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Immune Clonal Selection Algorithm for Truss
Structure Optimal Design
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Abstract: In order to solve the problem of size optimization
of truss structures with stress and displacement constraints,
immune clonal selection algorithm was adopted in this paper.
Based on immunology theory, the Elitist Strategy was
introduced to improve basic immune clonal selection
algorithm, and the reasonable values of coefficients were
proposed for improved algorithm. Penalty function method was
used to deal with violated constraints in numerical model of
truss structure optimal design. Several classical problems were
solved by such improved algorithm. The numerical results
show that the improved algorithm with good convergence and

robustness can be applied to truss structure design.
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Fig.1 Immune clonal selection algorithm
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Fig.2 25 bar space truss

F1 25 FHIREHIR
Tab.1 Multiple loading cases for the

25 bar space truss

T RS F./kN F,/kN F./kN
1 4.448 44.482 -22.241
1 2 0 44.482 -22.241
3 22.241 0 0
6 22.241 0 0
) 1 0 88.964 -22.241
2 0 - 88.964 -22.241
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Tab.2 Designs for the 25 bar space truss under multiple loading cases

o o FFPF#K I 1 A/ mm?
45 4= - = T
A SCHiR[1] SRS SCk[4]
1 1 6.452 6.452 6.452 6.452
2 2,3,4,5 1 317.856 1281.933 1 349.675 1 290.320
3 6,7,8,9 1 937.180 1 931.609 1912.254 1913.545
4 10,11 6.452 6.452 6.452 6.452
5 12,13 6.452 6.452 6.452 7.742
6 14,15,16,17 440.914 441.289 444.515 444.515
7 18,19,20,21 1047.184 1 081.933 1 032.901 1 083. 224
8 22,23,24,25 1 723.769 1717.416 1 732.900 1721.287
Jii e/ kg 247.227 247.284 247.380 247.448
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Fig.3 Convergence curves of 25 bar space truss
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T2 AT A TSR A8 L AT AR 53 O 16 4L 2944y -
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Tab.3 Multiple loading cases for the 72 bar space truss

mER LA WA F./kN F,/kN F./kN
1 1 22.241 22.241 —22.241
1 0 0 —22.241
2 0 0 —22.241
2 3 0 0 —22.241
4 0 0 —22.241

4 T2 = EHTZE
Fig.4 72 bar space truss
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Fig.5 Convergence curves of 72 bar space truss
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Bk 10 EEHLILAL I 45 R AR TR L AR AL 247. 227 kg,
DT HAR 3 RSk 4 R . th I 3 I, et £
LR 10 YR AE 40 fRLAN E 28t i3k 4
553 5 ML X 72 AT sORE RERR L 10 KBEHL
PLALR FALAE RN 172. 376 kg, e 2245 R0 172. 826
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Tab.4 Designs for the 72 bar space truss under multiple loading cases

e o FF I A AT AR/ mm?
He 5 REwy=S Ry - s — — —
A SR AR AR k(1] SCHk[2] SCHRL3] SCHRL7] HkL15]
1 14 100.719 100. 085 101. 355 102. 258 100. 968 100. 740 103.871
2 5—12 356.693 384.716 345.548 382.967 355.290 360. 280 359. 354
3 13—16 275.487 259.914 264. 258 220. 258 253.032 269.200 243.225
4 17—18 366.653 377.553 367.290 391.999 382.064 367.690 326.451
5 19—22 346. 630 323.234 326.903 170.516 336. 064 342.920 394.193
6 23—30 330. 498 312.132 335.483 353.548 333.677 336. 700 343. 225
7 31—34 64.503 64.500 64.516 64.516 64.774 64.516 64.516
8 3536 64.501 64.573 64.516 97.355 64.839 64.516 64.516
9 37—40 873.961 892.243 825. 869 713.999 804.902 870.230 803. 869
10 41—48 328.340 340.124 332.128 373.741 339.935 318.260 338.064
11 49—52 64.500 64.503 64.516 64.516 64.516 64.516 64.516
12 5354 64.514 64.501 64.516 64.516 65.290 64.516 64.516
13 55—58 1 169. 264 1136.727 1 224.062 1 340.901 1 198.514 1 188.000 1 172.900
14 59—66 324.936 321.507 332.774 324.774 326. 386 325.44 338.060
15 67—70 64.507 64.511 64.516 64.516 64.516 64.516 64.516
16 71—72 64.500 64.501 64.516 64.516 64.516 64.516 64.516
Ji/kg 172.376 172.826 172.190 176. 280 172.297 172.440 172.910
£5 10 BRI HER
Tab.5 Results over 10 runs
_— LER I BT B/ kg
1 2 3 4 5 6 7 8 9 10 SEE
25 fF 247.227  247.227  247.227  247.227  247.227  247.227  247.227 @ 247.227  247.227  247.227 < 247.227
72 ¥ 172.638 172.376  172.573 172.681 172.667 172.826 172.631 172.493 172.480 172.809 172.617

i b AT AL A SCE AR 1Y B R R R A W B

e B i 7 BT L S0 T 4 1 0 T
il
4 Z5iE

DRPE T UL 1 B R — Bl i B S 2 2R 8 ey Xef
T DA S N BEAE . A i BRI IR AR L - A
B e e VL P HA SRR 5 5 TR A I A K
FEHME R TIA S PRIE T 0T DU i i 15 B =
TEG A W rp 220 AT LAY 385 | S p i 36 Bt
(77 AL FHAC T AR GE LA T3k - AR ST R 19
B vE MR PRI AT 2 B S R AN ER H
s BRI 2 S R R R B I 5 TR AR 2R %
P TREAL A A1 AT 2R 254 RO LA 331 By 25

B AR SR FH 1A A1 G 6 SR % 119 G 8 5 3 WA Sk

P, HHEA R R & B, 7T LU s AT M S 254
et
SE Lk

[1] Zhou M, Rozvany G I N. DCOC: an optimality criteria method
for large systems, part [[: algorithm [ J ]. Structural and
Multidisciplinary Optimization,1993,6(4) ;250.

Schimit L A Jr, Farshit B. Some approximation concepts for
structural synthesis[ J ]. AIAA Journal, 1974,12(5) ;692.
Charles C V. Design of space trusses using big bang-big crunch

(2]

[3]
optimization[ J |. Journal of Structural Engineering, 2007, 133
(7):999.

[47] Camp C V,Bichon B J. Design of space trusses using ant colony

optimization[ J |. Journal of Structural Engineering, 2004, 130

(5):741.

(T#%E 1297 W)



