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Optimization of fundamental frequency of composite plates by
simulated annealing method

Amirhassan Torkzadeh, Vahid Khalafi, Hamidreza Zarei

Abstract

The main goal of this paper is to determine the stacking angles of composite plates in order to achieve the
maximum fundamental natural frequency. In this regard, the equations of motion have been expressed
using the Classic Laminat Plate Theory (CLPT), and the free vibration analysis of the plate has been done
by applying different boundary conditions. In order to numerically analyze the behavior of free
vibrations, the well-known generalized quadrature differential method has been used. This method
estimates the partial derivatives of the function at a point by a linear series consisting of the weighted
values of the same function at all points of the domain. Then, using this method, discretization of
governing equations of the plate has been done. The discretized equations governing the plate have been
solved using the eigenvalue analysis method. Then, in order to achieve the maximum fundamental
frequency, the Simulated Annealing (SA) method is used. According to the obtained results, the
differential quadrature method is found to be a suitable numerical method that requires short computation
time to obtain natural frequencies. So far, this method has not been combined with the simulated
annealing algorithm for optimizing the free vibrations of composite laminated plates, according to
previous research. The combination of the differential quadrature method and the simulated annealing
algorithm provides an effective tool for optimizing composite plates with minimal time cost.

Key words: Simulated Annealing, Metaheuristic Optimization, Free Vibration, Natural Frequency,
fundamental frequency, Differential Quadrature, Composite.
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Mode
Layup Method
1 2 3 4 5

000) Present 1517 3325 4439 60.68 64.46
w Chow[21] 1519 3331 4452 6078 6455
Present ~ 154 3403 4382 60.73 66.56

(15,-15,15)
Chow[21] 1537 34.03 4393 60.8 66.56
Present 1586 35.77 4253 61.28 7155

(30,-30,30)
Chow[21] 1586 3577 4248 6127 7141
Present  16.09 36.83 417 6165 76.86

(45,-45,45)

Chow [21] 16.08 36.83 41.67 6165 76.76
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Mode
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2 3 4 5

Present 29.08 50.78 67.26 8559 87.06

(0,0,0)

Chow[21] 29.13 50.82 67.29 8567 87.14
Present  28.89 51.39 6589 8447 89.66

(15,-15,15)
Chow[21] 2892 5143 6592 8455 89.76
Present 2851 531 6266 83.76 9509

(30,-30,30)
Chow[21] 2855 53.15 6271 83.83 95.21
Present 2833 546 604 8359 1019
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Chow [21] 28.38 5465 6045 8365 102

GDQM (g, 5 SA 2,65 sslwante gy 28
oads pladl LS L sl oslainl o5l (s3lw Jow sl a5
sk otsy al 2 Yoz ledange 54 VY] Lo )b g
A Y g VAN AT AY O A Sl o ol
alie @D 5 i 550 bl b i 2 joralS
Sl s j0 a5 Slacosgames 0929 4 azx g b .Canloads
il pln y3 SUTasly (ali8l pl5 ks 92
Gilwdings 4 by e s asldl jo cul oads 48,3 L 5 0
039l ¥ Jguzr o ()lie 4V A (i Y g b S8
SSSS, ) iz slcdl> slp Gyg e bl enlons
a5 L 0 (SSSC, SSCC, SCSC, CCCS, CCCC
0,93 5l o slcwods s ¥ Jgaz 4 ax g b .cawlons
[YY] gz o 55 o0t al)l guls U (SA) a5 sl
9l a5 wed e (LA gl WSk oo (p95 Saibllae Il
Lo ls ;8 il ange ongs 5l col andlys 5> 4 SA
ol (F)9eelS Slndo uzaY 5 4l



Sly (@l enly S

Ll )| 03— oo”T Cawddy cbl.u Gm...lo u.....:lSJB ).'.)Lcu
Lyl s s b asloo [YY] g2 o Lawg o> g30e laie
s9bar 4l (53 olie )15 Yol ool Yol 5l 550
SCSC & SSCC (550 Ll yosis 53 a2l (smaels o5 3
e i @ sd] Cawdds ¥ by el oolidl i)
5 s 555 i b b o5 iz 0 Sl 505 Y]
Sl oe cisllas

A (3900l Axiuo (S 4Y g Ay Al il )8 Aunlin -F Jgu
oyl ol Y

Edges Q opt. Ply angles (°)
BCs [22] SA [22] SA

SSSS  56.32  56.3432  [45/-45/-45/-45]s  [45 -45 -45 -45]s
SSSC 6527 667326  [90/75/-60/-60]s  [60 -60 -60 -60]s
SSCC  68.72  72.0509  [0/45/-45/-45]s  [-45 45 45 45]s
SCSC  90.89  90.8944  [90/90/90/90]s  [-90-90 90 90]s
CCCS 9199  91.9944 [0/0/0/0]s [0000]s
CCCC 9367  93.6661 [0/90/0/90]s [0 90 90 90]s
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Edges BCs  Opt. method Q opt. Ply angles (°)
SSSS SA 56.5271  [45 -45 -45 -45 45];
SSSC SA 66.8878  [-60 60 60 60 -60];
SSCC SA 72.3484 [-45 45 45 45 45],
SCsC SA 90.8944  [90 -90 90 -90 -90]
CCCs SA 91.9944 [00000]
CCCC SA 93.6664 [-90 0 0 0 90];
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Edges BCs  Opt. method  Q opt. Ply angles (°)
SSSS SA 56.525  [-45 45 45 -45 45 45],
SSSC SA 66.886 [60 -60 -60 60 -60 -60]s
SSCC SA 72.3486 [45 -45 -45 45 -45 45];
SCSC SA 90.8944  [90 -90 90 -90 -90 90]s
CCCs SA 91.9944 [000000]
CCCC SA 93.6664 [0 90 90 0 -90 -90];
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