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Studying the effects of design parameters on the final topology of planar
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Topology optimization of structure seeks to achieve the best material distribution in the Pre-determined
Received 10 February 2016 design domain. In this paper, the effect of design parameters including length scale parameter and

Accepted 08 April 2016

Available Online 02 May 2016 evolutionary volume ratio in improved bi-directional evolutionary structural optimization method with

soft kill approach is discussed. The main aim of this method is searching for the stiffest structure with a
given volume of material using finite element method. At each iteration of finite element analysis,

Keywords: e . L . . .

Evzmﬁonary structural optimization sensitivity number is calculated for each individual element in design domain and then converted to the
Soft kill nodal sensitivity number. With Filter Scheme and using length scale, an improved sensitivity number is
Length scale parameter defined. This number is used as a criterion for rating each element in design domain and determining

Evolutionary ratio the addition and elimination (remove) of elements. To increase the convergence of the optimization

process, the accuracy of the new elemental sensitivity numbers is improved by considering the
sensitivity history. This method is convergent and mesh-independent and there are no checkerboard
patterns and local solutions in optimal topologies. Using three design samples, a cantilever and classical
beam and Michell type structure, affecting factors will be discussed on the final design of the structure.
Change of length scale parameter produces various schemes in final structures in which, with increasing
this parameter, more iteration is needed for convergent solution. Reducing evolutionary volume ratio
forms different and even asymmetric topologies. Better optimized topologies are obtained with higher
evolutionary volume ratios.

Please cite this article using: “awbod 03wl i3 @yl 5l dlis opl @ gla ) (1
S. Shabani Nodehi, S. R. Falahatgar, R. Ansari, Studying the effects of design parameters on the final topology of planar structures by improved bi-directional evolutionary
structural optimization method, Modares Mechanical Engineering, Vol. 16, No. 5, pp. 29-38, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.16.7
https://mme.modares.ac.ir/article-15-4529-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1395.16.5.16.7 ]

ULSed 9 5395 ilib Sammw

o)bw A9 S olSS (55w ding AidLSgus Y9 b Fhoume o 5lw (ld $I9d9195 )3 AN S yielyly sl w2

L lagiglns 5 JKol iz diis @l sgame Gladl (B, ol
wolle @js8 pas crse 5 00 o3 JBpd Jos 3 (sl slagSl
Sl s goae bl s olle pue IS0 adg 5o (g lsde wlse
51 sl a5 wiols olas [12] (ol Ses 5 Lol wiss o JolSS
Nlgie sl cute laglell Jls plgie 4 VL adye b slaplel]
Jodos gy cnl bl aas (pals ez gi BB job ) (28 ,kad 6681 slm]
Dglsed pymime canlie Jo ol ) S Glile ol o azgs LB Sl
ol STl 58 Jym S5 S e o [13] S 5
005 lgen g Comlua sas i eSSl elul Ry cpl aiBSle
Comlus 03 polie 285 b o L Sl o conlus sae jlade
S 1y dgazme ladl Joe (gui e o8 aus cpl el o] Gl sla Lol
G905 3° Ol 99 g0d i @0li1 250 (il cge 5 a0 sl
4 Wlgi oo ilulyen wysSl nl el 0l b3 )RS ood 3l (Slwlone
Sbul coge p e a4 (Sily oS Al e 4 (Sily JSie
b ogdiee sgazme Lol Jelod o (guiuin o b il lagsslonss
b omls @ e Sidns Gileante oooe wmld i, Ge S
e oYL Jlonl Sl p3 98 o0 ISz seslail b g ie slagle
Sire bulpd i s ol b sgaoe pledl Joo )3 65 B Wb
w6l |y $leiilogs w9 [15] 55 5 Slyes [14] w5 sbn
Sindly JSte Jo 4 ogdle oS 05,5 (e ol atpz g Ll 5l
D5 s ojle agzgs ol il dintr gy 2 ,Re crse e
Mo &y yomie WilgS oo (b aials 3l ael> Ll SO el Bds
R e SISy o0 Y 4 090 Sielnss (Siludie 5O $)9B
o) o el ilaie it (S5 (Silutinge Wlae o (el ) (b
Gl L Ol Sl Jgoe ol el Sge 090 G 3l T 23Rl
5 Oged el S>gS polae 4 (alies wile ladl dasein slal 51 S
10° Cupo o b 1) o Bl slapyledl SLitw¥! Jaoe [16] jules
L olodl Jlsme Gipdy 5095 oy [1T] 0555 5 Slisy sl rals
omb b B Ly Ol So L Gledl O o a8 s S slpriny
Wy hlSS sileane (e, sl stelie s gl (S0l
Jobo g8 S ol o o8 wl )l [18] 1l Ken 5 g5 Laws o5l
by cnl @l 5 Lelogd (8 ol (50l B 0l (B slojlvg S
FE i ojle (JelSS (giluany (Lol (2s) slacsiglanss L amalie o
2 she G 2 [19] 65 5 Ssep e 0930 ol (Slazgs
il e jle atgzrgo LelSS (g5l lpPe s B oFaus Lol
wboguy by, 2N 1) ey laghs; )58 M anlE ()l
b Ble 1 glospns b o ojle agzrgs JLolSS (giloanse
5 oy ol 5l esliil L [20] il Sen 5 Gl aisas sl o)ls 0 )l8
Slge iz 3l plrojle (gilwaig 4 ((Koe ol 5l godome (ay s
SxSore L[21] (65 5 Silgud cpuizmon .axizlo p %0 Siluconl o jguals
SIL) (b @ ataly slo )b cov sl sjluaite By ol
lis & ol o 51 (115 e 0 008, gma 1y (el 035 2w
Slwaiagy (B9, 5l eolitwl b Ll oS o il [22] (il Ked g lowgad
4 iy ol 5 Anin A5 650 g Ayl ol aags LSS
Wbz oL cod slaojle 0 bl ol S8 (giluans

& Soft-kill
® Anisotropic

5 o)leiis 16 095 1395 s o (yurde Suilse wiie

dodo -1
Syl olge ailin 35 Sgumme 4y dx 53 by oojlus (g 5ludings 5! (sloos o
90 yr 2L L Fanse o 5 S sloojle 4 5l g e Cen
O a2 Js 4 bole giluangy cwlas S 13 arg
sole e wiile S5sLsS (sl a5 canl 2l 4 o5les 5 sl 0, Shes
el il Jle U lp i3S 50 0 el 1) Gene
Ll g, ol vadge ooliial } ok, cgiaeliyy cilie (olacSLiSs
ool made lp iwiog bl g wel S e sz 4 ol gl
lagy dxwgi g ond zykao Paigy plonz 4l & (S slojlns Jliws
L oojle idns (gilwainge ;0 sgame pladl slow 3l eolaul Laio S
b sk [1] (2955 5 sSomy by (3lapSon g, ooty
SIS (2959 S sladobe (g3g05els slaws 1 ladl ja 5 Slge (5
St | i ams S a5 wilowds LS5 S gif el cilidee Sl yo
Gyl Lol wms o a8l sz g5 BB mls aSul fes g,y cpl [2] weo e
Lo Laly; e e age slaclsz a (ud [Ren Jod 5l hes Ll
PGS g (sl (g e 5l plagall g g (£Sh) ok
[3] e T ol

Slagbsy oliby 1 (S tesle eSS (sileangr slagns,
7 Sl (7,05 B> o3le porde bl p &S Cel Sielenss (siluae
ol SHslnss 9 JSb anlp cnl e 50 el gl ojl 4 5l TS
Ogeel 9 55 lawgs )b odgl gy ol b JolSS 8 d S
51 oml G5 s Slge e Bds ol bl &S w sl [5,4]
oiler” s 505w Slo (sl [7.6] Sl (S g 52 392 o3l LSl
Hgy Sy WS Sl Gl (i3S 5 Sl L) i sl
S 5o o3l 55 0905 e lr Sgazme Sl Jolos bl 5 (Ll
o 4 [8] Ll o waiols &l casS el 1) LS 090 (the aS
£ 5 oo ol olodl B> £ b aiile g, ol ilie slaacir
Al dge slidns 5o oLl

ol el (S ojles (elSS (ilaaine slaty, Sl ol gl
5 b o S (st pie s & 45 03l xe atge oy
99 ojle (elSS v oS0 ISt 0l @85 (sl 9800 Jol> lagpleldl B3>
o plos s ool a4 [9] (om0 oyt a2
Bd> ol o & &5 WS (o0 gy |y G5 JlEe 5055 05 slp See
55 LG 5 b bl o sl 30,5 Ll aSly sl it oS bli o olge
S jlting Az g0 by, damgs 4 [10] il Sen 5 Sib ogd e Jol
@bl 5 e 358 ot ojle Sislns ileanr ln oy IS5
Wz 99 ojle bS5 iluany gy gl pealie aBlsn w0dd (rane
8 @l (giluaiage B9, 9 Slering dlie pl o plalr Sl Wil

slagty; slagls 51 50 (S 2l b o (ks 55Xl 092
st 9 el slaglell oglite joa oy 4 (2 )kl 981 el y55 e
was e |y @il o and ik S &S ojle I e Sy e
2ok Gl Blize lagig; po LSl nl [11] s 0 aiS

! Mathematical Programming (MP)

2 Optimality Criteria (OC)

® Optimal layout theory

* Homogenization method

® Solid/Void

® Evolutionary Structural Optimization (ESO)
7 Stiffness
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lo = min(a;), hi = max(a;)
While (hi-lo)/hi > 0.00001
ay, = (hi+1lo)/2

Fori= 1t N,
If a; (D) > ay,
x; =1
Else
x; = 0.001
EndIf
If (sum(x;)- Vieyq) >0
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Else
hi = ay,
EndIf
EndFor
EndWhile

Fig.2 The used algorithm in BESO for finding the sensitivity threshold
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