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GREET and PSAT Are Synergetic Tools

GREET PSAT
Upstream' *Numerous Configurations
Fuel Production *More Detailed Components
Distribution *More Complex Control Strategies
Well to Pump Pump to Wheels




PSAT Simulations Support R&D and
Management Decisions

B After a thorough assessment, PSAT has been selected in 2004 as
the 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”

B PSAT has been awarded a R&D100 Award
In 2004 represented to the 100 most
technologically significant new products
and processes introduced into the market
each year.

B PSAT has been awarded a Technology Transfer Award in 2007

M “... We need a model that’s intuitive, easy to use, and provides
accurate results. PSAT gives us that.” Randy Yost - GM Engineering Specialist




Developed to meet the requirements of automotive
engineering throughout the development process

® Forward-looking model

B Wide range of vehicle applications from light to
heavy duty

B Unrivaled number of predefined configurations

B Easy implementation of proprietary data,
component models, control strategies or drive
cycles

B Easy to use Graphical User Interface

B Possibility to use the control strategies for
Hardware-in-the-Loop / Software-in-the-Loop

B Designed for co-simulation environment




Forward Modeling Provides Accurate Results
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Large User Database Proof of Success
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Numerous US Companies are Using PSAT

Europe, 5 Government, 7

Company, 23

Europe, 6

University, 30

Licenses Licenses
Location Favors DIStrlbutlor_l
US Evenly Split

PSAT Close to
300 Users

us, 271 As of December 2006

NATIONAL LABORATORY



Different Users Have Different Needs

HmValidated complete vehicle models

BFocused on fuel economy and performance
U.S.DOE . .
BEvaluate component in vehicle system context
BEvaluate fuel economy potential of future
technologies (e.g. goals)

BImplement their own models/data/controls
MAlso interested in drive quality & emissions
BNeed to have different levels of modeling
Minterested in software architecture & post-
processing tools

Car Companies

BImplement their component model / subsystems
(reuse rest of PSAT models)

Minterested in software architecture & post-
processing tools

Suppliers




PSAT Architecture Designed to Suit All Users
Needs

|
XML =
“::.:_: Microsoft
odel | =1 net
=)
Database |

B New Microsoft Office version will be based on XML

B Only new tabs need to be added when adding new
features or integrating with another tool

HTML




PSAT - A Single Tool Throughout the Development
Process
Build and compare Easy selection of data,
large number of models, control
powertrain strategies qr drive cycles
configurations

Run batch mode

Analyze and
compare test and
simulation data

Ensure simulation
traceability

Easy implementation
Use models and

of data, models, Ensure model
control strategies or compatibilities controls for HIL/RCP
drive cycles




Large Number of Configurations Achieved
Through Automatic Building

Option #1 Option #2 Solution
Drag & Drop Save Entire Vehicles Build

model
based on

USers
choices

using
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Building The Simulink Model, Please Wait.
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Component Controller

Building The Simulink Model, Please Wait.
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Component Controller

A

P R

AL

£ o

St

e

'
T
'
'
T
'

B e

- - - -

Fo

<l

e s

'
T
'
'
T
'

- -

Building The Simulink Model, Please Wait.

woEau

b,

LA

S R

e

e

—a--a

o

S

bo -

S

AR

'
¥l
|
i}
¥

o

B

A,

L
'
'
3
'
'
r
'
'
r
'




-
'
'
"

'
n
I
'
.

Z
=2
W

=
=3

Ao

G

=

Jo
E

100%:
MATLAE

bus_out
bz _out

paaram
pte:_|

in

param_hus

S

Help

P e i

Tools

in_controller *
Formak

i
'
'
1

lia i -

Simulation

View

2wdlpowertra

drlverinfa

File  Edi

] split

z

it_
Edit
| =

File
O

R
'

L 1sp




controller/dmd *

ain_

owertr

split_2wd/p

L)

arapt-phs-dp-----r--a-

A

ng_2wd

e

b_p_split_best

File  Edit

Tools  Help

Formak

Wiew  Simulation

- eng_Zund

t best_en

p_zpl




—

E=1E

=

controller/dmd *

1n

_2wd/powertra

nsplit

Format Tools Help

Wigw  Simulation

File  Edit

'
T
'
'
T
'
'
T
'
s
T
'
1
v
'
L
'
'
.
'
'
*
'
'
T
'
'
T
'

v
'
1
'
'
L
'
'
.

e e A R T e i o

T
'
1
v
]
.
'
'
+

'
T
'
'
T
'
'
T
'
'
T
'
1
'
'
.
'
'
L
'
'
+
'
'
.
'
'
T
'

T
'
1
'
'
L
'
'
+
'
'
T
'
'
T
'
'
T
'
s

3.7, S
i

'
T
'
'

Ean
'
'

i e

'
T
'
'
Longle
'
'

arapt-bhs-Jp--|-- -

A

time_simu

e e s s e g e

R L
S

e g

R N e - i L

'
r
'
'
r
'
'
r
'
'
b
'
L
v
'
L
'
'
L
'
'
v
'
'
r
'
'
r:
'

'
r
'
'
r
'
'
r
'
'
v
'
L
'
'
s
'
'
L
'
'
v
'
'
r
'
'
E
'




]

1]

q_dmd_hist]
brake_dmd_hist]

c_mo_tr
_trq_

[pte_eng_on_dmd_h

[pt
to_wuh_tr

E CIEIEIR|E
=l=1c]=x
- == s |
ololo|®=
E|lE|JE|E
e 2 d_ d_ - d_
cleldl s
£ _l=1El1E]+E
r | 1™ 1
ol =] o

E
- e 1 1 e
|
< o2 I
Pt -lE2lE2l=]|E

&

MATL

()
-}

- U P A o

= B ' P

= T — .

= ' :
"

= B i e i

5 = " :

=z B - i :

=y :

= S EEEEE U 4

= =

> BS ;
5 A

= 5 )

= il o

E B 1

=N o 2

1]

e :

(=1 (] T - T

2 B :

s E e

= - | .

arar-hbsdn---

split
File Edit

'
'
e
'
'

B




_model *
' demuxtcmd

St

n

2wd/powertra

lit_

L 1sp

i

[ p——

[
v

i
'

i
i .

meas out!
-

LS

ey
S

Help

mn

Tools

wvolt

Forrnak

_funTW

Pelec
Simulation

lib_mc_map
WiE

=]

Motor

c_fun TWr_walt

p_Fele

mo_ma

cond_mc

Fl100%




m
Help

wvolt
Tools

funTW
Forrnak
- in

c_fun TWr_walt

Simulation

Motor

p_Pelec

p_Fele

Wis

mo_ma

=] lib_mc_ma
Fl100%

'
'
T

am_bus eut

-2 --fi---T

ple_bus_in

'
e

it_2wd/cond *
m_but in!__

Al

_.h.

_P_a:[




&

funTW _in
Format Tools Help

B | == »
- in

_walt

o

c_fun TWr_walt

qut S

p_Pelec
Simulation

Motor

Wiew  Si
H &
p_Fele

b=
pto_hus_out
mo_ma

paraty
b_mec_ma

=i

oo O | =

pte_bus_out

Help

ntroller/
Tools

_Co

i,

imulation  Format

owertrain
driveriinfg

tave Lalis- i -

View 5

it_2wdlp

spl
File Edi

R B

=

lit_2w

sp




-

=

—
=
=

in_|

Z2wdfpowertra

it_

r!spl

Help

Wiew  Simulation  Format  Tools

File Edi

Exhaust

=,

LS

ey

S

Sk
v demus cmd

Accessory

Mechanical

b oansancas

Differential

&

-} MATL

o

S

'
1
]
'
i

L -
] :
h :
Lb% L s
i 5
=
1 4y 2
Cm I
] :
] BEE 2 i
=0 i
1 ER :
-3 4- : 2
e L '
; :
s iy z
; :




-

=

—
=
=

in_|

Z2wdfpowertra

it_

r!spl

Help

Wiew  Simulation  Format  Tools

File Edi

Wheel

Exhaust
'
'
s et fercal Fe

-

Accessory
'
(R
'

Differential

Mechanical

s

&

-} MATL

=,

-l

L1

v
agce

Electrical
Accessory
a
stz Lol Bl

Gheg L

ey

S

Sk
v demus cmd




Exhaust

'
"
'
N
v

T

Accessory
'

Mechanical

s

S

L L

=,

S

v
i
't
v

Electrical
Accessory
Toon
agcel
Y
[
'

P e i

"
'

A,
'

Help

Sy

Tools
wss vl

-

=

—
=
=

EUMi_ess

1n

ey

S

oL
i}

Sk
v demus cmd

Wiew  Simulation  Format

Z2wdfpowertra

it_
=

File Edi

ST
R
'

nspl




iz split_2wd/powertrain_model *

File Edit View Simulation Format Tools  Help

DeEdES 22> 8 | S BT ®

cmd_in

(T

meas_out

demux_cmd Exhaust

mux_meas

\ |
™ motor ':f:‘a::"fr;' 4 E‘l Engine ‘_-
med_ul Sccmech_wl eng_wl
e :|
R

A L] Electrical |
s ™ motor ™) pifrerential et B  venicle
L 7l Se—|
sum_ess  ess_ul accelec_wil mc_w1 fd_wi wih_wl weh_w

Flanetary

3
I%@
5

-

%4 start




=1 split_2wd *

File Edit Wew Simulation Format Tools  Help

S| BB T E

drv_for_engine_abc_weh

Briver

clock — <] o
’ main_disclosure

ol
*
-

pomertrain_contraller

— <
r workspace

‘Wchicle Contraller

Companent Cantralic-

powertrain_model

-,_..._..i_|

74 start




GREET Can Now Be Launched From PSAT

EEPSAT 6.1 - Powertrain System Analysis Toolkit

B{(=1[E
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PHEV Battery Requirements

Battery Testing
ll"- 2% |

\i‘ —

® Objective:
Define battery requirements for short and long term for

PHEVS
B Collaboration with Energy Storage System TT B?te[y Modeling

Ro

CV

B Progress: W
— VL41M battery modeled e
— Component models and control strategy defined

— Draft requirements provided for approval

B Future Directions: T
: L R e~
— Using data from battery characterization and system |51

evaluation (HIL), update the requirements i |
Batt HI Validation




PHEV Control Strategy Development

B Objective:
Develop real-time control strategies for PHEVs
B Progress:

— Global optimization algorithm used to view
the “best” control for several driving cycles
and distances

— Preliminary controls developed in PSAT
B Future Directions

— Develop control strategies focused on fuel
economy

— Evaluate the controls in MATT
— Include thermal and emission impact

Global Optimization

P( 1)SOC, ¢ +1)3,()

{.t)sdc, )
X(0) {E‘: X(T)
Uyt

{P, @+1)50C,, [t + 1)}J

Control D'evelopme'nt (PSAT)




Students Used PSAT in Challenge X @@E

as a Design Tool

B cX teams have completed a powertrain selection process

B PSAT was used for:

— Comparison of dozens of powertrain
configurations and components to
meet the competition goals.

— Component sizing.

— Development of specific control
strategies for the powertrain
architectures.

— Control components in real time.

Successful selection and development of powertrain
within the time frame considered made possible
through flexibility and reusability process




Examples of Collaborations

B Three year GM CRADA to further develop PSAT to become the
reference for model organization within the automotive industry

B WFO with Hyundai (HEV control strategy)
B WFO with SK (Battery HIL)

B Redesign tools to follow PSAT architecture (e.g., ANL GREET, ORNL
cost model)
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