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A Study on the Improvement Buckling Strength of Laminated Composite Plate
by Taguchi Method
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Eng. Dept., Dong-A Uni.), I. S. Park(Archi. Equip.

Design Eng,, Tongmyong Col)), C. W. Ahn - G. J. Han(Mcch. & Ind. Syst. Eng. Div., Dong-A Uni.)

ABSTRACT

On this study, we improved the efficiency applying algorithin 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 buckling strength 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 efticiency of algorithm

in comparison with the result of optimization achievement repeatedly using statistical orthogonal array of experimental

design.

Key Words : Laminated Composite Plate( %37 5 #), CFRP(Carbon Fiber Reinforced Plastic : ® 441 R 78} Z2}
22y, Buckling Strength( = 2 %), Discrete Design Space(©] 5+ 7] 3 71), Orthogonal Array( 2} ilnj
& #), ANOM(Analysis Of Mean : 3 & 41), ANOVA(Analysis of Variance : #2H841)

1. M E

PA7TA] 71 ATEEY 7B AR ALGEE A}
e A2, FAAA 0] FPHAY gor, 71
T2EY F¥o] B3 BT Al 25 Hol

w}a} Vg aed A9 HE WA a0 F
ARl BgR HAR WANIE FHY AT
ol Washl Belth Al AANA L A%y
} EMFE TEES BHOR = 397t wor)
YFol Y= WV BT, AU T 59 %5
4 9ok 98, 1714 Fo) B 4 Ut $F=
AF3, BF7), 9T, A% PEE L £ F2E
Fol T2 Qa2 FUA ASHD om 3

o thgt AFEE FEstA AAEe] gkt
Chao 5"e AANSFE HE7zto = dlo Hels)
oA FHawh dEo B3t Z} Ao ARHAE
53319 2.0 Tauchert? Adibhatla®= A zzh 2 =
nNE A4 42 Y314 Rayleigh-Ritz9] #HH & 1\}51
t e ASE sMste] i HHE
5193 T} Palazotto® = wHE sk Wy
A, g G Fgol EAs= A

rE
& o

J

f
ofN 2
o

H2 PO
2oy

L
ol

hilz]
Eus

o
e (&
.

H
JHU
'ﬂf{

o

el

—_
s il
RS

%01] WAME 22 e skt
P ATFdME 9ol e

”*— Q“(TM’%@@
Zv|(Aspect ratio)ol] W

2 &)1, CFRP Etﬂ-_j'_%eg‘}
= 3]2“1711 15123 )

A FAA A /\1 3] 74] | 4
HEZE i AL E3] ;1
E9 Algstgon,
gk —1_u_HH§ =
FoAA = 1@ﬁ%ﬁl71
FEEAANOMYS A
(ANOVA)E‘ A o5 ?_]7\}.%_ A8,
A 2 QIARRE AL HA T Tl M 2

olgatel AR Bt

EE
ol =8
N

o =
rO }‘N
o
I; o
2
e 2
ek

o
M
ol
1

4
2
o

o it

,_
1%
I’ o %

}mLﬁ
nﬁ}ﬂrp

.h‘..l?f’,

Lo
o

L m
ro X
U E

_EL
J2 o
3
I

e
4 =y
MY o2
4
i

MY g
B
te 1o

E
o

r_.b

X

Ej" o,
2

N
hr.lu

‘o
o

€ X
oX o K

>
-

ME oz
b

A RSN <~ A S SRS

>
H1
R L/ S 1 =)

N
El
rar
t0
i
>

golean
.1 %@-Eigﬂlol ?A‘l
R Aol AR MALe CRRP BT RE

N

1362



ZEo|9, T300 BAdH Z2lZX Y (T300 carbon
fiber prepreg)E AF-&3Ict. Fig. 12 £33 ¥|(bla)7} 1
A AY EEAFEI AFTXE YUY, B4

A9 K4 Table 1720 YERARIT.

1 1 Applied load

£ AllDOF

T2 Ansys 7.08 AHREATE sfAo] ALgE
24t 6ARE 827 245 AHREdlen, 240
F= 28 watM 1,600 72,00070) 1 A e 5
= 496076200702 ALREATH E AERSE 67
1032 AHE3HA T

Table 1 Mechanical properties of CFRP
]

Mechanical | Description
property T300 carbon tiber prepreg

p [ke/mm’] 1.480e-6

L [MPa] 106,200

F. [MPa] 6,860

Gz [MPa) | 3,570

Vs 0.33

Table 2 Dimenstons of structures

Item 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 Factors affecting the buckling strength of
laminated composite plate without a hole
(b/a=1.5, 10 plies)

Factors ] 2 Effec3t P Deviation (lz/(j)
Angle A|7.84 568 795 16.44* 10.76 447
Angle B| 832 698 836 14.24* 726 | 302
Angle C|9.07 803 871 12.10% 4.07 16.9
Angle D| 9.35 889 931 10.35* 1.46 6.1
Angle E{9.70 9.08 9.52 9.59* 0.51 2.1

Total 24.06_[100.0

* : optimal level, PC : percentage contribution
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Fig. 2 Illustration of factor effect

Table 4 ANOVA using General Linear Model

~~.Source . s
Factors™-__ S ¢ v ! P
Angle A | 107236 959.93 47229 0.000

Angle B 37.793

3

3 384.54 16645 0.000
Angle C 9.751 3

3

3

101.17 4295 0.000
11.95 722 0.003
0.26 2.96  0.064

6 576
1

Angle D 1.639

Angle E 0.672
Error 1211 1
‘Total 158.302 3
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Table 5 Optimal ply angle of laminated composile plale
without a hole

Aspect  No. of Optimal
ratio plies ply angle
6 [90°790°790°)s
1 8 [90°/90790°/90%)s
10 [90°/90°/90°/90°/90%]5
No 6 [90°/90°/90°s
hole 15 8 [90°90°/90°/90°)s
10 [90°/90°/90°/90°/90"]s
6 [90%/90°/90°)5
2 8 [90°790°/90°/90°)s
10 [90°/90°/90°/90°/90°)s

Table 6 Optimal ply angle of laminated composite plate
with a hole

Aspect  No. of Optimal
ratio plies ply angle
6 [0°/90790°]s
1 8 [0°/90°/0°/90°]s
10 [0%/90°190°/0°/0°] s
Hole 6 [0/90°790°]s
1.5 8 [0%790°790°/90" s
10 [0%/90°/90°/0°/0%)s
6 [0°/90°/90%)s
2 8 L0790°/90°/90° )
10 [0°/90°/90°10°/0°}s
4, BE
# alpel s daAgds) SAH e
ARHAEE W2 ARt HAHE Fohs o
nE]EE ARgstd e A3E A e CFRP =
FAZH 4BE 2 CPRP BUAF RO 490
29, ohos 2L AR 9L+ Ach
1L oAl oAl Aol el FlZt:
ARE Qi 0 AEYE BARAL B4 &

S¢S 1A Ge ARE BHFe] folP
abs AMgoz Fu, HelsHA e Axl o
A4 A4 GATHE Aol AAEE ol f

Sof A48 AoT AMAULE LR oo
43E Fads g holshd 2o A%
G AAAE 48+ G wds A9
% AL FRAQ Aol W
gmel ol de Bde 4
Folm uuh JEe A4

_/\r:
%3 l(b/a)sz} HZ:6, 8, 10091 whsE Ha 7
i gl5h= Wu HE2e AAsgler, 4

2O E

o

1. Chao, C. C, Koh, S. L, and Sun, C. T,
"Optimization of Buckling Yicld Strength of
Laminated Composits," AIAA Journal, Vol. 13, pp.
113171132, 1975.

2. Tauchert, T.R. and Adibhatla, S., "Design of
Laminated Plates for Maximum Stiffness", Journal
of Composite Materials, Vol. 18, pp. 58 ~ 69, 1984

3. Palazotto, AN. and Tisler, T.W., "Considerations
of cutouts iIn Composite Cylindrical panels,"
Computers and Structures, Vol. 29, No. 6, pp. 110
171110, 1988.

4. AWd, o]% %, /A AuudE o] 58
zbe] Auag A =2 A dEAEdEEY
32, A 9@, & 55, pp. 998 7 1004, 1999

5. WS Zlefe, nopA R o] &8 wlolA g]
gty v stEzde] HH5)
AFsE ], A 1938, Al 7E, pp. 59763, 2002

6. MINITAB User's Guide #2, 2000, "Data Analysis
and Quality Tool," Minitab Inc, 2002.

7. 01 A%, MHEA, ol d, WA, "HumEEE
3 olrkEzoll e A daeElF i o
S71AI8 & =), A 259, A 103, pp. 16217 1626,
2001.

1365



