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Fig. 1. The flowchart of topology and size optimization

vV -
0 Api =Al; ©

So- e o gdme Gl Gr) il pe 3 o
5505 Ol () Wl L 05 Uy 255
c:%UTF:%UTKU *)

b oS UK i sl e o F U
s b gl JS (e Sl Ky a8
S Sl 53 OB S s L el ol
SLaaie ;8 an o (35 55 mb Grie Ol 5 0
35l s 4 (V) a1 ol s ol

o _1yr K Lok MY i-1...n ™
axi 2 8Xi aXi

(W) alasly 51 oles aslas (8,8 Jab 55 L piman
KU=F (\)

Aol o s 4 (A) dlasly el cpl 516 S e

kM __Ky @)
OX; OX;

Lels S3ms 5 sbal 3luang LI cnl b s Ol &
3y bl o
e A S e & Soleaig ol L)
sl sl ool sl ol S J = B 1SS
o L) (b sl e 5SS s w4 adl sl
el ol e Al o ol (G5 Ol
Cdon g alie U553 e ploil ssdoes Sl 25
o OF 5l s et adals o0l 53 A5
ol L 3 Sliie jiolia 555 e plosil ol
23l s 4 b la e SIS e a4 s
el MMAL ) Sl esleul L (g3lvase ol
oLS g b ki Olsie 4 ool s b iy 35 s
sl = U ) ol 5255 o LS 4 i
Aol ool (V) IS s e ST ol Ses
DL 1y adlie ol 53 edd 4 S LS 4 (o3luangs
L sl g Al 3 iy gl ol S Jlns ey o

3 ged iy 25 (F) alaly 50 0 Ol 5 e

‘Ack‘j —Ack‘j‘1‘<g j=0..m-1

J—aﬁw&_k}aﬁj.,\_;d&})j_éjh 4.]4_:‘) U"\ &Uan
Sty SIS o lijled K sl o st (5l g
il e

\Lv_.wl.u." J._J’J—r

s = s MMA 2, S5O ol

Sl s S ol o e ealinal (glaig
Sy liie pslie 5 A4S (0 Joo Bl ol
A ol o5V oluag bl sl 4S5 G
a3 s B w5 (1) el a5 LSS
aal; Sl sl e Aiten ol 5 L85 S (G55
Olss r o3l (6 S Gite S b5 T s 4 (V)
Gildas DLl a JLSor e 4 o |5 0T il

Syl s 4 (F) alal


http://dx.doi.org/10.22034/24.5.37
https://mcej.modares.ac.ir/article-16-72630-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-05 |

[ DOI: 10.22034/24.5.37 ]

VF Y JL.«J 40 a_)La.i'z cY\c 092

e Ol pes (pilige o2y = ole alns

P(x)zp(x")+i(Ui ri—xi +xiSiLi ] Ov)

i=1

if ;(—P_(xk)>o %

r.=0,s, :—(xik - )ZSX—P_(X k)
I

2L glaibee i 5wl sUj e sla el )l
O 534S 1) (lossdms 45 tizus > b aze 2 ol
il ilwag ¢l Jstne slagal, Ll wP &b
51 S0 o ls alie ol S e 3 5de | AEL
3o ol 3l s N e 5o LSS a o b gl e
L o odetl b g lailne oL

e S Sl el 4 a5 L sl i s
S S5 Ol Al A 53 5 (e SRl &
G (23S S35 3l o)l s0m 250 o (Bs £1)
e (Ll J&S) (b sla i 5SS o
ft_f el K53 (V) adasly 8 a5 gy Al
s el (10) alaly S5 0 (63lotings
(10)

o )32 2L

=) pi—Li  Op

n
st: ZpiAOIi <V M
i-1

0<p™ < o <1
Sl S S Sl e K™ sl

spdi dleel Jlo 53 (SSG 51 68 gl

J 11171 0LS s os,y SaS s e I MMA

S

! Dual Method

AR

szj_'\ L;:_”':”'A 4(\/) A_EJ‘) DL (‘\) A_EJ‘) QJ‘) )‘)J Lv
o (V) aaly Gille ol ds (b e 4 ol 215

oo _ 1yrKy i1 ()
x 2

s 25,5 (8551 i A o LS (V1) slee
w}bM@ﬁwm‘#}f‘}ﬁhth
4_(:444.4;.-)3\{.:)\;&\)]9]@»01@})@‘}5@
debuww;u > 9o L5|j>" JJ‘J\:.A 6JWJ}.AJ.9).>
daly) LT o s 4 oL e S s Sl e
G Solw 4 Olss o (M) adaly a5 L5 (1)
Uu‘ﬁé&%uw‘)b)ut}swu‘ﬁjkﬁ
Sl Cews 4 (1Y) alasl,y ollas

n n (\\)
K =Zki =Z/)|ﬂk0i
i-1 i1
oK -
a—:ﬂpiﬂ Ko v
Pi

J_:EJQJ_ACJ\‘);)L:JJJJAQMWf ()i\‘*‘-
Al oz 4y (3l o S )
Lt stanilone i, 581 Y

(Silmaeg Jo w8 sl (3laaingy Al b )
G J sl a8 =L 0) olhang adtee L
3 des oo il et 5 ol L dliise il 5L
s 1 dagl 5 ol 5l 31 (sl ndls s 3
5388 35 e plll (il B G bl 4 ki
58 5 Bl ly alie SLedbl 5 eslinul b ol
a5 G ol ala S s 0Ll
ot el Sl e B s 1SS S 5 e
crl 3 25 oslial dny e (Sl B Gl bt
Al e aslsl ) Kas J g G LIS

NLP &b Gl cnl g glacibes (25 00
b el K Klen 3 X =(Xg,n Xy ) i ie
ssdg il (1Y) alaly S X 1SS


http://dx.doi.org/10.22034/24.5.37
https://mcej.modares.ac.ir/article-16-72630-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-05 |

[ DOI: 10.22034/24.5.37 ]

bﬁj&&@@‘éjbsljjﬁljw

e (RS s sl S8 s bl sl ol 5 SS9 St

mﬁ}LJ:@»dbudﬁwlkdlﬁ
"\':"LL;"“-“:']" %J@)‘.L;.A)J L@TQ)\JS‘\S@‘ ol
S8 s bl 5 S e 5s GG s Gl b
“—":’.J—"P )‘J_.E.A d)‘ C,._Sl;- B el ol 03l J';..{Lm (Y’>
C».»lade‘(AAiJ}QJJJ Lf*'i) ,u=l J"‘fwf
ASJ),J:L;G 4.]9;—% (Y')J&J:)J J)‘ - o.l.ﬁ:u..ab
6)#@_‘5}@\@.5@@))3@\&@):@@
k-&-l)—aﬁ JL«.&\ L JSJM 42;0[.»?; &;wd\ IS &Jv\?-
5 ombn S L laoldl 0 ag3a Sl g >
o Loeul 53 i sl o3le 51 LT Gl a3
D}“;d‘ odalie L;'}"‘U“"i]'p gﬁ‘ Jlsl C.J&

d)‘ 4;'}».3 ajL» 6)(.,:4...@,: cat; Y JS..‘::

VoV Y Y

P
Case 1, p=1, final strain energy=326.6

[

> P

Case 2, p=3, final strain energy=780.4

[>

P

Case 3, p=1 to 3, final strain energv=261.9

Fig. 3. Optimization results of example one
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Abstract

In this article, the Method of Moving Asymptotes (MMA), which is a mathematical programming method, is
utilized for solving truss optimization problems. In comparison with metaheuristic optimization methods that
require large number of structural analyses, using MMA can decrease the computational cost by using sensitivity
analysis. In the MMA method, the objective function is approximated using the derivatives information at the
specific point and a convex and separable sub-problem is generated. The sub-problem is then solved by using a
dual method and the solution is used as the next iteration point. The process is interrupted until the convergence
of solutions. The Solid Isotropic Material with Penalization (SIMP) method has been used for topology
optimization (TO) parameterization. Although this method has been widely used in TO problems of continuous
structures, it is the first time that is considered in truss structures. In this method, the material density is
considered as a continuous function in the design domain where its values are limited between zero and one. In
continuous problems, the optimal distribution of this function in the design domain leads to optimal topology of
the structure. To remove intermediate densities, which is not desirable in a practical point of view, a penalty
exponent is applied to this formulation. For truss problems, the values of this function can be considered
constant in each truss member. As a result, an optimization problem can be formed in which the density values
of the members are considered as design variables of the optimization problem. The optimization problem
considered here is minimization of the strain energy under the volume constraint. In other words, the aim is to
find the stiffest possible structure under specific loading and support conditions by considering a certain volume
of material. As mentioned earlier, in mathematical programming methods such as MMA, the derivatives of
objective and constraint functions are needed. This information is obtained by sensitivity analysis. Sensitivity
analysis methods are generally divided into three categories: analytical, semi-analytical and numerical methods.
In this article, analytical method is used to perform sensitivity analysis. The required derivatives are presented by
using explicit functions, which saves calculation cost and the computational time. Various benchmark examples
and some more practical cases have been solved at the end of the article and results have been discussed. For the
benchmark problems, it is observed that final solution highly depends on the value of the applied penalty
exponent, and by taking the appropriate value; the correct optimal solution will be reached. It is also shown that
in these problems, obtained solution is independent of cross-sectional area values of truss members. In addition,
it is concluded that applying a constant value of one for penalty exponent, can lead to optimization of cross-
section of members without varying structural topology. It is also shown that considering different initial designs
for the optimization problem can lead to different solutions, so that in examples, studied in this article, the case
with different cross-sectional area has a better result than the case with the same cross-sectional area.

Keywords: Topology Optimization, Size Optimization, Truss, Sensitivity Analysis, SIMP, MMA.
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