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1. Determination of optimum effective parameters on thermal buckling of hybrid
composite plates with quasi-square cutout using genetic algorithm. (Engineering
Optimization, DOI 10.1080/0305215X.2019.1575965).
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0.05 22.5 0.42 [-28.73/55.23/55.23/-28.73] 42.6 91.26
0.1 22.5 0.44 [-27.55/56.05/56.05/-27.55] 43.03 87.39
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D/a Vi £° &° [G/IB/BIG] AT, (°C) Run time (hr)
0.133 0.33 0 [-52.56/61.79/61.79/-52.56] 24.68 75.44
0.266 0.33 112.5 [-45.24/44.15/44.15/-45.24] 26.55 90.23
0399 033 45 [-0.20/-90/-90/-90] 32.58 88.46
0532 0.33 135 [-30.46/60.36/60.36/-30.47] 49.32 82.24
0.665 0.33 90 [-64.80/38.36/38.33/-64.65] 73.13 91.25
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Boundary x» 4F Dla & [G/B/BIG] AT, (°¢) Runtime
conditions (hr)

CCCC 0.33 90 0.665 [-64.80/38.36/38.33/-64.65] 73.13 91.25

SSSS 0.33 0 0.665 [45.65/-43.41/-43.41/45.65] 20.52 86.41
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Stacking Vi Vi D/a & AT,  Runtime
sequences (°0) (hr)
[B/G/G/B] 0.33 180 0.665 [90/90/-90/90] 152.16 92.33

[B/B/B/B] 0.33 180 0.665  [90/-7.98/-90/-10.38]  148.10  89.54
[G/B/G/B] 0.33 180 0.665  [8.81/-80.62/90/-80.54] 106.89  97.01
[B/G/BIG] 033 0 0.665 [90/90/-85.74/-90] 9455  95.16
[G/G/GIG] 0.33 180 0.665 [20.14/-60.56/29.63/-50.50] 85.14  90.53
[G/G/B/B] 033 0 0.665 [59.18/90/-36.53/-42.65]  82.70  90.58
[B/B/G/G] 0.33 180 0.665  [37.67/34.27/90/-90] 80.17  94.34
[G/B/B/G] 0.33 90 0.665 [-64.80/38.36/38.33/-64.65] 73.13  91.25
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Npop 4° Dla & [GIB/BIG] AT, (°C)  Runtime (hr)
50 67.5 0.60 [-67.18/22.55/22.94/-58.49] 80.62 82.35
100 135 0.60 [16.02/90/-90/-8.45] 85.04 101.03
150 135 0.60 [14.96/89.68/-89.29/-10.47] 85.06 136.15
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0.3 225 0.58 [18.26/57.72/61.01/-18.53] 75.81 46.55
0.5 675 0.60 [-55.93/28.63/31.16/-58.15] 78.56 59
0.6 135 0.60 [10.17/91.26/-92.20/-13.34] 84.71 99.40
0.7 135 0.60 [7/87.32/-86.35/-9.02] 84.83 100.37
0.8 135 0.60 [16.02/90/-90/-8.45] 85.04 101.03
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PM £ D/a & [GIBIB/G] AT, (°C)  Runtime (hr)
0.01 135 0.60  [-3.01/-95.62/93.22/6.12] 83.60 87.35
0.02 135 0.60 [-8.30/-89.23/90.31/17.05] 84.78 93.54
0.03 135 0.60 [16.02/90/-90/-8.45] 85.04 101.03
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Vi Vs D/a & [G/B/B/G] AT, (°0) Run time (hr)
0.1 45 0.44 [90/-0.28/-0.28/-89.82] 46.06 75.53
015 45 0.46 [-90/-0.23/-0.23/90] 46.81 99.46
0.2 45 0.48  [-90/-0.14/-0.14/-90] 50.06 96.13
025 45 0.50 [90/-0.12/-12/90] 52.11 91.11
03 45 0.52  [90/-0.10/-0.10/-90] 56.94 89.71
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Dla  u Vi & [G/B/BIG] AT. (°€) Runtime (hr)
0.13 0.3 675 [39.53/-27.76/-27.76/39.53] 24.74 75.55
0.26 0.3 157.5 [-40.90/45.39/45.39/-40.90] 26.25 80.41
039 0.3 1125 [80.27/-13.67/-13.67/80.27] 34.10 67.35
052 03 45 [90/-0.10/-0.10/-90] 56.94 98.05
065 03 45 [-90/-0.23/-0.23/-90] 110.71 90.46
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Boundary « g Dla & [G/B/BIG] AT, Run time
conditions (°0) (hr)
CCcC 03 45 0.65 [-90/-0.23/-0.23/-90] 110.71 90.46

SSSS 0.3 0 0.65 [45.10/-45.32/-45.32/45.10] 23.98 96.36
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Stacking Y/ D/a &° AT, (°¢)  Runtime

sequences (hr)

[B/G/G/B] 0.3 135 0.65 [90/-89.96/90/90] 214.99 103.87
[B/B/B/B] 03 135 0.65 [90/90/-90/-90] 165.66 97.49
[B/G/BIG] 0.3 45  0.65 [90/90/-90/-0.03] 163.31 101.02
[G/B/G/B] 03 135 0.65 [-90/-90/-0.3/-90] 144.13 87.57
[B/B/GIG] 0.3 45 0.65 [90/-0.05/-90/-90] 123.91 85.05
[G/B/B/IG] 0.3 45 0.65  [-90/-0.23/-0.23/-90] 110.71 90.46
[G/G/B/B] 0.3 45  0.65 [-90/-0.26/-90/-90] 107.95 106.27
[G/IG/G/IG] 0.3 1575 0.65 [-90/-57.63/21.50/5.14] 94.48 94.02
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n Vi Vs D/a & [G/B/B/G] AT, (°C)  Runtime
4 0 22.5 0.4 [-29.14/55/55/-29.14] 42.50 fggriB
4 0.05 157.5 0.42 [90/-9.86/-9.86/-90] 42.92 94.41
4 0.1 0 0.44 [-3.43/80.72/80.72/-3.43] 44.20 82.29
4 0.15 0 0.46 [-2.87/81.06/81.06/-2.88] 44.44 94.22
4 0.2 0 0.48 [-87.98/7.73/7.68/90] 46.85 100.03
5 0 90 0.4 [-28.98/-54.92/-54.93/28.99] 42.48 91.39
5 0.05 0 0.42 [-86.81/10.13/10.06/90] 43.44 88.32
5 0.1 0 0.44 [-88.20/9.50/9.46/90] 44,71 76.18
5 0.15 0 0.46 [-90/7.97/7.97/90] 44.77 88.43
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n Dla V4 Vi & [G/B/BIG] AT. (°C)  Run time (hr)
4 0.12 0.2 1125 [-52.20/61.77/61.77/-52.19] 24.57 69.55
4 024 0.2 1575  [44.80/-45.43/45.43/44.79] 25.58 92.51
4 0.36 0.2 1125 [-45/4 5.70/45.70/-45] 31.94 84.34
4 048 0.2 0 [-87.98/7.73/7.68/90] 46.85 100.03
4 0.60 0.2 135 [-68.65/31.75/31.84/-66.53] 74.93 93.51
5 0115 0.15 1125 [-36.39/27.98/27.98/-36.37] 24.50 75.31
5 0.218 0.09 90 [-45.69/45.26/45.04/-44.57] 25.28 87.11
5 0345 0.15 135 [47.14/-43.28/-43.29/47.06] 30.89 90.28
5 046 0.15 0 [-88.20/9.50/9.46/90] 43.77 88.43
5 0575 015 1575 [-64.92/28.24/27.44/90] 69.32 98.12
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n Boundary 4« Vi D/a & [G/B/BIG] AT,  Runtime
conditions (°C) (hr)

4 CCCC 02 135 0.6  [-68.65/31.75/31.84/-66.53] 74.93 9351

4 SSSS 02 675 0.6 [-52.67/38.17/43.13/44.61] 2134  72.48

5 CCCC 015 1575 0.575 [-64.92/28.24/27.44/90] 69.32  98.12

5 SSSS 015 225 0575 [-45.38/43.85/43.86/-45.40] 18.47  71.18
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[G/G/B/B] 0.15 675 0575  [15.52/90/-59.89/-59.14] 79.94 8856
[B/B/G/G] 0.15 1575 0575 [-35.28/-29.05/-74.82/59.53] 76.92  79.23

laayy

n  Stacking Vi Vi D/a & AT,  Runtime

sequences (°C) (hr)
4 [B/B/B/B] 0.2 0 0.6 [-90/3.33/90/3.59] 161.88 103.14
4 [BIGIG/IB] 0.2 0 0.6 [-90/90/90/90] 154.82  98.43
4 [B/G/B/IG] 0.2 180 0.6 [-90/-2.73/-90/-0.03] 110.18 94.21
4 [G/B/G/B] 0.2 180 0.6 [-90/-90/90/-90] 96.32 79.49
4 [GIGIGIG] 0.2 0 0.6 [6.36/90/3.84/-90] 8479  77.19
4 [B/BIGIG] 0.2 180 0.6 [-31.22/-29.45/-90/90] 80.35  99.45
4 [GIG/B/B] 0.2 180 0.6 [-2.60/-90/90/-90] 7775 8353
4 [G/B/BIG] 0.2 135 0.6 [-68.65/31.75/31.84/-66.53] 74.93 93.51
5 |[B/B/B/B] 0.15 675 0.575 [-90/7.34/-90/7.81] 158.31  102.43
5 [B/G/G/B] 0.15 0 0.575 [-90/90/90/-90] 149.36 99.21
5 [B/G/B/G] 0.15 180 0.575 [90/0.03/-90/2.57] 103.49 86.35
5 [G/B/G/B] 0.15 1575 0.575 [-1.88/-90/-90/-90] 102.07 89.17
5 [G/GIGIG] 0.15 0 0575 [-90/-2.17/90/-7.71] 8281  95.38
5
5
5

[G/B/B/IG] 0.15 1575 0.575 [-64.92/28.24/27.44/90] 69.32 98.12
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Abstract

In this thesis, Optimization of buckling of square composite plates with different cutouts
under thermal loading using genetic algorithm was investigated. Loading as uniform
temperature rise applies to the entire plate. The material plate is hybrid composites of four
layers of Glass / Epoxy and Boron / Epoxy. The cutout studied in this research consists
of circular, quasi-triangular, quasi-square, pentagonal, and hexagonal located in the center
of the plate. The solving method used to analyze this thesis is the finite element based on
the energy method. Also, the theory used in this thesis is the first-order shear deformation
theory. In the continue, the optimal values of effective parameters on buckling are
obtained in order to achieve the maximum critical buckling temperature using the genetic
algorithm. In the genetic algorithm, the critical buckling temperature is considered as
objective function. The effective parameters on the thermal buckling that have been
optimized in this thesis include bluntness of cutout corners, cutout orientation, fiber angle
and cutout size to plate size ratio. Also, the effect of different boundary conditions and
various stacking sequences of composite layers on critical buckling temperature has been
investigated. According to the results, it can be seen that, contrary to expectation, the
circular cutout is not the best geometry for increasing plate resistance against thermal
buckling and in some cases, with the proper selection of bluntness of cutout corners and
the angle of cutout orientation, the critical buckling temperature can be increased in
comparison with the circular cutout. Also, with proper selection of stacking sequences,
the plate's resistance to thermal buckling can be greatly increased.

Keywords: Hybrid Composite; Regular Cutout; Thermal Buckling; Finite Element
Method; Optimization; Genetic Algorithm.

ay






Shahrood University of Technology

Faculty of Mechanical and Mechatronics Engineering

M. Sc. Thesis in Applied Mechanics Engineering

Optimization of buckling of square composite plates with
different cut-outs under thermal loading using genetic
algorithm

By: Sajad Mahdavi

Supervisors:
Dr. Alireza Shaterzadeh

Dr. Mohammad Jafari

January 2019



