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Welcome

On behalf of the Organizing Committee of 2011 World Congress on
Engineering and Technology (CET 2011), it is my great pleasure to present
this proceedings of the conference held in Shanghai, China, Oct. 28th to
Nov.2nd, 2011. I would like to take this opportunity to thank all the authors
and participants for their support to our conference.

With the development of technology, a great variety of research results are
emerging. Following the rapid development trend, CET 2011 serves as a forum
for the academic professionals and researchers to exchange the most updated
information and achievements in those exciting research areas.

I would like to express our gratitude to our sponsors: IEEE Beijing Section,
IEEE Wuhan Section, Tongji University, Wuhan University, and Engineering
Information Institute. At the same time, we appreciate the contributions from
our paper reviewers and the committee members. Your efforts make the
conference a success.

Thanks again for your attention and support to our conference.

We are looking forward to seeing you again next year.

Dr. Victor Jin

CET 2011 General Chair
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Abstract— In this paper optimization process was performed to
have light component. Shape optimization was applied to front
rear spindle in order to reduce its mass. Finite Element software,
Hypermesh was used for preprocessing procedure and
Hypermorph used to define the shape variables to have the
optimum results for the front rear spindle. The optimization solver
Optistruct used to solve the problem with maximum stress equal
to yield stress as a design constraint to make sure the redesigned
shape’s stresses will not exceed the yield point. The results of the
optimization process showed that the mass reduction using
Optistruct was 8.37% of the original mass because of the limited
changes due to the design space constraint. Mass reduction
depends on the design space while the stress can be used as a
controlling constraint to the optimization process. Reduction in
weight for automotive industry will have good impact by saving
more material, reduce cost and produce efficient cars.

Keywords-Optimization; rear spindle; shape

l. INTRODUCTION

Car’s components are subjected to many types of loadings;
those components are designed and manufactured to meet the
requirements for strength and safety.

CAD tool is developed to assist the engineers for better
design and modeling process regarding to the modeling time.
Another tool had been developed beside the CAD software
which is CAE. This tool has great contribution to all the
engineering fields. The needs of the CAE in industrial field are
reported by Yoshio Kojima [1,2].

Optimization methods were developed to have lighter, less
cost and may have better strength too. Many optimization types,
methods and tools are available nowadays due to the revolution
of the high speed computing and software development. There
are four disciplines for optimization process [3,4,5].

a) Topology optimization: it is an optimization process
which gives the optimum material layout according to the
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design space and loading case.

b) Shape optimization: this optimization gives the
optimum fillets and the optimum outer dimensions.

c) Size optimization: the aim of applying this
optimization process is to obtain the optimum thickness of the
component.

d) Topography: it is an advanced form of shape
optimization, in which a design region is defined and a pattern
of shape variable will generate the reinforcements.

Finite element method used for many type of analysis, such
as linear analysis, nonlinear analysis, fatigue analysis and
another types. FE analysis was developed to solve the
optimization process such as Optistruct linear solver [3],
TopShape [6].

Optimization process for this work was conducted using
Optistruct solver in order to reduce the mass of the component
which will reduce the cost too much with respect to the mass
production process.

Il. 2. OBIECTIVE

This research aims to contribute to the development of
structural design and mass reduction of vehicle components
(rear spindle) using shape optimization by the gradient based
method. Optimization process for this work was conducted
using OptiStruct solver in order to reduce the mass of the
component which will reduce the cost with respect to the mass
production process.

I1l.  METODOLOGY

Shape optimization was applied to reduce volume of rear
spindle model. OptiStruct was used to perform the process. The
approach is shown in Fig 1.

All of the optimization processes use some application
software that included in the HyperWorks. Using HyperMesh
as one of the application, solid model was imported for finite
element modeling which is loads and constraints applied.
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Shape optimization process requires shape definition for
design variables and HyperMorph can be used to conduct such

purposes.
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Figure 1. Design optimization flowchart

IV. MODEL AND NUMERICAL ANALYSIS

A. Finite Element Model
Finite element model for spindle is shown in Fig. 2 below,

i/ SPC 123456
Figure 2. Finite elemen rear spindle model

The applied material properties are presented in Table 1.

TABLE I. MATERIAL PROPERTIES OF REAR SPINDLE
Material Steel
Density 7.85e-9 tonne/mm?
Poisson’s Ratio 0.3
Modulus of elasticity 200000 MPa
Yield Stress 478.32 MPa
Ultimate tensile stress 621 MPA

B. Boundary Conditions and Loading

In actual test, the rear spindle is welded when it subjected to
the load. To represent this condition it is constrained from the
back with six degree of freedom constrains.

A cases were applied to investigate the maximum stress
levels. The applied loads was chosen based on the actual test
(fatigue test) there must be no failure with + 2500N excitation at
> 300,000 cycles, so 3000N load was used in this model.

C. Optimization Parameters

The vector of nodal coordinates (x) is used to define the
shape of rear spindle structure in finite elements model. Changes
of the boundary in model structure will translate to interior of
mesh to avoid distortion of the elements when shapes change.
During shape optimization, there are two approaches that can be
used to account for mesh changes; those are the basis vector
approach and the perturbation approach. Those approaches refer
to the definition of the structural shape as a linear combination
of vectors.

Using the basis vector approach, the structural shape is
defined as a linear combination of basis vectors. The basis
vectors define nodal locations.

X= Z DVi.BYV; (1)

Where x is the vector of nodal coordinates, BV; is the basis
vector associated to the design variable DV;.

Using the perturbation vector approach, the structural
shape change is defined as a linear combination of perturbation
vectors. The perturbation vectors define changes of nodal
locations with respect to the original finite element mesh.

X =Xo+ Y DVj.PV; (2)

Where x is the vector of nodal coordinates, X, is the vector
of nodal coordinates of the initial design, PV; is the perturbation
vector associated to the design variable DV;.

The objective of this optimization is to minimize volume
while maximum stress of the elements became constraint
variable. Design variables were determined using Hypermorph.
There are 6 shapes were defined (shape 1, shape 2, shape 3,
shape 4, shape 5, and shape 6) as design variables

V. RESULT AND DISCUSSION

Initial simulation of a spindle in static analysis, the result is
shown in the figure below
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Figure 3. Rear spindle stress contour at initial run

From fig 3. show that maximum stress is 26.12 MPa and
located in the node 92039. When comparing the maximum stress
(23.209 MPa) with the yield stress (478.32 MPa) for this
situation, it shows the yield stress is much higher than the
maximum stress. In this case the safety factor is very high; this
means that the current material for the rear spindle has very high
strength. The maximum stress only in litle area and we can
perform optimization stage in the others area.

The figures 5 — 9 are shape optimization results,

Shape 1

Figure 4. Shape 1

Figure 5. Shape 2

Shape 3

Figure 6. Shape 3

Shape 4

Figure 7. Shape 4

Figure 8. Shape 5



Figure 9. Shape 6

Simulation takes place in six iterations and at the last two
iterations reach convergence of design variables. The shape 6
had the most reduction among all shapes.

Maximum stress at the end of the iteration does not show
significant changes compared with the stress in the early
iterations. This suggests that the shape changes do not affect to
the value and location of maximum stress.

The objective of the research is to reduce the mass
(represented by reduction volume) using shape optimization, fig.
10 shows the graph of volume minimization versus the iteration
of the shape optimization process. The mass reduction for the
front spindle was 17.2%.

tarston

Figure 10. Objective function vs iteration

VI. CONCLUSIONS

Shape optimization used for this research in order to reduce
the mass to have lighter component. The results of the
optimization process showed that the mass reduction using
Optistruct was 17.2%. of the original mass because of the limited
changes due to the design space constraint. Mass reduction
depends on the design space while the stress can be used as a
controlling constraint to the optimization process.
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