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Abstract. Aim of the study was determination of a minimum
mass - maximum static stiffness optimal shape for kexagon-type
lattice superelement. Additionally the correlation between the
static and dynamic stiffness of the superelement wastudied. The
shape parameterization based optimization involvetuilding of a
geometric shell model according initial assumptionsnd defining
appropriate optimality criteria. The optimality crit eria were
based on correlations between selected mechanicarpmeters of
the superelement.

The chosen optimality criteria provided similar geonetries,
which represent a certain geometric limit case undea maximum
mass constraint. This allowed for the conclusion thathe chosen
criteria have yielded geometries which, except forminor
differences, correspond to maximum static stiffnesstructures.
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INTRODUCTION

According to previous findings [1], spatial hexaggpe
lattices can be considered optimal from maximunticsta
stiffness structure points of view. Due to thise timtended
application of the lattice is civil and space stues.
Considering multiscale application possibilitiesnother
potential application field could be sandwich stases [2].

For mechanical design purposes, a
superelement had been partitioned off the latticecrires [3].
Determination of an optimal shape for the superel@nwas
the aim of the study. The parametric shape optitoizg4],
which had been chosen for the task, involved bogdof a
geometrically parameterized model and defining appate
optimality criteria, based on correlations betweehmsen
mechanical parameters of the superelement understhened
boundary and loading conditions.

PROBLEMSETTINGS
Assumptions
For simplification, it was assumed that the modsild be
optimized in the range of linear stress-strain tietes,
allowing for the use of Hookean material law, ardal

deformations. For the study an isotropic lightweigtaterial,
corresponding to the properties of amorphous seansparent
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polyethylene terephthalate (density 1370 Kg/nYoung's
modulus 2800-3100 MPa), was chosen to model thetste.

Due to lightweight considerations, the superelemsas
modelled as a shell structure, based on a simglg@ometric
model (Fig. 1) [5], which was determined by a sétfiee
independent shape parameters defining the superatEm
midsurface geometry. For each of the parameters tivere
lower and upper geometric limits set. The sheltkhesstk
was chosen to be defined as a constant for thealinit
calculation with the estimate that a thickness rithistion
function, based on the initial results, in a paraimeform
tk(x1, x2) (Fig. 2-3), would be defined subsequently.

SECTION A-A
Left

tetrapod-shaped

Fig.1. Parameterized model of tetrapod-shaped slgmeent
Input Parameters

For the sake of scale-independent superelementihejeic
model definition, the values for each of linear épdndent
parameter limit were defined with respect to the
superelement’s ray lengtR, which can be considered as a
scaling factor. This can be justified by the finglithased on a
simple calculation, that in the limit case of affinite lattice
scaling of the lattice causes no difference for skreictural
compliance. This is also in accordance with resofitetallic
foam, which can be regarded as a microstructuralogune to
a structural lattice, experiments [6]. For the prasstudy, a
size of 75 mm was assumed for the ray lerigtihe rest of
independent shape parameters [5] were consequently
constrained as follows:

tKnax <dj < (tan(,B/Z)- R- tkmax/z)' 2,
tKnax /2< T, <R,

(1)
()
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0<a<90°-p4/2,

O<tk <tk .. tKya = K- R, where
k - coefficient for shell-type geometry.

®3)
(4)

ymmetry Boundaries

Fig. 2. Derivation of superelement’s finite symnetlement

Symmetry Front
Boundaries d,,
—> P
; N-180- 4

= \

x2

Fig.3. Descriptive parameterization scheme for selpment’s thickness
distribution function definitiortk(x1, x2), whered,» andr, are replacement
dimensions fod, andr,, r,, respectively, due to additional approximation

Boundary Conditions

A supposed advantage of the spatial hexagon-typeds is
homogenous distribution of load, resulting in doamitly axial
loading for all elements. Therefore it was choserdéfine
approximate boundary conditions, which would allfor the
use of symmetries [7] and thereby reduce the comptime.

Since the superelement itself is regular, for a reptnic
loading case (Fig.4) it was possible to partitioff a
guadrangle-shaped area (Fig.2) as the finite synione
element, which corresponds to 1/24 of the supemm@mnd is
defined by symmetry planes and a 1/6 portion of ltaeled
outer edge of a ray. The magnitude of the axiadijpressive
force F (25 N) was chosen with the estimate that the
superelement’s deadweight effect should be at leastrder
lower than the axial force and thus could be exafliiiom the
study as negligible. This implied an upper massitlim
constraint of 250 g or volume limit of 1.82E+05 mm

To account for the constant thickness simplificatituring
the initial calculation, the superelement’s outelges were
initially defined as rigid, which should account thickening
of the shell in superelement contact regions duassumed
stress concentration. For all subsequent calculdtie edges
were defined as lying on symmetry planes.

SECTION A-A Left

F

Fig. 4. Superelement’s loading scheme, wikeig axial loading force
Output Parameters

The output parameters chosen for defining the agtiyn
criteria of superelement’s structural optimizationlude total
volume V and volumesV; of each finite element after
deformation, as well as equivalent (von Mises)sses for
each elemeng; , out of which the maximum equivalent stress
0max Can be picked out as a separate parameter. Tadprov
some mechanical meaning for the two parameter\4easid
g, , it was proposed to define an aggregate paranaste¢he
weighted sumV,g; or, normalizing over the total volumé
W, a; , such thapw; = 1.

According to [8], a potential characteristic paraenefor
maximum global stiffness structures under elastiading
could be the total strain enertly generally defined as:

U= joij gdV, (5)
%
where
&j — strain tensor components;
o — stress tensor components.
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An equivalent parameter to the strain enethgase could

the coworkers of Institute of Mechanics at Riga Hrecal

be the displacementof ray’s outer edge under the axial loadUniversity".

F, which corresponds to the superelement’s axidiness,

defined asF/u, and also to the work of external forces. For Parameter Correlations
simplicity, the displacemeni was expressed with respect to

the geometric centre of the superelement.
A separate parameter, relating to the dynamicnets$ of
the superelement and being transferrable to a wiatlice,

It should be emphasized that for shape optimization
aggregate parameters were searched for, which waldde
potentially convex domains of solution, so that active

could be an eigenfrequency of the superelement widbnstraints on the output parameters would be reduiFor

cyclically symmetric axial deformation shape. Sfeally,
the lowest value of eigenfrequencies fm, — with the
described shape could be maximized.

SOLUTION SCHEME
Design of Experiments

A further task for definition of the superelemergtsuctural
optimization criteria was to determine the corielas
between the structural parameters given in sectimve. For
calculation of the correlation coefficient valu¢svias chosen
to utilize the so-called space-filling experimenthsigns of
Latin hypercube type. The experimental designs ban
generated according to various criteria. For theiqudar task
experimental designs were generated accordingettithimal
Mean Squared Distance (MMSD) criterion [9], whici,
combination with local quadratic approximation, hasen
found to provide results which can be better thasé given
by approximations using other space filling craerand

the specific task parameter couples describing ainmoim
mass — maximum static stiffness structure had tdobed,
which would have presumably negative correlatiolues and
thus a potentially convex solution space. The datimns
between the structural parameters were evaluaatding to
the values of Pearson’s product-moment correlation
coefficient.

The basic results (Table 1) show that all parameteples
having a negative correlation value — produatss,,,

mw.o,, mU and mu — are potential candidates for the

definition of optimization criteria described above should
be also noted that the parameteendU possess a correlation
value of 1, which agrees with the general assumptiat the
work of external forces in conservative systemseuralastic
deformation should be equal to the change of ttaénseénergy
U. Thus the two parameters are interchangeablehardfore
henceforth only the parametar out of both will be
considered. Furthermore, the rest of correlationaying
values above 0.9, suggest a strong link betweeanmeters
w,g; andu.

Jmax !

Kriging or Response surface methods [10]. The MMsD A further study (Table 2) reveals that there is ifpas

criterion is defined as

(6)

1\ S 2
_ - H v _u
MSD= (n);ur_qlm[;(y. x') }
where
n — number of mesh or training points;
N — number of points of the experimental design;
s —number of factors (shape parameters for theidered
case);
yi" — points from a large sample of training points irsiga
spaceR®;
x" —experimental design points.

The uniformity of the MMSD criterion could be veeifl by
checking ratio of the number of geometrically fbbesi
experimental design points against the total féfledint sizes
of experimental design point sets. The ratio wasnéb to

remain approximately constant (.6 for the range of (1)-(4)).

For the calculation of correlation coefficient vedua set of
500 experimental design points was chosen, outhiéw319
points were geometrically consistent.

The experimental designs were generated with the dfe
optimization software tool EDAOpt, which was deymd by
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correlation between the potential critenas,,,, mw, and
mu However, the correlation betweemws; and mu is
notably stronger (0.92) than betweemn s, and me,
muand ma,,, (0.42 and 0.62, respectively).

Of a special interest during the correlation stwehs the
relation between the lowest axial deformation efiguency
of the superelement and the maximum static stiffregeria.
The low correlation values (Table 3), especially fow g;
andmu, appear to be related to the distinct convex regio
the respective diagrams (Fig. 5). These also conkeyidea
that shape parameter optimum regions for the maxirstatic

stiffness criteria differ distinctly from those cesponding to
the maximum value df,.

max or

TABLE 1

Correlation coefficient values of superelement'sructural response
parameters for constant thickness distribution tioncand rigid outer edges
definition (significance leveb < 1E-6)

u U m 0 max
u 1.00 -0.27 0.94

! Machine & Mechanism Dynamics Research Laboraférgrmalas Street 6,
Riga LV-1006, Latvia, http://www.mmd.rtu.lv.



Scientific Journal of Riga Technical University

Construction Science

2010
Volume 11
U 1.00 -0.27 0.94
m -0.27 -0.27 -0.34 0 £ Hz
0 max 0.94 0.94 -0.34 8000
W o, 0.99 0.99 -0.32 0.95 -
*
o 6000
4
TABLE 2 g“ .
Correlation coefficient values of minimum mass -xinaum static stiffness 0.?,, 4000
criteria for constant thickness distribution fuoetiand rigid outer edges 30 *
definition (p < 1E-13) * ee w ('.';: ..
* 0: Q’.,
- s, 2000
~ ~ PR J 0’
MG 1y mw o, mu 8‘05‘\0 .
— . o %o
MG max 0.42 0.62 0
= 0,01 0,10 1,00
mvviUi 0.42 0.92 mu,g.mm
mu 0.62 0.92
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Fig.5. Distribution of 319 space-filling geometiigeconsistent design points,
obtained with constant thickness distribution fimetand rigid outer edges
definition, in the space of minimum mass - maximstatic stiffness criteria:

MW g; or mass - weighted equivalent stress sum pro@)¢ctnio ,,,, or

mass - maximum equivalent stress product fwy;or mass - displacement
product; and the lowest axial eigenfrequency ofstiingerelemerft,»(c)

TABLE 3

Correlation coefficient values of minimum mass -ximaum static stiffness
criteria and superelement’s structural responsearpeters for constant
thickness distribution function and rigid outer edglefinition (p < 1E-4, for
exceptions see footnotes)

m u T max W0, frmin
Moy | -046 028 051 029  0.39
mwo, | -055 022 025 023 011
mu 063 038 045 039 0.4
p <0.05
b p<0.01

Parametric Optimization

Since the initial limits of shape parameters ineldignost of
the geometrically feasible combinations, the metetilg
approach [9], also termed subproblem approximafibh,
was chosen as the main optimization method. Théadeis
generally classifiable as a zero-order method esincequires
only the values of the dependent variables (ohjedtinction
and state variables) and not their derivatives. aktipular
implementation of the method is available as a rfedt the
ANSYS software package (version 11.0), which wasdu®r
the study.

For the study the objective function was approxedaty a
qguadratic fit function with cross-terms, whereag thtate
variables were approximated by a quadratic fit fiomc For
the least squares fitting weights of the desigrs seere
defined as triple products of distance in desigracsp
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objective function values, and feasibility/infedbfp. The Left

approximations were updated by inclusion of the Igew SECTION A-A A

calculated solution set after every optimizatioodo |
A specific task for the implementation of the sudigem

method is the definition of design variable seexjuired for

the definition of approximation functions. As thptinization

module of ANSYS allows for a maximum number of 130

design points being stored at a time in the optutdn

database, initial sets of between 100-130 geonadliric

consistent design points, generated by the optiiniza

software tool EDAOpt according to the MMSD criterjavere

used during the study. The chosen number of dgsajnts A

corresponds to the recommended range for 10 pagegnet Dimetric Top

according to [9], defined as:

N =k-(d+1)-(d+2)/2, (7)
where
N — recommended number of design points for quadrati
approximation,
d — number of dimensions,
k — empiric coefficientK = 1.5...2).

The subproblem approximation method can be applied , o
tedly after reducing the parameter limits ediog to the F|g.6._ Design space volume for the superelemerm‘mlt)gy o_ptl_mlzatlon
repea y A g p e _g showing the position of a topologically equival&ttice element inside
results obtained, thereby obtaining a refined tesul
Alternatively, a further local refinement could lobtained
with the first-order method [11], which makes usé o

Lo ) RESULTSAND DISCUSSION
derivative information.

L Constant Thickness Parametric Optimization Results
Topology Optimization

The optimization was carried out using the submobl
approximation method, followed by refinement usitige
ifirst—order method. The mass constraint was nosiclened at
this stage.

Numeric examination (Table 4) of the shape paramsgete
obtained according to the three minimum mass - marxi
static stiffness criteria, shows that the setscwose to each
other. Geometrically the sets have converged tditthie case
of maximum diameter central sphere having narrow
transitional segments, formed by the two transitfdiets,
SRR . . which have close to minimum radius values (Fig.aj).(
The topology optimization for solids was carried tar the Correspondingly, the conic surface has a negligieteth of

T 0 SupeIEITE ) oS Generavic. This ype of geomely bears topagand
. | . 9 P ygeometric resemblance to the open-cell metallien®avith
conditions, which provided a structure of regulamtated

X ; 0 : ed
tetrahedron combined with smaller tetrahedronsclwvhiere relative density of about 25%, which have been ey

, analogous tetrahedral unit cells [13] and are knawmorous
Eel?r(;?gdcr):n the truncated triangular surfaces of ldrger functional materials [14].

The shell optimization option allowed only for For the criteriamw,o; andmulocal optima were obtained
2-dimensional optimization on a given shell surigeemetry. Without additional constraints, whereas for thetecion
Consequently, it could be applied for definition thfckness Mo, repeated maximum thickness limit changes uR/®

variations, including cuts, on surfaces obtained bjevealed that the shell thickness tended to exassdmptions
optimization of constant thickness geometry models. of a shell-type geometry. The latter difference Idobe

explained by the fact that the ratio of criterionfas
component  correlations  with the criterion itself,

The built-in homogenization method based [12] topyl
optimization module of ANSYS software package westead
for the given loading scheme (Fig.4). The methed
applicable to shells and solids.

Within the task setting of the study, the most appate
topology optimization criterion from the availabd@as that of
minimizing the energy of structural static comptian(5) of
the superelement. The minimization is subject t@iwen
constraint of minimum volume reduction, which was ® 90
percent during the study.
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10 max» MO max ) IF(M, Mo ) » Was about two times greater a) b)
than the respective ratio for the other two critéfiable 3). Front Front
TABLE 4
Values of shape parameters, output parameters ajettive functions,
corresponding to optimal values of minimum massaximum static stiffness
criteria, obtained with constant thickness distiitru function and rigid outer
edges definition ‘
Optimization Criteria -
mL MG oy mwa, Top op
r, (mm) 13.8 18.7 2.9 TN
% r, (mm 3.4 18.7 1.1 ’ ‘
o 2( ) ) P ‘
B d, (mm) 203.5 173.3 202.7 ,
§ o (deg) 64.5 65.4 6.7 s |
% tk (mm) 6.5 37.1 2.2
& | d?(mm) 251.5 221.2 251.6
2 1 (mm) 0.0 0.4 2.1
5 u (mm) 2.23E-05 1.09E-05 6.59E-05 ) L
g Fig.7. Superelement shapes corresponding to om@niminimum mass -
= m (g) 334 2550 116 maximum static stiffness (a) and the lowest axigemfrequency (b) criteria
values, obtained with constant thickness distrdsufunction and rigid outer
%— _ U (nJ) 4.65E-02 2.27E-02 1.37E-01 edges definition
O | Oma (kPa) 19.7 2.0 70.0
mu (g-mm) 7.46E-03 2.78E-02  7.66E-03 TABLE 5
I mEmaX Change of the minimum mass - maximum static st#n&iteria values due to
< . +1 % change in design variable values with respecthe range of each
L (g klia) 6597 5081 8125 considered variable, the reference values correfipgrto the values of the
= mw o; respective criteria, optimized with constant thieks distribution function and
©| (gkPa) | 1.19E+03 2.71E+03 1.18E+03  'gid outer edges definition

@ dependent parameters

AMG ., AMWao, Amu

Accordingly, the criterion could be discarded farther (9-kPa) (g-kPa) (g-mm)
study. ) ) )

The equivalent stress distribution over the conedrg E 2:6 0.3 5.06E-09
geometry (Fig. 8) is mostly uniform having concation r 6.9 0.3 -4.60E-05
regions over the transition surfaces, which reaaximum d, 53.2 -150.3 -1.12E-03
values at the narrowest locations of the truncapddre.

Sensitivity tests for the obtained geometries (&)l show 2l -14 9.3 -8.51E-04
that the ray transition diametek, had by far the greatest tk -15.7 0.5 -4.18E-06
influence on the optimization criteria, which coudd related
both to the particular geometric limit case and #mplied | shouId be noted that the objective functionjmtd as the

rigid edge defi_nitions: . . ) negative of the lowest axial eigenfrequency{q), provided a
An approximate limit case is likewise representgdte 4 04ing response, whereas the inverse of the dbwagial
optimal design set corresponding to the maximizedebt oiqontrequency (14) proved successful. The diverging

axial eigenfrequenciin (Fig. 7 (b) and Table 6). Specifically, yahaviour most likely could be explained by chaggif the
the two transition fillets are having their_ maximumqlius mode shapes corresponding to the lowest axial
values, whereas the angle' _correspondlng_ tp theicalon eigenfrequency, which is possible due to consthange of
surface, has a value which is close to minimum. séhe e gyrface geometry during the optimization proced
together with the close to minimum value for thg's@uter  cinayy it may be concluded that the maximized letvaxial
edge diameter, result in a geometry which appro®iya gjgenfrequency has resulted in geometry which ig no
describes a single fillet transition for the cehsgzhere. compatible with a maximum static stifiness desias.it was
predicted during the correlation study, and cowdelzcluded
from further study.
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TABLE 6

Values of shape parameters and objective functiorresponding to optimal
values of maximum lowest axial eigenfrequency dotg obtained with

a) constant thickness distribution function and rigider edges definition
ry (mm) 84.4
r, (mm) 75.0
d; (mm 4.9
shape ; (mm)
parameters o (deg) 0.26
tk (mm) 4.9
d;? (mm) 44.1
I# (mm) 13.6
u (mm) 4.31E-03
Output m (g) 80
parameters U (TR)) 8.97
.1651258.687 17.207 —— O_max (kpa) 333
Obj. F-n frmin, HZ 7576

b)

# dependent parameters

Topology Optimization Results

This corresponds principally to the geometry yidldsy the
shape optimization (Fig. 7 (a)).

It should be remarked that with this method symioetr
resulting density distributions could be obtainedyowhen
using the finite symmetry element (derivation agalss to
Fig. 2) of the superelement.

In order to define a thickness distribution funntidor
further study, topology optimization for the shegkometry
obtained with the criteriomu was carried out. The choice of
geometry was based on the estimate that critenomvas the
closest to the structural static compliance cuteriemployed
by the topology optimization method, since it haelded the
smallest deformation energy compared to criteriomc, .

results displayed main material concentration a

@
. 049481 4.676
2.363 20. 869

Fig. 8. Equivalent stress distribution (kPa) forpexelement geometry The
corresEonding to optimized minimum mass - maximteticsstiffness criteria superelement’s outer edges, corresponding to sptersition
MW g; or mass - weighted equivalent stress sum prodajctugdmu or fillets, and in beam-like connections between thigees,
mass -_displace_ment prpdyct (b) values, o'bt'ainetti wonstant thickness forming hexagons around the centres of the spHesigdace
distribution function and rigid outer edges deforit portions (Fig. 10).

Based on the results of shell topology optimization
(Fig. 10), a piecewise defined thickness distritmutfunction
of 6 parameters was defined, having three thickness
parametersTK1-TK3 subject to (4),and three relative
parametersGC, Y2C and Y3 having ranges of 0...1. The
respective meanings of the new parameters are ipgglan
Fig. 11. Subsequent optimization according to minimmass
- maximum static stiffness criteriamu and mw,g; — using

the subproblem approximation method was carried ©be
mass constraint was included for the calculation.

Topology optimization for solids provided geomedrieaving
a lattice-like structure with two regions of distin
pseudodensities (Fig. 9), which could be interpteie two
materials having stiffness properties in a ratiilsir to the
ratio of pseudodensities of the two regions, thygore of
highest density being located close to the outentary of
the design space. Since the structure obtained cuilbe
classified as a shell structure, the only applieatainclusion
which could be drawn from it was that for a shelisture
implementation the material should be distributiede to the
outermost locations of the volume available.
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Fig.9. Pseudodensities of the design volume of theerelement,
topologically optimized according to compliance mye criterion: total
volume (a) and volume having high density regiamsout (b)

I
.001052 .22304 .445029 667017 .889006
.112046 .334035

Fig.10. Pseudodensities of the shell volume of shperelement (bottom
view), topologically optimized according to compié@ energy criterion (the
shell volume corresponds to optimizetl or mass - displacement product
value, obtained with constant thickness distributionction and rigid outer
edges definition)

- .135451 .202678 26990
-034613 -101838 169063 .236289 -303514

Variable Thickness Parametric Optimization Results

Section View Layout View
TK1 1

J‘ TK2

TK3

Fig.11. Normalized piecewise defined thicknessritigtion for the finite
symmetry element of the superelement, wit&@= y/45°, Y2C = Y2Y3

Numerical results (Table 7) reveal that both ciatdnave
converged to geometries which are close to the firags mu
being the closest. Compared to the geometries efirthial
results (Table 4), it can be seen that the radiusasdr, have
become larger, resulting in smaller diameters &f tentral
— e — sphere. The most notable difference between theirodut

fasaaE e aeees ~EIETTE SHETEs geometries (Fig. 12) is the shape of the cuts ittres of the
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spherical sections, which are approximately hexabtor the  size of the hexagonal cut. For the criterimw s, the greatest
criterion mu and triangular for the criteriormwio; . The jnfluence is exerted by the parameters relatedi¢oshape of

hexagonal cuts should account for the higher gt#fénfor the the triangular cut, namelGC and Y3 followed by diameter
criterion mu, whereas the triangular cuts should account ford, which is greatly responsible for the overall shap

lower overall level of stresses for the criterimw, g, .
The equivalent stress distributions for the obtine a)
geometries (Fig. 13) demonstrate that the overaless
distribution is more uniform for the criteriomw 5, , whereas
for the criterionmu the maximum local stress value is about |
three times smaller than for that of criterioiw g, .

b)

Fig.12. Superelement's overall geometry (front Vieworresponding to
optimized value of minimum mass - maximum statiffress criterionmu or
mass - displacement product (a), and minimum masgximum static

TABLE 7 stiffness criterionmMW, o; or mass - weighted equivalent stress sum product
Values of shape parameters, output parameters hjettive functions, (0)

corresponding to optimal values of minimum massaximum static stiffness
criteria

Optimization Criteria
mL mwa,
r; (mm) 6.28 51.1
r, (mm) 58.8 37.0
d, (mm) 141.9 117.3
< a (deq) 32.0 40.3 o 1 i T 35.625 E
hj 9.209 23.776 38.342 52.909 67.475
o} TK1 (mm) 3.2 3.4 &
§ TK1 (mm) 7.3 5.1
Y TK1 (mm) 7.1 0.4 LA
g’ Y2C 0.43 0.33
Y3 0.40 0.69
GC 0.57 0.90
1# (mm) 3.9 2.4
dla (mm) 184.2 166.6 ]
4 125.545 167.115
m (g) 247 231 104.759 146.33 187.9
5 " U (pJ) 113 1.80 Fig.13. Equivalent stress distribution (kPa) fompetelement’s geometry
% % u (mm) 5.50E-04 9.54E-04 corresponding to optimized minimum mass - maximtatisstiffness criteria
O a Emax (kPa) 67.5 187.9 mu or mass - displacement product (a) al‘mi\l\lic-)'“i or mass - weighted
= mu (g-mm) 0.136 0.220 equivalent stress sum product values (b)
O« | mwos (g-kPa) 7525 6914 Additional nonlinear buckling analysis, which indkd
° dependent parameters stress stiffening effects, was carried out for botftained

geometries (Fig. 14). Accordingly it can be stateat stability
constraints were not relevant for the study. Itudtidoe added
The sensitivity analysis (Table 8) shows that fdre t that for the criteriormw. g; buckling was preceded by contact
criterion mu the greatest change is due to the parameteippearance situation.
related to the overall shape, especially radjusvhich, being
the largest between andr,, is also implicitly related to the

74



Scientific Journal of Riga Technical University
Construction Science

2010
Volume 11

TABLE 8

Change of the minimum mass - maximum static st$neriteria values due to
+1 % change in design variable values with respecthe range of each
considered variable

Amwia; (9-kPa) Amu (g-mm)
ry -9.2 3.44E-05
ro -22.7 -1.25E-03
d, 126.2 3.32E-04
o -4.9 -1.94E-04

TK1 1.7 -1.50E-04
TK2 -0.7 -6.53E-05
TK3 0.3 -5.13E-05
Y2C 37.1 1.65E-04
Y3 183.2 8.25E-05
GC 189.7 -9.49E-05

.
11038 154861
82950 65824(

301344 530156

445750 734562

878963 117E+07

12531
] .102E+07 L131E+07

156937

Fig.14. Equivalent stress distribution (kPa) fopatelement in near-buckling
state (left view of the deformed view shown) copasling to optimized
minimum mass - maximum static stiffness criterionu or mass -

displacement product(/F = 3013) (a) andmw; Ei or mass - weighted
equivalent stress sum product valueg/E = 1287) (b)

The observed general tendency of the obtained geiesie
could be described as convergence towards maximatit s
stiffness optimal structures, which could be expd by
referring to the correlation values between masand the
criteria and between the displacemantand the criteria
(Table 3), which are negative in the former andtpasin the
latter case. The similarity of the criteria is alsunfirmed by
the high correlation between them — 0.92 (Table 2).

CONCLUSIONSAND OUTLOOK

e Close-to-optimal geometries for the superelement of
spatial hexagonal lattice have been obtained aswpto
criteria mw;g; andmuunder the given conditions.

e The obtained geometries approximately correspond to
maximum static stiffness optimal structures, caistd
by upper mass limit.

e The results can be considered as Pareto-optimalttjé]
final choice of parameters is application dependent

e The criterionmw,o; can be recommended only in cases

when overall stress level is of priority comparedthe
overall stiffness.
e Possible improvements of the results in combinatidh

additional load cases include implementation of:

— alternative thickness distribution functions ancelsh
shapes;

— alternative optimization criteria, based on respons
parameter correlations;

— deadweight for the calculation model;

— other topological optimization methods, includimyé|
set methods.
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Osvalds Verners, Modris Dobelis. Telpiska rega konstrukcijas ¢etrzaru superelementa struktiroptimiz acija

Petijuma nerkis bija mininglas masas un maksiita statisié stinguma optirilas formas noteikSana heksagonala tipgaestiperelementam. Papildus tikeia
afi korekcija starp statisko un dinamisko superelementagstiu. PaSsvara sama@@anas nalkos superelements tikdeometriski modéts ka caulas
konstrukcija.

Optimizacija, kas bija balsta uz superelementa formas paramatija, ietvera geometrisku¢aulas modia izveidi atbilstoSi akotngjiem aps@érumiem un
atbilstoSu optimizcijas kritriju defingSanu. Optimalittes kri€riji tika balsfiti uz koreficijam starp izelétiem superelementa matiskiem raksturlielumiem.
Caulas biezuma sadaima noteik$anai papildus tika pielietota togjis optimizcijas metode.

Optimizacijas metodikas uzlaboSanai papildus slodZzu koadjin gadjuma ir janem \&ra sekojoSie faktoricaulas biezuma sadima un formas funkcija,
papildus optimizcijas kritriji, svara ierobeZojumi apkina modelim, daddu citu topolgisko optimizcijas metoZu izmantoSana.

Izveletie optimalifites kri€riji deva idzigasgeometrijas, kas atbilst noteiktageometriskam robezstoklim, kas noteikts ar maksitlas masas ierobezojumu.
Taslava seciat, ka iz\&l&tie kritériji ir devusi geometrijas, kas atbilst maksifa stinguma optirslam konstrukcigm.

Ocsamic Bepuepc, Moapuc Jo6eanc. Ontumusanust GopMbl cynepdjieMeHTa reKcaroHAJIbHOI peleToYHol CTPYKTYPbI

Llens wccnenoBaHus - ONpeJENeHe MMHUMAIBHOW MAacChl M ONTHMAIbHOH (POPMBI MAKCHMAaJbHON CTAaTHYECKOH >KECTKOCTH JUIS CYHEp3IEeMEHTa PELICTKH
IIECTHYTOJIBHOTO THIA. JIOMONHUTENHHO OblIa HCCIESA0BAaHA KOPPEISAIHS MEX Iy CTATHIECKON M JUHAMIYIECKOH )KECTKOCTH CcymnepaneMenTa. C Iebio CHIKCHHS
COOCTBEHHOTI'O BECA CYNEPINEMEHT ObIII FeOMETPUYECKH CMOJIETUPOBAH B BUJIE O00TO0UKH.

OnTuMuzanys, Kotopasi ObUIa OCHOBaHA Ha MapaMeTpH3aliy (OPMBI CyNepaIeMeHTa, BKIIIoYaia CO3[aHie TeOMETPHYECKOi MOJIeH 000JI0YeK B COOTBETCTBUH
¢ HEepBOHAYATHHBIMH INIPEAIONOKCHUSIMH U OIpEIeIeHUEe COOTBETCTBYIOIIMX KPHTEPUEB ONTHMANBHOCTH. KpHTepuu ONTHManbHOCTH OBUIH OCHOBAaHBI Ha
KOPPETAINU MEX/y BHIOPaHHBIMU MEXaHHIECKUMU ITapaMeTpaMH CyIepPIIEeMEHTOB.

C 1emnbplo COBEPIICHCTBOBAHUS METOAMKH ONTUMH3ALMU B CIIydae JOMOJHUTEIbHBIX KOMOUHAIMI HArPy30K, Mpe/UIaracTcsl y4uThIBaTh CIEAYONIHE (aKTOpPBI:
GyHKIUS pacnpeneneHUs TONIMIMHBI 000TOYKH H ee (OPMBI, JOIMOIHUTENbHBIC KPHTEPHH ONTHUMHU3AIMU, OTPAaHUYCHHS IO BECy, HCIOIb30BAaHUE IPYTUX
TOIOJIOTMYECKUX METOJ0B ONTHMU3ALINY.

BbIOpaHHBIE KpHTEPHH ONTUMAIbHOCTH OOYCIOBIMBAIM aHAJOTMYHBIC TC€OMETPHH, KOTOPBIE OTBEYAIOT OINPEIENCHHBIM TI'EOMETPUYECKHM HPEAeTbHBIM
COCTOSHHSIM IPH OTPAHHYEHUH MAKCHMAIbHOH MAcChl. DTO IO3BOIHJIO CHAEIAaTh BEIBOJ, YTO BHIOPAHHBIC KPHTEPUH HAIH TEOMETPHIO, COOTBETCTBYIOIIYIO
MaKCHMaJIbHOM CTaTU4ECKOH KECTKOCTH ONTHMAJIbHOH KOHCTPYKIIMU.
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