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Simulation: The Connection 
between Speed and Safety 
in Racing

D
ario Franchitti captured the win at 

the 96th Indianapolis 500-Mile Race 

in May, holding off Takuma Sato, 

who crashed into the outside wall on 

the final lap of the “Greatest Spectacle in 

Racing.” Sato walked away from the crash with 

no injuries.

Franchitti, Sato and other drivers competing 

in the IZOD IndyCar Series push their cars to 

the limit each race day. The development efforts 

o f  It a l i a n  cha s s i s  ma nu fact u rer  Da l l a r a 

Automobili S.p.A. enable them to do so. Dallara’s 

mission is to design and make the fastest – and 

safest – racing cars in the world.

One of the challenges Dallara faces is to 

improve the speed and performance of the cars 

while designing vehicles that provide maximum 

protection for drivers. Simulation and optimiza-

tion tools enable the company to do just that.

In fact, Dallara is a pioneer in the application 

of simulation and optimization technology. It 

employs the software to accurately simulate the 

nonlinear performance of composite materials in 

crash testing and optimization software to evalu-

ate and improve composite material construction 

to  minimi ze  vehicle  weight  and improve 

performance. 

In It to Win
In business since 1972, Dallara builds chassis 

used in IndyCar and IndyLights racing in 

Chassis manufacturer 

relies on simulation 

and optimization to 

develop the fastest 

– and safest – race 

cars on today’s circuits.

By Luca Pignacca
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addition to GP2, GP3, Formula 3 and Grand-Am series, 

among others. The company also provides commercial 

consulting services to Alfa Romeo, Maserati and other 

global car manufacturers.

For the 2012 IndyCar race season, Dallara was 

awarded a contract to supply teams with the “survivor 

cell,” a core rolling chassis called the IndyCar Safety 

Cell. Dallara also provided the “aero kits” consisting of 

front and rear wings, sidepods and engine cowlings. 

As part of its research and development process, 

Dallara focuses on structural analysis. Investigating the 

behavior of materials under stress allows engineers to 

simulate the performance of any number of different met-

als,  plastics and composite st ructures in vehicle 

components.

By exploiting the power of Altair’s HyperWorks® suite, 

"nite-element analysis (FEA) and optimization methods 

are efficiently utilized to conduct trade-off studies, find 

optimal structural layout con"gurations, choose materials, 

and, most importantly, improve the safety of the vehicle.

Test-Ready
The total racing package must conform to IndyCar 

rules and regulations. Computer simulation in conjunc-

tion with indoor and track testing helps Dallara meet the 

series’ homologation tests.

To evaluate vehicle dynamics, engineers start with 

multibody dynamics (MBD) software. The company has 

used MBD codes for over 10 years and has built exhaus-

tive databases of stress and technical information. As a 

result, the entire vehicle can be modeled, from suspen-

sion geometries and weight distribution to aerodynamic 

loads and tire forces. Today, a vehicle’s suspension can be 

processed to determine real loads on the uprights and the 

chassis.

Since safety is paramount, Dallara executes computer 

crash simulations with RADIOSS™, Altair’s nonlinear 

and linear solver that simulates dynamic loading in crash 

and impact studies. For the survivor cell, for example, 

Dallara must demonstrate that after applying a four-ton 

load on the nose box, nothing breaks. 

In this process, engineers run multiple evaluations 

using RADIOSS. When they are satisfied with the 

results, they move to physical tests in the company’s fac-

tory. Then, engineers visit a test center in Milan, Italy, to 

perform frontal test crashes. They crash the survivor cell 

with a dummy driver to try to replicate what could hap-

pen on the race track. 

The survivor cell must not fail. In the frontal test, the 

nose box has to dissipate the energy from the crash.

Dallara repeats the simulation-physical testing process 

for other parts of the vehicle. For example, engineers 

conduct rear impact structure push-off tests, in which 

there must be no failure of the structure or of any attach-

ment between the structure and the survival cell; rear 

crash tests, in which there must be no damage to the 

structure behind the rear wheel axis; side impact struc-

ture push-off tests, in which there must be no failure of 

the structure or any attachment between the structure 

and the survival cell; and side crash tests, in which there 

must be no damage to the monocoque and no failure of 

any attachment of safety belts and the "re extinguisher.

Another important test is conducted on the roll hoop, 

a steel fabricated structure that protects drivers in roll-

over situations when the car is hit from the rear or side. 

Engineers apply 12 tons of force to the top of the hoop. 

There must be no structural failure below a plane 100 mm 

below the hoop.

e no structural failure below a plane 10

hoop.

Italian chassis manufacturer Dallara Automobili S.p.A. employs 

OptiStruct software from Altair in its analysis of IndyCar components 

like this upright suspension (top). Race engineers optimize the part 

(left), taking weight out of the structure (right).
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Dallara also conducts a test in which it applies seven 

tons of force on the front area of the chassis, in front of 

the driver – anticipating a scenario in which one car 

might land on top of another. This test is not required by 

IndyCar, but because Dallara strives to build the safest 

cars, it believes it is an important test to conduct.

After all the testing is completed, engineers apply an 

extra safety feature to both sides of the monocoque – a 

Zylon composite panel consisting of multiple plies. This 

optimized, ballistic material has saved the lives of racing 

drivers on numerous occasions. 

The Complexities of Composites
The IndyCar monocoque weighs 178 lbs. It is a car-

bon-composite structure with an aluminum honeycomb 

core. The main roll-hoop is fabricated with steel, and 

there are two aluminum CNC-machined bulkheads, for 

the pedals and the dash. The fuel tank bulkhead is com-

posed of carbon composites, as well.

Composite materials deliver high performance, so 

designers are always investigating new shapes for parts 

and de"ning how different materials can be put together. 

The goal is to reduce weight 

since composite materials 

weigh less than aluminum or 

steel yet often absorb a similar 

amount of energy.

The physical phenomena 

associated with composites 

are complex, and there’s a lot 

of data necessary to perform 

Early Innovator

Dallara Automobili has been on the forefront of innovation in race car 

design since its inception in 1972. In the 1970s, the company’s 

chassis, influenced by the aerospace industry, were made of alumi-

num with bonded and riveted panels. In the 1980s, composite 

monocoques dominated the race scene. Today, composite materials 

are used in optimizing the chassis as well as components.

Dallara is no stranger to applying simulation tools in refining its carbon 

composite chassis. In 1998, engineers performed the first serious 

calculations on a carbon chassis using finite-element analysis (FEA). 

In 2004, the company employed specific simulation tools for analyz-

ing composite materials. In 2005, it simulated the first dynamic crash 

test on a full-scale model, and in 2008, it calculated the first crash box 

with an FEA approach. In 2011, Dallara simulated a crash between 

two cars—and the interaction between composite components.

Race engineers correlate 

simulations of the roll 

hoop with physical parts 

using Altair’s RADIOSS 

software: the blue line 

denotes results of the 

simulation while the red 

line shows the results from 

physical testing.
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analysis. With metals, material properties are isotro-

pic, so the main design variable is the shape. With 

composites, the directional stiffness can be altered 

by orienting stacked plies of different "ber directions 

to create a laminate structure that can be tailored to 

meet the requirements of each part of the structure. 

As such, Dallara collaborates with the key raw mate-

rial market suppliers to learn of new carbon fiber 

reinforced polymer (CFRP) material developments 

as well as with software developers like Altair to help 

virtually determine the best laminate con"gurations 

and ply orientations for the structure.

Dallara has established a multi-step process in 

analyzing carbon chassis structures, such as the 

IndyCar. Phase 1 involves model preparation. In 

Phase 2, engineers de"ne materials, boundary condi-

t ion s  a nd  va r iable s  for  u se  i n  a na ly s i s  a nd 

optimization (see Driving Design through Simulation). 

Results visualization and analysis are carried out in 

Phases 3 and 4. All of these steps are implemented 

within the HyperWorks suite.

In evaluating models, Dallara examines material 

response for every single ply in the laminate. 

Material data from a lot of experimental tests is used; 

Dallara has been working with Altair over the last 

few years, developing material models and new soft-

ware features to meet speci"c requirements.

Driving Design through Simulation
 

As a race car developer, Dallara Automobili S.p.A. faces a 

myriad of challenges. Chief among them is designing 

competitive, “safe” race cars to regulations that are set by 

racing bodies.

Luca Pignacca, Dallara chief designer and EU racing business 

leader, notes that if his engineering team designs only to the 

regulations, cars may be competitive but not necessarily as 

safe as they should be. Dallara designs with safety in mind.

“Race cars must be fast and safe,” says Pignacca. “They must 

be light (to be competitive). To be safe, they must be well-

designed. Software helps us get the best out of the structures 

we design. Altair HyperWorks® is what we use to design.”

For example, Dallara employs Altair’s OptiStruct™ optimization 

tool to simulate the rigidity of composite components, predict 

which zones are subject to the most stress and optimize the 

laminate configuration. The software allows engineers to 

automate the calculation of the number of plies needed for 

each ply fiber orientation as well as to automate the composite 

laminate stacking sequence.

Dallara also applies Altair RADIOSS™ software in simulating 

dynamic crash events. It was one of the first companies to use 

this software to design composite structures for crash perfor-

mance. For the 2012 IndyCar vehicles, data acquired from 

RADIOSS evaluations 

helped engineers design 

new rear bumpers to 

prevent wheel-to-wheel 

contact.

Through the years, the company’s expertise in applying the 

tools — and collaborating with Altair — has grown. “Valida-

tion,” explains Pignacca, “is fundamental for the success of 

the company. The cooperation we have had in working with 

Altair has given us good results, and we will continue to 

work together.”

Altair’s HyperMesh, HyperLaminate, RADIOSS, OptiStruct and HyperView 

tools help Dallara engineers to design, evaluate and optimize the IndyCar 

monocoque and chassis components using composite materials.
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CAE for Hydraulics and Pneumatics: DSHplus
Engineers across the world use DSHplus software to design complex !uid power systems used in 

automotive systems, off-highway and commercial vehicles, manufacturing, mobile hydraulics, naval and 

rail-way systems, medical equipment and aerospace engineering. DSHplus simulates 1D mechanical 

structures and mechatronic systems and provides block-oriented modeling of dynamic technical systems.

Benefits: 
Applicable for analysis of system dynamics, system 

revision, component selection and development, and 

fault diagnosis

Shortens the product development cycle by detecting 

errors in an early state of the development process

Standard model definitions based on information 

from manufacturers’ data sheets

Features:
Graphical, icon-based

Design of dynamic systems

Virtual initial operation of plants and components

Optimization of existing components and systems

Condition monitoring, analysis and elimination of 

problems in existing operating systems (i.e. abrasion 

or vibration)

Feasibility analysis of new innovations

Integrates with Altair MotionSolve/MotionView

“With the engineering tool DSHplus, we are in a position to design quickly and 

!exibly simulation models of complex hydraulic systems for conception analysis. 

FLUIDON provides competent and expeditious support in the development of 

highly specialized simulation models for research and development.”

Dr. -Ing. David van Bebber, 

Ford Forschungszentrum Aachen GmbH, Germany

A D V E R T I S E M E N T

Dynamic analysis of CFRP material is multi-faceted, 

involving the selection of failure criteria to de"ne dam-

age mechanisms such as delamination and cracking, 

failure propagation, inertial phenomena, instability, 

energy absorption and strain rate effects. RADIOSS pro-

vides a great environment for engineers to vary material 

parameters and failure theories to "nd material models 

that match available test data. Once these models are 

de"ned and veri"ed, simulations can reliably be carried 

out for conditions that cannot be easily tested.

The Evolution Continues
Refinement of IndyCar and other race vehicles is 

ongoing, during the season as well as off-season. How 

quickly Dallara responds to rule changes and requests 

from customers and racing entities – while keeping 

safety issues at the forefront of development – shapes 

its success. 

An unwavering pursuit of racing excellence and safety 

has propelled Dallara to the cutting edge of applying sim-

ulation methods in developing high-per formance 

composite material structures. Embracing a design cul-

ture that relies heavily upon the virtual optimization of 

structural layout configurations, the shape and size of 

metallic and composite components, and vehicle crash 

and impact performance has allowed Dallara to innovate 

faster with con"dence – keeping the company in the win-

ner’s circle.

Luca Pignacca is Chief Designer and EU Racing Business 

Leader, Dallara Automobili S.p.A., Parma, Italy.

For more information about RADIOSS and 

OptiStruct for composites, visit c2r.altair.

com/2012.


