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Differential Evolution Algorithm to Size

the Optimization of Truss Structures
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Abstract: This paper applied a DE strategy to solve the size optimization problems of truss structures
with stress and displacement constraints. We presented the basic principle of the original DE algorithm in
detail, and then introduced the mathematical model for truss optimization. Several classical problems were
solved by using DE algorithm, and the results were compared with those using other optimization meth-
ods. Numerical examples have shown that the DE algorithm has good convergence and stability and can be

applied to effectively size the optimization of truss structures.
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Fig.2 5 random search convergence curve
of evaluation function

1 DE
Tab.1 DE optimization results compare with other method
[14] [15] [16]
DE best DE worst GA PSO BB-BC
1 20000.486 20 226.829 18 658.027 19 354.155 19 873.509
2 64.958 64.922 64.516 64.516 64.516
3 14585.83 14203.457 15529.001 15011.583 14 415,455
4 9845.379 9 768.692 9 006. 434 9 760. 626 9 959. 335
5 64.614 64.672 64.516 64.516 64.516
6 582. 604 628. 886 361.290 357.419 623.870
7 14074.071 14062.154 14 161.262 13 698.037 14 122,552
8 3739.908 3767.588  4961.280  4809.023 3 742.573
9 64.622 64.959 64.516 64.516 64.516
10 13 845.745 13 979.045 14 251.584 13 980.617 13 891.585
2278.284  2278.802  2304.137 2 296.666 2 279.781
0. 209 - 17.509 2.746
kg mm?
5 80 )
2 278. 284, 2 278.802, 2 278.632,
0. 209. ,DE
. DE
, 5
. DE
2 25 ( ). 25-
3
b
2 (
2), ( 3,
TsYsZ __|_ 88. 9
mm. E = 68 950 MPa, p = 2 768

kg/m* , L = 635 mm.
6.451 6 mm®*, A,.. = 2 193.5 mm”’.

A min

3 25
Fig.3 25-bar space truss

2 25
Tab.2 Load cases of 25-bar truss
F, /kN F, /kN F. /kN
1 1 4. 448 44, 482 —22.241
2 0 44, 482 —22.241
3 2.224 0 0
6 2.224 0 0
2 1 0 88. 964 —22.241
2 0 —88. 964 —22.241
3 25
Tab.3 25-truss group and the stress allow
6" /MPa o/ MPa
1 1 241. 325 241. 959
2 2,3,4,5 241. 325 79.913
3 6,7,8,9 241. 325 119. 318
4 10,11 241. 325 241.959
5 12,13 241. 325 241. 959
6 14,15,16,17 241. 325 46.603
7 18,19.20,21 241. 325 47.982 3
8 22,23,24,25 241. 325 76.401
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Fig. 4 5 random search convergence curve of

evaluation function about 25-bar space truss
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Tab.4 DE optimization results compare with other method Tab.5 The optimization results comparison chart
[17] [15] [18] [16] [17] [18] [16]
DE best DE worst GA PSO ACO BB-BC DE best DE worst GA ACO BB-BC
1 6,646 0 6. 646 6.451 6 6.451 6 6.451 6 6.451 6 1 1—4 100. 864 100,927  100.451  100.645 100,968
2 1319.0 1317.064 1297.997 1368.384 1290.320 1 349.675 2 5—12 351.289  350.653  354.903  354.838  355.290
3 1934148 1936.545 1902.770 1866.448 1913.545 1912,254 3 13—16  265.538 265.074  256.838 251.612  253.032
4 6,457 8 6.483 8 19.032 2 6.451 6 7.741 9 6.451 6 4 17—18 361,687  364.027  435.418  381.935  382.064
5 6,452 6 6. 453 6,451 6 7.741 92 709. 676 64,516 5 19—22 344,003 337.752  333.999  361.935  336.064
6 441, 378 439.886  441.160 4 432,902 4 444,515 444, 515 6 23—30 332.307  338.653  340.451  317.419  333.677
7 1045409 1046041 1083,739 81 039,352 8 1 083.223 61 032,901 2 7 31—34  64.723  64.527 64,516  64.516 64,774
8 1724.944 1726.174 1726.38361752.899 71 721,286 9 1732.899 8 8 35—36 64,964 65.771 67.677 69. 032 64,839
2471558 247.160 1  247.386  247.471  247.616  247.548 9 37—40  812.823  798.646  827.740 840,643  804.902
10 41—48  330.474  335.669  324.386  329.677  339.935
0.001 8 - 1.478 0.94 0.491
11 49—52 64,767 64.933 64,516 65.161 64,516
kg, mm?. 12 53—54 64,650 64. 846 64,516 64.516 65.290
13 55—58 1219.340 1227.666 1197.546 1 256.772 1198.514
3 .70 .DE 5 14 59—66  332.937 324607 318,257 327.741  326.386
247.155 8, 247.160 1, 15 67—70 64,594 64,664 64,516 65,161 64,516
16 71—=72 64,927 65. 007 64,516 65. 806 64,516
247,157, 0. 001 8. 4 ’ ’ ’
172,228  172.287  172.627 172.591  172.414
SDE T
0.024 1.478 0.94 0.491
, . DE
kg, mm?.
3 72 ( ) 5 4 72 6 72-
o Tab. 6 Load cases of 72-bar truss
16 ( 5). F. /kN F, /kN F. /kN
( 6). E = 68 950 MPa,p = 2 768 1 1 0 0 —22. 241
kg/m’,L =1 524 mm. T,y 2 0 0 —22.241
3 0 0 —22. 241
6. 35 mm, 4 0 0 —22. 241
[—172.375,172. 375 ] MPa. A = 2 1 22. 241 22.241  —22.241
64.516 mm* , Ay = 1 935. 48 mm”.
: DE :NP:809F|:F:O.759CR:
b D 0.85,max Ir =300.
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