
Additive Manufacturing

Engineering  
ingenuity driven by 
Generative Design  
Integrating gear and  
motor into an electric  
race car’s wheel carrier
By Florian Bäumer, CTO, UPBracing, Levin Bönninghoff, Aerodynamics, UPBracing &  
Lukas Maasjost, Application Engineer, Hexagon

The team of UPBracing develops, manufactures, 
and builds its race car every year, now also one 

with an all-wheel electric drivetrain, enabling 
a different approach for the wheel carrier than 

before. Courtesy: Seizinger.



O ver the years, generative design has emerged 
as a disruptive technology that delivers a 
paradigm shift for the design and engineering 
of new products. It represents a shift from the 
conventional design approach that includes 

well-defined steps such as definition and research. Generative 
design leverages a new technology beyond topology 
optimisation, automatically creating multiple viable design 
alternatives with advanced simulation by specifying simple 
design criteria.

Generative design is a technology that bridges the gap 
between design and production with manufacturing-ready 
results optimally adapted to the part’s specifications. It 
boosts engineering creativity and innovation, drives efficiency, 
decreases weight, and reduces time-to-market for new products. 

New drive train unlocks new design approaches

The recent race car project by the UPBracing team from 
Paderborn University in Germany is a great example. The 
team aims to develop and build formula racing cars through 
interdisciplinary cooperation between various departments to 
participate in the international Formula Student events with 
its racing cars every year. Formula Student is an international 
design and race competition for university student teams 
worldwide. UPBracing designs a new race car to compete 

in different categories every year. The students develop, 
simulate, design, and manufacture the racing cars within 
about six months, all by themselves.

In the past, the team utilised various software from Hexagon, 
primarily MSC Apex Generative Design, to significantly 
reduce the weight of the wheel carrier for its race car by 47%. 
Simulation is a critical driver for higher performance, reduced 
weight and a production process that is right the first time for 
the team. For the racing industry, this is essential to be able 
to develop a new racing car every season. This is especially 
important for student teams since simulation helps conserve 
limited budgets.

For the August 2021 edition of the Formula Student event, the 
team was keen to participate in the electric vehicle category 
with a new EV race car. This was an exciting challenge for the 
team, given that this is a new and emerging category with 
considerable scope for innovation. 

Outstanding performance is imperative for race cars. The team 
decided that the electric race car would have a four-wheel drive 
with an electric motor at each wheel with a combined power 
output of 80 kW – instead of the rear-wheel drive, it had used 
earlier Internal Combustion Engine (ICE) race cars. The team 
used the same generative design approach to design an entirely 
new concept of the wheel carrier for the all-new electric race car. 



Overcoming challenges in designing the EV  
wheel carrier

The design of the wheel carrier was required to be done 
from scratch as the operation and challenges differ from the 
earlier ICE-based race cars. For instance, the earlier ICE-
based vehicle only had a rotor between the tire and the car, 
but the EV version now has an electric motor at each wheel 
with a torque of 21 Nm. This electric motor requires different 
attachment points and presents other challenges because 
it is an entirely different load than the ICE-based vehicle car. 
These new loads require much higher stiffness of the part. 

As this electric motor has a very high RPM, there is a need for 
planetary gear between the motor and the wheel. This for a 
planetary gear must fit in a tiny space between the wheel and 
the motor. Planetary gears are typically used in applications 
requiring a large amount of speed reduction and torque within 
tight space and weight constraints, so they are a perfect fit 
for this use case. The team used a two-stage optimisation 
approach to design the wheel carrier.

The transition from simulation to physical design was smooth 
with Hexagon’s generative design approach using MSC Apex 
Generative Design. The development time was shortened 
considerably because the team could try different iterations 
to determine the material’s stiffness during the design phase. 

The models were simulated and analysed with Hexagon’s 
Simufact Additive to test for manufacturing-induced stresses, 
distortions, cracks, and hot spots. This simulation led to the 
most robust part geometry being selected, ensuring that the 
part is safe even when driving a maximum velocity of 132 kph.

When minimum weight meets high power

The result was the PX 421 E race car, an all-wheel drive with 
wheel hub motors and planetary gears. With a total weight 
of only 212 kg, the car accelerates from 0-100 kph in just 3.6 
seconds! Its performance and engineering ingenuity paid off 
when the student’s race car PX 421 E secured fourth place at 
Formula Student Rimac FS Alpe Adria 2021.

Motorsports is always about maximum performance and 
minimising weight; combining additive manufacturing and 
generative design is the perfect way for engineers to achieve 
this. Simulation has a pivotal role throughout the process, 
from load detection to non-destructive testing.

Engineers are no longer limited by their imagination, 
experience level, or legacy designs with generative design. 
Advanced algorithms take over actual geometry definition, 
and engineers have an opportunity to use their skills to 
evaluate the various concepts generated and ensure they are 
ready and optimised for additive manufacturing.

Figure 1: Simulation result with calculated stresses (left) and final geometry 
view (right) with space for the gears and the electric motor, as well as 
interfaces to the remaining structure and steering rod.

Figure 2: The full assembly of the wheel carrier, the planetary gears, and the 
motor, amongst other parts. Courtesy: UPBracing.

Engineering ingenuity with Generative Design. 
Learn more about Generative Design: hexagon.com

https://hexagon.com/solutions/generative-design

