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Optimal Ply Design of Laminated Composite Plate with a Hole Considering Vibration
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ABSTRACT

On this study, we improved the efficlency applying algorithm that is repeatedly using table of
orthogonal array in discrete design space and filling a defect of gradient method in continuous design

space. we showed optimal ply angle that maximized 1st natural frequency of CFRP laminated
composite plate without a hole and with a hole by each aspect ratio. In the case of CFRP laminated

composite plate without a hole, we confirmed the reliance and efficiency of algorithm in comparison

with the result of optimization achievement repeatedly using statistical table of orthogonal array of
experimental design and the BFGS optimal design method.
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Fig. 1 Structure of plate and laminated construction

Table 1 Mechanical properties of CFRP

Mechanical Description
property T300 carbon fiber prepreg
o [keg/mm®] 1.480e-6
E; [MPal 106,200
E, [MPa] 6,860
G2 [MPa] 3.570
vz 0.33
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W LM} S 8B A o) zergo)olof dl},
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P

T 4 (5)% 2k

Table 2 Dimensions of structures

Ttem list Description (mm)
Length of structure (b) 1,000~2,000
Width of structure (a) 1,000
Diameter of hole (d) 400
Thickness of plate 6~10
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Table 3 Levels of factors

Level Level 1|Level 2| Level 3{Level 4
Factor
Angle A -45° 0° 45° 90°
Angle B -45° 0° 45° 90°
Angle C -45° 0° 45° 90°
Angle D -45° 0° 45° 90°
Angle E -45° 0° 45° 90°
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Table 4 Factors affecting the 1st natural
frequency of laminated composite plate
without a hole(b/a=1.5, 10 plies)

Effect Deviati PC
] 5 3 1 eviation | ("

Factor

Angle A [36.14137.86% |36.15/3521| 2.65 47.75
Angle B [36.21 | 37.31* |36.22|35.61 17 30.63
Angle C |36.29| 36.84* [36.25/35.98| 0.86 1549

Angle D |36.29 36.52* {36.32|36.24] 028 5.05
Angle E [36.33| 36.37* |36.31|36.35| 0.06 1.08

Total 5.55 100
* . Optimal level, PC : Percentage contribution
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Fig. 2 Illustration of factor effect
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Source Table 7 Optimal ply angle of laminated composite
Factor 5 ¢ v F plate with a hole
Angle A 287980 3 |959.93 j166.71 | 0.00 ASligct N(;: of Optimal ply angle
Angle B | 115361 3 |38454 | 6678 | 0.00 ralio | phes
Angle C | 30352 3 |10117 | 1757 | 0.00 6 [530 /90 "/9p °]su
Angle D | 3584| 3 | 1195 | 207 | 014 1 8 (90°/90°/90°/90 " Is
Angle E 077] 3 | 026 | 004 098 10 | [90°/90°/90°/90°/90 " 1s
Error 92.13] 16 h.76 Hole 6 [90°/90°/0°1s
Total 446567 | 31 L5 3 (90 °/90°/0° /0" s
10 [90°/90°/90°/0°/0°]s
6 [90°/90°/0°1s
Table 6 Optimal ply angle of laminated composite 2 8 [90°/90°/0°/0°1s
plate without a hole 10 [90°/180°/90°/0°/0°/90 ° Is
Aspect | No. of .
ratio | plies Optimal ply angle -
[0°/0°70°1s T 400} —=— [90790°/90°],
6 =[90°/90°/90" s S e [90790°1907190°),
o e e o g || —*—190°/90°190°190%/90%) /
IR IV S 77
No 10 [0°/0°/0°/0°/0°1s E 200L /
hole =[90°/90°/90°/90° /90" 1s g // —
; [0°/0°/0° s R D
15 8 [(0°/0°/0°/0° s I
10 [0°/0°/0°/0°/0" s 01 02 03 04 05 06 07 08
6 [0 °/0°/0° ]S Diameter / width
2 1% [0[9/0/ 9/0/ 9/0/ 9/0]“5]5 Fig. 3 1st natural frequency according to diameter/

width (optimal ply angle : b/a=1.0)
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Table 8 Vibration mode shape according to aspect
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