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The Optimized Design Method of Vehicle for Weight-Reduction

Jeongick Lec*

ABSTRACT

The geometric configuration in the weight-reduced structure is very required to be started from the
conceptual design with low cost. high performance and quality. In this point, a structural-topological
shape concerned with conceptual design of structure is important. The method used in this paper com-
bines three optimization techniques, where the shape and physical dimensions of the structure and mate-
rial distribution are hicrachically optimized, with the maximum rigidity ol structure and lightweight.

Key words ; weight-reduced structure, size optimization, shape optimization, topology optimization

1. Introduction

Recently, developing a design configuration that
tulfills various performance requirements, such as
strength, stitfhess and cost, must be necessary in an
extensive amount of structural designs. Thus, it
becomes important that the concept design takes into
account a minimum weight structure with maximum
or feasible performance based on the given constraints,
Optimization techniques are useful design tools, in
this point. Structural optimization can be categorized
into the following three classes. First is referred to
as sizing optimization, which chooses the sizes of
structure as design variables, such as cross scctional
dimensions of members (thickness, width, height,
moment of inertia, torsional constant) in the given
domain. The next important design is the shape
optimization, in which the geometry of structure is
varied to obtain the optimal structural shape. In
shape optimization, the boundary of structure is
variable, so parametrization of geometry is the most
important aspect!”, In both sizing and shape
optimization, the topology (connectivity and hole of
clement in a microstructure) is predefined. In other
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words, topology optimization is to find a preliminary
structural  configuration that meets a predefined
criterion. Topology optimization can be identified
into two gencral approaches, The first approach
(microstructure approach) is to find the microstructure
parameters (size and orientation of holc) of each
designed element in a finite element model”!. The
second approach is find the material properties of
each discretized part of design domain'™. Traditional
shape optimization is based on the assumption that
the geometry of structlure is defined into the shape in
its boundary and that an optimal design can be
found by varying the shape of an existing initial
design. Thus, this formulation cannot remove existing
boundaries or add new boundaries (o the design.
The solutions obtained from the same topology as
the initial design are far from optimal becausc other
competing topologics cannot be explored. For these
reasons, in order to be able to come up with good
initial designs, topology optimization is becoming
increasingly impoitant.

The paper presents the integrated optimization
procedure to generate solutions to weight-reduced
structure design and the effectiveness in the sizing,
shape and topology dcsigns of continuum structurcs
for least weight and maximum stiffness. This design
procedure can cfficiently be applied to the typical
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components in cases where the appropriate treatment
of structural details arise in connection with inner
panels or where the inner and outer pancls are
adhesively bonded to form a weight-reduced structure.

2. Integrated Optimization Procedure

The integrated optimization approach combines
the optimum design techniques for maximum
stiffness design of structures. In the optimization
procedure, the objective function o minimize is the
total elastic strain energy with a constraint on the
total availuble volume,

Minimize  U(x),xs....,%,)

Subjectto  ¥(x).Xy.....x,)

_min

max
x; X

sx;Ex; L i=loun (H

In the loop of topology optimization, material
densities and orientations are solved in (wo separate
steps for reaching the optimuni. First is (o define the
material layout in the design domain. Sceond is to
define the local layout in the global topological
layout, which is the main topology maintaining the
structural rigidity. Since the stiffness may change
dramatically when local curvature is modificd, if this
separate approach is used, the shape and material
distribution can be geometrically optimized. And
then, the sizing and shape optimization arc used as
the detailed optimization design. The sizing optimiz-
ation is concerned with the physical dimensions and
the shape optimization is concemed with the robust
local profile on the design domain. Both the detailed
optimizations are inler-complemented, since the

Topology optimization
(Layout of structure &
material property)

Combined
optimization

Shape optimization
Sizing optimization (Geometry)

(Physical dimensions)

Fig. 1. Combined sizing, shape and topology optimization.
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changes of local geometry on the domain can improve
the stiffness relative to the increase of physical
dimensions.

Through this method, the subsequent changes of
geometry and material distribution in the sublevel
can help to find the optimum convergence, without
the influence on each other and the change of global
stiffness.

3. Example

Based on the proposed approach, an example is
presented to demonstrate the capability and ettec-
tiveness of this implemented combined optimization
method. This integrated procedure can be applied to
the double-layered shell swucture such as haod,
door, tailgate and roof.

IF'or topology, sizing and shape optimizations,
the commercial finite element code ALTAIR/
OPTISTRUCT and MSC/NASTRAN are used.

3.1 Basic Panel Structure

Fig. 2 shows the finite element model of closed
double-layered shell structure. The descriptions of
model are as follows. Nodes on four edges of outer
and inner panels have the same motions as the
condition of closed structure, The corners of outer
pancl are fixed and the load, F, is acted at the center
of inner panel. Thickness of panels is 1.0 mm. The
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Fig, 2. Loading and boundary condition on double-layered
periadic structure.
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Fig. 5. Through the local topological pattern and
shape optimization, the reinforcement on the center
domain is studied. The geometries of main reinforce-
ment channel are changed and the geometries of

domain is performed as the optimization of sublevel.
The optimal topology of local domain is shown in
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ouler panel 1s the skin and non-design domain.

Thus, the geometries of inner p
the improvement of stiftness. The optim

obtained as shown in Fig
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Fig. 6. Isotropic structure with local profilc.
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From Fig. 4, the topology optimization of local
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Table 1. Comparison of structural performance

Model Mass (kg) Dellection {mm}
Fig. 2 385 310
Fig. 4 2.95 1 2.43
Fig. 6 2.38 1.87

3.2 Inner Panel of Door

The door typically consists of the outer panel and
the inner panel. The inner panel divides pieces of
parts, which are the blank parts, reinforcement parts
and connection parts. The blank parls and connection
parts to body does not change. Therefore, the
reinforcement parts are the design domain for the
structural rigidities. In the conceptual design, topology
optimization is performed for several constraints to
figure out the tendency of the stiffest structure. In
the detailed design, sizing and shape optimization
are simultaneously performed from the part selection
process, The sizing optimization is concerned to the
thickness of panel and the shape optimization to the
conliguration dimensions of reinforcement parts.
The configuration optimization problem is (o find
the width and beight of the channel of each inner
panel. The assembly model of door is used for the
topelogy, sizing, and shape optimization. The load
conditions are the sagging, torsion, the side intrusion
and the longitudinal crush. The equations used
optimization for optimized maximum deflections
subject to weight, optimized thickness, optimized
shape are expressed as follows. And iteration models
of topology pattetn of reinforcement considering
below equations arc presented Fig. 8 and Fig. 9. But
Fig. 9 (Design iteration—22) is more oplimization for
# and w than Fig. 8.

Minimize the max imum deflections
subject to weight < original weight
for sizing optimization
thickness
for shape optimization
W < change of height (hy < i
w" < change of width (W) < w"

I . . g
a; < configuration vector {a) = (t_-‘

cJ=1.n

Where, 4 and w are the dimensions of reinforced
rib in the inner pancl. ¢ is the move vector of
reinforced bead.

Fig, 7. [sotropic structure with reinforcement inner door.
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Fig. 8. Topology pattem of reinforcement inner door
{Design iteration=10).

Fig. 9. Topology pattern of reintorcement inmer door
(Design iteration 22).

3.3 Inner Panel of Hood
The hood design is done for the topology shape
optimization of stiffener, which is the inner panel. In
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this case, the hood outer panel is chousen as the
initial design domain as the panel model shown in
Fig. 11. Both bending and twisting loads are con-
sidered for the topological distribution of clements.
The objcet of the shape optimization is to reduce the
maximum deflections without increasing its weight.
The configuration optimization problem is to find
the width and height of the channel of each inner
panel. The equations used optimization for optimized
maximum deflections subject to weight, optimized
thickness, optimized shape are expressed as follows.
And iteration models of topology pattern of reinforce-
ment considering below equations are presented
from Fig. 10 to Fig. 13. But Fig. 13 is the best
topology pattern of reinforcement hood considering
h and w than Fig. 11 and Fig. 12.

Minimize the max imum deflections
suhject to weight < original weight
for sizing optimization
thickness
for shape optimization
H < change of height (h) < B*
wh < change of width (w) < w*
ajl < configuration vector () < q,'.‘ i=1,...,n

Where, 4 and w are the dimensions of reinforced

Fig. 10. Topology pattem 1 of reinforcement hood.

Fig. 12. Topology pattern 3 of reinforcement hood.

Fig. 13. Topology pattern 4 of reinforcement hood.

rib in the inner panel. a, is the move vector of
reinforced bead.

The design variables of shape optimization are the
width and the height of each channcl of inner pancl.
The number of design variables is 14.

4. Conclusion

This paper presents the optimization design
methodology in order to securc the structural rigidities
and lightweight of weight-reduced structure. The
optimum design of' these kinds of structures is very
difficult to predict since stiffness changes dramatically
with the curvature and profile of reinforcement. The
initially structural topology is determined by topology
optimization, the detailed profiles are designed by
the shape optimization, and the detailed dimensions
such as panel’s thickness and mounting location are
studied by sizing optimization. This method seems
to provide an cfficient tool to predict the maximum
stiffhess design of weight-reduced structures. These
optimization method and objective function used in
this paper are not presented other research. And
optimization design methodology for more diverse
and universc of vehicle parts is considercd for the
future study.
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