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Optimal Ply Design of Laminated Composite Cantilever plate
Considering Vibration
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and C. W. Ahn, G. J. Han, H. S. Park.
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Abstract

On this study, we improved the efficiency applying algorithm that is repeatedly using orthogonal array in
discrete design space and filling a defect of gradient method in continuous design space. we showed
optimal ply angle that maximized lst natural frequency of CFRP laminated composite cantilever plate by
each aspect ratio. A finite element analysis on the CFRP laminated composite cantilever plate using

orthogonal array 1is carried out, and the results are compared with those obtained by modal testing,

(Carbon Fiber Reinforced Plastic, ¢]3F CFRP) &
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Table 1 Mechanical properties of CFRP

Mechanical Description
property T300 carbon fiber prepreg

p [kg/mm’] 1.480e-6

E: [MPa] 106,200

E: [MPa] 6,360

Giz [MPa] 3,570

Yy 0.33

Table 2 Dimension of structure

Ttem list Description {(mm)
Length of structure (b) 1507300
Width of structure {a) 150
Thickness of plate 1
222 o5 W HAH=A
AAzAL SARde WS g uAsty
ANg sasat mddn A4 25 4@

1661

Q4 A TEIHC Ansys7.12 ARREISITH
el Mg S4E 6AHE 8EAE 24F AL
et on, 249 = Fdud gk 1,600~
2,000700] . HAHY S 49606200705 Abg-s}
Aok & HFBFE 6-10%E AHEEYoH, o

AeyE A28k

2.2 dESA

FrEatsdoaq gy ZAFAF #E A
Mg e ogs

[ M) + [ K = {0} (1

AZA N dAA ARAE2

{2 = {2y} Coswi (2)

Ao =3 ES Kol 4 @E A (Dl o
i s R s e ed

([ K] — & M]){ 255} = {0} 3)

2A@o] FEEE 27 YEINE H@e 2ol
{[K]— &’ [ M1} 2] s1E 0] zerovt HoF Fho}

I[K]—AlM]I=0

714 A=), T
2 A= AY ZRAETTE

e RERAE VeI

D, — Eltg(lf‘g VigVa) Du— Ezfg(ll—zvmym)
= oARY FEFdeE FAY e

Adrs oew o
Ar= (@ 82120\ oh/V (Dy D)
o] 7] A,
E E,

)

ol A s EAdAT, ¢ Y FA
ek, b Y Aol

-

o

ol
E_I__

qeor sl F4
W ZH(confounding) 4]
A& WHol gt

)

=
R

LoP e Bl o
1o
fz
0
ol
ize}
2
o

RS SRR 3
A fAka A #

O
48 T

2
i
"
o



2003

9T BILHS ol gat
MAE Gge A6

3r A =1 A~
FAELE

£.2 N EA (larger-then-better type)+4

=
o Aastglch AHEah sINHl &= thE ) gk

1
UJ'I’HE,-/‘(;]; S/N:_lo log 10(?

A7 e FAH A SR 02

zA4 gol], vz 3 wo] 77te) Hj4gkolth

Table 3 Level of factor

L€l I Level 1 Level 2 Level 3 Level 4
Angle A 45 " 45 90
Angle B -5 o A5 o
Angle C —45° 0 45 o
Angle D A5 0 A5 90
Angle E 45 ") 45 90
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Table 4 Factor affecting the 1st natural {requency
of CFRP laminated composite cantilever
plate(b/a=2.0, 10 plies)

Effect . PC
Factor I 5 3 1 Deviation (%)

Angle A| 479 365 477 895+ 529 448
Angle B| 510 411 505 7.90% 377|318
Angle C| 514 485 536 682+% 197 | 165
Angle D| 550 541 531 L5956+ 0.64 5.3
Angle E| 553 547 560 5b2* 018 15

Total 1187 | 100

# . optimal level, PC : percentage contribition

Main effects plot for S/N Ratios

Angle A Angle B Angle C Angle D Angle E

88
7.6 If /

6.4 |- / / /

S/N Ratio

1234 12 3412 34123417234

Fig. 1 Laminated composite cantilever plate
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Table 5 ANOVA for CFRP laminated composite
cantilever plate(b/a=2.0, 10 plies)

Source g 4 v F p

Factors
Angle A | 23239 746 7385 0.000
Angle B 9,746 3248 3097  0.000

3
3
Angle C 2bh21 3 0840 801 0002
3
3

Angle D 0.245 0081 078 05823
Angle E 0.008 0002 003 0994

Error 1678 16 0.104
Total 37438 31
8t = a{ a7

2
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Table 6 Optimal ply angle of CFRP laminated
composite cantilever plate

CFRP laminated composite cantilever plate

Aspect No. of Optimal
ratic plies ply angle
6 [90°/90°/90°]s
1 8 [90°/90° /90°/90° 15
10 [90°/90°/90°/90°/90%]s
6 [90°/90°/90°]s
15 8 [90°/90° /90°/90% s
10 [90°/90°/90°/90°/90%]5
6 [90°/90°/90°]5
2 8 [90°/90° /0P /90715
10 [90°/90°/90°/90°/90°]5
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Fig. 3 Schematic diagram for modal testing
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Table 7 Comparison natural frequency of analvsis
and experiment

Mode | Analysis(Hz) | Experiment(Hz) | Error(%)

1 57 55 35

2 76 71 6.6

3 153 1455 5
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