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Engine Design Requirements — 2010 & Beyond DETROIT .,.Em&

Improve Drivability and Fuel Economy

90% Emissions Reduction Compared to 2006

435,000 Miles Useful Life -- Customer’s Expectation > 1 Million Miles
= Under-The-Hood Operating Temperatures: -40°C to +120 °C
= Altitude: Up to 12000 ft
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Engine Control Requirements — 2010 & Beyond DETROIT .,.Em&

Flawless Steady-State Stability

Improved Transient Response

Reduced Variability

Increased Diagnostics Capability




D .,

Control Components DETROIT nlesEL&
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Specific Challenges

Multiple Injections
Injection Pressure
Injection Timing

Valve
Input: Fuel Lift
Output: Emissions

Time Scale: 0.01 sec
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Actuators

Sensors

System Feedback

Time Scale

Storage & Release

Varying Backpressure

Input: Valve Position
Output: EGR Flow
Time Scale: 0.1 sec

Input: Urea Dosing Or HC Dosing
Output: NOx Or DPF Temperature
Time Scale: 10 sec
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Input: Turbocharger Vane Position
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Specific Challenges — Calibration DETROIT .,.E;E._&

Baseline — No Aftertreatment

—— Scenario 1 | yyith NOx & PM Aftertreatment

Scenario 2 N e
Scenario 3 Same Tailpipe-out Emissions

Fueling Rate | | optimum Engine Response:

Take Advantage Of Added Flexibility
Through:

- Calibration Optimization
- Transient Controls

Torque + Cold Mode
N.m + Altitude Mode
+ Ratings
2000
1500
1000
500 OormroTr—.—
DPF Idle
Regen. gine Brake

600 1200 1800 RPM
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Sensors DETROIT DIESEL @
- Resolution
Basic Engine ' 1leY - - P T
QRequiremems . Ta!lp!pe out NOx - Hrem_(sjl_(t)n
= Tailpipe-out PM e TIR7
- Durability

NOx & Cylinder Pressure Sensors
Enable Improvements In Engine
Control

p OBD & HCCI
Cylinder _ i ; - Comb. Quality
Pressure - Misfire Detection
I v

Sensors - Load Control

Torque
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Actuators Performance — ts

Accuracy, Linearity, Response Time DETHON "'E“'-&

—Intake Pressure
— Exhaust Pressure

Actuator Internal Position Feedback & Trim
Significantly Reduce Emissions Variability

® Accuracy
® Precision

***********************************

W|th Tl 4===em=--

|

|

| Z
**************** |l —— === = — -————— -

|

|

|

Confidential and Proprietary to Freightliner LLC. © Freightliner LLC. All rights reserved. DEER 2006 - Detroit 8



Control Logic — C

Closed-Loop Model-Based Control Ll "'E“"g

= Why Closed-Loop?

— Reduce System’s Sensitivity To Variations
— Control Transient System Response

= Downside

— Risk Of Instability
— Computing Requirements

= Why Model-based?
— Ability To Anticipate System Response
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lllustration: Model-Based Control DETROIT .,.E;E._&
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Model-Based Control System
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Next Generation Controls DETROIT DIESEL
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Conclusions DETROIT DIESEL @f

= Added Hardware Flexibility Translates Into Added
Calibration & Control Complexity

= Aftertreatment Dynamics Differ Significantly From
Other Engine Systems

= Traditional Engine Control Techniques Rendered
Impractical By The Number Of Feedback Loops

= Model-Based Techniques Simplify Engine Control By
Constraining Specific Degrees Of Freedom

= Calibration Optimization Is Becoming The Most
Challenging Area Of Controls Development
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