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» 2D structure example:
compliance minimization problem
volume minimization problem
eigenvalue maximization problem
» Practical example: automotive control arm (with manufacturing constraint)
volume minimization problem
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TOPOLOGY OPTIMIZATION

Size optimization

O

(a)
Shape optimization

! l C! l Design k =
o Domain o
Topology optimization
Q
N 16 ¢m !

BIW design for
weight reduction (b)

Fig. 1. The cantilever beam example: (a) the design domain and
boundary conditions and (b) the result from topology optimi-
zation [6].

Underbody design using
light-weight material

M steel
H aluminum
magnesium
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DESIGN PROCESS
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3D STRUCTURE
AUTOMOTIVE CONTROL ARM
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Double wishbone
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BMW NEW 5 SERIES

Rear: Macpherson type

Front: Double wishbone type

W

Steering tie rod

)

Lower trailing link
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BENZ E CLASS

Front: Modified Macpherson strut type ‘ : } Rear: Multi(5) link type

Stabilizer bar BB\ Stabilizer bar link

Toe control link Lower arm

Lower trailing link
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0f X|: AUTOMOTIVE CONTROL ARM

Constraint( dof =32

o 1000N £
Fig 1 Finite element analysis Fig 2 results of the Topology optimization
O
2HEA =X FAE
Objective: Minimize volume.
Constraints: SUBCASE 1- [ The resultant displacement of the point where loading is

applied must be less than 0.05mm.

SUBCASE 2 - | The resultant displacement of the point where loading is
applied must be less than 0.02mm.

SUBCASE 3 - [ The resultant displacement of the point where loading is
applied must be less than 0.04mm.

Design variables: |Element density (and corresponding stiffness of the element) of each
element in the design space.

: : : : 31
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Hypermesh: Optistruct

Midas NFX




AUTOMOTIVE CONTROL ARM
(VOLUME MINIMIZATION PROBLEM)
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Hypermesh: Optistruct

Midas NFX
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The steering column bracket holds the steering column at two points
(the solid black circle above). When the maximum moment is applied to
the steering column, the bracket must react loads at the attachment R
as shown.

Determine the optimal shape of the steel bracket to maximize the

stiffness under loads R. The bracket is flat (w=0) and at most 100mm X
100mm
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« The van shown is supported on three wheels with the fourth
wheel unsupported. This condition applies a force downward at
the left front suspension (F=4000N). We wish to maximize the
stiffness under this load condition for a fixed volume of structural
material. The structure is made of a set of interconnected steel
beams which are enclosed by the area shown.

« Determine the optimal shape for the four conditions shown below.

H
H LH
..
F=4000N F=4000N

Suspension attachment: (1) at corners (2) mid-way up edge
Wy LW, H
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