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Table 1 Material properties

Tensile Compressive
Longitudinal modulus [GPa] | E_ 142 129
Er 8.8 9.3
Transverse modulus [GPa]
E; 8.8 9.3
Grt 4.2
Shear modulus [GPa] Grz 3.3
Grt 4.2
Vit 0.32
Poisson's ratio Viz 0.40
Viz 0.32
Longitudinal strength [MPa] | F_ 2950 1570
Transverse strength [MPa] | Fr 79 190
Shear strength [MPa] Fir 140

2. 3 &k

VA HhimEE  (Response Surface Method, RSM)
IFERFHEEL L Z DOIE ORR B 72 BRI
Bz 5N TWRWRIREIC T LT, s 52
L HETH 5. AR COINEITE R L )7
AR AP EMEER TR Ch D, HEXT A V7Y
v ROIELESICEVIESND A, FEEHTE S
RIS B IR 21 T AU G5 = L 13
ki, B bEFICRW T, lfifats s £ T
\Zffp GRS OMAET, @&y v=Y)
AL TIHEREMETID) OFHfiE R A7
BATHMEEND D, F 2 CANIGE CIIZ s
(AU BTiR D7 e (e A O o o @ e T RS
Tl R ER ORR AL L7~

B AR O 7 0 —F v — b & Fig. 2 1R
IXUOIZ, BRIBIECORRGIAS, HilS 2 e
L, FEM fitir4 FAVCEER AT e, AR TR D
IVESRRTAAT o Tz, FHRSIIFERE LD D ol
FRUE ZUE U CRREHZEINAN D 100 A 3R L 7=
100 DOV U THBIZ L > TR B
AR L F ORISR, A VT
AEEICRE 5 2 SONTR B A E -T2 %
FNIEEI L 2 ROZEATRIR S, ZDfR
B N HETRESND. L, ARET
DI IR L M EHESERED 2 O THY
BB OB L ISR L, £
WefpZefiic /e b L&z bz, 22T, Ik
FEZ ] B 572Dl 3IRDLIEA TR L, 485
DOYEIZIE, sREHEfZoEIL, A2 T
TR K VIRET D HIEE G GREHEEE
BN 1 EROSAOESX % Fig. 31K
I A LRE L, MR OfEE

X] DA b RE W ETRSINZT280, [X]iZ
ONTHEIZATo T EIROPEITIRD L 9 7
% & STz, )] LD ER % 40 FEHD 70 FEE
C 10 B8 2 T, ASAEIE CIE R R & APk}
THEEHF L2 B L C ) E s AR R’ %
A LT, B AR e R TR A
BB O A B8 LT DB o A1
BRI CH Y, BN R & SERIC—E LT
W5 & XL AT B HETPER AREIT(2)
TR ENDAS, 22T, SSe i3S, S,y
FENRESR, n OSBRI R O (=100), k
TR DTS, Y IIREARY My, B AR
7 My, XITEREES~ b v 7 A& B
FRERA Table 2 1R BSE DL AT A0 JE,
M DL AL 50 FETHEILTAT Ry’ 28
R ETRoTl20, FbER CIEEDnEIR%E
BHLT-.

) SS, /(n—k-1)
=1

. s, /(n-1)
SS, =YY -p'X'Y

n

@)

C Formulate the optimization problem )
T

| Select 100 design variables based on the D-optimality |
I

Approximate the buckling and the material failure loads

using RSM with the FEM results for the selected 100

design variables.

Genetic algorithm ,—,
a I

Createan initial population |<-- --------------------

Roulette selection
Crossover

Mutation
T

| Evaluate the individuals

Calculation
Weight
Buckling loads (RSM)
Material failure loads (RSM)

|<___. ___________________ i

| Comparison of the optimum results with FEM |
I

<Outputthe optimum solution>

Fig. 2 Optimization flow
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Table 2 Ry’ values of the response surface

Design  |Partitioning Linear responses Nonlinear responses
variable point Buckling load Material failure load Ave. Buckling load Material failure load Ave.
A B A B A B A B
40 1.0000 | 0.9988 | 0.9998 | 0.9994 | 0.9995 | 0.9979 | 0.9943 | 0.9999 | 0.9987 | 0.9977
X 1: Winding 50 0.9999 | 0.9993 | 0.9998 | 0.9993 [0.9996 | 0.9948 | 0.9948 | 0.9986 | 0.9990 0.9968
angle [deg] 60 0.9998 | 0.9994 | 0.9996 | 0.9992 | 0.9995 | 0.9952 | 0.9937 | 0.9973 | 0.9994 0.9964
70 0.9992 | 0.9997 | 0.9995 | 0.9995 | 0.9995 | 0.9954 | 0.9970 | 0.9965 | 0.9998 0.9972
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Fig. 3 Schematic diagram of the least squares method
with partitioning the design space
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Fig. 6 x: Winding angle vs. Generations
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Table3 Summary of the optimization results

. . GA
, Optimum solution (Approximated values) FEM
S: Responses
Prescribed | (Linear or w X1 X2 X3 Py PM' Py PM_
load [kN] | Nonlinear) Weight (Winding angle| Width |Stacking layers| Buckling load fa'}fua::'ilgal d Buckling load fam:ﬁ?; d
[N] [deg] [mm] | (Height) [ply] [kN] [KN] [kN] [KN]
60 Linear |0.746 45.9 2.25 12 61.2 61.0 60.6 61.7
Nonlinear | 0.818 48.0 2.13 15 63.5 68.1 60.0 61.3
90 Linear | 1.06 44.9 244 20 93.0 90.7 95.7 95.5
Nonlinear | 1.30 39.7 2.44 27 103.8 92.3 93.0 90.6
120 Linear 1.43 45.4 3.21 24 123.8 120.6 132.8 135.9
Nonlinear | 1.91 39.9 3.27 34 164.2 120.9 120.0 120.6




