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Introduction. The classical topology optimization leads to a prediction of the structural
type and overall layout, and gives a rough description of the shape of the outer as well as
inner boundaries of the structure. However, the probabilistic topology optimization (or re-
liability-based topology optimization) model leads to several reliability-based topologies
with high performance levels. The objective of this work is to provide an efficient tool to
integrate the reliability-based topology optimization model into free vibrated structure.
Materials and Methods. The developed tool is called inverse optimum safety method.
When dealing with modal analysis, the choice of optimization domain is highly important
in order to be able to eliminate material taking account of the constraints of fabrication
and without affecting the structure function. This way the randomness can be applied on
certain boundary parameters.

Results. Numerical applications on free vibrated structures are presented to show the ef-
ficiency of the developed strategy. When considering a required reliability level, the re-
sulting topology represents a different topology relative to the deterministic resulting one.
Discussion and Conclusion. In addition to its simplified implementation, the developed
inverse optimum safety factor strategy can be considered as a generative tool to provide
the designer with several solutions for free vibrated structures with different performance
levels.
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K CBOOOJHBIM BHOPHUPYIOIIIMM CTPYKTYpam
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Beeoenue. Knaccnueckasi ONTUMM3AINS TOTIOJIOTHH MPUBOANUT K TMPECKA3aHUIO CTPYK-
TYPHOTO THUIIAa ¥ OOIIei KOMIIOHOBKM U JlaeT NPHMEPHOE ONMCAHNE KaK BHEIIHHX, TaK
U BHYTPEHHUX I'paHuIl (GopM CTPYyKTypsl. OfHAKO BEPOSTHOCTHAS MOJETb ONTHMHU3AIINH
TOMOJIOTHH (MJTM ONTHMH3AIOHHASI TOIIOJIOTUsI HA OCHOBE HAaIEKHOCTH) IIPUBOJIUT K He-
CKOJIBKMM BapHaHTaM PEeIICHUs HaJeKHOCTH HAa OCHOBE TOTIOJIOTHH C BHICOKHM YPOBHEM
npousBoauTeNnbHOCTH. Llenb nanHoi cratby — co3aarh dP(EKTUBHBIM MHCTPYMEHT JUIS
MHTETPAINU MOJIENTM ONTUMM3AINU TOTIOJIOTUH Ha OCHOBE HAJSKHOCTHU ISl CBOOOIHBIX
BHOPUPYIOMINX CTPYKTYP.

Mamepuanst u memoosi. Pa3paboTaHHBIN HHCTPYMEHT HA3BIBACTCSI METOIOM OOPATHOM ONTH-
MabHOH Oe3onacHoCTH. [1py HCIIoIB30BaHIN MOJAIIBHOTO aHANIN3a BEIOOp 00JIaCTH ONITHMU-
3aIlM1 OUEHb BaXKEH IS 00eCHeueH s BOSMOXKHOCTH CHIDKEHHUSI MATEPHATIOEMKOCTH C yIETOM
OrpaHNYEHHMIT B I3TOTOBJICHHY 1 O€3 BIIMSTHUS Ha ee CTPYKTypHYyIo (yHKImro. Takum oOpaszom,
CITy4alfHOCTh MOXET OBbITh IPUMEHEHA K HEKOTOPBIM TPAaHUYHbBIM MTapaMeTpaMm.
Peszynemamut uccredosanus. IlpencraBiieHbl YUCISHHBIE TPUIIOKEHNS HA CBOOOIHBIX BH-
OpUpYIOUIMX CTPYKTypax, MOKa3bIBaromue 3QPpEeKTUBHOCTh Pa3pabOTaHHOW CTpAaTEeTHH.
ITpu paccmoTpennn TpeOyeMoro ypoBHS HaIe)KHOCTH PE3yJIbTUPYIOIIast TONOJIOTHS IIpe/I-
CTaBIISIET APYTYIO TOMOJIOTHIO OTHOCUTENBHO JETEPMUHUPOBAHHON PE3yIbTUPYIOMIEH.
Obcyorcoenue u 3axnrouerue. B 10TOHEHNE K CBOCH YIIPOIICHHOW peanu3aiyn pa3pabo-
TaHHast 00paTHask ONTUMANbHAas CTpaTerus (pakTopa HaJeKHOCTH MOXKET PacCMAaTPHBATh-
Csl KaK TeHEepaTHBHBIH HHCTPYMEHT, 00€CIIeUNBAIOIINH TPOSKTHPOBIIUKY HECKOIBKO Ba-
PHAHTOB penIeHNH ISt CBOOOAHO BUOPHUPYIOMINX KOHCTPYKINIA C PA3NUYHBIMU YPOBHIMHI
MPOU3BOIUTEILHOCTH.

Knrouegwvle cnosa: ontumuzanysi 1eTePMUHUPOBAHHONW TOMOJIOTMH, ONTUMH3AIHS TOIO-
JIOTHX Ha OCHOBE HAJCKHOCTH, MONAIBHBIN aHAIN3, ONTUMAIBHEIN (hakTop Oe3omacHo-
CTH, JIOMEH ONTHMHU3AIUU

Jna yumuposanusa: Xapmaruna I., Autudac U. P., JIpsuenko A. I Metox obparHoro
OINTUMAIILHOTO (hakTOpa OE30MaCHOCTH Ul ONTUMH3ALMH TOIOJIOTMM Ha OCHOBE Hajl-
€KHOCTH TPHUMEHHUTENIBHO K CBOOOJIHBIM BHOPHpPYIOLIMM cTpyKTypam // VHxeHepHbIe
texHonoruu u cucremsl. 2019. T. 29, Ne 1. C. 8-19. DOLI: https://doi.org/10.15507/2658-
4123.029.201901.008-019

bnazooapnocmu: Pabora BeinoiaHeHa B paMmkax nHumatusHol HUP. Asrops! 6marona-
pst mpodeccopa Jlynackoro yauBepcutera Marnaca Bammiaa 3a ero 1ieHHBIC 3aMeUaHus
Y KOMMEHTapHH B aCIEKTaX ONTUMU3ALHH.

Introduction

Topology optimization attempts to
answer one of the first questions concern-
ing the nature of the structure to fulfill the
necessary technical specifications. The
topology problem would then consist of
determining the structure’s general char-
acteristics, and the goal of topology op-

Computer science, computer engineering and management

timization would be to make that initial
choice as automatically as possible [1]. In
addition, when using topology optimiza-
tion concepts, both macroscopic structures
and microscopic materials can be found.
In other word, we determine not only the
optimal spatial material layout distribution
at the macroscopic structural scale, but also
9
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the optimal local use of the cellular mate-
rial at the microscopic scale'.

In the literature, two main models
of topology optimization can be distin-
guished: deterministic model and probabi-
listic (or reliability-based) one. In Deter-
ministic Topology Optimization (DTO),

a single solution for a given domain can
be searched’. However, the Reliability-
Based Topology Optimization (RBTO)
model developed in this paper can lead
to several solutions with different ad-
vantages. It enables us to choose the best
solution to fulfill the technical specifica-
tions. The structural weight of the result-
ing topologies obtained by this model is
reduced in comparison to the DTO model.
In addition, when using the RBTO mod-
el, the structure obtained is more reliable
compared to deterministic topology for
the same weight levels®. Two points of
view are presented for the development of
this model: topology optimization and re-
liability analysis. A literature review is es-
tablished in the next section, to show the
different advantages of the RBTO model.

Literature Review

The main difference between deter-
ministic topology optimization and reli-
ability-based topology optimization is to
consider the hazards about the parameters
having important roles for optimal topol-
ogy. The main idea of the RBTO is based
on the Reliability-Based Design Optimi-
zation (RBDO). In a RBDO problem, the
uncertainties regarding the sizing vari-
ables are taken into account in order to
ensure greater reliability of the proposed

solution. However, the RBTO seeks to
provide designers with several solutions
that have several reliability levels. This
way the designer can select best solution.
In the Reliability-Based Design Optimiza-
tion (RBDO), several methods have been
developed. The different developments can
be classified in two points of view:

From point of view 'topology opti-
mization', Kharmanda and Olhoff * have
elaborated an RBTO model with object
of providing the designer with several
reliability-based structures however in the
classical topology optimization, the design-
er produces only one deterministic topolo-
gy. It has been shown the importance of the
RBTO model yields structures that are more
reliable than those produced by determin-
istic topology optimization (for the same
weight, see also’ [2-3]. In the RBTO model
reliability constraints have been introduced
into deterministic topology optimization
problem. The initial sensitivity analysis is
used to identify random variables which
have significant effect on the objective
function and the limit state function used
is a linear combination of the random va-
riables. Therefore, the proposed approach
is a heuristic strategy that aims to reduce
mass while improving the reliability level
of the structure without greatly increasing
its weight. But the limit state function used
by them was not based on failure criteria
for the structure. This formulation consid-
ered uncertainty with respect to geometrical
dimension and applied load only. Also their
reliability analysis seems to be independent
of the boundary and loading condition, so

! Xia L. Multiscale structural topology optimization. ISTE-Elsevier, 2016. Available at: https://www.
sciencedirect.com/book/9781785481000/multiscale-structural-topology-optimization

2 Zhang W., Zhu J., Gao T. Topology optimization in engineering structure design. ISTE-Elsevier,
2016. Available at: https://www.sciencedirect.com/book/9781785482243/topology-optimization-in-engi-

neering-structure-design

3 Kharmanda G., El-Hami A. Biomechanics optimization, uncertainties and reliability. ISTE-Wiley,

2017. Available at: http://ebook-dl.com/book/8163

4 Kharmanda G., Olhoff N. Reliability-based topology optimization: Report. Aalborg: Aalborg Uni-
versity, 2001. Available at: http://www.forskningsdatabasen.dk/en/catalog/2389380317
5 Kharmanda G., Olhoff N. Reliability-based topology optimization as a new strategy to generate

different structural topologies. In: 15" Nordic Seminar in Computational Methods / Eds. E. Lund, N. Ol-
hoff, J. Stegmsen. Aalborg: Aalborg University, 2002. p. 11-14. Available at: https://www.researchgate.
net/publlcatlon/237295035 Reliability-Based Topology Optimization_as a New_ Strategy to Gener-
ate Different Structural Topologies

10 I/IquopMamuKa, BbIHUCIUMENIbHAA MEXHUKA U ynpaejleHue
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their results showed similar values for the
uncertain variables for different structures.
Next, Patel and Choi [4] used probabilistic
neural networks in the case of highly non-
linear or disjoint failure domain problems.
This strategy has been efficiently applied
on different truss structures. Recently, Wan
et al. [5] developed a non-probabilistic re-
liability-based topology optimization meth-
od for detailed design of continuum struc-
tures, in which the unknown but bounded
uncertainties (UBB) existing in material
and external loads are considered simulta-
neously. Their results show that consider-
ing the UBB uncertainty effects during the
whole procedure of topology optimization
may have a significant influence on the final
structural configurations.

From a point of view 'reliability analy-
sis', the classical topology optimization is
formulated as finding the stiffest structural
layout with a volume constraint. Here, the
feasibility of volume constraint is not criti-
cal in structural design problems. It is more
important to consider the variations of the
stiffness under uncertainties. To maintain
the robustness of stiffness in the topology
design, Bae and Wang [6] formulated the
topology design optimization as volume
minimization problem with a displacement
constraint and applied the RBDO tech-
nique. They minimize the structural volume
subject to linear limit state function. In the
research of, the extension of the work of
Bae and Wang for the geometrically non li-
near problems is studied or reformulated to
avoid repetition. They minimize the struc-
tural volume subject to a nonlinear limit
state function. Next, Patel et al. [7] have
developed the Hybrid Cellular Automaton
(HCA) method for structural synthesis of
continuum material where the state of each

cell is defined by both density and strain en-
ergy. In®, a decoupled RBDO approach is
employed such that the topology optimiza-
tion is separate from the reliability analysis.
[7] showed the use of RBTO using the gra-
dient free Hybrid Cellular Automata (HCA)
method. Their formulation incorporates un-
certainty with respect to material property
also. They considered limit state function
based on failure modes on the output dis-
placements. Eom et al. [8] performed the
RBTO model using bi-directional evolu-
tionary structural optimization and the stan-
dard response surface method. Jalalpour
and Tootkaboni [9] developed a computa-
tionally method for reliability-based topol-
ogy optimization for continuum domains
under material properties uncertainty.

Comparing both different points of
view, RBTO methods from a point of view
'reliability analysis' are inherently compu-
tationally expensive because of additional
required system analysis associate with
RBDO since a large number of design vari-
ables are associated with continuum topol-
ogy optimization problems’.

So the point of view 'topology optimi-
zation' seems to be interesting for topol-
ogy designers because it provides several
reliability-based structures relative the reli-
ability index changes. It leads to different
layout structures while the developments
from a point of view 'reliability analysis'
leads to same layout structures with differ-
ent densities that have no sense for the fol-
lowing optimization stages [10].

To perform the RBTO problems, dif-
ferent RBDO techniques can be used
since we deal with different problem
definition or philosophy. Several RBDO
methods have been developed regarding
to their use®® [11]. For example, the OSF

¢ Agarwal H. Reliability based design optimization: formulations and methodologies: Ph.D. Thesis. Notre
Dame : University of Notre Dame, 2004. Available at: http://adsabs.harvard.edu/abs/2004PhDT.......148A
7 Kharmanda G., El-Hami A. Biomechanics optimization, uncertainties and reliability. ISTE-Wiley,

2017. Available at: http://ebook-dl.com/book/8163

8 Kharmanda G., El-Hami A. Biomechanics optimization, uncertainties and reliability. ISTE-Wiley,

2017. Available at: http://ebook-dl.com/book/8163

° Yaich A., Kharmanda G., El Hami A.; Walha L., Haddar A. Reliability based design optimization
under fatigue damage constraints of structures subject to random vibrations. In: ECSO2017: European
Conference on Stochastic Optimization. 2017. p. 20-22.
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method as an efficient RBDO tool, has
been simply implemented by performing
two main stages [12]. The first stage is to
find the failure point (design point) using
a simple optimization process while the
second stage consists of using the OSF
formulations to find the optimum solu-
tion. In this work, for the RBTO model,
the developed Inverse Optimum Safety
(IOSF) method consists of first finding the
configuration using Deterministic Topol-
ogy Optimization (DTO). Next, the OSF
formulations [12] are used with inverse
derivative signs in order to provide sever-
al reliability-based topologies. The result-
ing topologies are controlled by a given
design space (loading, material, geometry,
meshing...). In the modal analysis, there
is no applied loads. So the integration of
topology optimization into free vibrated
structures may lead to unrealistic topolo-
gies. Therefore, the choice of optimiza-
tion domain is highly important in order
to be able to eliminate material taking ac-
count of the constraints of fabrication and
without affecting the structure function.
For this purpose, several choices are car-
ried out to demonstrate the importance of
optimization domains relative to the static
studies [3] where the used boundary con-
ditions can lead to admissible topologies.
Materials and Methods
Deterministic Topology Optimization
The topology optimization prob-
lem relates to the minimization of the
strain energy, subject to the limitation of
the structural volume'. All the loading
parameters and material properties are
considered deterministic. The topology
optimization problem is to minimize the
compliance, subject to a target percentage
value of volume f. This problem can be
mathematically written as follows:

min : Comp

V _.f;

where Comp is the compliance consider-
ing the material densities in each element
as optimization variables that belong to
the interval [0, 1]. ¥, and V are the initial-
and current volume values. Formulation
(1) is a basic form and can be used with
several topology optimization methods
such as SIMP (Solid Isotropic Microstruc-
ture with Penalty), homogenization ap-
proach, ... [13; 14].

Reliability-Based Topology Optimi-
zation

In deterministic structural optimiza-
tion, the designer aims to reduce the con-
struction cost without taking into account
the effects of uncertainties concerning ma-
terials, geometry and loading. This way,
the resulting optimal configurations may
represent a lower reliability level and then
leads to higher failure rate. The balance
between the cost minimization and the
reliability maximization is a great chal-
lenge for the designer. The importance of
the reliability criteria on the deterministic
design optimization is to improve the reli-
ability level in the system without largely
increasing its weight. Thus, when inte-
grating the reliability concept into the siz-
ing and shape optimization, the model is
called Reliability-Based Design Optimi-
zation (RBDO), which allows us to design
structures, which satisfy economy and
safety requirements. But when coupling
the reliability analysis with the topology
optimization being considered non-quan-
titative of nature. The coupling model is
called Reliability-Based Topology Opti-
mization (RBTO) [15]. The purpose of the
Reliability-Based Topology Optimization
(RBTO) is to consider some uncertainties
of the geometry or the loading of the struc-
ture, by introducing the reliability criteria
in the optimization procedure. This inte-
gration takes into account the randomness
of the applied loads and the geometry de-
scription. The RBTO problem is generally
written as:

10 Rozvany G.L.N. Problem classes, solution strategies and unified terminology of FE-based topology
optimization. In: Topology Optimization of Structures and Composite Continua / Eds. Rozvany G.I.N.,

Olhoff N. Dordrecht: Kluwer, 2000. p. 19-35.
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min : Comp
t.:p=p, @)
L
I/O t

where £ and f, are the reliability index of
the system and the target reliability index,
respectively (for more information about
reliability methods, see'’ [16]. The inte-
gration of reliability analysis into the to-
pology optimization has been carried out
by performing two decoupled problems
for static studies [2]. However, in this
work, an efficient method called Inverse
Optimum Safety method, is developed and
applied to free vibrated structures consid-
ering the design domain uncertainty.

bl |

e

Jj=1

8yj

where the sign of + depends on the sign
of the derivative of the limit state function
with respect to random vector y,, i.e.,

§>0<:>uf>l.

4
0y;

Considering that the random variable
vector follows the normal distribution
law, the safety factor can be written as fol-
lows'? [16]:

S, =l+y,-u,i=1..,n (5
where the variance coefficient y, relating
the mean m, and standard-deviation o,

equals to: y, = g,/m..

However, the idea of the developed
IOSF is to find a resulting deterministic
topology P considered as a failure point,
and next we seek a reliability-based topol-
ogy P. that should be more reliable than
the first solution P, as well as should re-
spect a required rellablhty level .. So the
failure point P is found by a DTO proce-
dure and the rehablhty based topologies
P; are found using the OSF formulations
but with inverse derivative signs (Formu-
lation 4). This strategy generates several
reliability-based topologies according to
the reliability index values. The genera-
tion of several topologies is controlled by
a sensitivity analysis being an efficient in-
dicator to find the role of each parameter.

Results

In this section, the topology optimi-
zation is applied to a 2D cantilever beam
(dimensions: 200x50 mm) to find the best
distribution of material. The material in
this beam is steel, which has a Young’s
modulus £ = 200000 MPa and a Pois-
son’s ratio equal to: v=0,3. The density of
the material is p = 7.190x10 Kg/mm.The
behavior of the material is linear elas-
tic isotropic. The objective is to perform
topology optimization to obtain the best
distribution of the materials. The topology
optimization problem is to minimize the
compliance of the structure, subject to the
volume fraction 50%. To carry out topol-
ogy optimization, the meshing model is
constructed using the nonlinear element
(PLANES2 — 8-node) and the used meth-
od is the Optimality Criteria (OC) imple-
mented in ANSYS Software.

When considering the modal studies,
the choice of optimization domain is very
important in order to be able to eliminate
material taking account of the constraints
of fabrication and without affecting the
function of the resulting cantilever beam.

' Kharmanda G., Antypas I. Integration of reliability and optimization concepts into composite
yarns. In: 10" International Scientific-Practical Conference of Current Status and Prospects of Agricultural
Engineering, “INTERAGROMASH-2017". Rostov-on-Don: DSTU Publ. Centre; 2017. p. 174-176.

12 Kharmanda G., El-Hami A. Biomechanics optimization, uncertainties and reliability. ISTE-Wiley,

2017. Available at: http://ebook-dl.com/book/8163
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For this purpose, we optimize several cas-
es in order to first demonstrate the impor-
tance of the initial design domain and then
show the advantages and disadvantages of
each model.

Model 1

Figures la and b respectively show
the geometric model of the studied beam
and the resulting topology, considering
the entire geometry as an optimization do-
main 4, (i.e. the domain to be optimized).

50

4,

AN

200

a)

Model 2

Figure 2a shows the geometric model
of the studied beam, considering middle
part as the optimization domain 4, and the
upper and lower parts as the domain not to
be optimized (4, and 4,). Figure 2b shows
the corresponding resulting topology.

Model 3

Figure 3 shows the geometric model
of the studied beam, considering inner
part as the optimization domain 4,, the

b)

Fig. 1. Configurations of model / when considering deterministic topology optimization:
a) a cantilever beam with a single optimized area; b) resulting topology

P uc. 1. Koudurypamus monenu / npu pacCMOTPEHHH ONTUMHU3ALNH ACTSPMUHUPOBAHHON
TOMOJIOTHH: a) KOHCONbHAs Oallka ¢ OJHOM ONTUMH3HUPOBAHHOH 00J1aCTHIO;
b) pe3ynbTHpyOIas TONOIOT s

Fig. 2. Configurations of model 2 when considering deterministic topology optimization:
a) a cantilever beam with double non-optimized areas; b) resulting topology

P u c. 2. Kouduryparys Monenu 2 pu pacCMOTPEHHH ONTUMHU3ALNH ACTSPMUHUPOBAHHON
TOMOJIOTHH: a) KOHCOJIbHAs 0anka ¢ JBOHHBIMH HEONTHMU3UPOBAHHBIMU 00JIaCTSIMHY;
b) pe3ynbTHpyOIIas TONOIOT s

A; 200

a)

b)
Fig. 3. Configurations of model 3 when considering deterministic topology optimization:
a) a cantilever beam with triple non-optimized areas; b) resulting deterministic topology optimization

P u c. 3. Kongpurypanus monenu 3 npu pacCMOTPEHUN ONTUMH3ALUH JETEPMUHUPOBAHHON
TOMOJIOTHH: a) KOHCOJIbHAs 0alika ¢ TPOHHBIMH HEONITHMH3UPOBAHHBIMH 00IaCTMH;
b) pe3ynbTHpyOIas ONTUMH3ALHS 1eTePMHUHUPOBAHHOIT TOMIOIOT UK

14 I/IquopMamuKa, BbIHUCIUMENIbHAA MEXHUKA U ynpaejleHue
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upper, lower and lateral parts as the do-
main not to be optimized (4,, 4; and 4,).
Here, the dimensions (x,, x,, x3) of non-
optlmlzed domain of the third model are
considered as random variables (see Fig-

equal to: Smm. The target reliability index
is equal to §, = 3 and that the proportion
of the standard deviations compared to the
average values is equal to'®. Figures 3b and
4b show the corresponding resulting DTO

ure 4a). At the initial point, these variables and RBTO configurations, respectively.

200

F i g. 4. Configurations of model 3 when considering reliability-based topology optimization:
a) initial design with 3 random variables; b) resulting reliability-based topology optimization

P u c. 4. Konduryparys Mozenu 3 IpH pacCMOTPEHHH ONTUMU3ALNH TOIIOJIOTUH Ha OCHOBE
HaJIeKHOCTH: a) IEPBOHAYAIbHASI KOHCTPYKIHSA C 3 CIIy4aiiHBIMU BETMUMHAMUY;
b) pe3ynbTHpYIOLIas ONTUMU3ANHUS TOIOJIOTHH HA OCHOBE HAJIGKHOCTH

Table 1
Tabnuma 1
Reliability-based topology optimization results
Pe3yabTaThl ONTHMHU3ALUH TONOJIOTHH HA OCHOBE HA€KHOCTHU

Parameters / Thickness of lower Thickness of lateral Thickness of upper
TTapameTpsr part x, / Tommuna part x, / Tomuunna part x, / Tommuunna
HIDKHEH 4acTH X, OOKOBOI YaCTH X, BEpPXHEH YacTH X,
Failure point P /
Touka oTkasa P 5.00 5.00 5.00
Sompliance Comp. ]/7 1377 1.37766 137766
Compliance sensitivity
oC / oy, / Cobmonenue 20018 0.025
4yBCTBUTEIBHOCTH -0.020 ’ ’
oC /oy,
Normalized vector u, /
Hopmann3zoBaHHbIi 1.683 1.626 1.877
BEKTOP Y;
Optimum safety
factors S, /
OnruManbHble d)aKTopLI 1.420 1.407 1.469
Oesonacuocru S,
Optimum point P, /
OnrtumanbHas Touka P, 7.10 7.03 735

13 Kharmanda G., El-Hami A. Biomechanics optimization, uncertainties and reliability. ISTE-Wiley,
2017. Available at: http://ebook-dl.com/book/8163
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Table 1 presents the different param-
eters concerning the failure point P and
the optimum point P, con51der1ng the tar-
get reliability index ,8,

At the failure point P , the normal-
ized vector u; is evaluated according to
formulation (3) considering the central fi-
nite difference technique to evaluate the
required derivatives of the compliance
0C / dy;"*. The safety The safety factors
S, are next computed according to formu-
lation (5) and the corresponding reliabil-
ity-based topology is finally evaluated at
the optimum point P..

Discussion and Conclusion

According to our previous [2; 3], when
considering a static case, the loading and
the fixation can control the external geo-
metrical boundaries However, when con-
sidering the modal studies, the choice of
optimization domain is very important
in order to be able to eliminate material
taking account of the constraints of fabri-
cation and without affecting the function
of the resulting structures. Three models
with different optimization domains are
studied to show the effect of the optimiza-
tion domain choice.

For the first model, when consider-
ing the entire geometry as an optimization
domain, the resulting topology changes
totally the external geometry and then af-
fects its function. Figure 1b shows that the
cantilever beam length is reduced which
can totally change the detailed design
stage. Therefore, the initial design domain
should be modified to attend the design
objectives. For second model, the upper
and lower parts are considered as non-
optimized domains. This way the result-
ing topology is better than the first model
but some other failure scenarios can occur
at the right region. However, in the third

model, all free boundaries are considered
as non-optimized domains. The resulting
topology will not affect beam function.
Here, the DTO algorithm leads to a sin-
gle topology considering a given initial
design space while the RBTO algorithm
leads two several topologies relative to
the reliability index values.

The main different between the IOSF
and OSF method is to invert the sign of
the derivatives is inverted. Here, the mean
values are considered to be the failure
point P,, and the objective is to increase
the reliability level starting from this point.
The resulting DTO configuration leads
to weak sections (Figure 3 b) and meets
difficult fabrication constraints while the
RBTO configuration (Figure 4 b) is much
more reliable than that produced by DTO.

In general, the choice of the initial
domain depends on the designer expe-
rience and may lead to several failure
scenarios. A reliability concept can be in-
tegrated during the optimization process
in order to control the resulting topology
performance and to generate several re-
liability-based topologies. In this prob-
lem, when applying the IOSF method to
obtain a layout which respects a required
reliability level, a different topology is
obtained. The advantage of this strategy
is to produce different topology with ad-
ditional computing cost regarding the re-
liability stage.

Thus, reliability-based topology opti-
mization is able to generate multiple to-
pologies, giving the designer a range of
solutions by adding certain reliability con-
straints. The efficiency of the developed
IOSF method is to perform the RBTO
in a single loop relative to the previous
method proposed by [2] which also needs
double loops.

4 Kharmanda G., El-Hami A. Reliability in biomechanics. Wiley—ISTE, 2016. Available at: https://
www.wiley.com/en-tm/Reliability+in+Biomechanics-p-9781786300249
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