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Truss Topology Optimization Using Hybrid Metaheuristics
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Abstract

This paper describes an adaptive hybrid evolutionary firefly algorithm for a topology optimization of truss structures.
The truss topology optimization problems begins with a ground structure which is composed of all possible nodes and
members. The optimization process aims to find the optimum layout of the truss members. The hybrid metaheuristics are
then used to minimize the objective functions subjected to static or dynamic constraints. Several numerical examples are
examined for the validity of the present method. The performance results are compared with those of other metaheuristic

algorithms.
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(Table 1) Available cross-sectional areas

No. Area (cm) No. Area (cn)
1 0.7161 3 247741
2 0.9097 2! 249677
3 1.2645 35 250322
4 1.6129 36 269677
5 1.9806 37 27.2258
6 2.5226 38 289677
7 2.8516 39 29.6128
8 3.6323 40 309677
9 3.8839 41 32.0645
10 49419 Q 33.0322
11 5.0645 43 37.0322
12 64129 4 46.5806
13 64516 45 51.4193
14 79226 46 55.0322
15 81677 47 59.9999
16 9.4000 48 69.9999
17 10.0839 49 741943
18 104516 50 87.0966
19 11.6129 51 89.6772
20 12.8387 52 91.6127
21 13.7419 53 99.9998
2 15.3548 5 103.2256
23 16.9032 55 109.0320
24 16.9677 56 121.2901
25 18.5806 57 128.3868
26 18.9032 58 141.9352
27 19.9354 59 147.7416
28 20.1935 60 158.0642
29 21.8064 6l 170.9674
30 223871 62 180.6448
31 229032 63 193.5480
2 234193 o4 216.1286
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{Fig. 2) The ground structure of 20-bar planar truss

{Fig. 3> Optimum topology of the 20-bar planar truss
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(Fig. 4) Convergence curve of
the 20-bar planar truss using AHEFA
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(Table 2) Comparison of optimal cross sectional areas of the 20-bar planar truss

Avariable

@) TLBO®  MILBO®  MHTSY  MwwoO®  pPvs®  MPVS®  HGP?  AHEFA

cm’
A 13.7419 13.7419 15.3548 20.1935 16.9032 15.3548 15.3548 15.3548
Ay 07161 Removed Removed Removed Removed Removed Removed Removed
Ay 13.7419 13.7419 13.7419 16.9032 13.7419 13.7419 13.7419 13.7419
As 16.9677 16.9032 16.9032 16.9032 13.9417 15.3548 15.3548 15.3548
As 15.3548 13.7419 13.7419 223871 16.9032 15.3548 15.3548 15.3548
Ag 07161 Removed Removed Removed Removed Removed Removed Removed
An 16.9032 16.9032 16.9677 12.8387 13.7419 15.3548 15.3548 15.3548
Ap 229032 21.8064 223871 18.5806 19.9354 21.8064 21.8064 21.8064
Ass 18.5806 19.9354 18.5806 21.8064 21.8064 19.9354 19.9354 19.9354
Asg 19.9354 20.1935 18.9032 223871 223871 19.9354 19.9354 19.9354
Ax 21.8064 223871 23.4193 18.9032 20.1935 22.3871 223871 223871

Weight (kg) 3428615 3354113 3357534  351.8429 3354113 3350404 3350404  335.0404
(Table 2)9] 21} 3Y0] F|al A0l A} ght =Ygt
A& 20-bar planar trussQ &1} 55 Mg} te

slo] EQg AloF ZAORE FH9| Aol o]
ok (Fig. 9ol & 704 Qe 48 28k Lehy
O*E} Z7) BARE w27 2R oz sHcks A

% 4 Uk

4.2 A 24-bar planar truss

87ie] AL 24709] TR HRIZ O]FfRl 24-bar
planar trusse= (Fig. 501k 2239 HIE AEIE &9l

g IOk (DR @) Zo] KJR]E o] 1o @

Aol FEEZHLumped mass)0] FOIF T XHO]

(7) &
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vF:
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(6)

24
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(Fig. B> The ground structure of 24-bar planar truss

slgsEe o ofet Y 180MPaOIH, AiFO] & (Table 3) Loading conditions of the 24-bar planar truss
;ﬂz‘i—i Y= 212} 200GPa, 7,860kg/m’e FE 2 Cordition FL () R ()
o ’ 1 100 0
24-bar planar truss= (5)H} (6)H AE O] WIS ) 0 100
1mmz A FHe HolsiRon, 1} NsFE
30Hz OJUZ AEaIQtt ofs Mok= & 27IAZ A8 ARSSH Zik= 0]9} 5UsH IR0 BAlE AEGIAA]
SlOm, (Table 3)0lA] EQIgH <= QICt. gk 24 —rKHO] HHAS O WU gte AEsilth &
24-bar planar trussQ] TE QA L A= F&g} Z2O] Hln= (Table 4)0A] RIS &4 QoM
Aik= (Fig. 6)T (Table 404 SQI8E <= QITE FAH  AHEFAOIA] ?:48 At 71 we BEXgkr g 2t
AHEE S0t I FASIO] Auk= 7IEQ] (et Hiul = ZE Y 5 Atk BH 5)2} 6)0IA Y= Foi $19]
oldls wl A AES B SHoA O U2 g 2 2784mmeE 10mm Xﬂ o] Refelolon,
EOﬂE} 71ES A 5 HE £2 7&1}% AL HGP 7] 1A s e S18HRIE MEaIlt) (Fig Dol=
217,89 12 14,15 16, 22, 24 & PHO] BAE  AHEFA 7[HS ARESH 290 8 Zgs LERNGICE
5}@91 SproR AMHFIY) B QJ—FL] AHEFA 7€  ZEXOR AHEFA 7IHE AIgSIS mf wE 58
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(Table 4) Comparison of optimal cross sectional areas of the 24-bar planar truss

Avariable

) TLBO®  MILBO® MHISY Mwwo®  pvsY MPVs?  HGP?  AHEFA
cm'
Ay 07161 Removed Removed Removed Removed Removed Removed Removed
As 07161 Removed Removed Removed Removed Removed Removed Removed
A7 18.5806 18.5806 18.5806 18.5806 18.9032 18.5806 18.5806 18.5806
Ag 6.4516 6.4129 6.4516 6.4129 6.4129 6.4516 6.4129 6.4129
Ag 6.4129 3.8839 1.9806 6.4129 1.2645 1.6129 1.2645 1.2645
Ap 3.8839 25226 25226 3.6323 25226 25226 2.8516 2.8516
Ay Removed 1.2645 25226  Removed 2.8516 25226 2.5226 25226
Ass 3.6323 49419 6.4129 3.6323 6.4129 6.4129 6.4129 6.4129
Agg Removed  Removed 199354 Removed 19.9354 19.9354 19.9354 19.9354
Ay 10.0839 10.0839  Removed 100839 Removed Removed Removed Removed
Agg 07161 Removed Removed Removed Removed Removed Removed Removed
Ay 6.4129 64516 Removed 64129 Removed Removed Removed Removed
Ay 104516 10.0839  Removed 10.0839 Removed Removed Removed Removed
An Removed 0.9097 1.6129 0.7161 1.6129 1.6129 1.2645 1.2645
Ax Removed Removed Removed Removed Removed Removed Removed Removed
An 8.1677 7.9226 0.9097 8.1677 0.9097 1.2645 1.6129 0.9097
Weight (kg) 2432922 2273884 2263047  229.0035 2261573 225.8168 2252700  223.8882
ABk2 HOA B} IEE AIBsIlE T O we
s #te e FH9] e &8 4 AUCL
. 8=
H OGl0jAf= AHEFA HMERREIAE] 7HE ALES
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