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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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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 yumuposanusn: Xapmanuna I., Autudac U. P., [Ipsuenko A. I Merox obparHoro
ONTUMAIBHOro (axkropa 0E30MACHOCTH Uil ONTHMM3ALUU TOIOJOTHH Ha OCHOBE
Ha/IKHOCTH IPUMEHHUTEIIBHO K CBOOOJHBIM BUOPHPYIOIINM CTPYKTYpaM // VimxeHepHbie
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 optimization would be to make that initial

Topology optimization attempts to
answer one of the first questions concer-
ning the nature of the structure to fulfill
the necessary technical specifications.
The topology problem would then con-
sist of determining the structure’s general
characteristics, and the goal of topology

Computer science, computer engineering and management

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 resul-
ting topologies obtained by this model is
reduced in comparison to the DTO model.
In addition, when using the RBTO mo-
del, the structure obtained is more reli-
able compared to deterministic topology
for the same weight levels’. Two points
of view are presented for the development
of this model: topology optimization and
reliability analysis. A literature review is
established 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 topo-
logy. 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 4 have
elaborated an RBTO model with object
of providing the designer with several
reliability-based structures however in the
classical topology optimization, the desig-
ner produces only one deterministic topo-
logy. It has been shown the importance of
the RBTO model yields structures that are
more reliable than those produced by deter-
ministic 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 consi-
dered 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: E. Lund, N. Olhoff, J. Stegmsen (Eds.) 15th Nordic Seminar in Com-
putational Methods. Aalborg: Aalborg University, 2002. p. 11-14. Available at: https://www.researchgate.
net/publication/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 reli-
ability-based topology optimization method
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 conside-
ring 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 technique.
They minimize the structural volume sub-
ject to linear limit state function. In the re-
search of, the extension of the work of Bae
and Wang for the geometrically non linear
problems is studied or reformulated to avoid
repetition. They minimize the structural vo-
lume subject to a nonlinear limit state func-
tion. Next, Patel et al. [7] have developed
the Hybrid Cellular Automaton (HCA)
method for structural synthesis of contin-
uum material where the state of each cell

is defined by both density and strain ener-
gy. In°, a decoupled RBDO approach is em-
ployed such that the topology optimization
is separate from the reliability analysis [7]
showed the use of RBTO using the gradi-
ent 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 topo-
logy 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 topo-
logy optimization problems’.

So the point of view “topology opti-
mization” seems to be interesting for topo-
logy 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 diffe-
rent 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 Ibid.

° 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 Topo-
logy Optimization (DTO). Next, the OSF
formulations [12] are used with inverse
derivative signs in order to provide several
reliability-based topologies. The resulting
topologies are controlled by a given de-
sign 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 problem re-
lates to the minimization of the strain ene-
rgy, subject to the limitation of the struc-
tural 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 vo-
lume f,. This problem can be mathemati-
cally written as follows:

min : Comp

V _.f;

where Comp is the compliance conside-
ring the material densities in each element
as optimization variables that belong to
the interval [0, 1]. ¥, and V are the ini-
tial and current volume values. Formula-
tion (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 determi-
nistic design optimization is to improve
the reliability level in the system without
largely increasing its weight. Thus, when
integrating the reliability concept into
the sizing and shape optimization, the
model is called Reliability-Based Design
Optimization (RBDO), which allows us
to design structures, which satisfy eco-
nomy and safety requirements. But when
coupling the reliability analysis with the
topology optimization being considered
non-quantitative of nature. The coupling
model is called Reliability-Based To-
pology Optimization (RBTO) [15]. The
purpose of the Reliability-Based Topol-
ogy Optimization (RBTO) is to consider
some uncertainties of the geometry or the
loading of the structure, by introducing
the reliability criteria in the optimization
procedure. This integration takes into ac-
count the randomness of the applied loads
and the geometry description. The RBTO
problem is generally written as:

10 Rozvany G.LN. Problem classes, solution strategies and unified terminology of FE-based topology
optimization. In: Rozvany G.I.N., Olhoff N. (Eds.) Topology Optimization of Structures and Composite

Continua. Dordrecht: Kluwer, 2000. p. 19-35.

12 I/IquopMamuKa, BbIHUCIUMENIbHAA MEXHUKA U ynpaejleHue
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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 con-
sidering 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. €.,

§>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 topo-
logy P’ that should be more reliable than
the first solution P as well as should re-
spect a required reﬁablhty 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: 200 x 50 mm) to find the
best distribution of material. The material
in this beam is steel, which has a Young’s
modulus £ = 200 000 MPa and a Pois-
son’s ratio equal to: v=0.3. The density of
the material is p = 7.190 x 10 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 topo-
logy optimization problem is to minimize
the compliance of the structure, subject to
the volume fraction 50 %. To carry out to-
pology optimization, the meshing model
is constructed using the nonlinear element
(PLANES2 — 8-node) and the used method
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

Computer science, computer engineering and management

13



ersp MTHXXEHEPHBIE TEXHOJIOT'MM U CUCTEMBI

Tom 29, Ne 1. 2019

-

For this purpose, we optimize several
cases in order to first demonstrate the im-
portance of the initial design domain and
then show the advantages and disadvan-
tages of each model.

Model 1

Fig. 1, a-b respectively show the geo-
metric model of the studied beam and the
resulting topology, considering the entire
geometry as an optimization domain A4,
(i. . the domain to be optimized).

50

4,

AN

200

a)

Model 2

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

Model 3

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

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) pe3ynbsTHpyroLIas TOMOIOT 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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lower and lateral parts as the domain not
to be optimized (4,, A, and 4,).

Here, the dimensions (x,, x,, x;) of
non-optimized domain of the third model
are considered as random variables (see
fig. 4, a). At the initial point, these variables

equal to: 5 mm. The target reliability index
is equal to 5, = 3 and that the proportion of
the standard deviations compared to the ave-
rage values is equal to'. Fig. 3, b and 4, b
show the corresponding resulting DTO and
RBTO configurations, respectively.

200

b)

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, OGOKOBOII JaCTH X, BEPXHEH YaCTHU X,
Failure point P /
Touka oTkasa j’,y 5.00 5.00 5.00
Compli C /
Coomaerorade Com » 1.37700 1.37766 1.37766
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 §, /
OnTuManbHbIe &)aKTOpLI 1.420 1.407 1.469
Oesonacuocru S,
Optimum point P, /
OnrtumanbHas Touka P, 7.10 7.03 735

13 Ibid.

Computer science, computer engineering and management
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Table 1 presents the different para-
meters concerning the failure point P, and
the optimum point P, con51der1ng the tar-
get reliability index ,8,

At the failure point P , the normali-
zed vector u; is evaluated according to
formulation (3) considering the central fi-
nite difference technique to evaluate the
required derivatives of the compliance
oC / dy;". The safety factors 5, are next
computed according to formulation (5)
and the corresponding reliability-based
topology is finally evaluated at the opti-
mum 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 conside-
ring the entire geometry as an optimi-
zation domain, the resulting topology
changes totally the external geometry and
then affects its function. Fig. 1, b shows
that the cantilever beam length is reduced
which can totally change the detailed de-
sign 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
resulting topology is better than the first
model but some other failure scenarios can
occur at the right region. However, in the

1 Ibid.

third model, all free boundaries are con-
sidered as non-optimized domains. The
resulting topology will not affect beam
function. Here, the DTO algorithm leads
to a single topology considering a given
initial design space while the RBTO algo-
rithm 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 Py* , and the objective is to increase
the reliability level starting from this
point. The resulting DTO configuration
leads to weak sections (fig. 3, b) and meets
difficult fabrication constraints while the
RBTO configuration (fig. 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.

16 I/IquopMamuKa, BbIHUCIUMENIbHAA MEXHUKA U ynpaejleHue



Vol. 29, no. 1. 2019 ENGINEERING TECHNOLOGIES AND SYSTEMS %ET
REFERENCES

1. Bendsge M.P., Kikuchi N. Generating optimal topologies in structural design using a homogeni-
zation method. Computer Methods in Applied Mechanics and Engineering. 1988; 71(2):197-224. DOI:
https://dx.doi.org/10.1016/0045-7825(88)90086-2

2. Kharmanda G., Olhoff N., Mohamed A., Lemaire M. Reliability-based topology optimization.
Structural and Multidisciplinary Optimization. 2004; 26(5):295-307. DOI: https://doi.org/10.1007/
s00158-003-0322-7

3. Kharmanda G., Lambert S., Kourdi N., Daboul A., Elhami A. Reliability-based topology optimization
for different engineering applications. International Journal of CAD/CAM. 2007. 7(1):61-69. Available at:
https://www.researchgate.net/profile/Ghias_Kharmanda/publication/259383338 Reliability-Based Topol-
ogy Optimization For Different Engineering Applications/links/0a85¢53¢c7adb1a24d6000000.pdf

4. Patel J., Choi S.-K. Classification approach for reliability-based topology optimization using
probabilistic neural networks. Structural and Multidisciplinary Optimization. 2012; 45(4):529-543. DOI:
https://doi.org/10.1007/s00158-011-0711-2

5. Wang L., Liu D., Yang Y., Wang X., Qiu Z. A novel method of non-probabilistic reliability-
based topology optimization corresponding to continuum structures with unknown but bounded un-
certainties. Computer Methods in Applied Mechanics and Engineering. 2017; 326:573-595. DOI:
https://doi.org/10.1016/j.cma.2017.08.023

6. Bae K., Wang S. Reliability-based topology optimization. In: 9" ATAA/ISSMO Symposium on Mul-
tidisciplinary Analysis and Optimization. 2002. ATAA 2002-5542. DOLI: https://doi.org/10.2514/6.2002-5542

7. Patel N.M., Renaud J.E., Agarwal H., Tovar A. Reliability based topology optimization using the
hybrid cellular automaton method. In: 46" ATAA/ASME/ASCE/AHS/ASC Structures, Structural Dyna-
mics and Materials Conference. 2005. AIAA 2005-2134. DOI: https://doi.org/10.2514/6.2005-2134

8. Eom Y.-S., Yoo K.-S., Park J.-Y., Han S.-Y. Reliability-based topology optimization using a stan-
dard response surface method for three-dimensional structures. Structural and Multidisciplinary Optimiza-
tion. 2011; 43(2):287-295. DOL: https://doi.org/10.1007/s00158-010-0569-8

9. Jalalpour M., Tootkaboni M. An efficient approach to reliability-based topology optimization for
continua under material uncertainty. Structural and Multidisciplinary Optimization. 2016; 53(4):759-772.
DOI: https://doi.org/10.1007/s00158-015-1360-7

10. Kharmanda G. The safest point method as an efficient tool for reliability-based design optimization
applied to free vibrated composite structures. Vestnik Donskogo gosudarstvennogo tekhnicheskogo univer-
siteta = Vestnik of Don State Technical University. 2017; 17(2):46-55. DOI: https://doi.org/10.23947/1992-
5980-2017-17-2-46-55

11. Yaich A., Kharmanda G., El Hami A., Walha L. Reliability-based design optimization for multi-
axial fatigue damage analysis using robust hybrid method. Journal of Mechanics. 2018; 34(5):551-566.
DOI: https://doi.org/10.1017/jmech.2017.44

12. Kharmanda G.M., Antypas [.R. Reliability-based design optimization strategy for soil till-
age equipment considering soil parameter uncertainty. Vestnik Donskogo gosudarstvennogo tekh-
nicheskogo universiteta = Vestnik of Don State Technical University. 2016; 16(2):136-147. DOI:
https://doi.org/10.12737/19690

13. Bendsge M.P. Optimal shape design as a material distribution problem. Structural Optimization.
1989; 1(4):193-202. DOL: https://doi.org/10.1007/BF01650949

14. Bendsge M.P., Sigmund O. Material interpolation schemes in topology optimization. Archive of
Applied Mechanics. 1999; 69(9-10):635-654. DOI: https://doi.org/10.1007/s004190050248

15. Kharmanda G., Antypas 1. Integration of reliability concept into soil tillage machine design. Vest-
nik Donskogo gosudarstvennogo tekhnicheskogo universiteta = Vestnik of Don State Technical University.
2015; 15(2):22-31. DOI: https://doi.org/10.12737/11610

Computer science, computer engineering and management 17



ersp MTHXXEHEPHBIE TEXHOJIOT'MM U CUCTEMBI Tom 29, Ne 1. 2019

-

16. Ibrahim M.H., Kharmanda G., Charki A. Reliability-based design optimization for fatigue damage
analysis. The International Journal of Advanced Manufacturing Technology. 2015; 76(5-8):1021-1030.
DOIL: https://doi.org/10.1007/s00170-014-6325-2

Received 23.07.2018; revised 25.10.2018, published online 29.03.2019

About authors:

Ghias Kharmanda, Researcher, Mechanics Laboratory of Normandy, National Institute of Applied
Sciences of Rouen (685 University Avenue, Saint-Etienne-du-Rouvray 76801, France), ResearcherID:
0-6690-2018, ORCID: https://orcid.org/0000-0002-8344-9270, g.kharmanda@gmail.com

Imad R. Antypas, Associate Professor, Chair of Design Principles of Machines, Don State Techni-
cal University (1 Gagarin Square, Rostov-on-Don 344000, Russia), Ph.D. (Engineering), ResearcherID:
0-4789-2018, ORCID: https://orcid.org/0000-0002-8141-9529, imad.antypas@mail.ru

Alexey G. Dyachenko, Associate Professor, Chair of Design Principles of Machines, Don State Tech-
nical University (1 Gagarin Square, Rostov-on-Don 344000, Russia), Ph.D. (Engineering), ResearcherID:
0-4796-2018, ORCID: https://orcid.org/0000-0001-9934-4193, dyachenko aleshka@bk.ru

Contribution of the authors:

G. Kharmanda — scientific guidance, statement of the problem, definition of research methodology,
collection and analysis of analytical and practical materials on the research topic, critical analysis and
finalization of the solution, computer realization of the solution of the problem; I. R. Antypas — statement
of the problem, definition of research methodology, collection and analysis of analytical and practical
materials on the research topic; A. G. Dyachenko — analysis of scientific sources on the topic of research,
critical analysis and revision of the text.

All authors have read and approved the final version of the paper.

CIIMCOK UCHTOJIB30BAHHBIX NICTOYHUKOB

1. Bendsoe M. P., Kikuchi N. Generating optimal topologies in structural design using a homo-
genization method / Computer Methods in Applied Mechanics and Engineering. 1988. Vol. 71, Issue 2.
P. 197-224. DOT: https://dx.doi.org/10.1016/0045-7825(88)90086-2

2. Reliability-based topology optimization / G. Kharmanda [et al.] // Structural and Multidisciplinary
Optimization. 2004. Vol. 26, Issue 5. P. 295-307. DOLI: https://doi.org/10.1007/s00158-003-0322-7

3. Reliability-based topology optimization for different engineering applications / G. Kharmanda
[et al.] // International Journal of CAD/CAM. 2007. Vol. 7, no. 1. P. 61-69. URL: https://www.research-
gate.net/profile/Ghias_ Kharmanda/publication/259383338 Reliability-Based Topology Optimization
For Different Engineering_Applications/links/0a85e53c7adb1a24d6000000.pdf

4. Patel J., Choi S.-K. Classification approach for reliability-based topology optimization using
probabilistic neural networks // Structural and Multidisciplinary Optimization. 2012. Vol. 45, Issue 4.
P. 529-543. DOT: https://doi.org/10.1007/s00158-011-0711-2

5. A novel method of non-probabilistic reliability-based topology optimization correspond-
ing to continuum structures with unknown but bounded uncertainties / L. Wang [et al.] //
Computer Methods in Applied Mechanics and Engineering. 2017. Vol. 326. P. 573-595. DOI:
https://doi.org/10.1016/j.cma.2017.08.023

6. Bae K., Wang S. Reliability-based topology optimization // 9" ATAA/ISSMO Symposium on Multi-
disciplinary Analysis and Optimization. 2002. ATAA 2002-5542. DOI: https://doi.org/10.2514/6.2002-5542

7. Reliability based topology optimization using the hybrid cellular automaton method / N. M. Patel
[et al.] // 46" ATAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference.
2005. ATAA 2005-2134. DOL: https://doi.org/10.2514/6.2005-2134

18 I/IquopMamuKa, BbIHUCIUMENIbHAA MEXHUKA U ynpaejleHue



Vol. 29, no. 1. 2019 ENGINEERING TECHNOLOGIES AND SYSTEMS %ETS

8. Reliability-based topology optimization using a standard response surface method for three-di-
mensional structures / Y.-S. Eom [et al.] // Structural and Multidisciplinary Optimization. 2011. Vol. 43,
Issue 2. P. 287-295. DOI: https://doi.org/10.1007/s00158-010-0569-8

9. Jalalpour M., Tootkaboni M. An efficient approach to reliability-based topology optimization
for continua under material uncertainty // Structural and Multidisciplinary Optimization. 2016. Vol. 53,
Issue 4. P. 759-772. DOI: https://doi.org/10.1007/s00158-015-1360-7

10. Kharmanda G. The safest point method as an efficient tool for reliability-based design optimiza-
tion applied to free vibrated composite structures / BectHrk JIOHCKOTO rocy1apCTBEHHOTO TEXHHYESCKOTO
yuausepcureta. 2017. T. 17, Ne 2 (89). C. 46-55. DOI: https://doi.org/10.23947/1992-5980-2017-17-2-46-55

11. Reliability based design optimization for multiaxial fatigue damage analysis using robust
hybrid method / A. Yaich [et al.] / Journal of Mechanics. 2018. Vol. 34, Issue 5. P. 551-566. DOI:
https://doi.org/10.1017/jmech.2017.44

12. Xapmanpaa M. I'., Autubac U. P. Crpaterus ontuMusanuy NpoeKTUPOBAHUS HAIEKHOCTU
04B000OPabaThHIBAIOLICH TEXHUKH C YYETOM MapaMEeTPUUYCCKON HEONpeaeIeHHOCTH mo4Bbl // Bect-
HUK JIOHCKOro rocyapcTBEHHOI0 TeXxHUu4Yeckoro ynusepcurera. 2016. T. 16, Ne 2. C. 136-147. DOI:
https://doi.org/10.12737/19690

13. Bendsee M. P. Optimal shape design as a material distribution problem // Structural Optimization.
1989. Vol. 1, Issue 4. P. 193-202. DOI: https://doi.org/10.1007/BF01650949

14. Bendsee M. P., Sigmund O. Material interpolation schemes in topology optimization // Archive
of Applied Mechanics. 1999. Vol. 69, Issue 9-10. P. 635-654. DOI: https://doi.org/10.1007/s004190050248

15. Xapmanna M. I',, Autudac U. P. Unterpanus KOHIENIMHY HAZCKHOCTH B IPOEKTUPOBAHUE TIOYBO-
obpabarsiBatoinx MammH / BectHnk JIoOHCKOro rocy1apcTBEHHOTO TeXHUUECKOro yHuBepcutera. 2015.
T. 15, Ne 2. C. 22-31. DOL: https://doi.org/10.12737/11610

16. Ibrahim M. H., Kharmanda G., Charki A. Reliability-based design optimization for fatigue
damage analysis // The International Journal of Advanced Manufacturing Technology. 2015. Vol. 76, Is-
sue 5-8. P. 1021-1030. DOI: https://doi.org/10.1007/s00170-014-6325-2

Hocmynuna 23.07.2018; npunsma k nyonuxayuu 25.10.2018, onybnuxosana ounaun 29.03.2019

06 asmopax:

Xapmannaa M'nac, uccienoarens, 1aboparopus Mexanuku Hopmannuu, HanroHaabHbIA HHCTH-
TyT npukiaaHbix Hayk Pyana (76801, ®dpanuus, r. CenT-OTheH-a10-PyBpe, ABeHI0-I€/1b- YHUBEP-
cute, 1. 685), noktop ¢riocoduu Mo TeXHMUCCKUM Haykam, ResearcherID: 0-6690-2018, ORCID:
https://orcid.org/0000-0002-8344-9270, g.kharmanda@gmail.com

Antn6ac Uman Puzakamia, noneHt kadenpsl OCHOB KoHCTpynpoBanus Maiiud, @T'BOY BO «Jlon-
CKOM TOCYIapCTBeHHBIN TexHIUYecKui yHuBepcutet (344000, Poccus, . Pocto-Ha-Jlony, . [arapuna, 1. 1),
KaHIWIAT TeXHHYEeCKUX Hayk, ResearcherlD: 0-4789-2018, ORCID: https://orcid.org/0000-0002-8141-9529,
imad.antypas@mail.ru

Jpsiuenko Auexceii ['eHHabeBUY, T0ICHT Kadeapbl 0CHOB KoHCTpynpoBanws MaimH, ®I'BOY BO «Jlon-
CKO TOCY/IapCTBCHHBIN TexHUUYeckuid yHuBepeute (344000, Poccus, 1. PocroB-Ha-Jlony, . [arapuna, 1. 1),
KaHIWIaT TexHWueckux Hayk, ResearcherD: 0-4796-2018, ORCID: https://orcid.org/0000-0001-9934-4193,
dyachenko_aleshka@bk.ru

3asenennviii 6k1a0 coagmopos:

I Xapmanna — HayuyHOE PYKOBOJICTBO, IIOCTAHOBKA 3aJlau, ONPEACIICHHE METOJOJIOTUU HCCIIe-
JIOBaHMS, KPUTHYCCKUI aHAIN3 M J0pabOTKa PEHICHHUS, KOMIBIOTCPHAS peasin3allis PEIICHHs 3a/1au;
. P. AuTbac — aHaIM3 TEOPETHYCCKUX U MPAKTUICCKUX MaTepUAIOB 10 TeMe uccienosanus; A. I JIps-
YCHKO — aHAJIN3 HAYYHBIX HCTOYHUKOB 110 TEME HCCIICIOBAHUS, KPUTHUCCKUI aHAIHN3 U JOpabOTKa TEKCTa.

Bce asmopul npouumanu u 0006punu 0OkKoHUAMENbHLLIL BAPUAHIN PYKORUCU.

Computer science, computer engineering and management 19



