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Outline

°* Launch PSAT

* Define the vehicle

* Select the type of simulation
°* Run the simulation

* Model building
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2 — Launch PSAT

°* Map the network drive
°* Launch PSAT
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Launch PSAT from the Desktop

PSAT W60
Betao
k
Dn_:]uble
Click Welcome to PSAT v6.0

PEAT Folder L bodalingtdowslopaentinsal_E0_betafi
Drowse..

UserName XS R - ||
Cancal Copnricht mind Desclaimer Start FSAT
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3 — Define the Vehicle

Select the Drivetrain configuration
Define Component Characteristics
View Component Characteristics
Save your choices

Select the parameters to be monitored



Select the Drivetrain Configuration

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help

Simulstion | import Data | Data Analysis | Matiab |

BE A

= 5] VenhicleFile:

Configuration: par_2wd_p2 au

@ 1. Vehicle lQ.SimuIaﬁon Setup | 3. Run Simulations |

@ 1. Drivetrain Configurstion ]2. Crivetrain Components ] 3. Controller § Strategy | 4. Simulation Output 1

=L Electric
=1L Parsllel Hylrid k
CEC 2 wheel drive .
+-(1] dm: Manual Transmission DOUb|e— Cl' C l": .'II
= D au: Automatic Transmission
D Starter_motor_alternator Drag& d r[:lp
a Pre-transmission
D Post-transmizzion
D Maotar wheels
+ |;] ot CYT: Cortinuously Variakle Transmission
+-[] 4 whesl drive

(R i M e WP RO O T —

Configuration Configuration List | Description
[+ |:| Convertional A | par_2uwed_p2_au 2 wheel-drive pre-transmission parallel configuration with automatic transmission
[+ |:| Fuel Cell SOnly par_2wd_p2_au_Zess 2 wheel-drive pre-transmission parallel configuration with automatic transmizsion and 2 energy storage sys

Options
Motor Cortroller

I Power Converter 2 O % } } Q 2
I Torgue Coupling - F { ﬁ
Srantes Engine L aneer ooy Elutch [ o e Whasl Vanicle
= ?
=
3
pe/oe i
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Select the Drivetrain Configuration

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help

@ Simuistion | imgort Deta | Data Analysis | Matiab |

==

VYehicle File:

Configuration: par_2wd_p2 au

@ 1. Wehicle ]2. Simulation Setup ] 3. Run Simulations ]

@ 1. Drivetrain Configurstion ]2. Drivetrain Components ] 3. Controller § Strategy | 4. Simulation Output 1

=1L Parallel Hylbrid
= D 2 wheel drive

+! (2 dm: Manual Transmission

=1 au: Automatic Transmission
D Starter_motor_atternator
t‘ﬁj Pre-transmission
[ Post-transmission
D Motor wheels

[+ |:| ot CWT: Continuously “ariable Transmission

+ [ 4 whesl drive 3

TR i M o NP e P TS

Configuration Configuration Lizt | Description
[+ |:| Convertional A | par_2uwed_p2_au 2 wheel-drive pre-transmission parallel configuration with automatic transmission
[+ D Fuel Cell Only par_2weel_p2_au_less 2 wheel-drive pre-transmission parallel configuration with automatic transmission and 2 energy storage sys
=[] Electric

|

Select the options

Options —
Motor Controller

I Torgue Coupling

111y
HH O =

Accmsmary
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Define Component Characteristics

F% PSAT v6.0 - Powertrain System Analysis toolkit

File Simulation Setup  PSAT-PRO Units  Help

Simulstion | import Data | Data Analysis | Matiab |

BE A

= ¥ehicle File:

Configuration: par_2wd_p2 au

@ 1. Vehicle lQ.SimuIaﬁon Setup | 3. Run Simulations |

1. Drivetrain Configurstion @ 2. Drivetrain Components IS. Cortrollar | Strategy 1 4. Simulation Output |

Componert ! Model / Technology Initislization Fils | Dezcription | | Sealing Fils
+| [ | Electrical Accessory A ) eno_ci_10800_246_Cummins Initizlize the 10.8L 246k Cumminzs diesel engine eng_s_lin
= M eno_ci_12000_321 _Caterpilar_DME00S  Initizlize the Caterpilar C-12 430 hip (121, 321 KAD dissel engine

= L map_hot eng_ci_12700_330_Detrot_Diesel_S60  Initialize the Detroit Diesel Corp. Series 60 12 7L (330K diesel e
‘il : eng_ci_1500_37 Initislize & 1 471 (37KW) diesel engine Data interpreted from "inter -

eng ci 15000 _324_Caterpillar_C15 Inrtlallze the Caterpillar C-15 (rated power 324k diesel engine

] e ; =ngine Data fr

eng_ci_1700_75_ach Initislize the Mercedes A-Clazs 1 ?L (?SKWJ diesel engine Data fr

eng_ci_1700_75_ack Initislize the M h liesel engine Data fr

— eng_ci_1700_75_MY Initislize & dies hnology Data from |

313 nedrainet_ARL eng_ci_1800_75 Initialize & 1.81 . v
< w0 e Double-click f 5 |&

Technold D ra Q & d r p

Component

Dezcrigtion
Scale the engit

189 | ] 239

ization File Scaling File |
EVehicIe
Exhauﬂ Aftertreatment
X.Power Converter: Electrical Accessory
LB [} |[Electrical Accessory
:gﬂ] Engine map_hat ci end_ci_1700_73_aclass_ANL
Z‘Torque Coupling: Motor Cortraller .
b
@ Component Parameters ]Ini‘tializaﬁon Parameters | Scaling Parametsrs | Building Component
toniel raiehot Calculztion File(s) Companent Characteristic Graphs
eng_calculation ) - _ = A
Techrology ci ! h F i 13 * I;i (
Initislization File  enc ci 1700 75 aclass AML Engine Hot BSFCHotMsn  Fuel Hot Map Enaine Hot
Efficiency Map... (Torgque) - Points  (Torgque) - Points  Efficiency Ma...
Scaling File
Add Caloulation Fie | [ B I == | =z ~
. Total Component Mass Mass of Fuel Cargo Mass YWehicle Maszs
Yehicle Mass

Unit: kg
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Perform Parametric Study

F% PSAT v6.0 - Powertrain System Analysis toolkit

File Simulation Setup  PSAT-PRO Units

Help

Simulation | imgort Data | Data Analysis | Matiah |

BE A

= ¥ehicle File:

Configuration: par_2wd_p2 au

@ 1. Vehicle |2.Simulation Setup | 3. Run Simulations |

1. Drivetrain Configurstion @ 2. Drivetrain Components IS. Cortrollar | Strategy ] 4. Simulation Output |

Componert ! Model / Technology Initislization Fils | Dezcription # | | Sealing File Dezcription
+| [ | Electrical Accessory A ) eno_ci_10800_246_Cummins Initizlize the 10.8L 246k Cumminzs diesel engine eng_s_lin Scale the engit
= Engine M eno_ci_12000_321 _Caterpilar_DME00S  Initizlize the Caterpilar C-12 430 hip (121, 321 KAD dissel engine
= L map_hat eng_ci_12700_330_Detroit_Diesel_S60  Initizlize the Detroit Diesel Corp. Series 60 1271 (330KW) diesel e
G eng_ci_1500_37 Initislize & 1 471 (37K diesel engine Data interpreted from "inter
cng eng_ci_15000_324_Caterpillar_C15 Initislize the Caterpillar C-15 (rated power: 324K diesel engine
h2 eng_ci_1700_75_aclass_ANL Initislize the Mercedes A-Class 1. 7L (73KW) diesel engine Data fr
Ing eng_ci_1700_75_aclass_ornl Initislize the Mercedes A-Class 1.70 (7SKW) diesel engine Data fr
i W || ena_ci_1700_75_aclass_paper Intizlize the Mercedes A-Class 1.7L (73KW) diesel engine Data fr %
£ | > £ 2 5
Companernt hadel 5
E Final Drive - -
e Parametric studies are
| Vehicle
E] Exhaust Aftertreatment
=t

_.j-_lu Powver Converter: Electrical Accessory
E Electrical Accessory
g!] Engine

“_']Torque Coupling: Motor Cortraller

performed when more
than one parameter is -

map_hat

Componert Parameters @ Intialization Parameters lScaIing Parameters ] Building Ct

Parameter Mame Defaut | “alue 1 | Walue 2 | Walle e n te re d | Cael

eng.init warmup_init 1]

eng.init tau 0z

eng.init.dn o

eng.init inertia 013 |ois kg.m*2 m2

eng.init.spd_str 10 radiz

eng.init.fusl_density_wval 0533 kaditer »

< >
Multiple Yalues f Parametric Study Type: ™ Individusl Parameters &0 Combinations

Total Componert Mass
189 | ]

Masz of Fuel Cargo Mass YWehicle Maszs

238

Yehicle Mass

Unit: kg
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Define the Vehicle Mass

SAT v6.0 - Powertrain System Analysis toolkit

File Simulation Setup  PSAT-PRO Units

Help
Simulstion | import Data | Data Analysis | Matiab |

= [ WehicleFile: oui par midsize cavalier ISG in

@ 1. Wehicle ]2. Simulation Setup ] 3. Run Simulations ]

Configuration: par_2wd pl_dm

1. Drivetrain Configurstion @ 2. Drivetrain Components ]3. Cortrollar | Strategy ] 4. Simulation Output 1
Component ! Model § Technology Initizlization File | Description

Mechanical Accessary

-| ClutchiTorgue Converter
Erergy Storage

2= hiotor Controller

L Gearbox

| Final Crive

Componert

@ Drriveer

Mechanical Accessary

be overwrltten

vt g s S
EE] ChatchiTorgue Converter

m Erergy Storage
@ hotar Contraller
L Gearbos

-:Iutch_map
GENEric_map
map_Pelec_funT_wvalt_in
mEnual_map_trglossfunTvrstig

map_trgloss_funTv

2uved
E “Wehicle equation_losses
Componert Parameters @ Intialization Parameters ]Scaling Parameters

The test mass can

Scaling File Description

gtion File
20000_50

-=s |f SO, It appears

ess_nimh_5_240

~<rwow PEside the vehicle

fl_363_cavalier

wh_0317_P195_B5_R1: m aS S
yeh_B00_18_038_cavali

g Component ]
Parameter MName Defautt ] Walue 1 J iy Walue 3 I Yalue 4 ] Uit ] Description
vehuinit. frontal_ares 1.8 m2
veh.init.coeff_drag 0.38
veh.init.co_height
vehinit.ratio_weight_front
vehinit ratio_weight_rear
| g0 [ | I
>
Muttiple Yalues | Parametric Study Type: " Individual Param Al Combinations
. Total Component Mass Mass of Fuel Cargo Mass YWehicle Mass e
Yehicle Mass 1490 | | o6 781 1% E00 ( |E'}:erlwrlttenga’;v;er|;|ect|:r-: = kg
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Select the Control Strategy

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help

Simulstion | import Data | Data Analysis | Matiab |

= [ WehicleFile: oui par midsize cavalier ISG in 1 - SeleCt eaCh part Of the ContrOI

@ 1. Vehicle lQ.SimuIaﬁon Setup | 3. Run Simulations |

1. Drivetrain Configuration { 2. Drivetrain Componerts @ 3. Cordroller [ Strategy lf a - P ro pel I i n g (Wh e n Ve h iC I e acce I)
o e — T b — Regen (when vehicle decel)

__'l pJJEIr _1mc_perfo

__—I p_par_ 1mc _Consa |n3|ght C = Sh Iftl ng
] f;l Shifting

+- 7] Braking

| 2|

Strategy Type I hodel ] Initialization F

Propelling p_par_imc_conso_start_alter p_par_1mc_conso_start_after

Braking b_par_pretx_1axle_1mc b_par_pretx_1axle_1mc

Shifting z_dm_veh_accel_speed tx_shift_n_gen

Strategy Parameters

Parameter Defautt “alue 1 Walue 2 Yalue 3 Yalue d | Unit Description

eng_time_min_stay_on 2 ]

eng_time_min_stay_off 2 ]

eng_soc_ess_below_turn_on 0z [0,1]

eng_soc_ess_above_turn_off 0E [0.1]

esz_soc_target 055 [0.1]

esz_soc_charge_intermediste_pwr 045 [0.1]

ezz_soc_discharge_intermediate_pawr 05 [0.1]

end_soc_ess_below _turn_on 0z [0,1]

esz_percent_pwr_charged 035 [0,1]

esz_percent_pwr_dizcharged 035 [0,1]

£ >
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Save the Modified Vehicle

Powertrain System Analysis too kit
File Simulation Setup  PSAT-PRO Units  Help
@ Simuistion | imgort Deta | Data Analysis | Matiab | B o

= & Nﬁle File: gui par midsize cavalier ISG in Configuration: par_2wd_p1_dm
] etup ] 3. Run Simulations ]

_.-lSave vehicle File'

Crivetrain Components ]3. q

Save Vehicle File

Save in: |k"';"?vehicle _".J - =5 B

53
ll'i ClutchiTorgue Converter

D

MyRecent  |[C5)electric

Documents () Fuelcell
Fﬂ% Ciparallel 5
- |Thseries_eng el
Desktop | Tyseries_fc |

| series_parallel

— T =t =

map_Pell My Documents

EE En

E hotar Contraller

Gearbox miEnaEl_ms|
map| __B )

&g
57 (AN PR —— o My Compuiter v

@ Component Parameters llnnializaﬁon Parameters ] Sealing

-
Model oenetic map ‘4‘

My Metwork  File name: | | Save
Technaology  nimb Places
Save az hupe; |F'SAT *ehicle file [gqui_™_in.m] LJ Cancel
Initislizetion File  ess nimh 6 240 ’
Dizcharging. .. Plat
Scaling File
Add Calculation File |
- Total Component Mass Mazz of Fuel Cargo Mass wehicle Mazs -
Wehicle Mass Unit: k
1455 | [ sers 138 | 1648 9
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4 — Select the Type of Simulation

Select a driving cycle
Run multi-cycle simulation
Run procedure

Run road load match/performance
SOC correction

13



Simulation Setup

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help

Simulstion | import Data | Data Analysis | Matiab |

= [ WehicleFile: aui par midsize cavalier ISG in

Configuration: par_2wd pl_dm

1. vehicle |

] 3. Run Simulstions ]

© Simulation List ]soc Correction |

SimulationSetup MName

=1 Cycle
[ car
-1 bus
[ truck
=21 Procedure
[ car
=21 Performance
[ Acceleration

2

| Nasrcrintinn

Driving cycle, Procedure

mmmm)> and Performance are the 3

main choices

<

@ Simulstion Parameters | Simulation Statistics] Accessories

Cycle Time

Distance
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Select a Driving Cycle

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help

Simulstion | import Data | Data Analysis | Matiab |

BE A

ﬁ"rn VehicleFile: gui par midsize cavalier |SG in Configuration: par_2wd pl_dm
1. Wehicle 2. Simulstion Setup ]3. Run Simulations ]
O Simulation List ] SO0 Correction '|
Simulation Setup | SimulationSetup Name Description e
=1 Cycle E ul CFTI Fl
= car * LS EPA - Highway Fuel Economy Driving Schedule {(HWFET) - also called FHDE. Represents highway driving ©
-1 bus IS EPA - USOE i 3 high acceleration aggressive driving schedule that is often identified as the " Supplemental
o 1 US EPA- SC03 is the Air Conditioning "Supplemeantal FTP" driving schedule
[ truck -
__ I:Iﬁocedure DDUble C“Ck 'lr LIS EPA- First 505 seconds of the UDDS
T - Federal Test Procedure is composed of the Dlloweed by the firs seconds ofthe
Dra &dr[:l US EPA- Federal TestP d (FTP) d ofthe UDDS foll d by the first 505 ds ofthe LUDLC
i L car o US EPA- Federal Test Procedure (FTPY is composed of 2 UDDS. Used for hybrid vehicles.
=REE __F'Effﬂfmance HWFET_2times U5 EPA- 2 Highway Fuel Economy Driving Schedule (HWFET). Used for hybrid vehicles.
[ Acceleration US06_HWY WS EPA- Higfrway portion of the LS06 drive cycle - Created from by eliminating the beginning (0-130 §) and the
Cycle repeat # Scale Grade Steady Speed  Std Spd Durat... Description
upoDs 1 0 1S EPA - Urhan Dynamameter Driving Schedule (L
< | >
@ Simulation Parameters | Simulation Statistics | Accessories
Cycle Time SEeC
Distance m
g
15
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Run Procedure

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help
ata Analysis | Matisb |

1 — Select

par midsize cavalier 156G in

Configuration: par_2wd pl_dm

jetup ]3. Run Simulations |

rection ]

n iSimulationSetup Mame _\

TF FProcedure (City)

way)
e unadjusted Procedy

| Maserintinn

2 — Double-
click or drag
and drop

2

Procedure
FTF Procedure (City)

|

3 - Select cycle to
view vehicle
speed trace

Grade
a

Steady Speed  Std Spd Durat...

Description
1S EPA - Urhan Dynamameter Driving Schedule (L

| >

Simulation plot

Cyele Speed [mileh] 1]

40

Coycle Grade o
Engine 0K b
I

i i)

JM !

] A

3344 sec

Distance  14.8993 mile

1200 1800 2400 3000

Tirne §

‘ Cycle Time
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Run Acceleration

PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help
Simulation ]Irnport Data | Data Analysis | Matiab |

e

= [ WehicleFile: aui par midsize cavalier ISG in

1. "Wehicle 2. Simulstion Setup ]3. Foun Simulations ]

Simulation Setup A Simulaﬁetup RE]]

[ truck
=1 Procedure
-3 car
=1 Perfarmance
=3 Acceleration

3 vt T e How long does it takes to 0
reach a desired speed?

Configuration: par_2wd_pl_dm

€3] | >
Cycle Scal Grade Steady Speed  Std Spd Durat... Description
LDDS 1 1 0 LIS EPA- Urban Dynamometer Driving Schedule (L
Procedure
FTF Procedure {City
Acceleration Test Shifting Time
0.z g
Speed From Unit
Launch Speed Of T
Al ! ¥
@ Simulation Parameters ] Sirmulation Statistics] .&ccessories] i Simulation plot
= = . Cycle Speed [mileh] o
SpeedFrom | 00 = To | 559 = mikesh ( b i
1E0 r Engine ON 1 5
120 l
a0
40 J
Cycle Time 80 SEeC }
1]
Distance 3.3088 mile a 14 28 42 56 70
Time 2
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Run Gradeability

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units  Help

@ Simuistion | imgort Deta | Data Analysis | Matiab |

B~

= [ WehicleFile: aui par midsize cavalier ISG in

1. "Wehicle 2. Simulstion Setup ]3. Foun Simulations ]

@ Simulation List ]soc Correction |

Simulation Setup SimulationSetup Mat

[ truck
=1 Praocedure < Gradeability Te
[ car

=23 Performance
|1 Acceleration =

Configuration: par_2wd_pl_dm

What is the maximum grade at
a desired vehicle speed?

Gradeability Test
Grade

M
£3 | » £ |
Cycle repeat # Scal Grade Steady Speed  Std Spd Durat... Description
upoDs 1 0 15 EPA- Urhan Dynamameter Driving Schedule (L
Procedure
FTF Frocedure (City)
Speed U

o

A
@ Simulation Parameters ] Simulation Statistics] Accessories Simulation plot
il ; E0 Cycle Speed [mileh] [
Gradeability 5 peed E5.0 milesh Cycle Grade 2
48 Engine 0K 3
36
24 J
12 }
Cycle Time 80 sec }
i]
Distance 1.0737 mile 1] 14 28 42 56 70
Time 3
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Run Coastdown

F% PSAT v6.0 - Powertrain System Analysis toolkit
File Simulation Setup  PSAT-PRO Units

Help
Simulstion | import Data | Data Analysis | Matiab |

BE A

= [ WehicleFile: aui par midsize cavalier ISG in

Configuration: par_2wd_pl_dm

1. "Wehicle 2. Simulstion Setup |3. Foun Simulations ]

© Simulation List ]soc Correction |

Use to define the target ABC

Simulation Setup

SimulationSetup MNar

P a . coefficient of the dynamometer
: H D car Coast Down .

o or compare with the ones

: 5 n Andad 2

Cycle repeat # tid V 1808 U steady Speed  Std Spd Durat... Description -

LDDS 1 1 0 LIS EPA- Urban Dynamometer Driving Schedule (L

FF,'rl'lI::'cF'ell'ioucr:lzlure (Cityh

Coast Down Launch Speed

e e

Al ¥
@ Simulation Parameters ] Simulation Statistics] Accessories Simulation plot
= o Cycle Speed [mileh] o
Laurch Speed | E0O 5 mile/h . Cyole Grads i
Engine ON 1
40
a0
20
10
Cycle Time oo SEeC
1]
Distance 4 6578 mile 0 40 20 120 160 200 240 280
Tirne §

19

Pioneering
Science and
Technology

A

Office of Science [F o=
U.S. Department ?{ :i}‘ P 4
of Energy u;'-'.e_,ﬁ



Run SOC Correction

FRPsAT v6.0 - Powartrain Syslem Analysis toolkil
Flz  Smulabion Seoup PSAT-PRC Unks  Help
@ Smuston | ot Dats | Date Anslysiz | Mtk |

EE &

= [@ VehicleFile. gui par midsize cavalier [5G 1o

Configuiabion: par_2wd_pl_dm

1. weide @ 2 Smuion Sefun |3.HJ.II'I Sinuations |

Smulston List @ SO0 Carraclion ]

|¥ Enabls S0C Comection

SO0 Correction Aarttns || varate
E _'| Lir Smetion sggink.soc ik
[Ei.;lll.l.l’.r’rr
= | 0
+] | 2+

Dichotomy case: the value of the
Initial variable is modified until

SOCinit = SOC final +/- Tolerance

Algorithe  Dichotomy
Wariabl: eza.inil. soc_ind

Humberaflteration [ 15 =]
Todexancn s :|j_ %

Fuel Economy

A SOC
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5 — Run the Simulation

* Select the rerun file
* Chose options
* Select the solver
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Launch the Simulation from the GUI

SAT v6.0 - Powertrain System Analysis toolkit

File Simulation Setup  PSAT-PRO Units  Help
Simulation ]Irnport Data | Data Analysis | Matiab |

= [ WehicleFile: oui par midsize cavalier ISG in

Configuration: par_2wd pl_dm

1. Wehicle ] 2. Simulstion Setup @ 3. Run Simulations ]

Simulation List || Simuiation File

] Description

ﬁ Current Simulation rerunt
+-{_] arouzzeau

[« | 2

Simulstion defined in the Previous Tabs (1 Mehicle to 4. ToWiorkspace)

Press “Run the Simulations”

+ |:| Drivetrain
+1-(_] Cortraller
-] Simulation Setup

Wehicle File:

1433

Browse...
# | File Path | File name | |
1 arousseau rerunl.m par_2wvvd_pd _dm

build: p_par_1mc_conso_ er + b par_pr..  Cycle 1: UDDS + Procedure 1: FTP Procedure (Citya + ..

S Run the Simulations >

Configuration Mame
par_2wed_pl _dm

Compaonent WMass

[~ Diebug
Powvertrain Axle Transmission Poel [ Stop zimu at; 1 3+
Parallel Hybrid 2 wheel drive dm Starter_me
[ Show Building
Cargo Mazs Fuel Mazs Total Wehicle Mass
136 36,751 1645

Simulstion Options

| T Manual Simu Stop

Save values every

10 3: zamples
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6 — Model Building

* Allows avery large number of drivetrain
configurations
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Z aplit_dwed *
Fie Edt ¥ew Simudetion Formek Teok  Help

DSt S| bSE RE &

-__ drw_for_engine_abe_veh

clock

main_disclosure

powertrain_controller
Vehicle Contraller

I

workspace

pomertrain_model
m=rr=—ig |

az2F
e

[P ¥R [ R Ry

! | s |
14 Start i = ¢ ; = Mici : AL : 3 ) MATLAB = imodelng. J SimufEaon .. . ol : - 13234 M
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