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Abstract. Optimization of automotive parts nowadays is mainly used to design lightweight and cost-effective vehicle
parts in order to improve the cost and efficiency. In this research, a sheet metal part was taken into consideration and
optimized using direct optimization module in ANSYS to evaluate the process. An initial Finite Element Analysis (FEA)
was done on the sheet metal part by adding forces and constraints in order to initiate direct optimization. The purpose
of the optimization is to minimize the mass of the sheet metal part and maintaining a certain Factor of Safety (FOS)
by automatically modifying the sheet thickness and the dimension of the side holes. As a result, the best candidate
point with 23% mass reduction was found which complied with FOS value was selected for optimal geometry.
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Introduction

In any process of product development, designing phase is of paramount importance since it dictates
the costs, time and methods associated with the product [1]. Nowadays, increased competition is forcing
companies to look for new development ways and engineers are required to look for the right balance
between product performance, cost and production time [2]. Therefore, there is a need to make this
phase more efficient through design optimization. Optimization can be defined as a rational search for
the optimal spatial distribution of material within a prescribed admissible structural domain [3]. The
structural optimization has three types; shape optimization, size optimization and topology
optimization [4]. They all change different parameters of the geometry, shape optimization finds the
optimal shape that minimizes a certain cost function while satisfying the constraints while size
optimization varies just the size to do so. The topology optimization is defined as a process which is
iterative and consists of the metamorphosis of the design space into an innovative, complex and high-
performance structure [5]. Mathematically, it is the minimization or maximization of a function subject
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to constraints on its variables [6]. The process of optimization is of vital importance in the industry,
helping them to meet the market competitiveness and fuel economy regulations.

CAD forms the backbone of modern industries since it represents complex mechanical problems in a
simpler way, making it easier for engineers to account for all the factors affecting the study. Through
different versions of CAD software, it is possible to simulate all the phases of product development
before it is put to real test resulting in reduced costs and failure. Traditional CAD methods rely on the
imagination and knowledge of the designer, where manual optimization is carried out by making
multiple concept solutions and evaluated to determine which best fits the design goals [7]. This is
potentially suboptimal and does not lead to complete understanding of the problem. Nowadays, new
optimization functions built within the CAD software use certain evolutionary algorithms which use an
analogy with natural evolution to perform search by evolving solutions to problems [8]. These
algorithms search for optimal solution rather than using simulation approach to study limited number
of configurations. Optimization gives the right material distribution and sizing within the design space
to achieve the design objectives. Three types of structural optimizations are shape, size and topology
optimization. Gunwant, D., & Misra, A. (2012) used topology optimization in ANSYS on four rectangular
sheet metals to find out the optimal layout of material in brackets. The result was a truss like structure
which can be optimised further for weight reduction [9]. This transformation from sheet metal to truss
shows the importance of material distribution methods and how drastic of an effect it can have on final
design. Another main approach in structural optimization techniques is homogenization method in
which a material model with micro-scale voids is processed to seek optimal porosity. It is capable of
producing internal holes in the geometry without prior knowledge of their existence [10].

ANSYS topology optimization makes it easier to design durable light weight components for different
applications, defining the objectives easily and applying control parameters which fulfil the
manufacturing requirements. Direct optimization in ANSYS offers several methods for single and multi-
objective optimization based on the input and output parameters, the correlations between input and
output parameters can be identified in order to study and control the desired output which might be
cost, quality or process time. Small changes in the input lead to significant changes in the output; hence
the optimization process is highly sensitive to the initial parameters as shown in study [9].

The optimization process uses certain algorithms to find the ideal solution and these algorithms are
inspired by biological evolution. They are called evolutionary algorithms and the ones used for
optimization include particle swarm optimization (PSO), simulated annealing (SA), Genetic Algorithms
(GAs) and simulated biological growth (SBG) [11]. The best accepted method of them all is GA (Goldberg
1989; De Jong 1975) [12] which relies on the concept of survival of the fittest. It is similar to the process
of natural evolution to search by evolving solutions to the problem based on the collective learning
process within a population of individuals, each representing a search point in the space of possible
solutions [13]. There is a large sample of solutions and feasibility of each solution is evaluated as they
improve through natural selection caused by environmental changes. The solutions yielding better
results are more refined through cross-over reproduction, giving more appropriate solutions. The
process of evaluation, natural selection and reproduction continues until it converges to a satisfactory
solution.
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The MOGA method (Multi-Objective Genetic Algorithm) is a multi-objective optimization method
available in ANSYS. It is a method that achieves multi-objective optimization using genetic algorithms.
Multi-objective optimization usually involves having multiple objective functions and optimizing
multiple parameters at the same time. It has been applied to many fields including: Economics, finance
and Engineering. Usually Engineers are expected to make choices related to conflicting objectives. An
example of such decisions is trying to maximize a car performance and speed while also trying to reduce
fuel consumption and emissions of pollutants. Multiple solutions exist for such problems and there are
many types of methods in order to handle the set of solutions. These methods may include converting
the problem into a single solution problem or including an experienced decision maker to select the best
possible solution. The MOGA method uses genetic algorithms to find the best possible set of solutions of
the multi-object optimization problem and offers multiple candidate solutions for the user to decide the
best one. MOGA has been used to solve multiple problems over the years. This method was used in a
study for the optimization of a super plastic forming process where the input parameters that were
chosen were the sample diameter and thickness. This study highlighted the influence of inputs on the
outputs, and prediction of the shape of product, optimal initial geometry, cracks and fracture [14]. There
has been research on the use of MOGA in the design of pressure swing absorption, the effect of the
parameters of the MOGA was studied and a comparison was made with different search methods to
determine the efficiency of the algorithm [15]. Evaluation of the effectiveness of MOGA and DSMs (direct
search methods) showed that MOGA is more reliable, efficient and do a good approximation of the
problem under focus as compared to DSMs.

There have been studies on optimization process of rubber product designs where a different non-linear
FEA has been used since rubber can suffer from large deformations upon stress [16] [17]. Different FEM
models have been introduced for an accurate shape optimization of rubber bodies using a rubber
bumper as an experimental object where the load displacement curve was mapped considering all
affecting factors [18] [19]. The mathematical model of these rubber bodies have shown to be very
different from normal due to their elasticity. One study [20] also utilizes a special purpose FEM code
written in FORTAN for the analysis of nearly incompressible rubber parts. It aimed to reduce
computation time and optimize the shape of rubber part under investigation. This along with another
study [21] presented regression functions which can accurately describe the relation between input and
output data of a complex technical problem such as of rubber parts under changing loads.

In a study conducted by Hafiz, A. A. M., (2019), they modelled a sheet metal forming process using finite
element method to find out the critical parameters and to avoid failure or defective products. Procedure
of die design was topologically optimized to enhance the die tool shapes based on the finite element
analysis. The reduction of mass and change in the final shape lead to reduced defects, less stress
concentration and an accurate simulation of the blanking procedure [22]. Similarly, Prasanna P. et al,,
(2017) carried out a stress study of a pressure vessel using ANSYS software and critical pressure points
of the wall were analysed. Then an optimized geometry is modelled to overcome the stresses produced
in the vessel. The results have showed that the stress values in the modified model were better than the
actual model since the value of the stress has decreased which can lead to an increase in the life time of
the vessel material [23]. Similar areas of performance will be explored in this study to present the degree
of effect optimization has on the geometry of a sheet metal part and its performance overall. We will
evaluate in depth the “Direct Optimization” tool in DesignXplorer using ANSYS software.
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1. Materials and Method

The sheet metal part geometry chosen for this study is shown [Fig. 1] along with the material chosen
which is an Aluminium Alloy with properties as in [Fig. 2]. The amount of force applied on the hinges
combined is 1414N and the direction of force, constraints and variables are also labelled in this figure.
Finite element analysis of the initial body that gives the total deformation and stress contours was
carried out with two qualities of meshes. One type of mesh was the default low quality one which was
then customized for element size value (approaching 1) and skewness to improve FEA results. The
maximum stress was found to be 100.5MPa for the improved mesh which is a more accurate value [Fig.
2].
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Figure 1: Initial Dimensions
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Figure 2: Initial geometry with labelling and its material properties
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Figure 3: Initial body FEA results

We are targeting the design to have a factor of safety of 1.5 or which means maximum allowable stress
can be 186MPa, comparing that with the current value of 100MPa shows us that there is plenty of room
for optimization through mass reduction. The optimization module used in this research is the direct
optimization method in ANSYS. The initial optimization was done with 11 sample points which was then
rerun using 50 sample points. Three candidate points which best adhered to the FOS 1.5 value were
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chosen and simulated [fig. 4]. The input parameters, thickness of sheet and diameter of side holes were
kept in the range of (3.0 - 5.5 mm) and (11 - 14 mm).
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Figure 4: Three candidate points obtained from optimization using 50 sample points

2. Results

The optimization has been carried out and the obtained data and candidate points have been analysed
to find out the optimum input data points in order to decrease the mass and material costs of this part.
The candidate points resulting from all the 50 iterations including the three best candidates have been
shown in [fig. 5]. The three black coloured lines indicate the three best candidate points which have
been further analysed to reach an end result. Pink lines represent acceptable candidate points as they
join the right side of the graph at FOS value of above 1.5 while grey lines represent the rejected ones

being in non-compliance.
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Figure 5: Three candidate points

The optimized geometry with new values of dimensional variables is shown in [fig. 6]. [t has dimensions
in values up to 3 decimal points which require high precision machining increasing the manufacturing
costs. These values are rounded off to the nearest whole number for the ease of manufacturing as seen
in [fig. 7]. This rounding off increases the mass by a small margin again but it's worth doing so
considering the costs of high precision CNC machining. This concept of optimization can be extended
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beyond this study to apply on designing of any sheet metal parts such as the ones in automotive industry
where they exist in larger sizes. Reducing mass of such parts would add up and in the end lead to

significant cost cuts of production.

Optimum Thickness = 3.725 mm Modified Thickness = 4.00 mm

Optimum Diameter = 12.343 mm Modified Diameter = 12.5 mm

Figure 6: Optimized geometry Figure 7: Optimized geometry with rounded off dimension values

The direct optimization gave us 3 candidate points to choose from in order to study and analyse the
effect of the input parameters on the output objectives. Candidate point 1 which corresponds to
3.725mm sheet thickness and 12.34mm of hole diameter can be considered as the optimal solution since
it complies with FOS 1.5 criteria while keeping minimum size resulting in minimum mass. The new value
of sheet metal thickness shows a decrease of nearly 25% from the original value while the diameter
value increased by almost 3%, contributing to reduction of mass overall. The mass of optimized design
has decreased by nearly 23% to a value of 0.12343 kg. Finite element analysis of the newly optimized
model was carried out to confirm its adherence to the design limits [fig. 8 & 9]. We can see the maximum
stress value 182 MPa is very close to the limit 186 MPa in original optimized body since its purely
optimal but after the dimension values are rounded off, the mass increases and maximum stress

becomes less i.e. 157 MPa.

Deformation Stress

Note: We can see that the maximum stress (182 Mpa) is less than the maximum allowable stress in our part (186 Mpa). This

new stress value corresponds to @ FOS = 1.5319

Figure 8: Optimized body FEA
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Figure 9: Optimized body FEA after modification

Conclusion

This research was carried out to optimize a sheet-metal part using direct optimization tool in ANSYS
and analyze its effectiveness. Those factors are supposed to be design variables to which the output
solution is highly sensitive thus they control the outcome. A direct link was established between the
variation in design variables and mass of the part, which evidently showed us that they are linearly
related. Following conclusions can be made as result of this study:

e Varying thickness of sheet is directly proportional to the mass of the body.

e Varying diameter of holes is inversely proportional to the mass of the body.

e Optimal part dimensions are not always ideal since they might be expensive to manufacture due to
higher degree of precision.

The obtained results can serve as a theoretical background for designing and optimization process of
various sheet-metal parts in industry, saving costs and time in manufacturing.
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