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Example, Computational Dynamics
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Example, Computational Dynamics 
[simulated in commercial package]

4

12/11/2011

Simulation Based Engineering Lab



Classical Computational Dynamics,
Constrained Equations of Motion
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An Engineering Application…

� How is the Rover moving along on a slope with granular material?

� What wheel geometry is more effective?
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Frictional Contact Simulation
[Commercial Solution]

� Model Parameters:
� Spheres: 60 mm diameter and mass 0.882 kg
� Forces: smoothing with stiffness of 1E5, force 

exponent of 2.2, damping coefficient of 10.0, 
and a penetration depth of 0.1

� Simulation length: 3 seconds
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Simulating large problems remains Simulating large problems remains 
a challenge…
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Heterogeneous Cluster
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Lab’s Heterogeneous Computing Cluster

� More than 20,000 GPU scalar processors 

� More than 150 CPU cores

� Mellanox Infiniband Interconnect, 40Gb/sec

� About 0.7 TB of RAM

� More than 20 Tflops� More than 20 Tflops

� Can manage at each time about 1,000,000 parallel GPU threads

� …

� Third fastest cluster at UW-Madison
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The issues is not hardware availability. Rather, it is producing 
modeling and solution techniques that can leverage this hardware



Heterogeneous Computing Template (HCT):
A Software Infrastructure for Large Scale Physics-Based Simulation

� Underlying theme of our lab’s effort

� Develop a Heterogeneous Computing Template (HCT) that leverages emerging 

hardware architectures and suitable algorithms to solve large engineering problems

� Targeted “emerging hardware architectures” :

� Clusters of CPUs and GPUs (accelerators)

� More than 100 CPU cores, tens of GPU cards, tens of thousands of GPU cores

� Targeted “large engineering problems”

� Granular dynamics, compliant elements, soil modeling, tire/terrain modeling, FSI, etc.
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HCT: Five Major Components

� Computational Dynamics requires

� Advanced modeling techniques

� Strong algorithmic (applied math) support

� Proximity computation

� Domain decomposition & Inter-domain data exchange

� Post-processing (visualization) 

� HCT represents the library support, the associated API, and the 
embedded tools that support this five component abstraction

1212/11/2011 Simulation Based Engineering Lab



� Multi-Physics targeted Computational Dynamics requires

� Advanced modeling techniques

� Strong algorithmic (applied math) support

� Proximity computation

13

� Proximity computation

� Domain decomposition & Inter-domain data exchange

� Post-processing (visualization) 
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HCT: 
Support for Advanced Modeling Techniques

� Modeling: what does it mean?
� The process of formulating a set of governing differential equations that captures the 

multi-physics associated with the engineering problem of interest

Modeling Issues:� Modeling Issues:
� Modeling approaches are sometimes completely new or have seen little previous usage

� Multi-physics: multiple spatial and temporal scales, difficult to solve

� Modeling can get you a head start
� Good modeling places you at an advantage when it comes to simulating hard problems
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Modeling Example:

Handling Frictional Contact Phenomena

� Two broadly used approaches for handling frictional contact:

� Soft-body approaches� Soft-body approaches

� Called a “DEM approach”, draws on penalty method

� Hard-body approaches

� Called a “DVI approach”, draws on Lagrange Multiplier method
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Modeling Example: 

Handling Frictional Contact Phenomena
[Cntd.]
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The DVI Framework…

� The hard-body approach: two rigid bodies in contact shall move so 
that their boundaries are not overlapping

� There is a complementarity condition that captures this requirement
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The DVI Framework… 
[Cntd.]

� There is also friction between bodies (acts in the tangent plane):

� Coulomb friction model states that the following conditions hold
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The DVI Framework… 
[Cntd.]

� An equivalent way of stating the Coulomb friction model is

� Recall that 

� In other words, the friction force should be such that the relative motion 
between the two bodies maximizes the amount of power dissipated
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Multi-Body Dynamics
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Many-Body Dynamics
[with Friction and Contact]
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