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M ulti-objective Optimization of Hybrid Laminated Composites under a Frequency
Constraint by Using the Particle Swarm Optimization

H. Hemmatian A. Fereidoon

Abstract Improving mechanical properties of composites based on strength-to-weight ratio has been
gained much attention in various applications. Having the most resistant and at the same time the lightest
and the most economical structure is believed as an aim in these applications. These three factors are
usually opposed to each other. So, applying optimization algorithms for improving mechanical properties
of composites is very important. Particle swarm optimization (PSO) is used in balanced symmetric hybrid
laminated composites for accessing the lowest weight and cost based on the first natural frequency. In
this research, the objective function is a combination of the weight and cost which are both functions of
the numbers and material of layers, while the natural frequency, in addition to the above factors, is a
function of the fibers angle and the stacking sequenc, too. The results obtained from PSO algorithm
(including optimized stacking sequences and the number of plies reinforced by either glass or graphite
fibers) are compared with obtained results from genetic algorithm (GA) and ant colony optimization
(ACO). The results confirme the advantages of hybrid composites and reveale that PSO provide the same
results and in some cases even better sequences relative to the mentioned algorithms. This algorithm is so
useful and competitive with respect to other heuristic algorithms.

Key Words Symmetric Balanced Hybrid Composite, Multi-Objective Optimization, Frequency

Constraint, Particle Swarm Optimization
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1 10 7 19 15 9 10 7 15 16 12 16 | 7.32167 | 7.32167 25.2332 7.32167
2 5 14 14 14 17 19 9 11 17 7 8 | 7.32167 | 7.32167 25.3912 7.32167
3 4 1514 14 17 19 9 7 16 8 6 | 7.32167 | 7.32167 25.6063 7.32167
4 10 7 19 17 9 10 5 15 14 12 16 | 7.32167 | 7.32167 25.2332 7.32167
5 4 15 14 14 17 19 11 13 16 8 6 | 7.32167 | 7.32167 25.3061 7.32167
6 5 14 14 10 17 19 9 9 16 7 2 | 7.32167 | 7.32167 25.5103 7.32167
7 5 14 15 14 17 19 10 10 17 7 7 | 7.32167 | 7.32167 25.5404 7.32167
8 9 &8 19 15 10 10 7 14 16 11 16 | 7.32167 | 7.32167 25.2609 7.32167
9 5 1415 14 17 19 10 8 17 7 5 7.32167 | 7.32167 25.4603 7.32167
10 9 8 19 15 10 10 7 14 16 11 16 | 7.32167 | 7.32167 25.2981 7.32167
11 15 15 14 17 12 14 16 19 16 18 15 | 7.32167 | 7.32167 25.6366 7.32167
12 15 15 15 15 12 15 18 19 13 15 13 | 7.32167 | 7.32167 25.7039 7.32167
13 19 15 15 15 15 15 17 18 13 16 17 | 7.32167 | 7.32167 25.2149 7.32167
14 5 14 14 1517 19 9 9 14 7 6 | 7.32167 | 7.32167 25.5968 7.32167
15 14 15 16 15 12 15 18 19 13 15 13 | 7.32167 | 7.32167 25.3838 7.32167
16 19 15 14 14 14 14 17 16 13 13 16 | 7.32167 | 7.32167 25.5597 7.32167
17 15 15 15 14 11 15 17 19 13 15 13 | 7.32167 | 7.32167 25.0151 7.32167
18 14 15 16 14 12 15 18 19 13 15 13 | 7.32167 | 7.32167 25.0403 7.32167
19 19 14 17 14 14 12 16 15 11 12 16 | 7.32167 | 7.32167 25.3838 7.32167
20 15 15 15 15 12 14 17 19 13 15 15 | 7.32167 | 7.32167 25.7424 7.32167
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ol S84y 5 (Kg) 035 (H2) b 5 3 Sa
1 28 34 33 13 17 10 15.5736 3.77711 25.0499 5.31065
2 28 34 33 13 18 10 15.5736 3.77711 25.0178 5.31065
3 28 34 33 16 18 13 15.5736 3.77711 25.0409 5.31065
4 28 34 33 17 17 14 15.5736 3.77711 25.101 5.31065
5 29 33 34 15 17 12 15.5736 3.77711 25.0607 5.31065
6 28 34 33 14 18 11 15.5736 3.77711 25.143 5.31065
7 29 33 34 15 15 12 15.5736 3.77711 25.0925 5.31065
8 29 33 34 10 16 7 15.5736 3.77711 25.0439 5.31065
9 29 34 33 14 18 10 15.5736 3.77711 25.0432 5.31065
10 |28 28 29 11 15 11 15.5736 3.77711 25.0185 5.31065
11 33 34 34 8 12 5 15.5736 3.77711 25.0785 5.31065
12 128 33 33 19 13 11 19 15.5736 3.77711 25.0821 5.31065
13 128 28 23 19 19 11 13 15.5736 3.77711 25.0275 5.31065
14 128 28 29 3 17 17 13 15.5736 3.77711 25.0927 5.31065
15 |28 28 29 5 17 17 13 15.5736 3.77711 25.1088 5.31065
16 |33 28 23 14 19 11 19 15.5736 3.77711 25.0413 5.31065
17 133 28 23 10 19 11 19 15.5736 3.77711 25.0363 5.31065
18 33 28 23 15 19 12 19 15.5736 3.77711 25.056 5.31065
19 33 28 23 9 19 10 19 15.5736 3.77711 25.0693 5.31065
20 |33 28 23 15 19 10 19 15.5736 3.77711 25.07 5.31065
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1 33 28 34 33 38 35 24.7164 3.08954 25.4494 3.08954
2 34 29 34 32 38 35 24.7164 3.08954 25.0756 3.08954
3 34 28 34 33 38 36 24.7164 3.08954 25.512 3.08954
4 34 28 36 33 38 36 24.7164 3.08954 25.0439 3.08954
5 33 29 34 31 38 35 24.7164 3.08954 25.1665 3.08954
6 33 29 33 31 38 37 24.7164 3.08954 25.1317 3.08954
7 34 28 34 30 38 37 24.7164 3.08954 25.0948 3.08954
8 28 34 33 31 38 36 24.7164 3.08954 25.2712 3.08954
9 34 28 34 35 38 32 24.7164 3.08954 25.2176 3.08954
10 | 34 28 34 32 38 34 24.7164 3.08954 25.169 3.08954
11 34 23 23 38 21 21 24.7164 3.08954 25.1508 3.08954
12 |34 23 23 38 23 23 24.7164 3.08954 25.2138 3.08954
13 34 23 23 38 22 22 24.7164 3.08954 25.101 3.08954
14 129 28 28 38 24 24 24.7164 3.08954 25.3319 3.08954
15 |28 29 29 38 25 25 24.7164 3.08954 25.0615 3.08954
16 |29 28 28 38 26 26 24.7164 3.08954 25.252 3.08954
17 |28 28 28 38 28 28 24.7164 3.08954 25.4859 3.08954
18 |28 28 38 26 38 20 38 20 24.7164 3.08954 25.1562 3.08954
19 |23 33 38 28 38 20 38 20 24.7164 3.08954 25.0357 3.08954
20 |23 34 38 29 38 20 38 20 24.7164 3.08954 25.0448 3.08954

U+£'Lg¢_i)|jlgu4i§)y§ﬁ.mvﬁ\}b$? W.&‘J@wg}:‘l’ﬁ

oS B 03,8 iy Hplaleas N B -t 540
2380 5 o slaY ar Sl s Sy b
Scepl Mo Js L)l Sl 28 L8 5 2l
PRV N SIS N PRI N P a W Sy P
KBl e e Dy s A ir 3 g b o
s S 84 S s L3 jie Gusls onlpesdle
sl 0l
3 GA L PSO (_;Lav:{))ﬁ\ O S lie aalsl s
ol 03551 S35 e o Gl (V) Jsax 3 ACO
b 5L Splbedl S dads opl gs .ol
PSO oo, S 48 355 o0 odalie sl 0l (ol
SGA L aslis 5 1) 5550k Gua GU S35 a0 3
o) Giuli’)‘}" Sad 3 5 el e:J.SJ)jTﬁACO
Iy GA ey o L S o (5 a5
il e O ol 255melS gl bl el
o At DL 53 (656 sl Sler Sl s
SV S sl auza 5055 (V) S8 s cles
ol ol 03,51 iS5 A3 oo, L e ol
O3 BlacS 5 (i s sdalie &5 sb0len

Sda U QoS el Jale 53 ¥ e sl
b S8 sl e 05 e Ll it e
S a o psheda o600 Gl 4 S o Wl LB
s pp 03,5 e )= o) 5B S 2
4 Cad oS gl ated o SO s 4 058 0
Sl ais ey Ll S pbc il S
e Y Y Ghyls s eelS 5 Ll LS

B S e s bels sl el sl ag
S e Jod 055 055 e T oy seSS
e S S b S Do IS s
IS S il S 5 aY aea S lais
A3l e VYT Gl CugelS 5 Cnl sl

3 St S gl S S Sl s
LS P e Slarlal il e (oS pbatid
LS e ool 8 6508 glaa¥slaai L1
e kb SR 05 mU Coeala jlade 21581
slaaY 5 S plbcdl S 5l ol ey s
oo U dslodls K85 oS haind 5l s

A%



e Sl 2 gealS Sladd ) oy plitedin (5l

p@'L(AJ:L;L‘M/:uJL;;)‘ULT/»jLa prgw.3

M[)w.: M,:d:,lz)l)_é%d_bm‘_;bqu
T e e S B L e

ACO 5 GA PSOslayz ) Sl o amlie ¥ Jsr

o s ZIS LT A =5 e G b
Sl (Kg) | (Hz) o~
PSO [+£70,/455/+65/+80/90/+60/+70,]5 7/32167 | 7/32167 | 25/7424 7/32167
. [£705/465/+50/+70/90/+60/+70/+60] 7/32167 | 7/32167 | 25/0151 7/32167
GA [20] [+5040/0]s 7/32 7/32 25/82 7/32
ACO [21] | [+55/+50/+65/90/+25/485,/+75/+85/+60/+50]¢ 7/32 7/32 25/07 7/32
PSO [£40/90/4705/+80/+70/90/+70]s 9/375 | 5/44285 |  25/3306 6/6225
o [+£70/90/+40/90,/+70/+15/90/4+80/450]5 9/375 | 5/44285 | 25/3265 6/6225
GA [20] [£50/450,]¢ 9/37 5/44 25/10 6/62
ACO [21] [+50/450,/+30/465/+40/+70/+40]¢ 9/37 5/44 25/09 6/62
o [£405/+70/+5/+45]¢ 15/5736 | 3/77711 |  25/1984 6/1364
A [+£40/470/+15/90,/+50/+65]s 15/5736 | 3/77711 | 25/0479 6/1364
GA [20] [£50,/4505]¢ 12/52 4/61 25/88 6/19
ACO [21] [+£60/+40/+45/+85/+65/+85/+5]¢ 12/52 4/61 25/42 6/19
PSO [£40/+70/+65/+70/+85/+55]s 15/5736 | 3/77711 | 25/1507 5/31065
AV [+£40/465,/90/+60/+£50/90]5 15/5736 | 3/77711 |  25/0821 5/31065
GA [20] [+45,/90/4505/180]¢ 14/02 4/19 25/08 5/47
ACO [21] [+£50/4+40/90/+50/+65/+75/+45]5 14/02 4/19 25/11 5/47
PSO [+£70/+40,/+15/90/0/90]s 22/8181 | 3/15733 |  25/1675 4/53358
e [+40/470/+15/+65/+20/90]¢ 22/8181 | 3/15733 25/13 4/53358
GA [20] [£505/90/450,/0]s 17/47 3/71 25/38 4/67
ACO [21] [+55,/440,/90/+65]5 24/72 3/09 25/02 4/60
PSO [+40,/+45/%£10,/90]s 22/8181 | 3/15733 25/0346 3/94376
A [+£40,/90,/+20/45/90]¢ 22/8181 | 3/15733 25/016 3/94376
GA [20] [£50,/+50,]5 19/37 3/64 26.07 4/27
ACO [21] [+55/450/+55/+60/0/+5]s 24/72 3/09 27/07 3/95
PSO [+£405/90/+40,]s 24/7164 | 3/08954 | 25/4859 3/08954
\ [+40,/90/4+30/90/0/90/0]5 24/7164 | 3/08954 |  25/1562 3/08954
GA [20] [+505/0]s 24/72 3/09 25/14 3/09
ACO [21] [+55/+50/+55/90/+55/+35]s 24/72 3/09 25/10 3/09
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