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Multibody dynamics
ALTAIR’S CHRIS COKER EXPLAINS HOW THE FIRM IS TAKING MULTIBODY  
DYNAMICS TO THE ‘NEXT LEVEL’

ABOVE: CHRIS COKER,  
ENGINEERING MANAGER AT  
ALTAIR PRODUCTDESIGN INC

Simulation has always  
played a role in the  
product-development 

process. Physical simulation, or 
testing, has been supplanted to  
a large degree by virtual computer-
aided engineering (CAE) methods. 
The latter enable design engineers  
to simulate real-world performance 
scenarios to evaluate more design 
alternatives, especially during the 
concept phase, prior to the creation 
of expensive prototypes. One notable 
CAE focus area, multibody dynamics 
(MBD), enables engineers to study 
physical systems in motion. MBD  
is well established today in the 
automotive design process. We sat 
down with Chris Coker, engineering 
manager at Altair’s global consulting 
practice, Altair ProductDesign Inc.,  
to get his views on the current state 
of MBD simulation.

What do you consider to be  
the current challenges in getting 
the best use out of MBD in the 
automotive design process?
“Speed and accuracy remain the most 
important considerations for MBD 
simulation. An MBD model is only  
as good as the physics model upon 
which it is based. Being able to 
correlate with real-world data and 
accurately model the problem in  
a timely fashion are key to success  
in MBD. Better modeling techniques 
yield improved accuracy. At Altair 
ProductDesign, we draw on our 
experience across a broad range of 
automotive products, from passenger 
to commercial vehicles and beyond, 
to think creatively about innovative 
solutions to customers’ problems.  
A close relationship with software 
development helps drive the creation 
of better engineering tools.

Are you talking about using 
applied engineering knowledge  
to improve CAE software?
Yes. Take the MacPherson strut as  
an example. Strut suspensions create 
a large bending moment in the 
strut itself, due to the nature of the 
design. Suspension kinematics and 
compliance (and therefore handling) 
are affected by the stiffness of the 
strut rod. Camber compliance is the 
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main effect. Good correlation with 
physical testing requires modeling 
of this strut-bending phenomenon. 
Modeling the bending of the strut 
rod presents some unique challenges 
because rod stiffness changes as 
a function of strut length, and 
modeling approximations typically 
require component testing of the 
strut to determine rod stiffness.

Historically, some automotive  
OEMs have implemented this scenario 
using complex user sub-routines. 
MotionSolve, a solver within the 
Altair HyperWorks product suite, 
offers two unique modeling entities 
that, when combined, create a 
powerful method for modeling  
strut bending.

First, the Polybeam entity can 
easily model the stiffness of the 
rod. The user only needs to provide 
the overall length, diameter and 
material stiffness of the rod. Second, 
the Deformable Curve entity, when 
applied to the polybeam rod, enables 
a joint to be created between the  
rod and the tube so that the rod  
can bend, maintaining the correct 
location of loads at the top of the 
strut tube.

This approach accomplishes  
two goals. First, it provides a more 
realistic description of the strut-
bending kinematic and compliance 
effects than previous approximations. 
Second, it accomplishes this with 
very simple inputs (rod length, 
rod diameter and rod material 
stiffness). Only minor modifications 

to the existing standard MotionView 
libraries are required, producing  
a slight increase in solve time.  
This is a very small price to pay  
for improved results.

Could you elaborate more on 
Altair’s MBD solution and what 
makes it unique?
Altair’s MBD solution is MotionSolve, 
integrated with MotionView in  
the HyperWorks suite to analyze  
and optimize multibody system 
performance. Based on superior 
numerical methods and scalable 
formulations, MotionSolve offers 
powerful modeling, analysis, 
visualization and optimization 
capabilities for multidisciplinary 
simulations that include kinematics 
and dynamics, statics and quasi-
statics, linear and vibration studies, 
stress and durability, load extraction, 
co-simulation, effort estimation  
and packaging synthesis.

The accuracy, speed and robustness 
of MotionSolve have been validated 
through extensive testing with 
customer models and test data. 
Compared with other commercially 
available tools, suspension and 
vehicle dynamics simulations  
can be created twice as quickly,  
and durability simulations up to 
eight-times faster. For suspension 
and vehicle dynamics simulation, 
MotionSolve has a built-in parametric 
vehicle library that is fully integrated 
with Altair’s OptiStruct structural 
analysis and optimization solver  

RIGHT: MOTIONSOLVE ANALYZES 
THE DYNAMIC BEHAVIOR  
OF VEHICLE PLATFORMS
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for flexbodies. Likewise, MotionSolve 
is integrated with Altair’s HyperStudy 
product for design of experiments 
and optimization. The multibody 
system-level optimization in 
OptiStruct is unique in the MBD 
solution market.

Is Altair MotionSolve compatible 
with other MBD solutions?
Yes. MotionSolve offers unmatched 
compatibility with other MBD solver 
inputs. Considering the typical 
use cases for vehicle dynamics 
simulations, all the modeling  
entities used by other major 
commercial MBD solvers are 
supported by MotionSolve.

The real world is inherently  
multidisciplinary, and there is  
a pressing need to efficiently 
combine different technologies  
at the system level. How does 
Altair address this?
In order to accurately understand  
the behavior of such systems, there  
is a need to simultaneously combine 
hitherto separate physical disciplines 
in a logical manner to generate 
higher-level mathematical models 
that can accurately represent natural 
behavior. Simulation tools have 
traditionally focused on a single 
discipline, such as controls, fluid 
dynamics, structures or motion. 
There is a pressing need to  
efficiently combine these various 

representations, solve the resulting 
model and predict reality.

Due to its system-level focus, 
multibody simulation provides  
a natural impetus for meeting  
this need. MotionSolve is an 
industry-proven multibody 
simulation tool that provides a 
logical environment for integrating 
technologies and solving a combined 
problem. MotionSolve is integrated 
with Altair’s OptiStruct structural 
analysis and optimization code. 
Bidirectional coupling with Altair’s 
AcuSolve computational fluid 
dynamics solver is also being 
implemented, which confers 
the ability to solve multiphysics 
simulations involving rigid-body 
motion of complex mechanisms.

How would this work in practice?
MotionSolve is used to simulate  
the motion of the mechanism, while 
AcuSolve provides CFD loading on  
the components of the mechanical 
system. This enables simulation  
of single- or multibody dynamics  
models with complex physics that  
is not accurately modeled by  
a single, internal rigid-body solver. 
MotionSolve can also enable  
co-simulation between MotionSolve  
and Simulink via the Simulink  
Coder. You can make use of a  
script to compile your Simulink  
Coder model into a dynamic  
linked library.

This script automatically  
compiles and links the code 
generated by the Simulink Coder, 
making it ready to use with 
MotionSolve for co-simulation.

What big improvements do you 
envision in the near future?
The accuracy and speed of MBD 
models will continue to grow, for 
example through the use of non-
linear finite elements within MBD 
to model leaf springs and twist 
beams, and through better models 
of frequency-dependent elements 
such as hydromounts and bushings. 
Multidisciplinary simulation will 
increase, focused on MBD models 
with their inherited system-based 
approach. In addition, the promise 
of quick and accurate design 
sensitivities from MBD models  
will finally be realized, allowing  
for full system optimization.

Finally, accurate component loads 
from MBD system simulations will 
begin to drive topology and weight 
optimization of vehicle components, 
such as control arms. The Altair 
Enlighten Award, an industry award 
created to acknowledge innovations 
in vehicle light-weighting, was 
created to recognize this type  
of achievement.

LEFT: A MACPHERSON STRUT,  
AS VIEWED THROUGH THE  
MOTIONVIEW SOFTWARE
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