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Particle swarm optimization algorithm for shape
optimization of truss structures
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(1. Research Institute of Structural Engineering and Disaster Reduction Tongji University Shanghai 200092 China thstj@

hotmail. com; 2. Department of Architecture School of Science and Engineering Kinki University Osaka 577 —8502 Japan)

Abstract: In order to realize the shape optimization of truss structures with stress constraints geometrical con—
straints and local stability constraints particle swarm optimization ( PSO) algorithm was adopted in this pa—
per. The basic principle of original PSO algorithm was presented then it was modified by the introduction of
constriction coefficient and the reasonable values of the coefficient were proposed for the modified PSO algo—
rithm. Node coordinates and section area were considered in the optimization. Several classical problems were
solved using the modified PSO algorithm and the results were compared with those solved using traditional op—
timization algorithms. The numerical examples show that the modified PSO algorithm has good convergence and
stability then can be applied to the shape optimization of truss structures effectively.
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3.1 25
g(AX) =¢, 0. —-0,=20 1 25 L =635mm
(i=12--gq) (10) -275.8 275.8 MPa
g7 (A X) ¢, E =68947 MPa p =2768 kg/m’ 1.2
i q d,. =8.89 mm.
. 1 2.
2.2 PSO
PSO
1
2
3
1 25-
1
F,IkN  F, /kN  F,/kN
; 1 4.448  44.482 -22.241
4 2 0 44.482  -22.241
: : 3 22.241 0 0
5 6 22.241 0 0
P, 1 0 88.964  -22.241
; ’ 2 0 -88.964 -22.241
6 2
Pé’
; o * /MPa o = /MPa
7 A 1 275.8 -275.8
; A, 2345 275. 8 -275.8
8 Ay 6789 275. 8 -275.8
G Ay 10 11 275.8 -275.8
As 12 13 275. 8 -275.8
3 Ag 14 15 16 17 275. 8 -275.8
A, 18 19 20 21 275.8 -275.8
S0 Ag 22 23 24 25 275. 8 -275.8
1.2
7.8.9.10 X —y
. PSO PS =40 Xy Yy Zy Xy Yy
x =0.729 G,.. = 1000 ¢, =¢, = A4y A
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~39.27FA, /L <o, ( i=12 5 MPa
25 [ =12) 3.25
2 2 o A o
4 1 8.008  25.274 275.8 -48.613
5 2 -28.827 -75.200 275.8 -82.374
3. 3 -16.080  68.329 275. 8 -82.374
3 25 4 2.909  68.329  275.8 -82.374
x ¥ z 5 15.655 —75.200 275.8 -82.374
1 -952.5 0 5080. 0 6 -73.017  67.183 275.8 —242. 048
2 952.5 0 5080.0 7 29.715 -108.052 275.8 -242. 048
3 - X, Y, Z, 8 -68.204 -108. 052 275.8 —242. 048
4 X, Yy Zy 9 34.528  67.183 275.8 —242. 048
5 Xy -Y, 2y 10 16.308  31.690 275.8 -18.712
6 - X, -, Zy 11 46.624  31.690 275.8 -18.712
7 - Xy Yy 0 12 125.124  30.700 275.8 -74.103
8 Xy Yy 0 13 -73.888  30.700 275.8 ~74.103
9 Xg - Y 0 14 27242 27.179 275.8 -23.048
10 - X - Y 0 15 -20.353 -23.041 275.8 -23.048
3000 - - r . 16 24.589  -23.041 275. 8 -23.048
2500 ] 17 -23.006  27.179 275.8 -23.048
2000 ] 18 -35.790  53.475 275.8 ~77. 645
[T\E‘H 1500 | 19 -55.690 -77.311 275.8 ~77. 645
L
20 31,162  -77.311 275.8 ~77. 645
1000 ] 21 11.262  53.475 275.8 ~77. 645
500k 1 2 54.163  13.047  275.8 ~93. 661
0 . s - - 23 -62.395 -53.135 275. 8 -93.661
200 400 600 800 1000
AR 24 -93.636  13.047 275.8 -93.661
25 22,921 -53.135 275.8 -93.661
2 25
4 25
2
A, 65. 1 6. 452
A, 301.0 358. 064
A, 642. 1 973.546
A, 64.7 6. 452
As 91.0 86.451
Aq 263.5 94. 839
A, 442.3 512.257
Ag 411.0 444.515
X, 911.9 913. 638 3 25
Y, 1530.3 1230. 376 2 25
Z, 3060. 4 3095. 498 300 5
Xq 971.2 1180. 846 X~y
Yy 3117.0 3064. 256 8. 89 mm
/kg 82.02 84. 960 24 15.
16.19 20
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82 022 kg 2 7 5 13 7 19 25 11 26 20 15 14 17 8 1
Vol N N Nyl X 125, 8374 127 8 o N
. 719? 2 4 6 Y x 12 14, 16 18 20
28 30 32 34 36 37 35 33 31 29
64.52 mm’ 2 6. 45 mm’. R A A
4 2 1 10> 1m 1
3.2 37 v
) wE x A, (
4 37 Oy = ;=
4L}
6.
T i) . Al AZ
P =10 kN. 10
10 A? A4 AS A6 A7 AS A9 AIO All AIZ A13 A14 AIS
mm T
2 Al6 Al7 AIS A19 Y3 YS Y7 Y() Yll .
50 mm
, 5 11 7.
E =210 GPa p =7800 kg/m’
240 MPa.
8 6.
37
X :y ¥4 X } V4
1 ~5000 0 0 11 0 Y, 0
2 - 4000 0 0 12 1000 0 0
3 — 4000 Y, 0 13 1000 Y, 0
4 - 3000 0 0 14 2000 0 0
5 - 3000 Ys 0 15 2000 Y, 0
6 - 2000 0 0 16 3000 0 0
7 - 2000 Y, 0 17 3000 Ys 0
8 - 1000 0 0 18 4000 0 0
9 - 1000 Y, 0 19 4000 Y, 0
10 0 0 0 20 5000 0 0
3500 8 37 MPa
3000 1
2500 i
a0 o ¥ _
:\;H 2000 ] o o
{= 1500 ] 1 —114. 068 240 ~114. 128
;E[,’
1000 1 2 ~114. 068 240 ~114.128
500 ] 3 192. 815 240 ~33.115
0
n o T - 4 192. 815 240 -33.115
200 400 600 800 1000
e 1 g -1.74 24 -6.72
AR 5 6 0 6.725
6 -1.746 240 -6.725
5 37
7 37 7 -116.239 240 -116. 696
8 -116.239 240 -116. 696
11 11 9 193. 236 240 -10.478
1 507 8831 » 05 3500 10 193.236 240 -10.478
| 4, 51.9 50.0 As 67.4 183.7 11 18.023 240 —4.544
A, 51.3 50. 0 A 50.0 183.7 12 18. 023 240 _4. 544
A, 818.6  715.4 Ay 50.2  194.0 " 115, 053 " 116, 098
As 52.0 50. 0 A 51.3  192.8 * B B
Ag 50.1  115.3 A 50.2  187.4 14 -119.053 240 -119. 098
A, 776.2  646.1 Y, 508.2 1021 15 186. 901 240 _5.974
Ag 50. 3 50. 0 Ys 904.4 1718 6 186,901 " S o7
Ay 50.3  348.1 Y, 1178.1 2269 ) e
Ay 754.0  553.8 Y, 1346.1 2669 17 0.546 240 -3.475
Ay 50. 1 54.1 Y, 1363.4 2734 18 0. 546 240 _3.475
Ay, 50.9 50. 0 /kg  77.46  105.2 " 119,801 " 120, 944
A 746.8  528.2 _- _




12

¢« 00 .

3) PSO

8
20 -119. 891 240 -120. 944
21 199. 321 240 -4.557
22 199. 321 240 —-4.557
23 83.536 240 -2.987
24 83.536 240 -2.987
25 -122.793 240 -123.131
26 -122.793 240 -123.131
27 62.734 240 -4.483
28 -3.467 240 -11.122
29 -3.467 240 -11.122
30 -4.676 240 —-8.247
31 -4.676 240 -8.247
32 -6.243 240 —-8.287
33 —-6.243 240 —-8.287
34 6.943 240 —-8.454
35 6. 943 240 —-8.454
36 7.443 240 -8.279
37 7.443 240 -8.279
5 R—T A 17
It 19
‘ 20
A 2 4 6 8 10 x12 14 16 18 £
37
5 37
500
8
10 vy 8. 07 mm
7
77.46 kg
11
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