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Owing to their excellent mechanical and thermal properties, laminated
composites are widely used in various advanced structures. These materials are
often employed as thin panels, and drilling holes is essential to fasten these panels.

Determining the optimal locations of these fastener holes, with a minimum risk
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of failure under different external loading conditions, is crucial for panel member
design. Laminated composites exhibit highly complex mechanical and thermal
behaviors that depend on various factors including the material properties, layer
thickness, stacking angles, and interlaminar stresses. Consequently, identifying
the optimal hole positions in them is challenging. This study optimized the
locations of fastener holes in pressure-loaded laminated composite members

using a genetic optimization algorithm. Based on the Tsai-Wu composite failure
theory, the safest hole positions were determined in terms of the failure resistance.
By combining a finite element numerical analysis code with the optimization
algorithm, optimal results were successfully derived.
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! Compression Only Support B. C. (every four holes)
7 7 e e e Fig. 3 B.C. of the analysis model
C/E UD We
% ﬁ E—Glmt;L'Dt §
7 7 S/EIUD:%OGSM Table 1 Material properties of the composites
7 7 Lay. up [0/0/0/0/0/0] Properties A B C D E F
UBolt Hole Design Area Density
1.5e-6 | 1.8e-6 | 1.5¢-6 | 2.e-6 | 1.5¢e-6 | 2.e-6
Fig. 2 Analysis model dimension and laminate configuration (kg/mm’) ¢ ¢ ¢ ¢ ¢ ¢
CTE 4.7e-6| 5.5¢-6 |-4.5¢-7| 5.5¢-6 | 2.5¢-6 | 5.2¢-6
_ . - } o -4.7e-6| 5.5¢-6 |-4.5¢-7| 5.5e-6 | 2.5e-6 | 5.2e-
2 A 7P e AR BEA o oS 2Y F shuE A (@3, m/m°C)
Zha ik, A B AN Tsai-Wu 0|2 1ty 9] 7|&o CTE
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=xx vy 72 e Tt
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0,04 0505 ) 0,05 (13) Es; (MPa) | 8.6e+3|9.0e+3 | 7.8¢+3 | l.et4 |9.0e+3 | 8.0e+3
XXYY, \YYZz O \XXZZ Vi 027 | 028 | 027 | 03 | 005 | 03
L 11 - 11 L 11 Vo 0.4 0.4 042 | 04 0.3 0.4
Nx X Ay, v, 5\ 7 A Vi 027 | 028 | 027 | 03 0.3 0.3

G2 (MPa) 4700 | 4700 | 5000 | 5000 | 3600 | 5000

Vbt L Zupsk v 7l7} S|dksE L 7k7b
N X = Y Y, 7= A7 R, SR Q= A Gy (MPa) | 3100 | 3500 | 3080 | 3846 | 3000 | 3846
12, 1-3, 2-3 38 FHoM ARZE, t+= UF, c& YFS
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T; (MPa) 29 | 31 | 34 | 35 | 50 | 35
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Table 2 Optimization results w.r.t. the design variables

. . Fastener hole coordinate (mm)
Design variables — —
Initial Optimized
T 105 90.0
Yq 315 340.4
Ty 315 3532
Yo 315 280.6
T3 105 134.9
Y3 105 80.4
T, 315 343.1
Yy 105 142.5
00 ©) M
O O © @)
(105, 315) (315, 315) (90.0,340.49) O
(353.2, 280.6)
(4)
3) @) 3 O
O O v O (343.1, 142.5)
(105, 105) (315, 105) (1349, 80.4)

(a) Initial position (b) Optimized position

Fig. 6 Comparison of the hole position between initial and
optimized status

1e3
10 Max
088

075

063

05

038

033

029

025

013
0.0055 Min
0

Fig. 7 IRF distribution contour for initial hole position

Fig. 8 IRF distribution contour for optimized hole position
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Fig. 9 Stress profile through thickness at initial status
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Fig. 10 IRF profile through thickness at initial status
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Fig. 12 IRF profile through thickness at optimized status
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