LR Ry Ry B e £ 53

Aifi 3L

ZEE 1Y EdAls A&zl HAAA

732391 * - Ag ./;:** s BlgEREE Hheg g * % .

=]

Optimal Design of Laminated Composite Plates for Strength

C.W. Kim*, M.S. Joun™*, W.Hwang"**
H.C. Park®** and K.S. Han***

ABSTRACT

Optimum fiber orientations of laminated composite plates for the maximum strength are found
under multiple inplane loading conditions. Tasi-Wu and Tasi-Hill failure criteria are taken as
objective functions. Based on the state space method, effective optimal design formulation is
developed and solution procedure is described with the emphasis on the method of calculations
of the design sensitivities. Numerical results are presented for the several test problems.
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Fig. 1. Geometry of n-layer laminate

Qole Waton A0 YA AFDe) AS
pr

2 e 2e A4 F4e FAc A5 9



®e A, H4E 1995.12

BEE el S3a H3akel AFA4A 55

|

——— e
/ M
X
M, v

Fig. 2. Positive sense of resultant forces
and moments
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Fig. 3. Principal materials axes oriented at angle
0 with reference coordinates axes
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T4 Tsai-Hill o] 8-& ]33 AL F
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Table 1., Material property(T300/5208)
CFRP T300/N5208

Elastic Moduli(GPa)

E; 181.0

Eqp 10.30

- 7.17

Poisson’s ratio(v ;) 0.28
layer thickness 0.125mm
Strength(MPa)

X 1500

X 1500

Y 40

Y 246

S 68

Table 2. Accuracy of design sensitivity([0/45/
90]¢ laminate, N,y = 100MPa)

i b It 0 T 7

1 0 4.6370]  4.6371]  4.6360| 4.6370
2 | 45 |2.5673¢-8|2.2049e-5/-7.1998¢-5|2.5781e-8
3 | 90 | -4.6370| -4.6369| -4,6371| -4.6370
4 -1,0000{ -1.0000{ -1.0000| -1.0000

79 forward finite difference scheme
. backward finite difference scheme
. central finite difference scheme
£ ¢ adjoint variable method
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Table 3. Variation of design sensitivity with finite
difference scheme and step size

DG=1) I} 79 o 70 | Guess initial design |
107 4.64798 | 4.62608 | 4.63703 a
1072 4.63812 | 4.63593 | 4.63702 ‘ Solve the state equation l
1078 4.63713 | 4.63691 | 4.63702 ‘
-4
10'5 4.63703 | 4.63701 | 4.63702 Calculate design sensitivities
10 4.63702 | 4.63702 | 4.63702 | 4.63702 and the other design information
10 4.63702 | 4.63702 | 4.63702 if No {
-7
10_8 4.63700 | 4.63706 | 4.63703 Calculate design improvement
10 4.63695 | 4.63695 | 4.63695 and modify the current design
107 4.63524 | 4.64095 | 4.63809 ;
-10
10 4.64004 | 4.64094 | 4.64094 Do the design and the design information
satisfy all design requirements ?
1
-G EDMN H
—— FOM(b) ; STOP
4,641 ¢ =0 FO.M{c) B
;"g?::d""ab‘“ ‘,' Fig.8 Flow chart of optimization process
!
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4633 b Bl 315

1010 10% 107 10% 10% 10" 107 102107 10°
Step Size (Log)

Fig. 7. Variation of design sensitivity using finite
difference method with step size change
[0/45/90] laminate, N, =100MN/mm
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Case of R .- X
No. |Layers Loading condition Optimal angle
Ne | Ny | Ny [degree]s
L4
b 1 1 1100 | - - o]
2 2 Lo,]
g 2 1 - | 100 - [90]
g 2 [90,]
D 204 3 1 | = | = | 100]| [0]or(90]
2 2 L4 45]
40 4 1 50 | 100 | - fo0]
2 [+ 53.688]
50 - : : , 5 1 100 ]| 50| - toJ
0 10 20 30 40 2 [+ 36.211]
No. of iteration 6 1 ] 100 | 100 | — | Al posible angle
(b) 2 [+45]
Fig.9. Continued 70 1| 501200 - [90]
2 [+ 62.654]
. . = 8 1 |20 50| - roJ
ol 1o 1ol AZEzxe] AL = &
AL S 470 ] tH,OL "IOD&""} e %\_ 178 2 [i27-346]
7VeZtzel] da ke x| g &, B2 gLE ) 9 1 50 | 100 | 50 [58.282]
ehiodeh. o] A% A= Faw 29 HAA 2 [+ 52.975)
22t5E [0]2 9 %}:ﬂ o] Fig. 109 84} 2=} * force unit [MN/mm]
Bk ofvle} EelAql I 4°ﬂ*ﬂ£ g o
tt. ole] Zzbe= Table 40 AA]=o] 9o, (CORS =i =S
Py 27 il &9 #$ unidirectional lami-
>
//f',‘zo}:;::;‘:‘{g\ nate7} [01svF [90157} 28 2% zbxo]} angle
/' /3:0“2‘:3‘\‘“ ply laminate 7-+-<1 4% Al A& [+ 45]5
7 ;,,j du)7} 3} A7 4 2 73 $-o]ch. Table 49)
s :,, ,’,ﬁg ,;,/, 7 s}2z7 3004 HHA3} APE Fig. 119 a)Ad=a
-90 e / ~90 EARLE B8 44 A2 5 9
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5 74015}, Table 4o) 451 4403 5 2 ztarape)
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Fig.10. Surface and contours of cost
function N, only
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12 Z netting analysis 232} thi 2}o]r} 2t
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thab 90°2] $jAAE B Rojh. F whe
EU4F FFo] g3l sEEd 69 A, uni-
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£t 945 997 angle ply laminate 73
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[ 6315} [+ 27]5 Ul 27 HARme]T. 2
szl el AAAA A4 23S aHes
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227 98 ERA 1, 2 3 30] FAo) =
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Fig.12. Surface and contours of cost
function Nx: Ny=11:2

23 A5 Aol $99982 ¢ F Asdch
Tasi-Hill o128 0148 35 P& A42zhs

Table 5. Optimal angle(Tsi-Wu failure criterion)

?vaa"’:e Lagj; s Loading condition | Optimal angle
N. | Ny | Ny [degree] s
1 1 [ 100]| - - o]
2 {0,]
2 1 - 100 - [90]
2 [90,]
3 1 - - | 100 (0] or [90]
2 [+45]
4 1 50 | 100 | - [90]
2 [+ 53.363]
5 1 100 50| - o]
2 [+ 36.459]
6 1 100 | 100 ~ | All posible angle
2 [+45]
7 1 50 | 200 | - [90]
2 [+ 61.592]
8 1 1201| 5| - ol
2 [+27.910]
9 1 50 | 100 | 50 [58.282]
2 [+ 52.944]

# force unit [MN/mm]
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