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Heavy Truck Clean Diesel Goals

Funded by HTCD CAT/DOE program
Phase 1 goal 2007 emissions, 45% efficiency 47% identified in analysis
2007 In-chassis demonstration

Phase 2 goal 2010 emissions, 50% efficiency =y
2010 In-chassis demonstration |
Simulation critical to achieving HTCD goals
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More with Less — High Fidelity Simulation
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More with Less — High Fidelity Simulation
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More with Less — High Fidelity Simulation

Caterpillar 3D Combustion Simulation Software
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More with Less — High Fidelity Simulation
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More with Less — High Fidelity Simulation

Caterpillar Engine Cycle Simulation Software
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More with Less — High Fidelity Simulation
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More with Less — High Fidelity Simulation

Engine Simulation Software Caterpillar Dynasty™
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Dynasty Components and Applications

Component-based architecture supports diverse

modeling applications
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More with Less — High Fidelity Simulation
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Heavy Truck Clean Diesel Goals

Funded by HTCD CAT/DOE program
Phase 1 goal 2007 emissions, 45% efficiency 47% identified in analysis
2007 In-chassis demonstration

Phase 2 goal 2010 emissions, 50% efficiency =y
2010 In-chassis demonstration |
Simulation critical to achieving HTCD goals
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Simulation Process Follows HTCD Goals

Model validation on 2007 demo engine, truck
Feed into production process — seSiee BN
Basis for 2010 system models o
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More with Less — High Fidelity Simulation
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2007 Demo Builds on ACERT Technology
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Detalls Included in Simulation
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This project was undertaken pursuant to an agreement with the United States in connection with settlement of disputed claimsinan enforcement action under the Clean Air Act




Engine + A/T + Test Cell Simulation
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Next Slides: FTP Cycle Results

20 minute Heavy—Duty Federal Test Procedure
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System Performance Results

(Simulation: Red Curves) (Test: Black Curves)
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System Performance Results — Zoomed In

(Simulation: Red Curves) (Test: Black Curves)
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Dilute NOX (ppm)

Engine-Out NOx Results

(Simulation: Red Curves) (Test: Black Curves)
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Engine-Out PM Results

(Simulation: Red Curves) (Test: Black Curves)
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Diesel Particulate Filter Results

(Simulation: Red Curves) (Test: Black Curves)
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Pressure Drop

Soot in Trap

Engine-Out PM Reduction — System Effect

High engine-out PM rate to accelerate filter loading
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More with Less — High Fidelity Simulation

3|0AD J1uswdojana

Objectives

Detailed Comb.
+ Emissions

Test World $$$

Single Cylinder Test Cell

Steady-state
Performance

e

Simulation World <$

In-cylinder 3D
Combustion

Engine
Aftertreatment (A/T)
(Separately)

Transient/System Engine + A/T
Performance + Test Cell
(Coupled Together)
Real-world 2007 Demonstrator Engine + A/T
System Truck | + Vehicle
Performance (Coupled Together)

CATERPILLAR

Copyright © 2004

Caterpillar Engine Research



2007 Demonstrator Truck Model

Engine from test cell model drops into truck
Similar level of detail in truck model
More in video at end of presentation
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Summary — Transient Simulation

Need to model details — accuracy, relevancy

Need to include more than just engine

Caterpillar has been practicing this for years
with the help of excellent simulation tools

Need to improve modeling of measurements
(measurement error and dynamics become
even more significant for 2007/2010)

Need to pay attention to engine-out PM for
best engine/particulate filter system
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Truck Simulation Movie
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