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The Formula Student competitions are 
international, collegiate design contests, 
established in 1981 by the Society of 
Automotive Engineers (SAE) in the U.S. 
and launched in Europe in 1998. As stated 
by the SAE, the goal of the Formula Student 
competitions is to “challenge university 
undergraduate and graduate students to 
conceive, design, fabricate and compete 
with small, formula-style, vehicles.” Over the 
years, students have developed innovative 
internal combustion cars and, since 2010, 
also have competed in a category for 
electrical vehicles.

In the competitions, the lighter a car is, the 
better it becomes in terms of acceleration 
and handling, as well as in fuel efficiency. 
The weight of the Formula Student cars in 
the starting grid usually ranges from 150 
to 300kg. This weight strongly depends 
on the level of optimization the cars have 

undergone and the concept the team is 
using (for example, a single-cylinder engine 
in a 10”wheeled car as a lightweight-concept 
or a 4-cylinder engine in a 13” wheeled car 
as a power-concept). The cars of new teams 
are usually not as optimized as the ones 
from experienced teams. 

The students compete in the categories 
of Static Events (engineering design, cost 
analysis, business plan presentation) and 
Dynamic Events (skid pad, acceleration, 
autocross, endurance, fuel economy). 
Since most of the teams do not have the 
funds to build more than one prototype/racing 
vehicle or to redesign the vehicle massively 
after an extensive physical test, they must rely 
on virtual development methods to come to 
the best possible results.

Two University of Stuttgart teams recently 
reported exceptional results from employing 
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HyperWorks tools to simulate vehicle 
design and reduce the weight of their cars 
prior to vehicle construction. While the 
powertrains of each vehicle were different, 
the results from using HyperWorks tools were 
remarkable for both teams.

The Challenge: Remove Weight 
and Improve Performance
Reducing weight while improving 
performance is an essential approach in the 
design and construction of Formula Student 
vehicles. Both Stuttgart teams, therefore, 
employed OptiStruct, the finite-element 
based technology for structural optimization 
found within the HyperWorks software suite, 
to optimize their entries and gain equal 
benefits for two very different cars with 
similar optimization requirements. 

The Rennteam designs, develops and builds 
a completely new internal-combustion 
vehicle each year. Some parts are based 
on former models and optimized each 

year, while other parts require entirely new 
designs. The weight of the Rennteam’s 
2012 race car was targeted to between 
175 and 185 kg. 

The GreenTeam’s electric vehicle was 
heavier than one with a combustion 
engine because of the integrated 
rechargeable batteries that drive electric 
cars. Therefore, all teams in the electric-
vehicle category must compensate for the 
heavy engine by identifying all possible 
weight-saving potential in the car. With a 
conventional development process and 
tools, the students would have to do a 
considerable amount of virtual design 
iterations and physical testing. The students’ 
resources were limited, however, and 
they needed to employ new development 
methods to optimize the weight of each 
component as far as possible before the 
car was built, while keeping the components 
stiff and functional. OptiStruct proved to be 
the perfect tool for these requirements.

The Solution: Optimization 
With HyperWorks Tools
Using OptiStruct, both teams found new 
ways to reduce weight and create more 
efficient vehicles. By applying simulation 
and optimization, the team reduced the 
weight of many components by 20 percent 
compared to the previous year’s car. To 
reach these goals, the team used the entire 
HyperWorks suite throughout the entire 
development process. The team was able to 
lower the overall weight of its car by 15kg 
compared to the previous year’s model by 
material reduction and a redesign of such 
central components as the wheel rim, hub, 
wheel carriers, knuckles, and the rear end 
of the vehicle. 

After documenting the optimized design 
within its CAD system, the Rennteam 
meshed it in HyperMesh, simulated 
with RADIOSS and post-processed with 
HyperView. A simulation-driven design 
process was used in instances where the 

students saw more weight-saving potential 
if the component was optimized before a 
CAD model was created. This design process 
included definition of the design space 
and the boundary conditions, topology 
optimization with OptiStruct, clean-up of 
the proposed component design in the 
CAD system, meshing, solving and post-
processing. With this approach, the students 
were able to get to a functional, stiff and 
weight-optimized component faster than 
with the traditional approach.  

“We really trust in the results we get from 
HyperWorks and use it to simulate practically 
every component of our car,” said Sergej 
Danilov, Drivetrain F0711-7, Rennteam, 
University of Stuttgart. “We also appreciate 
the support we get for using the software in 
an efficient way. Altair offers training classes 
and user meetings with other Formula 
Student teams, which are very helpful in 
our everyday work.”

The GreenTeam also used HyperWorks 
extensively in 2011 and 2012, taking 
advantage of Altair’s various educational 
offerings and deploying Altair’s concept 
design philosophy. The team had access 
to a broad range of software tools, from 
meshing to optimization and advanced 
reporting, all of them leading to a more 
streamlined workflow. The virtual testing 
of the race car was done on components 
as well as on a system level. Because the 
student team lacked time and budget, it had 
little to no access to hardware testing except 
for mandatory exercises, such as safety 
tests of the structure. Being able to bring 
the components to an optimized shape and 
weight right from the beginning was a strong 
competitive advantage for the GreenTeam.

“We use HyperWorks throughout the entire 
development process of our car for concept 
design and optimization, from meshing 
to solving and post-processing,” said 
Marco Mohl, Homepage and FEM Support, 
GreenTeam, University of Stuttgart. “It has 
helped us to significantly reduce the weight 
of our car, to make it better and faster. It is 
also a great pleasure to work with the Altair 
Engineering team. The support they provide 
us is outstanding and from everything they 
do with us – software, training, events, or 
support – we can always tell that they are 
just as enthusiastic about the Formula 
Student projects as we are.”

Benefits: Lighter, Faster, First
Each of the University of Stuttgart teams 
discovered ways to shed considerable 
vehicle weight while improving their design 
and build processes. For the Rennteam, 
leveraging a simulation-driven design 
process with HyperWorks enabled the 
students to develop a winning Formula 
Student vehicle. HyperWorks and its 
OptiStruct optimization solution helped to: 

•Reduce the weight of the vehicle an  
   additional 20% by keeping the stiffness  
   of the components and vehicle as good 
   as before. 

•Speed up the development process.

•Reach number one in the worldwide  
   Formula Student ranking list.

In similar fashion, the GreenTeam achieved 
a weight reduction on certain components of 
up to 32 percent compared to the previous 
design tool integrated in its CAD system. 
With OptiStruct, the team realized significant 
weight savings, especially on rotating 

masses, lowering the energy consumption 
of the car and leading to a much better 
vehicle dynamic behavior. Since the car 
 itself is a running prototype, the first 
design direction is a basic decision. 
While the monocoque structure was 
calculated analytically in 2011, the team 
is now working on enhanced simulation 
models for the optimization of the overall 
composite structure. With all the needed 
virtual software tools in place, the team 
expects considerable additional weight 
savings in the next car generation.

With HyperWorks and its OptiStruct solution, 
both Formula Student teams were able to:

•Open up the way for an advanced and  
   highly integrated engineering workflow.

•Significantly reduce weight while keeping  
   or increasing the component stiffness.

•Save time and costs.

•Save material and real-world testing.

Victories: Top Rankings From 
Top-ranked Solutions
The impact of HyperWorks is evident in 
the victories earned by the Stuttgart teams.  
In 2011, the Rennteam was rated number 
one in the Formula Student world rankings 
and has won 10 single competitions 
since 2005. 

The GreenTeam, with 37 teams participating 
in the electric category in 2011, placed 
second in Italy and currently holds third 
place in the overall worldwide rankings list 
for the electric competition.

The connecting joints between the composite part of the monocoque and the steel frame 
have to endure heavy loads.

The GreenTeam reduced the weight of the rear rocker arm by 68%.

The Rennteam competes in the 
Formula Student competition 
with its internal-combustion 
vehicle, which is developed 
and built entirely by the team. 
The Rennteam has been 
participating in the competition 
since 2005. In 2011, the team 
was rated number one in the 
Formula Student world rankings.

The GreenTeam has entered 
a car in the Formula Student 
Electric competition each 
year since the start of this 
category, three seasons ago. 
The team currently holds third 
place in the overall worldwide 
rankings list

Topology optimization of the wheel carrier.

Rennteam wheel rim load analysis during 
the acceleration phase.


