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A diverse range of Products and Industries

CATERPILLAR




From our Chairman & CEO

"Our customers are diverse, but all have
something in common — they all expect
the best from Caterpillar. They expect
the best quality, the best performance,
the best productivity and more than
anything, they expect the best value for
the price they pay. We've got our work
cut out for us to deliver on these
expectations. That's why we have to set
the bar high."

Doug Oberhelman, Chairman & CEO
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Simulation at Ca’[erpi llar ... virtual Product Development
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Simulation at Caterpi llar.. . virtual Product Development
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VPD Applications — Machine Performance
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Simulation at Caterpi llar.. . virtual Product Development
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System Efficiency — wheel Loader Axle 0il Simulation
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System Efficiency — wheel Loader Axle 0il Simulation
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System Efficiency — wheel Loader Axle 0il Simulation
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System Efficiency — wheel Loader Axle 0il Simulation
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System Efficiency — engine
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Caterpillar, Argonne, csi Engine Simulation Partnership
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Project Impact

» Unprecedented insights into the combustion
process

 Grid-convergent results
* Increased predictive capability
» Modify “best practices” in industry
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Scientific Achievements

Use of High-spatial and temporal resolution
Robust turbulence models
Use of detailed chemistry based combustion models

High-performance computing enabled due to the
implementation of advanced load-balancing
algorithms

Solving “one-of-a-kind” problem

Cut-plane temperature contours
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CATERPILLAR



Caterplillar, Argonne, csi Engine Simulation Partnership

High-fidelity simulations: 35 million cells, Minimum grid-size ~ 100 pum

Project Impact

Engine simulations have been
run on a scalable fashion on
2048 processors at the
leadership computing facility
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Simulation in Product Development
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Simulation in Product Development
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Simulation in Product Development

Virtual
Validation
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Simulation in Product Development
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Simulation in Product Development

Optimize Virtual

Design Validation
«Model Build Simulation Data Management - Validated Models
Core Model «Model Validation g «Version Control
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Simulation in Product Development

— Update Model Optimize Virtual
Product Applications For New Content\, \._ Design Validation
Model Validation
«Model Build Simulation Data Management - Validated Models
Core Model «Model Validation g «Version Control
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Simulation in Product Development

Seamless
Fully Explore
X
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Design / Quantitative
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Simulation in Product Development

« Accurate Physics
» Validated Simulation Model

« Correct Representation of Real Product Application

Min Performance Target

Quantitative Predicted Performance

Directional |
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Simulation in Product Development

« Accurate Physics
» Validated Simulation Model

« Correct Representation of Real Product Application
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Simulation in Product Development

Fully Explore

® Ix Single Simulation

_ 0000000 10-100x — Variability / UQ
Rapid

0000000 0000000 0000000 0000000 0000000 1000x+—— Multiple Design Alternatives

Porting is “Easy”
Weak Scaling is Challenging
Strong Scaling is REALLY HARD
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Simulation in Product Development

Seamless

Test -



Simulation in Product Development

Seamless
: : Automated
Simulation i
. .. . Design
Predictive Embedded in i :
: i Evaluation with
Simulation Product '
Development REEU TIE
Feedback
Expert Analysts in weeks Core Analysts in days Designers in hours/min
* Proper Physics * Automatic Pre/Post Processing e “Physics packaged for the designer”
* Model Validation f?]r ?Xe“llthmgd?,at BISEENEL Runs automatically in real time as
- 'gh-value a design is modified
» Model Realism . : L
» Leverage Data Analytics for « Highly robust simulation processes
* Variability / UQ deep exploration of results * Automaic error proofing
* HPC « Automated presentation of * Real time feedback on design
design alternatives for decision alternatives ability to meet design
making requirements

* Leverage “Internet of Things” to
achieve virtual verification /
validation
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Questions

Opportunity /' Cost/Time
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