A7 v B o R R
LB TE 8 ~20 Ny X S p BHA 73 LU TE 24% ~40% Z
[ AN R AT R 2 B S S5 M sCR RS i n 44
RUFATR] T A 5 AN ] R P AR 1 B 2 U2
MRS R4 R F M A BT, 45 5 3% B Bt 25 %
FAYRETIIT, BP 2 RIORL A M o 7577 445 ) 1 £ £ 1 i 32 i
T WA, BA RS ROV, SN2 AL A B FR T Al
BRI 2 A T B 2 L2 A I 553 245 40 P A8 AL A R
i 45825 T A W B AU 22 H AR 22K N A A EOS itk
A (1) 5 Wi B RS IR 38 B T O, X e R X A
WA B AT S TR T HE S

22 3R ( References)

[1]

Lam Y C, Santhikumar S. Automated rib location and optimization
for plate structures[ J]. Struct. Multidisc. Optim. , 2003, 25.35-
45.

TRREL, AR, s e, R AR R B 08 sOL3 Y
ST G A AN AL BT[] BLAK TR~ 4%, 2008, 4:201-
205.

DING XiaoHong, LIN JianZhong, YAMAZAKI Koestu. Topology
design optimization of stiffened thin-wall shell structures based on
growth mechanism of root system [ J]. Journal of Mechanical
Engineering, 2008, 44(4) :201-205(In Chinese).

R, TR, e 4 M R A R AL BT ik [T]. HLb R
B, 2012,34(5) ; 692-698.

JI XueRong DING XiaoHong. Design optimization method of
stiffeners on plane and shell structure [ J]. Journal of Mechanical
Strength, 2012, 34(5) :692-698 (In Chinese) .

KK, b &, R 52, L DRSS BARR I AR S5 Fa 1
BT[], HLBREREE, 2013, 35(2) : 179-182.

MI DaHai, YANG Rui, ZHOU Liang, et al. Structural frequency

[4]

optimal design of stiffened plate [ J]. Journal of Mechanical
Strength, 2013,35(2) :179-182(In Chinese) .

SRTLL, BEA, B WREL R 0 A R AR AR BT ]
fiZs 244, 2009,30(11) :2126-2131.

ZHANG WeiHong, ZHANG ShengDong, GAO Tong. Stiffener
layout optimization of thin walled structures[ J]. Acta Aeronautica et
Astonautica Sinica, 2009,30(11) :2126-2131(In Chinese) .

Zhou M, Fleury R, et al. Progress in Topology Optimization with
Manufactory Constrains [ C ]. 9th ATAA/ISSMO Symposium on
Multidisciplinary Analysis and Optimization, ATAA, 2002, 5614.
kbt SC, FEARIE, SRTEEA. Se ik & A RbAR A At R TS R
HERE[T]. A4k, 2007, 28(2) : 419424,

DU ShanYi, ZHANG JiFeng, ZHANG BoMing. Overview of
application and research on advanced composite grid structures[ J].
Acta Aeronautica et Astonautica Sinica, 2007, 28. 419424 (In
Chinese) .



%

37 BHE 2 M

NPT SRR WA 4544 B Fr MR BT 265

[8]

[11]

[12]

WM, &R, TIST. MM R R R (1],
i)k, 2008, 38(1) : 35-52.

FAN Hualin, JIN FengNian, FANG DaiNing. Structural mechanics
of lattice grids[ J]. Advances in Mechanics, 2008, 38 (1) 35-52
(In Chinese).

KW, BRI, 2 RE. JedE ST A ek A e Ak it
MR ERIET]). ZAaMAEAR, 2005, 22(2) :166-177.
ZHANG ZhiFeng, CHEN HaoRan, LI Xuan. Hybrid genetic
algorithm for optimum design of advanced grid composite circular
cylinders[ J]. Acta Materiae Compositae Sinica. 2005, 22(2) ;:166-
177 (In Chinese) .

BIRF, BROCHR, SEOOAR. ST BRI N 5 A A SR Ak B
[J]. MK HHEA, 2008, 31(5) : 527-530.

LIANG DongPing, XU YuanMing, PENG XingLin. Configuration
optimum design of grid-stiffened composite panels [ J]. Journal of
Solid Rocket Technology. 2008, 31(5) ; 527-530(In Chinese) .
TRTLL, INAF. 2R Z5 R N S i — A M AL 5
RT]. F12%2441,2006 ,38 (4) :522-529.

ZHANG WeiHong, SUN shiPing. Integrated design of porous
materials and structures with scale-coupled effect [ J ]. Chinese
Journal of Theoretical and Applied Mechanics. 2006,38 (4) :522-
529 (In Chinese) .

Zuo 7 H, Huang X, Yang X, et al. Comparing optimal material

[13]

[14]

[15]

[16]

[17]

[18]

microstructures with optimal periodic [ J ]. Computational Materials
Science. 2013,69.137-147.

Weeks CA, Sun CT. Multi-core composite laminates[ J]. Journal of
Advanced Materials, 1994, 25(3) .28-37.

TR, 38w, K5, & SUZIEE B PRHEH i m ofd
WA SCH 1], KRR, 2009, 29(6) :590-595.

JIANG DaZhi, GUO Yang, LI Changliang, et al. Experimental
investigation on response of two-core sandwich composite structures
under transverse impact[ J]. Explosion and Shock Waves. 2009, 29
(6) :590-595 (In Chinese) .

Bendsoe MP, Sigmund O. Material interpolation schemes in topology
optimization[ J]. Archive of Applied Mechanics, 1999, 69 635-
654.

Sigmund O, Petersson J. Numerical instabilities in topology
optimization; A survey on procedures dealing with checkerboards,
mesh-dependencies and local minima[ J]. Structural Optimization,
1998, 16(1) : 68-75.

Zhou M, Shyy YK, Thomas HL. Checkerboard and minimum
member size control in topology optimization [ J ]. Structural and
Multidisciplinary Optimization, 2001, 21.:152-158.

DAI, GM, ZHANG WH. Size effects of basic cell in static analysis
of sandwich beams [ J ].
Structure, 2008, 45, 2512-2533.

International Journal of Solids and



