Case Study

Mass Reduction of a Motorsport Component by
Topology Optimization
Overview
The University of Warwick’s (UoW) Formula student team develops, designs, and
manufactures a racing car that competes with international teams from all over the world
at the Formula Student competition every year. Working in the Formula student team gives
students a very good opportunity to gain valuable experiences and additional qualifications
needed in their future professions.
Building a race car within a few months and with limited resources sets the need for
Computer Aided Engineering tools to analyze and optimize components and the full
vehicle prior to production. The primary design goal is to minimise the weight of the vehicle
without comprimising structural stiffness. However this must be completed whilst keeping
production costs, as well as maintenance effort, as low as possible. For their most recent
vehicle the students focused on reducing the mass of the suspension uprights made
of aluminum on a CNC machine. The team applied solidThinking‘s Inspire for topology
optimization and used the results of this optimization to create a new efficient design. As
a result the UoW’s Formula student team could reduce the total mass of the suspension
uprights by 15 %, or 440g. In addition to the weight savings the students could also
increase the structural stiffness whilst keeping production costs at the same level.

Team Proﬁle

The Warwick Racing Formula Student Vehicle

Warwick Racing are a group of academic and extracurricular projects run by Warwick
Manufacturing Group (WMG) and supported by the School of Engineering. Warwick’s School
of Engineering is one of the leading unified engineering schools in the UK. The integrated
approach to engineering education brings together the key branches of engineering and
draws upon research strengths in core engineering disciplines.
In previous years, the Warwick Racing team was exclusive to 4th year MEng Engineering
students operating out of Warwick Manufacturing Group. During this time, small groups
of students worked towards the design, development and manufacture of a single seat
racing vehicle which was to be entered into Formula Student, Europe‘s most established
educational motorsport competition. Since 2014, Warwick Racing has opened itself to
all students at the University of Warwick. What has not changed is that, at its heart, the
team consists of groups directly working on the vehicle, such as powertrain, dynamics, and
chassis.

Challenge
In motorsport, minimizing the undamped mass of a vehicle can lead to improved
performance and vehicle control. This can often be achieved by using alternative materials
such as carbon fibre, or alternative processes such as casting or additive manufacturing.
Unfortunately, these approaches are expensive and often require huge capital investment.
As an alternative, the University of Warwick’s (UoW) Formula student team investigated the
use of topology optimization as a method of structural light-weighting.
The objective of this study is to produce alternative, light-weight designs for two pairs of
suspension uprights (front and rear). The new designs would need to be manufactured by
CNC machining in aluminum, and be of an equivalent cost to the previous design.

Rear Suspension Assembly

“solidThinking Inspire has proven to be an
excellent CAE tool to include in any design
and development process. It has enabled
us to achieve numerous weight-reductions
through the topology optimization process,
without the need for expensive materials
or manufacturing processes. But most
importantly, its comprehensive training
resources has allowed a number of
students the opportunity to expand their
knowledge and create products which they
can truly be proud of.”
Dan Walton, CAE Engineer, Studying
towards MEng Mechanical Engineering at
the University of Warwick

HyperWorks is a division of

Method
The team chose solidThinking Inspire for topology optimization of the suspension uprights. The software is powerful, but most
importantly has extensive training resources for student users.
The first step to optimization is to determine a concept design domain in CAD. This is assimilated by considering the space
restrictions surrounding around the existing design as well as considering the manufacturing restrictions of a 3-axis CNC machine.
The CAD model can then be exported into Inspire for the application of newly-calculated loading conditions which caused failure in
previous designs.
Next, a preliminary optimization is operated with minimal shape restrictions. This first optimization is used to minimize the design
space and allow for a finer mesh for a second optimization. Once completed, the finalized topology can be exported into the team’s
chosen CAD package, and a parametric model is generated which adheres to the design rules of 3-axis CNC machining. Finally, the
model is simulated in Inspire with the same boundary conditions used for optimization.
The geometry of each pair of uprights was completed after a small number of design iterations, and can be seen in the following
picture.

The optimized topology and finalized CAD models for the front (left) and rear (right) uprights.

Results
The finalized design is imported back into Inspire for validation by FEA. The results of the simulation are compared with the original
upright designs in the table below. Please note, the aluminum alloy used has an ultimate tensile strength of 220 MPa, and a yield
strength of 95 MPa.
Criteria

Previous Front

Optimized Front

Previous Rear

Optimized Rear

Mass

660 g

580 g

835 g

695 g

Max. Stress

61 MPa

57 MPa

103 MPa

69 MPa

Max. Deflection

0.07 mm

0.11 mm

0.25 mm

0.24 mm

Comparison of the previous designs with the topology optimized designs.

As a result of using topology optimization alone, the UoW’s Formula student team reduced the total mass of the suspension uprights by
15 %, or 440g. This was also accompanied by an improvement in structural strength with no increase in cost per component.

Conclusion
solidThinking Inspire enabled the UoW’s formula student team to minimize the undamped mass of its vehicle. This leads to greater
dynamic performance and allows the car to travel faster and corner harder. With the software training resources available, students
within the team have learnt new skills which they can apply to a variety of different components on the car or technologies from
industry. As a result, this project has been a complete success and topology optimization will feature in a number of future design
and development projects.
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