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Truss Structure Shape Optimization with
Differential Evolution Algorithm
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Abstract. Differential Evolution (DE) was introduced to get the global optimum and overcome the
difficulties encountered by coupling two types of design variables in the shape optimization of truss
structures with stress, geometry, and local stability constraints. The basic principle of DE algorithm was
presented in detail first, and then mathematical model for shape optimization of truss structures was
presented, in which two types of design variables, such as the node coordinates and section areas, were
considered simultaneously. Several classical problems were solved with DE algorithm, and the results were
compared with those using the other optimization methods. It was shown that DE algorithm had good
convergence and stability and could be applied for shape optimization of truss structures effectively.
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1 3 5
F/kN F,/kN F./kN x ¥y z
1 4. 448 44. 482 —22.241 1 —X» Y, Zy
2 0 44. 482 —22.241 2 X» Y, Z
: 3 22.241 0 0 3 — X, Y4 Z4
6 22.241 0 0 4 X, Y. Z
, 1 0 88. 964 —22.241 s X, v, z
2 0 —88.964  —22.241 . _x v, 7
2 7 —2 540 2 540 0
8 2 540 2 540 0
ot/ MPa o /MPa 9 2 540 —2540 0
4 275. 8 —242.04 10 —2 540 —2 540 0
A> 23 45 275. 8 —79.94
A3 67 89 275. 8 —119. 36 >
A4 10. 11 275. 8 —242.04 oy P: . Mpi - -
s 12 13 275.8 —242. 04 o /MPa o /MPa
e 15 16 17 275 8 w6 1 —24.902  —33.508 275. 8 —242. 04
4 18 19, 20, 21 275. 8 — 47,99 2 —78.769  — 38.626 275. 8 —79.94
As 22, 23, 24, 25 275. 8 —76.44 3 54.937  —35.893 275. 8 —79.94
4 57.714 12.779 275. 8 —79.94
’ 5 —179.87 15. 459 275. 8 —79.94
2 ) 6 72.483  —80.561 275. 8 —119.36
) 64.5 mm’, [2]
6.45 mm. 7 —119.057 37.753 275. 8 —119.36
3.1.1  IEJE B3 2 4R 8 —118.732  —71.775 275.8 —119.36
Yz Y7 ) 9 79.257 40. 506 275. 8 —119. 36
[A],Az, Azy Aay Asy Aoy A7y Asy X2, Y 25 Z2, 10 21.162 1. 570 275.8 —242.04
XaYe, 247, 3. 11 37.137 8.933 275. 8 —242.04
DE NP=170, F1=0.75, F=0.6, CR 12 79.711 253.031 275. 8 —242.04
=0. 85, Max_Ir=250 13 69.322  —127.006 275.8 —242.04
25— 14 —6.802 20. 865 275.8 —46. 61
2. 2 15 —16.902  —44. 146 275. 8 —46. 61
4, 3. 16 —31.861 15.331 275. 8 —46. 61
’ [2:16] ’ 17 11912 —46.592 275. 8 —46. 61
> 18 45.521 17. 621 275. 8 —46.61
2500
19 —46.172  —31.342 275. 8 — 46. 61
; 2000 20 —46.610 26.478 275. 8 — 46. 61
g 1500 21 45.082  —21.707 275. 8 —46. 61
E 1 000 22 —3.616 38.390 275. 8 —76. 437
0 23 —34.902 —69.877 275. 8 —76.437
24 —5.681  —76.392 275. 8 —76.437
% 30 lg}ut«kl/jﬁg 200 250 25 —33.117 31. 861 275.8 —76.437
. 7.10.12
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5 25 6 25
/ mm? [ 2] / mm? [ 15] / mm? X y z
A, 175. 48 6. 45 77. 1 1 —952.5 0 5 080.0
A 637. 89 545.8 562. 4 2 952.5 0 5 080. 0
As 552.05 396. 1 462.5 3 — X, Y4 Zs
Ay 64.5 6. 45 64.5 4 X, Ya Zs
As 82.55 6.45 66.7 5 X, —Ys4 Zs
Ag 64. 65 65. 8 177.5 6 — X, —Ys4 Zs
A7 65. 43 318.7 64.5 7 — Xq Ys 0
As 749. 88 678. 1 679 8 Xz Ys 0
X, 100. 09 254 102. 2 9 Xz —Ys 0
Y, 39. 96 0 2.4 10 — Xg —Ys 0
Z> 3556.03 3 556 3 556. 4
25
X, 770. 15 520.7 781.3
1 2
Y4 511.76 886.4 686. 4 & M Pa o/ MPa — y——
Z4 2915.67 2474 2 886. 1
1 36. 490 20. 810 275.8 —83.541
/kg 55.83 61.5 56.819
2 —72.457  —44.029 275.8 —73.281
3 55.42  —31.316 275.8 —173.281
4 55. 542 11.720 275.8 —173.281
5 —72.457 24.433 275.8 —73.281
6 63.410  —64.233 275.8  —125.712
7 —98. 876 22.261 275.8  —125.712
8 —98.876  —55.988 275.8  —125.712
3 25 9 63. 410 30. 505 275.8  —125.712
10 5.903 1.752 275.8 —9.339
2 b . 25
11 5.903 9. 851 275.8 —9.339
70
12 24.719 92. 838 275.8  —127.040
. 4 1 2.5.7.8.19.20
13 24.719  —54.620 275.8  —127.040
, 2 17.24
5 14 —1.9%6 0.418 275.8 —6.909
o b
35.830 kga [2’ 16] 15 —3.343 —1.713 275.8 —6.909
3.1.2 ZEBIALT LR 1.2 16 —3.343 —3.491 275.8 —6.909
, 7.8.9.10 X—Y 17 — 1. 966 —5.621 275.8 —6.909
, [ X4y Yay Zay X, 18 52.532 —44.836 275.8 —88.874
T
Ys] s . 19 —80.467  —57.182 275.8 —88.874
[ Ars A2y A3y A4y Asy Aes A1y Ass Xas Y4y Zas 20 —80.467 28.092 275.8 — 88. 874
T
Xs,Ys] » DE . 21 52. 532 15. 747 275.8 — 88. 874
2 .
39.27E4./ Li <01, ( i= 1,2 -+ 25, 22 — 17. 449 64. 538 275.8 —124. 851
= 1, 2 )9 6.
23 —35.785  —78.856 275.8  —124.851
25_ 49
24 —17.49 —116.785 275.8  —124.851
25 —35.785 26. 608 275.8  —124.851
7, 5. [2.15]
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8 25 . 5 8 ,
/ mm? [ 2] / mm?2 [ 15] / mm? °
4, 111. 929 6. 4516 65. 1 3.2 37—
As 433.74 358. 0638 301 6 37 ’
9,
As 601.29 973. 5464 642. 1 ’
, P— 10 kN, 10
Ay 65. 01 6. 4516 64.7
10 mm, ,
4 122. 31 86. 45144 91 2
’ 50 mm’, E =210 GPa, o=
A 104. 88 94. 83852 263.5 3
¢ 7 800 kg/m”, 240 M Pa.
4 378. 63 512.257 442.3
7 2 H 1) H 2)
As 359, 28 444. 5152 411 , .
X4 807.43 913.638 911.9 S TR S—H—26 7320 rH—HA T80
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11 0 Y 0
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13 1 000 Yo 0
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16 3000 0 0
17 3000 Ys 0
4 , , 25 18 4000 0 0
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. 7, 1.2 X.Y 20 5000 0 0
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DE : NP=100, F1=20.75, F=0.6, 10
CR=0. 85, Max_It=300
o MPa
7T 37— 5"/ MPa 6"/ MPa
’ 120 16 128. 261 240 —240
° 10 17 —27.414 240 —240
, 8 . 11
18 —27.414 240 —240
, DE
19 —239. 865 240 — 240
20 —239. 865 240 —240
2500 -
21 224.593 240 — 240
2000
22 224. 593 240 —240
o0
5 1500 23 —14.772 240 —240
f%} 1000 24 —14.772 240 —240
l.)é
m 25 —239. 928 240 — 240
500
\ 26 —239.928 240 —240
0 —
0 5 100 150 200 250 300 27 226.372 240 — 240
AR
BRAHAK 28 —75.517 240 —240
7 37— 29 —75.517 240 — 240
112613 30 —75. 646 240 — 240
31 —75. 646 240 — 240
32 26.07 240 —240
2
18 12920 33 26.07 240 —240
8 37— 34 68.77 240 —240
35 68.77 240 —240
10 37
36 56.323 240 — 240
o M Pa 37 56.323 240 —240
6t/ MPa 6t/ MPa
1 —239.91 240 — 240 ’
2 —239.91 240 — 240 10 y 9. 983 mm,
3 199. 786 240 — 240 ) °
37.922 ke, .
4 199. 786 240 — 240
5 148.514 240 —240 11_DE
6 148. 514 240 — 240 L16] 13 L1
7 —239. 983 240 — 240 Ay 258. 48 212.8 269.7 176.7
8 —239.983 240 — 240 A, 50. 05 50 50 50. 3
9 91.79 240 240 As 50. 03 50 50 50.3
10 91.79 240 —240
Ay 234.22 170 241.3 176.7
11 83.277 240 —240
As 50. 21 50 50 50. 3
12 83.277 240 — 240
13 —239. 644 240 — 240 4s 50.07 50 30 30.3
14 —239. 644 240 — 240 A7 226. 66 151.5 212. 8 132.7
15 128. 261 240 — 240 As 50. 06 50 50.7 36.3
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11 12 37
[ 16] [15] [17
o MPa
Ao 50. 05 50 50 50. 3 ot/ MPa o/ MPa
Ao 216. 51 128.6 190. 4 113.1 ] "o 891 220 96, 957
An 50. 04 52.3 53.3 50.3 3 — 9. 891 240 —96.957
A1 50. 02 50 50 50.3 3 193. 627 240 —19.583
A3 205. 79 107.8 175.7 50.3 4 193. 627 240 —19.583
Ay 50. 21 50 50 50.3 5 2.566 240 —5.904
Ays 50. 41 100. 7 50 50.3 6 2.566 240 —5.904
A 513 100, 7 50 0.3 7 —100. 099 240 —100. 269
. 0,07 109 <0 1900 8 —100. 099 240 —100. 269
9 196. 513 240 — 6. 080
As 50. 07 108. 4 50 3000
10 196. 513 240 — 6. 080
Ao 50. 67 105.8 50 4000
11 11. 215 240 —3.546
Y3 1 054. 68 1862 967. 3 4700
12 11. 215 240 —3.546
Ys 1 674.38 3059 1799. 8 4700
13 —103. 117 240 —103. 488
Y, 2 103. 50 4036 2427.8 48. 470 4 03117 240 103, 488
Yo 2 432.70 4727 2850. 4 176.7 15 189. 594 240 13563
Y1 2 $48.58 4937 2994.2 50.3 16 189. 594 240 —3.563
37.922 50. 740 39.277 50.3 17 25. 647 240 —2.499
18 25. 647 240 —2.499
3.2.2 ey R AR T P2 R 3T AFE MR SRR AL
w f * - 19 —105. 858 240 —106. 053
EX 4 20 —105. 858 240 —106. 053
T i
i = ———5 (0, << 060 )3 DE . 21 177. 189 240 —2.777
4L;
37— 22 177. 189 240 —2.777
9, 23 3.706 240 —2.148
12, 10, 24 3.706 240 —2.148
13. 25 —106. 785 240 —107. 114
2500 26 —106. 785 240 —107. 114
2000 27 190. 301 240 —2.591
g 1500 28 —7.089 240 —8.265
& 29 —7.089 240 —8.265
¥ 1000
l‘é
o \ 30 —7.001 240 —8.369
500 \
M~ 31 —7.001 240 —8.369
% 50 100 150 200 250 300 32 —4.882 240 —8.285
SISV AW L/
33 —4.882 240 —8.285
9 37
34 2.511 240 —8.277
9 11 13
7 15 35 2.511 240 —8.277
5 17
m 19 36 16. 460 240 —8.374
26 Ox 2 1820 37 16. 460 240 —8.374
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13 37
4
[16] [13] [17
DE s
Ay 844. 61 883. 1 870. 7 990. 79 ,DE . R
A 51.34 50 51.9 50.3 °
A 51.10 50 51.3 131 ’ ’
. DE
Ay 769.97 715. 4 818.6 754. 8 N
As 50. 40 50 52 50.3 °
b
Ae 50. 58 115.3 50. 1 50.3
Aq 710.70 646. 1 776.2 660. 5 ’ °
, DE
Ag 50. 46 50 50.3 50.3
b b
Ao 50. 22 348. 1 50.3 50.3 o
Ao 673.78 553.8 754 615.8
A 50. 26 54. 1 50. 1 63.6 [ 1] ROZVANY GIN, BENDSOE MP, KIRSH U. Layout
optimization pitfalls in topology optimization| J] . Appl.
A 51. 68 50 50.9 50.3
. Mech. 1995 48(2); 41-117.
Az 658. 21 528.2 746. 8 572.6 [ 2] ’
[J. » 1998 7(4). 69.
A 31.35 0 50-5 503 SUL YUN-KANG,  YOU ZHONG. A muliilevel
Ars 50. 04 183. 7 67. 4 8. 5 optimization method for space trusses with combining
sectional area and coowdinate variables[ J] . Computational
Ais 50. 84 183.7 50 78.5 Structural Mechanics and Applications. 1998, 7(4): 6-9.
y 50. 53 194 50.2 95 [ 3] ’ ’ T
17 . .
[J. » 2006 23(1D). 46-51.
Aig 50. 16 192. 8 51.3 63.6 SUI YUN-KANG, GAO FENG, LONG LIAN-
CHUN, et al. Shape optimization for truss structures
A
" 50.75 187.4 50.2 63.6 based on decomposition method[ J] . Chinese Journal of
Ys 649. 21 1021 508.2 1 000 Computational Mechanics. 2006, 23 (1) 46-51.
[ 4] . (M]. , 2007.
Ys 1 154.39 1718 904. 4 1800 [ 5] WANG D, ZHANG W H, JIANG J S. Truss shape
Y, 1 506. 12 2269 1178. 1 2300 optimization with multiple displacement constraints[ J] .
Computer methods in applied mechanics and
Yo 1 696. 25 2 669 1 346.1 2 600 engineering. 2002, 191. 3597-3612.
[ 6] TANG WEN-YAN, TONG LEYONG. GU YUAN-
Y 1761.12 2734 1363. 4 4700 . . .
XIAN. Improved genetic algorithm for design
/kg  75.652 105. 153 77. 455 87. 459 optimization of truss structures with sizing shape and
topology variables[ J] . Int. J Numer. Meth. Engng
9 , , 37 2005 62:1737-1762.
7 ’ . .
150 : L7l
L1 » 2007, 43
12 ’ (23): 218221.
10 5.01 mm, LIU QFMAO. YAN LIU-BIN, DENG LANG-NIL
. 13 , Improved simulated annealing algorithm study on truss
75.652 kg, [15 shape optimal design[ J]. Computer Engineering and
17] . i Applications. 2007, 43(23). 218-221.
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