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Abstr act : To construct neurd- net work response surfacesfor compodste structurd opti ma design, the Otharopc
Experi menta Method ( OEM) was used to sdect the nost appropriate structurd andysis sampe pants. The con
structed response surfaces were used as t he oly ecti ve function or constraint condtions. Together wth other conven
tiona constrants, they for man opti mzation desgn modd which can be sdved by usng genetic agaithm ( GA) .
This approachis highy applicable for compex composte structurad design. Taking a hat-stiffened conposte pate as
exanp e, the wa ght response surface was deve oped as the ol ective function, and strength and stahlity response
surfaces as constraints ; dl these neurd net warks weretrained by PATRAN/ NASTRAN conpuation. The opti m-
zation resutsillustrate that it can sgnficantly reduce the cycles of FEM andyds and achieve highy accurae re-
sponse approxi metion resuts. And eventudly, the approach can geatly rase the effiaency of the opti mzation
pr ocess .
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tr 2. 794 mm, 2 ( mm
X Table 2 Canddate pairts of design( Unt: nmj)
755. 859 N mm Ny, Variables Mn mum Step Maxi mum
102. 3218 kPa d 304. 8 304 8 1219 2
X , tsb 2 794 1 397 11. 176
X tsm 2 794 1 397 11. 176
y ten 2 794 1 397 11. 176
, 7 tem 2 794 1 397 11. 176
; [ 45/
- 45/0/90/ O/ - 45/ 45] : 7 1 397 mm 80 (
5 5 4 Lis(4°
, 1 397 16(47))
1 W : FI : A
50
1
Table 1  Material property
Property Val ue Property Val ue N
E1/ GPa 63 779 Eal 0. 0054 125 ,
B2/ GPa 32 200 Gl MPa 34475 x=944, 823 N mm, p =127 902 kPa PAT-
G2/ GPa 15 652 T4/ MPa 124 11
RAN NASTRAN A,
Vio 0. 397 pl(kg- m™ 3 157. 775
([Kl-NKD{& =0 K
5 d N Ky e
)t , Lo '
o ¢ Tsai- Hill
; tcm 2 2 2
8 & a0 Tz
tsttsm tcmZtcb, FI - X2 + Y2 = X2 + SZ
3
W 16
32
4 (
2 4x7* 7 )
3
Tabe 3 The cdadated resuts o tra ning data sanples by Orthatropc Experi nent selected
d tso tsm teo tem w A Fl
1 1219. 2 2 794 2 794 2. 794 2 794 2 1682 0. 3606 2. 730
2 1219. 2 5 588 5 588 5. 588 5 588 2 9455 1 5708 0. 839
3 1219. 2 8 382 8 382 8. 382 8 382 3 7228 2 4182 0. 431
4 1219. 2 11 18 11. 18 11 18 11 18 4. 5000 3 0829 0. 281
5 914 4 2 794 5. 588 8. 382 11 18 2 9164 0. 6945 1. 335
6 914 4 5 588 2 794 11 18 8 382 2 9474 Q. 4305 1. 035
7 914 4 8 382 11. 18 2. 794 5 588 3 6467 1 5574 0. 599
8 914 4 11 18 8 382 5. 588 2 794 3 6778 0. 8836 0. 995
9 609. 6 2 794 8 382 11 18 5 588 2 9460 0 7363 1. 145
10 609. 6 5 588 11. 18 8. 382 2 794 3 3111 0. 8375 1. 359
11 609. 6 8 382 2 7% 5. 588 11 18 3 2089 Q. 4445 1. 011
12 609. 6 11 18 5. 588 2. 794 8 382 3 5741 1 8654 0. 763
13 304 8 2 794 11. 18 5. 588 8 382 2 5702 Q 7225 2. 038
14 304 8 5 588 8 382 2. 794 11 18 2 8186 1 3002 1. 182
15 304 8 8 382 5 588 11 18 2 794 3 6273 0 8494 1. 483
16 304 8 11 18 2 794 8. 382 5 588 3 8756 0. 4093 1. 313
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4
Tabe4 Resdts of trainng far resporse surface : SEAAE 2
Trairing R MSE Testing RMSE o s ! 7
Weight (W) 0. 0007983 0. 002867 = '7 e © W
il
Strength ( FI) 0 027 0. 0757 ﬂ 6.5 buse
55
5
1 16 31 46 61 76 91 106 121 136 151 166 181 196
’ AR EL
5
’ 5 GA
D FHg 5 Convergence of GA opti nization
16 6
( RMSE) , 23 Table6 Theresut of GA opti mzation
’ ’ W kg A Fl
( 80
Actual results 2 87049 1. 70596 0 98870
0. 119)

Response surface resuts 2 87602 1. 67454 0. 89947

5 Relative error 0 193 % 184% 9 02%

Table 5 Conmarison o bucKing trainng efficdency

Type of response

Sanples Met hods surface R MSE 4

11 D-opti el 20reer 0 61

23 D-opti mdl porcer 0. 54 ’

33 D- opti el 20rder 0 25 !

16 OEM Neura network 0. 453 ,

80 OEM Neurd network 0 119
33 GA

3 kg ,
( : 80
0.0956 % ) ,
, 100 200
, Tsai- Hill FI 1 20000 )
Q 0757, GA
FI<0 9 . A 1
0. 119 : A=211 ’
tsb = tsm f tcm > tcb
d=3048 mm, Tsm =
4191 mm, Ts = 5588 mm, Tcm = 9 779 mm,
0.6, 0. 001 200 GA [J] . , 2003, 18(2) : 216 - 220.
5 [ 2] Myers R H, Montgo mery D C. Response Surface Methodolo-
) gy [ M . New York: John Wley and Sons , 2002 .
6 GA W A [3] . [J.
Fl , 1999, 15(3) : 31- 36.
BP [ 4] Tai J C, Mavris D N, Schrage D P . Apgdication of a response

surface nethodto the design of tip jet driven stopped rotor/
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