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Issues Related to Vehicle Modeling

« Large number of configurations
 Models complexity selection
 Models maintenance

 Models compatibility

* Results post-processing

— > Leverage resources
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((q ~> Control-Based Modeling

« ‘Forward’ modeling (driver-to-wheels with control and feedback) to
portray transient component behavior and vehicle response

— Component dynamics (e.g., engine starting and warm-up, shifting, clutch
engagement ...)

— Physiological component models possible
— Control strategies that can be utilized in HIL, RCP or vehicle testing
— Can utilize variable time steps to enhance accuracy

Commands from Powertrain Controller to obtain the desired vehicle speed
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Realistic Shifting Event
(0.6 sec shift with manual gearbox)
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(“(_\ Detailed Models Necessary for
e R@@liStic Behavior
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Large Number of Configurations
((( «=~ Achieved Through Building

gy | —
E Accelerator/Brake pedal

Motor command

Controller Commands

Engine command

Brake command

=

Shift command
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Clutch command
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(_(—\ Configuration Structure Allows Drivetrain
Cona Building and Manages Compatibilities

Structure | Field name Description
config name Name of the powertrain (example: "par_2wd_p2_ct")
pwt Hybrid Family (example: "Parallel Hybrid")
axle Number of axles (example: "2 wheel drive")
trans Transmission technology (example: "ct" for continuous variable transmission)

name_compo | Component used in the powertrain (example: {'drv', ‘'eng’, ‘'mc', 'wh'...)

ver_compo Component versions the user can select

pOS_compo Location of each component in the powertrain and component it is connected to

prop_strat Control strategies available for the powertrain.

trs Transient needed for the powertrain

E
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(‘\ Model Complexity Selection Facilitated
L BB by Generic Component Model Format

 Models follow Bond Graph principle

e Consistent input/output nomenclature

* Plug-and-play component models

« Configuration easy to visualize in block diagram code

Command from Information
Controller to Controller
Mechanical Component
Effort = Torque
Flow = Speed
Effort —=»{ COmMponent by Effort Electrical Component
Flow l Model > Flow Effort = Voltage
Flow = Current
QA FE AN ST
= =9 8 24 2004-01-1618



Model Maintenance Ensured Using
Libraries

Name of the Library/v D|E§|%E|E&E|HIE—®|} ?

Simulink Model

Version T~

Signal
Conditioning Block

Constraints Block

S SOy 25 2004-01-1618



Parameter Names Follow

Nomenclature
« Based on three parts:
» Type of component (e.g.: eng = engine)
 Type of data (e.g.: trg = torque)
e Complement of information (e.g.: max = maximum)

« All the model parameters and variables are composed
using these three parts

Parameter Type of component Type of data #1 Type of data #2
eng_spd_hist "eng" for engine "spd" for speed
mc_volt_hist "mc" for motor controller "volt" for voltage
ptc_eng_trg_max_hist | Engine information used in the controller “trq" for torque "max" for
("ptc") maximum

QAL SOCs 26 2004-01-1618



(‘\(—\ Mux Lines Used to Locate Parameters
Czoee in Buses

B — e

= T —— E: e eng_co_histZhus
- e — eng_nox_hist2bus
L =— eng_pm_hist2bus | |
Bl eng_o2_histZhus -
— =1 info
— A e - eng_ex_gas_flow_histlbus

Eng_ex_equiv histZbus

eng_fuel rate histlbus

Name of the line =>
“name_parameter” 2bus

S SOy 27 2004-01-1618



... Accessing Parameters From Buses

Block Parameters: eng_spd_hisk x|
- Selectar 20 _ _ drv_trq_dmd_hist
Select or re-order the specified elementz of an input wectar or matris. ptc_bus_in

y=u[elements] if input iz a wectar.
y=ufrowz, columnz] if input i a matris.

The elements [E), rows (R, and colurmns [C] may be specified either in the Block Parameters: drv_trg_dmd_hist x|
block's dialog or through an external input port. — Selectar
Select or re-order the specified elements of an input vector ar matris.
— Parameters

y=ulelementz] if input iz a vectar.

Input Type: (W y=u[rowg, columns] if input s & matri. » . .
The elements [E]. rows [R]. and l:-:nlul_'nns [C] may be zpecified either in the
Source of element indices: |Internal j block's dialag or through an external input part.
Elements [-1 for all elements]; — Parameters
Inh_eng_spd_hist Input Type: |§
Input port vidth: Source of element indices: Ilnternal j

Inb_pwt_vanables Elements [-1 for all elements];

|n|:|_|:|rv_trq_u:|m|:|_hi$t
Cancel | Help | Al |

[nput pork width:

'

|n|:u_in_dmd_varial:ules
) I - ng speed

param_hus_in | oK. | Cancel Help il

QAL SOCs 28 2004-01-1618



Generic Vehicle Powertrain
\(E=

~=wes CONtroller Organization

A generic organization common to all powertrains

Accelerator
pedal D
E Commands
M
A fo
_ N components
Information D
from
component
(sensors)
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Vehicle Configuration
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m
: : Teansroatation Besgancy

Model Structure List All the Users
Choices from the Graphical User Interface

Field #1 Field #2 Field #3 Meaning
gui size Graphical user interface window size
units Units used in PSAT (metric or english units)
drivetrain name This is the name of the model
‘component name ver Component version
abbreviea;]t;o)n' (e: type Component type (SI, Cl...)
init Component initialization file
scale Component scaling file
calc Component calculation file
prototyping used only with the optional PSAT-PRO
sim cycle run ON when we choose to run a cycle
number Number of cycles
acceleration run Acceleration test
strategy conso prop Propelling strategy init. file & model
shifting Shifting strategy init. file & model
braking Braking strategy init. file & model
results conso €ss_soc_init Initial state of charge

final_abs soc

Final absolute state of charge

fuel _econ

Fuel economy in miles per galon




Proprietary Information Are Added
((( «=>  Without Code Modification

R st e s

' |nitialization " Scaling " Calculation

-]
Ardr a Fileal Add aversior || Adda Type
] =10 x|
ﬂ T

wfEdit Mfile Compatibility

Change Picture

enc_si_10000_ 224 HCP
eng_si_1000 30 HOT
<} Type List

Mone - |

2004-01-1618




Compatibility Is Managed For the

(( wn— Users

AL

o RomEdHE RS

2} Edit List --Engine

&+ |nitialization " Scaling " Calculation

I Change Picture
Configerntion -:nllf:-n!.ifb.:i-lir._'.“h-- - : (':'*.IZ':IIZ':I ﬂ.T}.-"FIE
onSguranen k=8 r

— [

Specify the componanl version(s) 3
hiat ean be used with the selected ; st 4
configuratbom i) ren on DE'_EtE- B.T}.r'pe

Component
cormatibsility

Conpisa) Tusiien

Cazhf Tegom Corvente ]

Upeonmputibility

2]

Ad M e ompabsle componnt Yersan | e

o) e

Uncompatibility hst:

Specily the component version(s)
anel £ or typeis) which are no! compatible

with the sedecled verson and type
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Specific Tools Developed To Visualize

((E_Results and Understand Behavior




Reusable Tools Ensure Resource
Leverage

* Proprietary data set, component model and control
strategies can be easily implemented thanks to:

— Naming nomenclature
— Generic component model format
— Flexible GUI

e Large number of predefined configurations can be
selected as the powertrain is built

* Flexible post-processing
« Most of the concepts can be applied to other tools
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Contacts

Aymeric Rousseau arousseau@anl.gov
Philip Sharer psharer@anl.gov

Transportation website www.transportation.anl.gov
PSAT www.psat.anl.gov
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