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Abstract: A concurrent subspace optimum design method is proposed for the optimization of composite stiffened
panel, It divides the entire optimization into three sub-optimizations, that is layout optimization, size optimiza-
tion and ply optimization, and the variables of them are the form of the stiffeners, the size of stiffeners and the
ply thickness, All the sub-optimizations are solved independently. Once the three sub-optimizations finished,
the values of the variables are reset according to the optimization results, and then to repeat all of the above
processes until the convergence requirement is meet, Three optimization designs of composite stiffened panels
are conducted to demonstrate the effectiveness.
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Fig. 3 Size optimization design process
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Fig.4 Diagram of test piece and original parameters
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Table 1 Material properties
PIRSE % e B E MRS B E
E;/GPa 133. 280 ” 0.34
E,/GPa 8.330 o/ (kg » mm™%) 1.5X107¢
G/GPa 5.488

®2 RBRERSHERIHER

Table 2 Test and theoretical analysis results

JE i RGBT P/KN
a% HE/kg
R i EXHE
1 1. 039 217 222 234
2 0. 893 170 172 181
3.1.2 fifkit®E
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RFRER 2, A 2 i, BEWE —-HIAK L
B,N, =690 N/mm,IEFEHETF A =1.0,
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Table 3 Value range of layout variables
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. HABREBAR S {1,2,3,4,5,6}
REER HEIMEN {1,2,3}
EHBERE b,/mm 5~50
K% 4R E bs/mm 5~20
ERER BERER/ME tma/mm 0.125
BREEEBKRE tnn/mm 6. 00
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Fig. 5 Iterative process of weight
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Table 4 Final optimization results

BB LR BRAH AT

S ng A 1 b:/mm 16. 260
N/R 3 A 1.016
b,/mm 31.35 W/kg 0.692

£5 MAUEHEEERE
Table 5 Optimized thickness of plies

FH t+45/mm to/mm 90/ mm

-3 0.224 0. 270 0. 220
KPS & 0.130 0.130 0. 130
FEHER 0.130 0.130 0. 130
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Table 6 Comparison of before and after optimization

IR E R 1 RE 2 A=
RBBA/N 222 172 224
FEHER/ ke 1. 039 0. 893 0. 692
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Fig. 6 Structure diagram of stiffened panel
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Table 7 Material properties
MRS B E MRS B E
E,/GPa 119.50 “ 0.3
E,/GPa 8. 80 o/(kg» mm™3) 1.5X107°¢
G/GPa 5.18
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Table 8 Test and theoretical analysis results

JE B SRR P/EN
ER/ke
R HEDT ROHE
1.793 290 277 283
3.2.2 fifit®
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Table 9 Value range of layout variables

EREA ERAK B fE T
N— HEABEER S {1,2,3,4,5,6)
HEIBN {1,2,3,4,5)
FEHHHKTE by/mm 5~50
AP % %EFRE b:/mm 5~15
ERER BERER/ME tma/mm 0.13
BREEEBKRE tnn/mm 6. 50
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Fig. 7 Tterative process of weight
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Table 10 Final optimization results

SHEH LSRR SHEH MALER
S =i/ b;/mm 9.730
N/# 5 A 1.016
b,/mm 28.56 W/kg 1. 442

£ RLEHEEEE
Table 11 Optimized thickness of plies

FH t+45/mm to/mm 90/ mm

-3 0.130 0. 997 0. 130
KPS & 0. 240 0.130 0. 130
FEHER 0.161 0.130 0. 130
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Table 12 Comparison of before and after optimization

X} IR E R ALRT A=)
KB/ KN 290 290
SEWEER/kg 1.793 1.442

3.3 HfI=
3.3.1 [ajfE¥#A

PASCERL16 ]9 3. 4. 1 958 = F 41 9 fn i i
AEEVHEFTRALTH R . SSHE BN 8 BT .

HAT mm
N N
B3 \,
T
o
=
o
N . 110 110 \
I Ty w
o)
o
930, o

B8 ik gAY

Fig. 8 Structure model of stiffened panel
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FARLAE [e1] =3 500pe; [e2 ] =3 500ue, [ 712 ] =
4 500ue, S5HFIMRIEME FH 0.97 278, WK E
&251.136 kg,
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Table 13 Material properties
PIRSE 2 n PIRSE 2 n
E,/GPa 125.0 P 0.33
E;/GPa 7.2 p/(kg' mm~3) 1.5X107¢
G/GPa 4.7
3.3.2 k&

TRZAERMBRETE IR 14 Fia. G5Eih
HF A1 =10,

KU HREEHRENE

Table 14 Value range of layout variables

TRER TEREMH B fE T
S—— HEREER S {1,2,3,4,5,6}
HEIBN {2,3,4,5,6)
FEHHLRE b,/mm 20~30
AP % EFRE b/ mm 6~18
axk BERER/ME tn./mm 0.117
HEHEBEBAHE tnx/mm 5.000
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Fig. 9 Tterative process of weight
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Table 15 Final optimization results

BB LR BRAH AT

S gAY 1 bs/mm 6. 700
N/ 5 A 1.016
b, /mm 20.53 W/kg 1.442

#16 RLEHEEEE
Table 16 Optimized thickness of plies

=4 t+45/mm to/mm t90/mm

-3 0.117 0.273 0. 271
KPS & 0.117 0. 281 0.117
FEHER 0.117 0.119 0.117

F£17 RS E R
Table 17 Comparison of results between before and

after optimization

B R ALAT Rik)s

JARHETF A 0. 973 1.106

EWEER/kg 1.136 0.566
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