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Optimal Design of Cylindrically Laminated Composite Shells for Strength
C.W. Kim, W. Hwang, H.C. Park, D.S. Shin and E.D. Park

Key Words : Optimal Design (&3 A4 A]), Stacking Sequence (& Z4=4]), Design Sensitivity (A A
a7k %), State Space Method (A2 74+) |, Failure Index (z}gh =] )

Abstract

An optimization procedure is proposed for the design of cylindrically laminated composite shell
having midplane symmetry and subjected to axial force, torsion and internal pressure. Tsai-Wu
and Tsai-Hill failure criteria are taken as objective functions. The stacking sequence represents
the design variable. The optimal design formulation based on state space method is adopted and
solution procedure is described with the emphasis on the method of calculations of the design
sensitivities. A gradient projection algorithm is employed for the optimization process. Numerical
results are presented for the several test problems.
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Table 1 Material property (T300/5208)

CFRP T300/N5208
Elastic moduli (GPa)

E. 181.0
Er 10.30
Eir 7.17
Poisson’s ratio (vr) 0.28
Layer thickness 0.125 mm
Strength (MPa)
X 1500
X’ 1500
Y 40
Y’ 246
S 68
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Table 2 Accuracy of design sensitivity {|&b||=0.001°, [45/-45]:s, P=10 MPa)
i b It I 7 7o
1 45 —70.2377 —70.2375 —70.2380 —70.2377
2 —45 55.5797 55.5794 55.5800 55.5797
3 45 —44.8316 —44.8324 —44.8307 —44.8316
4 —45 55.5797 55.5794 55.5800 55.5797
5 —1.0000 -1.0000 —1.0000 —1.0000
" . Forward finite difference scheme 7' . Central finite difference scheme
7™ © Backward finite difference scheme 1} © Adjoint variable method
Table 3 Variation of design sensitivity with finite difference scheme and step size
D (1:1) 1]1 Z.l(fi z-l(b) Z](C)
10! —70.21047 —70.26358 —70.23703
1072 —70.23512 —70.24043 —70.23777
10°¢ —70.23752 —70.23805 —70.23778
107 —70.23776 —70,23781 —70.23778
107° —70.23778 —70.23778 -70.23778 —70.23778
107¢ —70.23781 —170.23781 —70.23781
1077 —70.23775 —70.,23775 —70.23775
1078 —70.23888 -70.23890 —70.23889
107° —70.24456 —70.24476 —70.24466
107 - 70.47295 —70.47498 —70.47397
{ Guess initial design l
’ Solve the state equation j
[
Calculate design sensitivities
and the other design information 90
if NO L = a5
t Calculate design improvement .
and modify the current design 0 Angle
45
Do the design and the design information satisfy
all design requirements ? J 90
-90 -45 0 45 90
Angle

Fig. 7 Flow chart of optimization process

Fig. 8 Surface and contours of cost function tension
(Ny) only
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Table 4 Optimal angles under torsion(T=10 MN
-mm, Y=Y =40 MPa)

Tsai-Wu Tsai-Hill
Ro./R . . . L
failure criterion | failure criterion
1.005 44,691 44,700
et 44.691/42.973 44.691/42.973
101 44 .691 44,693
' 44.691/42.972 44.691/42.972
1.05 44 .691 44 .691
’ 44.691/42.972 44.691/42.972
1.10 44691 44,691
’ 44.691/42.972 44.691/42.972
115 44.691 44 691
’ 44.691/42.972 44.691/42.972
44 .691
.20 44.691/42.972
1.2 44.691/42.972 01/
1.30 44 .691 44.691
’ 44.691/42 .972 44.691/42.972

* Optimal angle [outside to inside]s
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Fig. 9 Surface and contours of cost function torque
(T) only



782 R )

(L) vl E2lstE

+ =volM 4 HZ3lo| angle ply laminate
olwd mlE#slFol 2L u w4 a o
= Hel A AxtetFel atgste e}
91]s & w7} =}
TF F 7t
Table
of] 4

5l od
AL

£ Y o op o
o2 a0
ol o> od
- o
Lo P
o
I+
.
o
o

[
rfu
o
L
me ofy L
o —
2
o
o =l
o 1o e
N, O
2
a
N '
by ok
gL o
s

~ o

o

X

ofm

ot
ol

]

o
Folk gy

S
o2
oL
! N
2
afu
3
2
o

&)

N

b

o

Al N
A<

s

o,
wju

)

o

©
o,
&
R
2

rO

fa
2
o -
I
ol
)
& H
X

!

ET T E
b e whA o] Ak

WA E v (Ro/Ry)ell el
4ol 10 MPa¢ uighg wi
Fsteich. Table 50014 # 4|8

nHH wE F £F Foh4
(o]

AA

o,
’ )

oftt
2 e

o oot
2

o o

2 ol
o b
Y

B
X,
%

x

A o B
o
2

it

=
<!

A

N
.
B . O T

oo
o
- N
ol
do 2 w0 oy

ofj
I
frt
o,
e

Table 5 Optimal winding angles(cost function used is Tsai-Wu failure criterion, Y=Y'=40 MPa)

R/R, No. of layers Op'timal z?ng'le Ma>.<. failure PerCt‘znt change
[outside to inside]s index in F.L
1 53,737 14.1521 -
1.005 2 53.789/53.684 14.1345 0.124
3 53.807/53.737/53.667 14.1287 0.047
1 53.737 3.5733 -
2 53.841/53.632 3.5645 0.246
Lo 3 53.876/53.737/53.597 3.5615 0.084
4 53.893/53.789/53.684/53.579 3.5600 0.042
1 53.737 0.1544 -
2 54.239/53.230 0.1526 1.166
10 3 54.407/53.736/53.059 0.1520 0.393
4 54.486/53.984/53.478/52.969 0.1517 0.197
1 53.737 4.238%107° -
2 54.698/52.760 4.144%107* 2.218
1 3 55.019/53.734/52.425 4.113x1072 0.748
4 55.182/54.221/53.246/52.257 4.097x107* 0.389
1 53.737 1.261x1072 -
2 55.506/51.923 1.211%x107? 3.965
120 3 56.104/53.732/51.273 1.194 %1072 1.403
4 56.399/54.629/52.815/50.948 1.186x1072 0.670
1 53.737 6.578x107° -
2 56.194/51.168 6.223x107° 5.396
130 3 57.010/53.716/50.252 6.104x107° 1.912
4 57.462/54.992/52.440/49.778 6.045x107® 0.966
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Table 6 Optimum winding angle of the filaments

for different load cases(Y = Y’ =40
MPa)
Resultant force |Optimum winding
Ro/R, ratio angle
(Hoop-to-axial) [degree]s
90.0
1:0
90.0/90.0
11 45.000
' 54.667/35.286
) 36.263
1:2
36.215/36.300
53.737
1.005 2.1
53.789/53.684
91 53.737
53.789/53.684
401 62.580
' 62.653/62.522
, 27.419
1:4
27.386/27.439
01 0.0
0.0/0.0
90.0
1:0
L 90.0/90.0
1:1 45.0
59.013/30.516
‘ 36.263
1:2
35.806/36.614
53.737
1.05 2:1
54.239/53.230
62.580
4:1
J, 63.279/62.018
. 27.419
1.4
27.100/27.613
0.0
o1
0 0.0/0.0

* Axial force[MN/mm]
Pressure[ MPa]
Torque[MN-mm]
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