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Introduction

What is Driving the Industry Towards Virtual Engineering?

Speed — Get to market faster
Quality — Better engineering
Throughput — engineer more products for the same money
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Problems with hardware testing

What's wrong with testing everything with hardware?

A few examples...

Mules Breaking Hardware Scalability

Developing calibrations for an Too late or very expensive to fix! Expensive to scale
unrepresentative prototype vehicle vehicles/dynos/benches
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What is Virtual Engineering?

Examples of the virtual world

Some components required for full vehicle simulations

Vehicle Dynamics Model Tire Models Powertrain Models

Ride, Loads, Handling, NVH, etc. Enables the vehicle model Drive quality, performance analysis,
evaluations calibration, etc.
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Cosimulation — Bringing multiple models together

Simple Examples

‘S[MULINK
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Vehicle
S-function
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What is an FMU?

Self-contained model format that can be executed by most off-the-shelf tools. Ex:

— MathWorks - Simulink
— dSPACE - VEOS
— Dassault Systemes - Simpack

Similar to a Simulink S-function, but it is not proprietary

f a :
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Interface

https://fmi-standard.org/

We use FMUs for all kinds of models

— physics “plant” models

— virtual Electronic Control Units (VECUS)


https://fmi-standard.org/

Example Integration Process

S-Function Based

Supplier ECU Model

‘SIMULINK

S-function

GM Integration

— 8

Supplier Compiles
& sendsto GM

GM Compiles
& Integrates

Reviews in source tool

Supplier ECU Model

= ‘SIMULINK

Source

GM Vehicle Model

w

Source

GM Runs Simulink & I
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FMU Based

Supplier ECU Model

Supplier Compiles
& sendsto GM
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Supplier ECU Model

fmuy

FMU

GM Integration
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Challenges Integrating ECU models as FMUs

External file vs. individual parameters

VECTOR D>

Parameter value CANape PAR V3.1: mrgend GM MY24 v9 1.a2l 1 @ XCP
v run_parameters j
[R] fixedStep 0.00015625
integrationMethod int32(3)
1] fixedorder int32(2) E:.- calPartNumber.DLS
v [E] SeXMAI_phi_VehPitchAng_deg_00 Oem_CalPartNumber.DLS
) Oe 3 rtHumber
(L] Iabel int32(1) oem CalPartNumber
1] showDigit int32(1) Oem_Ca rthumber
Oe alPartNumber
w SeTXAO_M_CaseTorgRDU_NmM_00 Oe alPartNumber
[ label int32(1)
[ showigit int32(1) RRH_SUM_ERRH_C_DTC_DT
-3 v [E] seTxAO_M_CaseTorgFDU_Nm_01 te SUM ERRH SUM ERRH C DTC DTC @

ECUs FMU Calibration .par file

Typically have 1000s of Changing thousands of Desire to load directly into
calibrations parameters can be tedious FMU
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Par File Parameter Reader Product Support Package

One Time Process

Template .par file

VECTOR >

Develop Calibrations

I- P
-

Load in MATLAB

L 2

~

—— T
I ks
il it
i

PAR_File Parameter Reader

<\ MATLAB

Hl,

Export Calibration (.par)
Trim to standard format

L 4

Build Init Subsystem
& Copy into source model

ECU Model

Source Model

ECU Model

— fmu

Deployed Format

‘_\SIMULINK

GM Integration

L

GM Vehicle Model

4

Reads calibrations into model
directly from .par file

Error handling if calibration failed
Enables large scale DOEs

Gil-_.




Reads provided

What the toolbox builds

par file

Builds ParFileReader
function

v \ 4

ParFile

h

= ASCI P filetame

siring

ParseFile

myBus_[nitialization

"I'I'G'PEIEITE‘IQIBU g

parameterReaderFunction
[

Event Listenar

parseFileReader

ExampleCal [FLOAT]

l s =g .
(_) initialize ExampleCal

writes calibrations to
parameter writers

<c_enable_whaal>

.5"@ c_enable_yaw

c_anabla_yaw

<r_enable_yaw>

TS o fm_kidirectional_current
<c_fm_bidrectional_current= - -
c_fm_bidirectional_current

> o fm_flur_compensation_enable
<c_fm_flux_compensation_snable= - -

c_fm_flux_compensation_snable

> c_fm_flur_estimation_enable
<c_fm_flux_sstimation_snabls= - -
c_fm_flux_estimation_enable

> o fm_positive cur in_reh pref

o bl ! — P g

<r_fm_positive_cur_in_reb_pref> - -
c_fm_positive_cur_in_reb_pref

. > o gear based il enable
<c_gear_based_lift_snable= - - -
©_gear_based_lift_snabls

- > ¢ _ic_absolute_position_frimsel
<g_ic_sbechuta_position_trimset= - -

c_ic_absolute_position_trimeet
- c_ic_diag 2 disp_constan_faul

<c_ic_diag_2_disp_constant_fault=

c_ic_diag_2_disp_constant_fault
- c_ic_nominal_pasition_trimset

c_ic_nominal_position_trimset

<c_ic_nominal_position_trimset=

Builds init. subsystem

Adds calibrations to

Model Workspace
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Column View: Data Objects

Contents of: Model Workspace (only)

~  Show Details

O] in'i\tialize I

i

1

-4@ ; -40

L L L L L L L L L I ™' '™ ¥ 1XI;

O ©_bc_df passive_combination

o c_bc_df roll_blending

o c_bc_df smoothing_enable

o c_bc_method_full_car

o c_cd_use_damper_map_tcomp_axle

o c_cd_use_damper_map_tcomp_body
o c_cd_use_damper_map_tcomp_handling
o c_cd_use_damper_map_tcomp_stability
o c_cd_use_damper_map_tcomp_tpe

uint8(0)
uint8(0)
uint8(1)
uint8(1)
uintB8(0)
uint8(1)
uint8(0)
uint8(0)

uint8(0)

Examp

-

-40

ExamplgCal

ExampleCal
Init

ExampleCalDisplay

(D) initialize

leCal [FLOAT] 1@ ;

|

ExampleCal

L] 1

ExamplgCal

Init

ExampleCal

ExampleCalDisplay

-40
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How have we used It?

» Deployed supplier damper ECU inside our vehicle model

* Run cosimulation from native tool, no learning curve

« Enables DOE of damper calibrations early in design
process

Damper “plant” ECU Model
Model

Other Applications/Future Work fmi fmi

« Other vECU models that use CANape .par format e \
« Parsing other calibration formats like standard CDFX N A




Summary

Running a complex full vehicle co-simulation often
requires utilizing virtual Electronic Control Units
(VECUSs) from various sources

Compiling these VECUs as Functional Mock-up
Units (FMUSs) provides the flexibility to run in
different environments

The toolbox MathWorks developed enables FMUs
to be calibrated via their native calibration file

MathWorks AUTOMOTIVE CONFERENCE

Supplier ECU Model

‘SIMULINK

Source

Supplier Compiles
& sendsto GM

A &

Supplier ECU Model

fmuy

FMU

GM Integration
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