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Table 1 Design variable

Skin Winding angle [°] X1
Number of layers [ply] 2 ply
Winding angle [°] 30°
Width of rib  [mm] X,
Rib Number of layers [ply] X3
Number of reinforcement X4
Offset [mm] 3 mm
Radius [mm] 55 mm
Structure -
Axial length [mm] 150 mm
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Table 2 Optimization conditions
ESGRO) ESE)

find x:[xl,xz,x3,x4] find x:[xl,xz,x3,x4]
maximize N

minimize W

subject to subject to
N 260,90,120 [kN] W <0.49,0.59,0.69 [N]
0<x;<90 [ 0<x,<90 []
1<x2<6 [mm] 1<x,<6 [mm]
5 =1{1,2,+-,24} [ply] x;={1,2,-,24} [ply]
={3.5 7} x;={3,57}
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Table 3 Material Properties of CFRP
Longitudinal modulus [GPa] Ex 142
Transverse modulus [GPa] Ev 8.8
E, 8.8
Gyxy 4.2
Shear modulus [GPa] Gyz 3.3
Gyz 4.2
2 xy 0.32
Poisson's ratio 2 vz 0.40
Y xz 0.32

X: Longitudinal Direction
Y: Transverse Direction
Z: Thickness Direction
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Table 3 Summary of optimization results

(a) Constrain of Buckling load
Skin

(b) Constrain of Weight

Rib Skin Rib
Fiber Secound . Number of i Fiber Secound . Number of
B“‘Z‘;!"E Weight ien tation moment of Width ~ Number of hoop Weight BL:z:an orientation moment of Width - Number of hoop
[kN] N] angle [° ] area [mm‘] [mm] layers [ply] reinforcement IN] [kN] angle [ 1 area [mm%] [mm] layers [ply] reinforcement
X x X x4 X X2 X3 x4
Buckling 600 | 601 044 746 0.08 1.0 4 7 Weight | 049 | 049 1305 712 0.28 1.0 6 7
load 900 | 900 047 59.9 0.16 1.0 5 7 limit | 059 | 059 1611 753 0.69 1.0 8 7
limit (N1 7 1200 T 1203 052 81.9 0.28 1.0 6 7 IN [ 069 | 069 2090 805 1.52 1.2 10 7
Table 4 Optimization results for each number of hoop reinforcement
(a) Constrain of Buckling load (b) Constrain of Weight
Skin Rib Skin Rib
i i Secound . Bucklin Fiber Secound N Number of
BL:Z:Z"E Weight ori::z;ion mmmmm it of Width - Number of Nuhm::; of Weight load ¢ orientation moment of V[Vldt? lNumbe[r |°§ hoop
[kN] (N] angle[’ ] area [mm*] lmm] layers [ply] reinforcement IN] [kN] angle [° 1 area [mm'] mmi avers PV reinforcement
X1 X2 X3 X4 Xi X X3 X4
600 047 69.9 067 1.0 f) 3 049 648 708 0.71 1.1 8 3
600 | 600 _ 0.46 54.4 0.16 1.0 5 5 049 | 049 894 722 0.46 1.0 7 5
601 044 746 008 1.0 4 7 049 1305 _ 712 0.28 1.0 6 7
Buckling 901 059 725 2.31 1.3 11 3 Weight 059 _ 909 737 2.27 13 11 3
load | 900 __900 _ 049 71.4 0.45 1.0 7 5 limt {059 __059 1255 718 083 12 8 5
limit[kN] 900 047 59.9 0.16 1.0 5 7 IN] 059 1611 753 0.69 1.0 8 7
1202 0.70 843 572 16 14 3 069 1176 899 3.99 18 12 3
1200 | 1201 058 764 1.10 1.2 9 5 069 | 069 1700 709 2.34 1.4 11 5
1203 052 81.9 0.28 1.0 6 7 069 2090 805 1.52 1.2 10 7
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Fig.1 Isogrid Shape of optimal solution

(”hoap,npt +2)(Wopt ) -

t
= ;1; x100(4) 7, = . 100 ---(5)
topt : Optimal rib L Axial 1ength
height Nhoopopt + Optimal number of hoop
R : Radius reinforcement
Wopt - Optimal width

Table 5 Percentage of the optimal solution
(a) Constrain of Buckling load  (b) Constrain of Weight

2 1% 7,14 2[4z [
Bucking | 600 | 1.8 6.1 oy 049 27 60
load limit | 90.0 | 2.3 6.0 imeN] 059 36 62
N 74200 [ 27 6.1 069 |45 10
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