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Overview
The World Solar Challenge is a 3,000 km 
race from Darwin to Adelaide, through the 
Australian outback. The event attracts 
student and professional teams from across 
the world to design, build, and race a car 
that acquires energy only directly from 
the sun. The competition is performance 
based, showcasing the latest technology, 
such as lithium-based batteries, solar 
cells, and optimum lightweight material 
design. It requires an intense focus on 
aerodynamics and weight, with the car 
made of such materials as aerospace 
aluminum alloys, titanium and carbon fiber. 
Because of these material applications, 
solar race cars are known to be extremely 
light compared to commercial automobiles. 
Furthermore, the top teams in solar car 
racing have the lightest cars as a result of 
applying advanced optimization methods. 
The University of Michigan Solar Car Team, 

through the application of Altair’s OptiStruct 
optimization technology, was able to reduce 
the weight of its solar car by 90 kg from 
the 2009 Infinium car design to the 2012 
Quantum car design. The Michigan team 
finished third in the 2011 World Solar 
Challenge, the first American team to finish.  
The team also has placed first in seven other 
American Solar Car Challenge competitions.

Carbon Composite 
Unibody Construction
The top solar car teams build the car’s 
body entirely from composites, with the 
chassis bonded to the lower surface. 
The car is constructed in two major pieces: 
the upper surface that houses the solar 
cells and the lower surface that contains 
the chassis and driver compartment. 
Both are made entirely of a carbon fiber-
honeycomb core sandwich, which has an 
extremely high stiffness-to-weight ratio.
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University
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Design a high performance race car 
powered only by solar energy

Altair Solution
Utilize OptiStruct to minimize the 
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Benefits
•Reduce car weight by 90 kg from      
  previous 2009 design to 2012 design
•Chassis met or exceeded 
 strength requirements

Key Highlights

Altair®, HyperWorks®, RADIOSS™, HyperMesh®, BatchMesher™, HyperView®, HyperCrash™, HyperGraph®, HyperGraph®3D, HyperView Player®, OptiStruct®, HyperStudy®, 

HyperStudy®DSS, MotionView®, MotionSolve™, Altair Data Manager™, HyperWorks Process Manager™, HyperForm®, HyperXtrude®, GridWorks™, 

PBS Professional®, and e-Compute™ are trademarks of Altair Engineering, Inc. All other trademarks or servicemarks are the property of their respective owners.

Altair Inc., World Headquarters: 1820 E. Big Beaver Rd., Troy, MI 48083-2031 USA
Phone: +1.248.614.2400 • Fax: +1.248.614.2411 • www.altair.com • info@altair.com

Visit the HyperWorks library of  

Success Stories
at www.altairhyperworks.com

About Altair

Altair empowers client innovation and decision-making through 

technology that optimizes the analysis, management and visualization 

of business and engineering information. Privately held with more than 

1,500 employees, Altair has offices throughout North America, South 

America, Europe and Asia/Pacific. With a 26-year-plus track record for 

high-end software and consulting services for engineering, computing 

and enterprise analytics, Altair consistently delivers a competitive 

advantage to customers in a broad range of industries. Altair has more 

than 3,000 corporate clients representing the automotive, aerospace, 

government and defense, and consumer products verticals. Altair also 

has a growing client presence in the life sciences, financial services 

and energy markets.

Performance Simulation Technology

HyperWorks is an enterprise simulation solution for rapid design 

exploration and decision-making.  As one of the most comprehensive, 

open-architecture CAE solutions in the industry, HyperWorks includes 

best-in-class modeling, analysis, visualization and data management 

solutions for linear, nonlinear, structural optimization, fluid-structure 

interaction, and multi-body dynamics applications.

www.altairhyperworks.com

A Platform for InnovationTM

2012 car design, Quantum separated into the upper and lower surface.



U of M Solar Car Team Success Story 

“OptiStruct did a great job helping us to come 
up with an innovative lightweight design for our 
Quantum solar race car.”
 
Andrew Huang 
Chief Mechanical Engineer
University of Michigan Solar Car Team 

The end product of the carbon-fiber body 
needs to be strong enough to handle all 
the loading scenarios, while being as light 
as possible. Being the backbone of the car, 
the chassis has the most complex loading 
scenarios; it needs to carry heavy objects, 
such as the driver and batteries, while 
withstanding all the accelerations from road 
loads through the suspensions. To achieve 
these requirements, Infinium had a chassis 
composed of many flat pieces of carbon-core 
sandwich. These pieces were reinforced 
with many sheets of unidirectional carbon 
to strengthen critical areas around the 

suspensions and other hard points. 
Many pieces were over-designed for 
stiffness consideration, and all of them 
had to be properly joined with structural 
adhesives and more carbon material, 
which added more body weight. The initial 
Infinium carbon-body design was not 
optimized. The upper and lower surfaces 
of each weighed 41 kg. The driver’s weight 
was 80 kg the battery weight was more than 
73 kg, and the overall race configuration 
weight was above 318 kg. This situation 
provided a good opportunity for the 
application of Altair’s OptiStruct technology.

Design Process 
Using OptiStruct
The goal was to minimize weight while 
passing all the load cases previously 
mentioned. With the help of the OptiStruct 
solver, the preliminary design evolved into 
a lightweight final design.
 
Preliminary Design 
The preliminary design of the chassis was 
modeled to fit inside the outer shell, which 
the team’s aerodynamics division designed 
and finalized. The critical design change 
from previous solar cars is the tub-style 

chassis. Instead of gluing together many 
flat sheets of carbon, the entire chassis 
was laid up in one tub-shaped mold. 
The only adhesive seam was along the 
length of the bottom edge, where the tub 
meets the lower surface. A manufacturing 
advantage is that the fiberglass mold 
is formed from a machined plug, so the 
actual carbon part made from the mold 
will be to machined tolerances – the 
suspension hard points will be accurately 
placed with respect to each other.
 
Analysis and Optimization
After the preliminary chassis was 
modeled, the data was imported into 
Altair HyperMesh, the meshing module 
of HyperWorks that is highly integrated 
with OptiStruct. The model was composed 
of only surfaces, so shell elements were 
assigned to the geometry. All surfaces 
were given the composite's property 
and assigned the appropriate layering 
of carbon, core, and more carbon. The 
carbon surrounding the core was given a 
pseudo-isotropic property. The very outer 
layer was carbon weave, and many layers 
of unidirectional carbon were assigned 
in all angles – a complete 360° in 30° 
increments on the plane of the surface. 

The load cases were assigned at the proper 
locations, and OptiStruct ran its topological 
optimization. It should be noted that many 
iterations of different carbon layering 

and material properties were done, and 
the results shown are only one output of 
multiple tens of simulations. These are the 
results that OptiStruct can deliver. 

Final Design
After many simulations in OptiStruct, 
all the results were taken into consideration 
to break down the chassis into discrete 
sections of different carbon layering. 
Manufacturing constraints included 
the thickness of the carbon plies and 
complexity of the shapes of the different 
sections. The sections were kept simple 
but effective to prevent the analysis 
and manufacturing from being overly 
complicated. Final analyses were then done 
on a HyperMesh model with 3D elements 
to ensure the chassis was strong enough. 
The carbon plies were again modeled with 
composite shell elements that have all the 
carbon layers assigned. The core material 
was modeled with 3D hexahedral elements, 
to properly capture the stresses on the 
core material and find the weakest 
part of the whole chassis. 

Within the model’s mesh, near the rear 
suspension, different core properties 
with different colored elements were 
given. HyperMesh was particularly useful 
in assigning material properties for all the 
anisotropic composite materials, which 
are difficult, if possible at all, to model 
in typical finite element analysis software.

Manufacturing 
of a Lightweight Car
After results from all of the analyses showed 
that the chassis met or exceeded strength 
requirements, the team members completed 
the vehicle construction. All the woven and 
unidirectional carbon and honeycomb core 
were cut to shape. The material was laid 
up with correct order and orientation in the 
chassis tub mold. It then cured at 250°F 
and was trimmed to shape. Flat panels were 
made for supporting ribs around the tub. 
Everything then was adhesively bonded to 
the lower surface to create one structure 
that is the carbon unibody chassis.

The wide tow of the applied carbon fiber 
allowed the plies of carbon to be much 
thinner, letting engineers design more 
efficient carbon/core sandwiches. 
As a result the entire unibody chassis, which 
weighs 19 kg – more than 20 kg less than 
Infinium’s. Similar design methods also 
were used on the upper surface to save 
another 20kg. The last 50kg of weight 
reduction came from Quantum’s battery, 
which is a different technology and regulated 
to a much lower weight than that of Infinium. 
In conclusion, the OptiStruct solver played a 
significant role in optimizing the carbon-fiber 
structures of Quantum and allowed the team 
to take full advantage of composite materials.

Simulation results showing the load paths through the chassis

The mesh of hexahedral elements that make up the core material Quantum's unibody chassis weights only 19 kg

Simulation results showing where 
unidirectional carbon is most efficient


