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Optimal Design of Hybrid Laminated Composite Plates
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Abstract

In this paper, optimization procedures are presented considering the static and dynamic
constraints for laminated composite plate and hybrid laminated composite plate subject to
concentrated load on center of the plates. Design variables for this problem are ply angle or ply
thickness. Deflection, natural frequency and specific damping capacity are considered as con-
straints. Using a recursive linear programming method, the nonlinear optimization problems are
solved. By introducing the design scaling factor, the number of iterations is reduced significantly.
Composite plates could be designed optimally combined with FEM analysis under various
conditions. In the optimization procedure, verification for both analysis and design of the laminat-
ed composite plates are compared with the results of the others. Various design results are
presented for the laminated composite plates and hybrid laminated composite plates.
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Table 1 Results of the specific damping capacity and the resonant frequency parameter (A,) for compos-
ite plate (GFRP, a/b=4, [(+6/—8)/(+6/—6)/1s)
Ply angles
Results
0 15° 30 45° 60° 75° 90°
' 0.482 0.450 0.352 0.228 0.120 0.0504 0.0230
Present
(4) Ar X 10° 0.100 0.107 0.128 0.162 0.204 0.252 0.273
f(Hz) 105.87 109.46 119.59 134.78 151.01 167.97 174.74
' 0.482 0.442 0.334 0.203 0.0995 0.0403 0.0216
Ref.(18)
(B) Ar X108 0.101 0.107 0.128 0.166 0.214 0.256 0.273
f(Hz) 106.29 109.40 119.65 136.26 154.71 169.21 174.74
0, —_ —_ — — — —_
Deviation ¥(%) 0.00 1.78 5.11 10.96 17.08 20.04 6.09
(B-A)/A A(%) 1.07 0.0 0.0 2.47 4.90 1.59 0.0
*100)] f(%) 0.4 —0.05 0.05 1.10 2.45 0.74 0.0
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plate(GFRP, a/b=4)
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Table 3 Initial and final design values of thickness variables for simply supported laminated plate
(GFRP, a/b=4)
Case Layer | Angle Ply thickness Wt (kgf) Constraint values
No. No. (deg) Initial Final Initial Final Unax Jn 2
(mm) (mm) (30) (1592) (0.25)
1 90 30 13.6
Case 1 2 90 20 20.0 179.37 143.27 22.4 1562 0.250
3 0 30 30.3
1 99.37 30 12.7
Case 2 2 99.37 20 22.1 179.37 142.82 22.4 1560 0.253
3 0 30 28.9
1 105.93 30 17.7
Case 3 2 105.93 20 20.0 179.37 145.74 22.0 1560 0.271
3 0 30 27.3
1 112.5 30 20.3
Case 4 2 112.5 20 20.0 179.37 154.03 20.7 1560 0.301
0 30 28.4
1 90 30 19.5
Ref.(8) 2 90 20 13.0 179.37 147.75 21.1 1572 0.26
¢ 30 33.4
AAA e ABE o] 45t Case 2& Max 1.2
(/)9 AzE A83ld3, Case 3:& Max(f)9 o0 CASE 1
Assh Min(Un)e 2748 AHesdzn, Case 4 - % Cat 3
n TAL & ) CASE 2
£ Min(Un9) 33+ 45845, 10
Fig. 9ol X & AZFAAAA N3 AAuE A
A3 o) Mg FAYURE B Fu 9lod, 3~4 ng r
e wrEAAel e Ao 4¥%n e & 0 ~5- s
Sk o158 A%E wmsted 3w Case2e) 4§ OB M
5} sbg g AAE AT U H ;
Fig. 10014 & Case 19 7$o) Ad AAdg §
2759 49 ASE Yepdiv 249 HEE A Abe] g 0.6
A 2aeluAzkalulet ngAE4st Aa 43§ !
of £23g o F},
Fig. 11014+ Case 29| 7ol & AAAG= 0.4 L - .
AT 49 AEE vehie 2~3de) B¥ A4 0 5 10

oA AL 4R, sk gl Ao =7
of WESA Tt ol AAE A4 AR
Ao, mo oluixl zhalulsh ng AE4e W
7 Mz sASHA 2A AdGE AAE 49

NUMBER OF [TERATION

Fig. 9 Variation of normalized weight with number
iteration for simply supported laminated plate
(GFRP, a/b=4)
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Fig. 10 Convergence sensitivity of the optimization
for simply supported laminated plate (GFRP,
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Fig. 11 Convergence sensitivity of the optimization
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a/b=4, [99.37°/99.37°/0°]s)

o] glo] AA utE-3 4t Frhsiclst 2 AESF
o Huate] 2%l g =S o AAZ FAHI
o},

Fig. 120l A& Case 39 73-%of wigt AA A3

1401
2.0
- CASE 3 Deflection

2 . 7L Erequency
E 15
7]
z
[o]
(8] ~
Ww S~
S e, T m = L - - =
v 1.0 DR e
3
g 5
=]
N /—
2 0.5
z
(=]
z -

0.0 ! !

0 5 10

NUMBER OF [TERATION

Fig. 12 Convergence sensitivity of the optimization
for simply supported laminated plate (GFRP,
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Fig. 13 Convergence sensitivity of the optimization
for simply supported laminated plate (GFRP,
a/b=4, [112.5°/112.5°/0°]s)
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Table 4 Initial and final design for simply supported hybrid laminated plate considered to all constraints

(UmaXy ﬁmn, wmln, d/b=4)

Case Layer | Angle Ply thickness Wt (kgf) Constraint values
No. No. (deg) Initial Final Initial Final Unnax Join Train
(mm) (mm) (30) (1592) (0.25)
1 Al 30 3.03
Case 1 2 45 20 8.53 202.39 163.53 19.0 1560.0 0.276
—45 30 60.34
1 45 30 31.1
Case 2 2 Al 20 10.3 194.72 167.99 15.5 1560.0 0.255
—45 30 30.0
1 45 30 43.3
Case 3 2 —45 20 - 202.39 187.06 11.8 1622.0 0.250
3 Al 30 29.9

Table 5 Initial and final design for simply supported hybrid laminated plate without S.D.C. constraint.

(Unax, Sy Cmin, a/b=4)
Case Layer | Angle Ply thickness” Wt (kgf) Constraint values
No. No. (deg) Initial Final Initial Final Unax Jomn Toin
(mm) (mm) : (30) (1592) (0.25)
1 Al 30 8.7
Case 1 2 45 20 20.0 202.39 137.39 19.4 1560.0 0.169
3 —45 30 29.6
1 45 ) 30 0.0
Case 2 2 Al 20 16.9 194.72 115.88 21.8 1560.0 0.067
3 —45 30 29.0
1 45 30 12.4
Case 3 2 —45 20 20.0 202.39 160.82 14.6 1560.0 0.168
Al 30 29.3
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Fig. 18 Variation of normalized weight with number
of iteration for simply supported hybrid
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Fig. 20 Convergence sensitivity of the optimization
for simply supported hybrid laminated plate
without S.D.C. constraint. (Umax, fmin,
[GFRP/Al/GFRP];, a/b=4)
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Fig. 21 Convergence sensitivity of the optimization
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Table 6 Comparison initial and final design for simply supported hybrid laminated plate according to

constraints.{(a/b=4)

_ Constraint values
Exam. | Case AI ply Wt (kef) Red.u ced
No No thickness U Fun U weight
. - Initial Final

(mm) (30) (1592) {(0.25,0.0)| (%)

No.1 3.03 202.39 163.53 19.0 1560.0 0.279 19.2

3 No.2 10.3 194.72 167.99 15.5 1560.0 0.255 13.7
No.3 29.9 202.39 187.06 11.8 1622.0 0.25 7.5

No.l 8.7 202.39 137.38 19.4 1560.0 0.169 32.1

4 No.2 20.0 194.72 115.88 21.8 1560,0 0.067 40.5
No.3 29.6 202.39 160.82 14.6 1560.0 0.168 20.5




1406

2 @ AAE 2R, _

o zta vigg Aviud mebdyx 79
AAAGRZ] na® AAA (3ol A
%% dBujgEoed Case 19 #H$7) 19.2%2
A AR 2n AdHd e dFrlFez § Case
39 A7t 71.5%2A At e AAAAE B
o}, &H, 2abelvA] zhajw]e) dAAT=AC] 2
B =2 g2 dA 4)ollMdE FHA 2§ GFn
Foz 3§ Case 29 747} 40.5% 24 F% 74
vjge] 7% 23 AdA F§ dFulwez @
Case 39 797t 20.5%2 7b4 =L wjgE wal
o},

5.4 B

2542 ¢FvlEH S a9 GFRPR &
3 AFI Al dd 842 dAFS
HAAAE +d% A4 o FL AES A
c},

(1) *te4ayis dAFo2A oo HA =
Aol chokgt Aae A LA FaeA HHA4
AS 748 4 UA Hddh

(2) =3 A YA Y (recursive linear program-
ming method) & ©]-8-3« vwAHY = 3T
HAL Axdgy AANUSY 2AA4-E =43
o B8 A4S F97

(3) AAAIR=Az AH 3 54 E4& F4
of ndlgdy dAWMsE ASAE e 24 F
A& A3

(4) £ A3 SUAsAd s A o 5
EA4E 273l AHAAE 53T A9 TR
A GFulg Fo] uit Fol AFI ALt Fotol
HEY ASEd FFHAA FE AAE ¥4l
o, =3, 73 E5E4E 28dA god Eudux
vzt A7 wlfel A o B2 L FE
AA AAE ¢ + U2, 27 FELEE) 6
& A4ARE 2¢ 4 Al

o 2 8

(1) Hirano, Y., 1977, “Optimum Design of Laminated
Plates Under Axial Compression”, AIAA Journal,
Vol. 17, pp.1017~1019.

(2) Tauchert, T.R. and Adibhatla, S., 1984, “Design of

oG4l - ol b2

Laminated Plates for Maximum Stiffness”, Journal
of Composite Materials, Vol. 18, pp.58~69,

(3) Tauchert, T.R. and Adibhatla, S., 1985, “Design of
Laminated Plates for Maximum Bending Strength”,
Engineering Optimization, Vol. 8, pp.253~263,

(4) Park, W.J., 1982, “An Optimal Design of Simple
Symmetric Laminates Under First Ply Failure Crite-
rion”, J. of Composite Materials, Vol. 16, pp.
341~345,

(5) Hirano, Y., 1979, “Optimum Design of Laminated
Plates Under Shear™, J. Comp. Mater., Vol. 13, pp.
329~334,

(6) Watkins, RI. and Morris, A., 1987, “A Multicriter-

~ ia Objective Functi_on Optimization Scheme for
Laminated Composites for Use in Multilevel
Structural Optimization Schemes”, Comput. Meth-
ods Appl. Mech. Engng., Vol. 60, pp.233~251.

(7) Kam, T.Y. and Lai, M.D., 1989, “Muiltilevel
Optimal Design of Laminated Composite Plate
Structures”, Comput, and Struct., Vol.31, pp.
197~202,

(8) Kam, T.Y. and Chang, R.R., 1989, “Optima}l Design
of Laminated Composite Plates With Dynamic and
Static Considerations”, Comput. and Struc?., Vol. 31,
No. 2, pp.387~393.

(9) Reddy, J.N., 1980, “A Penalty Plate-Bending Ele-
ment for the Analysis of Laminated Anisotropic
Composite Plates”, Int. J. Numer. Meth. Engng., Vol.
15, pp.1187~1206,

(10) Shin, Y.S., Haftka, R.T., Watson, L.T. and Plaut,
P.H., 1989, “Design of Laminated Plates for Max-
imum Buckling Load”, J. Comp. Mater., Vol. 23, pp.
348~369,

(11) ®—F, 1989, “Z A MEHOBERFE L BER
B, BABREERSUE(AR), $H55%, H516,
pPP.1892 ~1899.

(12) o137, 2AH, 1984, “eb4 A+ 23 Fetade
2 A3 Adauigne] AFH4A7, Agdga F
ddFua, #1648, A1E, pp.l45~152,

(13) ZsE, 1986, “FsLile] o SPgHwa]
AN o AgH4", neidiga R, AAF
e, QAT

(14) AA4, =g=t, T, 1987, “HIFE Ve
B3 A3w 4o A, AT HIA,
Vol. 15, No.1, pp.53~64,

(15) =98, olal, 1988, “3gAls A AFE
A", T E2gAsgA, A14, A13F, pp
26~33,

(16) Yang, P.C., Norris, CH. and Stavsky, Y., 1966,



% AF 5% A5 A4 1407

“Elastic Wave Propagation in Heterogeneous Damping Analysis of Fiber Reinforced Composite
Plates”, Int. J. Sol. & Struct., Vol. 2, pp.665~684. Material Plates”, ]J. Composite Mater., Vol. 20, pp.
(17) Lin, OX,, Ni, R. G, and Adams, R. D, 1984, 2~18,

“Prediction and Measurement of the Vibrational (19) Garbow, B. S., Boyle, J. M., Dongarra, J. J. and
Damping Parameters of Carbon and Glass Fiber Moler, C. B, 1977, “Matrix Eigensystem Routines
-Reinforced Plastics Plates”, J. Comp. Mater., Vol. EISPACK Guide Extension”, Springer Verlag, Berlin
18, pp.132~151, ' Heidelberg.

(18) Alam, N. and Asnani, N. T, 1986, “Vibration and



