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PSAT Simulations Support R&D and Management
Decisions

m Primary vehicle model for all FreedomCAR and 21 CTP activities by
the U.S.DOE, stating that “All future code development and
enhancements for OFCVT shall focus on PSAT and PSAT-PRO’

m PSAT has been awarded a R&D100 Award
in 2004.

m Support numerous FreedomCAR activities:
m Component requirements
m Component technology evaluation
m Powertrain configuration evaluation
m Control strategy

m Used by more than 110 companies worldwide (>350 users)

m “... We need a model that’s intuitive, easy to use, and provides
accurate results. PSAT gives us that.”Randy Yost - GM Engineering Specialist
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Go quick on this slide….

PSAT simulations support DOE R&D Activities and management decisions. 

In addition to being selected as the primary model for all FreedomCAR and 

21CTP activities, it has been awarded an R&D 100 award.

PSAT has also been recognized by the MathWorks as a Partner.

Finally, the OEMs have recognized PSAT capabilities as stated by Randy Yost

Comments.
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PHEVs Component Requirements Process
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Lee Item #2 (Objective) -> The Objective is to define PHEVs Component Requirements. 

The results are a set of requirements for different components, especially energy storage, that would be used to define the program goals and contracts with outside researchers through RFPs.
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Optimum Battery Power and Energy Defined
for Several Vehicle Platforms and AER
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Final values selected by the ESS Tech Team
— Short term 10 miles AER (3.4 kWh, 50 kW) %
— Long term 40 miles AER (11.6 kWh, 46 kW) v
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Lee Item #3 (Accomplishments to date) -> As of today, the optimum battery power and energy have been defined for several vehicle platforms and AER.  



Talk through the plots and slide…



All the vehicles results were presented to the Technical Teams, which selected specific values. These values were used to develop a Request For Proposals (RFP) for advanced high-performance battery development issued by USABC. 
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Lee Item #3 (Accomplishments to date) -> As of today, the optimum battery power and energy have been defined for several vehicle platforms and AER.  



Talk through the plots and slide…



All the vehicles results were presented to the Technical Teams, which selected specific values. These values were used to develop a Request For Proposals (RFP) for advanced high-performance battery development issued by USABC. 


3-Way Approach to Control Optimization
Global Optimization
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Influence of Component Characteristics Impact

Dr
7"777777\
| |

| |
6b--1-_2
| |

| |

] A
|

Minimal Fuel Consumption (L/100km)

Battery
Energy

iven Distance: 10 miles

- T T T 7 7—7—7—;;#7—577 *****
A |
Gl I
S |
-~ pe————g-——-
,/ P
- ]
- 1o [

. L/100km (UDDS)
—&— L/100km (HWFET)
—A— [ /100km (LA92)

Driven Distance: 40 miles

Po---o- - -7 -- 1350

Wh/km (UDDS)
-=EF= Wh/km (HWFET)
==Ac-= \Wh/km (LA92)

4300

4250

””””””A”-zoo

7777777777 150
~ 4100

- 450

Electric Energy Consumption (Wh/km)

Argonne

NATIONAL LAB

AER (miles)

Powertrain
Configuration

A

ORATORY

Fuel Consunption (L/100km)

) [3%) ~ [3,]

Minimal Fuel Consum ption (L/100km)

Battery
Power

| | | | |
l l l l l
77777 LM00Kkm (UDDS) Whikm (UDDS) | - - - -
—HE— L/100km (HWFET) | -3~ Whikm (HWFET)
—A— 1/100km (LA92) | ==A= Whikm (LA%2)
77777 T | T [
| | |
: | |
ffffff S N S, S R
| o o '} 14}
: l l l l
| I | I )
1 1 1 1 1
06 08 1 12 14

Power Scaling Ratio

FreedomCAR & Vehicle

Technologies Program

250

200

150

100

50

Electric Energy Consumption (Wh/km)




Definition of Rules for Real Time Control

m When the trip distance is greater than the All Electric Range, using the
engine throughout the trip (blended control) is preferable to depleting the
battery as fast as possible

m Optimum control depends on the distance
m Engine On/Off is linked to wheel power demand and available electrical

energy

m When used, engine should be operated at high efficiency
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()
Evaluate Vehicle Fuel Economy of

Advanced Technologies

m Developed as an input to the Government Performance and Results Act
(GPRA) evaluates the amount of fuel saved due to the introduction of
new technologies.

m Used to evaluate cost/benefit of DOE sponsored projects
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Presenter
Presentation Notes
Lee Item #2 (Objective) -> “The objective is to … “

Go through the points…..

Lee Item #3 (Accomplishment to date) -> Before leaving the slide, mention that “GPRA was initiated in 1993 and for the past 5 years, PSAT has been used every year to provide vehicle fuel economy inputs. Each year, the assumptions are refined as well as the models, data and controls to provide more and more accurate estimations. Currently, the process is based on…” go to next slide

http://images.google.com/imgres?imgurl=http://www.pppl.gov/ncsx/ORNLlogo.jpg&imgrefurl=http://www.pppl.gov/ncsx/&h=196&w=358&sz=17&hl=en&start=1&tbnid=x8Wk1C7Sl4DZQM:&tbnh=66&tbnw=121&prev=/images?q=ORNL+logo&svnum=10&hl=en&lr=
http://images.google.com/imgres?imgurl=http://www.emersonexchange.org/images/logo_INL_rgb.jpg&imgrefurl=http://www.emersonexchange.org/2006TechConference/TechnologyExhibits_TPV.html&h=355&w=507&sz=54&hl=en&start=13&tbnid=Z987FQNOoyf_oM:&tbnh=92&tbnw=131&prev=/images?q=INL+logo&svnum=10&hl=en&lr=
http://images.google.com/imgres?imgurl=http://images.wri.org/logo_gm_large.jpg&imgrefurl=http://images.wri.org/&h=147&w=147&sz=6&tbnid=4xtFV0JWojsJ:&tbnh=89&tbnw=89&start=5&prev=/images?q=GM+logo&hl=en&lr=&ie=UTF-8
http://www.cartype.com/images/page/Ford_logo31.jpg

Large Number of Vehicles
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Example of Cost Benefit Analysis
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Designing the Next Generation of Vehicle
Simulation Tools

® Problem:
m Evaluation of Fuel Economy (FE) Technologies
* Propose, Analyze & Predict — Theoretical Analysis
* Build, Test & Confirm — Several Years
* Real FE < Predicted FE => Why?
— Steady-State / Quasi-Steady-State Theoretical Analysis
— Transient Dynamics => Emissions & Drivability (ED) Gap
— Need to Balance FE & ED (FEED) in the Analysis
* Result: Wasted Opportunities, Time, and Resources (People & $)
M Solution:
M Include Control System Design in the Up-Front Math-Based Design
& Analysis
* Move Control System Design in Parallel with Hardware Design
- Evaluate FEED Under Transient Conditions
« Perform Technology Sort in the Math-Based Virtual Environment
* Focus Developmental Builds on Most Promising Technologies

A FreedomCAR & Vehicle
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Plug&Play Model Architecture Required to
Achieve Goals

m Develop Software Architecture & Environment to Plug-and-Play
Hardware & Software Models

» Enable Efficient, Seamless Math-Based Control Sys. Design
Process

» Enables Efficient Re-Use of Models
« Share Modeling Expertise Across the Organization(s)
— Leverages Modeling Expertise From System/Subsystem
Experts
m Establish Industry Standard for Architecture & Model Interfaces

» Enables Suppliers, Universities, National Labs., Etcetera To
Provide Subsys. & Component Models

« Enables Mixing & Matching of the ‘Best’ Models

» More Efficient Use of Resources — Industry-Wide

 Faster Design of Optimal System Solutions

 Accelerates Sorting & Roll Out of Fuel Efficient Technologies
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Develop Software Architecture & Environment to Plug-and-Play
Hardware & Software Models to Include Control System Design
in the Up-Front Math-Based Design & Analysis

; Maximize User Access
Reusability D e :] Control |
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Current & Future Activities

m Assess influence of component and vehicle
assumptions on PHEV requirements and fuel efficiency

m Evaluate benefits of PHEVs using real world drive
cycles based on component, powertrain configuration,
control strategies...

m Assess different high level vehicle control strategy
benefits for PHEVs

m Design the next generation of vehicle simulation tool
and establish the industry standard
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