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Abstract

In this paper, the design of thick laminated composite plate subjected to thermal buckling load
under uniform temperature distribution is presented. In the design procedures of composite

laminated

plates for maximum thermal buckling load. the finite element method based on shear

deformed theory is used for the analysis or laminated plates. One-demensional search method is
used to find optimal fiber orientation and, in the next step, optimal thickness is investigated.
Design variables such as fiber orientation and ply thicknesses coefficient of plates are adopted.

The optimal design for the symmetric or antisymmetric laminated plates consisted of 4 layers

with maximum thermal buckling load is performed.
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Table 1 Comparison between the FEM solution
and the results of Ref{1l] for isotropic
plates

Nondimensional critical buckling temperature,
for a simply supported aluminum plates
E10x10%psi, a/t=100, v=0.3, @=1.0%x10"%n/
in/°’K

Present
9-nodes 9-nodes
b Ref[1
a/ ef{1] (2% 2 elements) (3x 3 elements)
0.25 0.672 0.682 0.674
0.5 0.791 0.801 0.793
1.0 1.265 1.281 1.268
1.5 2.056 2.081 2.060
2.0 3.163 3.201 3.168
2.5 4.587 4.641 4.591
3.0 6.327 6.398 6.327
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Table 2 Comparison between the FEM solution and results of Ref{6] and Ref[7] for antisymmetric

angle-ply laminated plates

Nondimensional critical buckling temperature {=a,T.r X 10°} for a simply supported laminated plates

(a/b=1) *
References Present
Ply No Ply-angle Ref[6] Ref[7] 9-nodes 9-nodes
* * % % (2x2) (3x3)
2 (45°/—45%) 1.055 0.992 - 1.021 1.012
4 (45°/ —45°), 2.228 2.032 2.038 2.053 2.037
8 (45°/—45°), 2.522 2.275 2.278 2.296 2.278
Note % Based on classical thin plate theory

* * Based on Reissner-Mindlin plate theory

% % % FEM solutions

Table 3 Comparison between the FEM solution and results of Ref[5] for symmetric angle-ply laminated

plates

Nondimensional critical buckling temperature {=a, T,;, X 10°} for a simply supported laminated plates

(a/b=1)
References Present
Ply angle Ply-No. Ref[5]* Ref[11]* 9-nodes 9-nodes

@2x2) (3x%3)

11.25° 1 1.038 1.033 1.090 0.993

3 1.130 - 1.125 1.039

5 1.236 1.236 1.199 1.136

45° 1 1.097 - 1.252 1.077

3 1.666 - 1.557 1.445

Note * Based on classical theary
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Table 4 Design results for anti-symmetric angle-
ply laminated composite plates(a/b=1,
a/t=20, material of eqn(22))

Constraints
angle -90°< 6,<90°
thickness coefficient 0<7p<1
Convergence criteria, |[6:4,— 6:]<0.001
7641 — 24/ <0.001
1st step
angle(8°) 44,9885
@ Ter X 10° 2.0368
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thickness coefficient 0.5934
a, Ter X 10° 2.0679

Final results
[6/— 6. [44.9885/ —44.9885],
e 0.5934
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Table 5 Design results for symmetric angle-ply
laminated composite plates(a/b=1, a/t
=20, material of eqn(22))

Constraints
angle -90°< 6,<90°
thickness coefficient 0<7<1
Convergence criteria, |6;.+1— 6:{<0.001
| 76401 — 7:/<<0.001
1st step
level 1
angle(6,) 45,0337
o Ter X 10° 1.8609
level 2
angle(6) -44.9883
@ Ter X 10° 1.8609
2nd step
thickness coefficient 0.9088
A Ter X 10° 1.9273

Final results
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Convergence test of the solution for antisym-
metric laminate in unconstraint problem(a/b
=1, a/t=20, 6=—45)
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