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real-time simulation and testing

Just imagine you just updated your EV software and:

you cannot use fast charging your vehicle needs to be towed or suddenly loses power while driving

Update Not Successful
ur vehicle cannot be

Yo .
driven
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Agenda

C Powertrain Testing using E-Motor Emulators

C Accelerating Inverter Software Release Cycles

C Simulink® integration with Speedgoat Test Systems

C Demo using Simscape™ Battery™ and Powertrain Blockset™
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At AVL, we are one of the world’s leading mobility
technology companies for development, simulation
and testing in the automotive industry, and in other
sectors. Drawing on our pioneering spirit, we
provide concepts, solutions and methodologies for a
greener, safer and better world of mobility:
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Powertrain Testing
Why should there be a different testing strategy?
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ICE Powertrain Testing

Traditional approach [:f:"

A Well-established validation tests to

develop vehicle propulsion systems for:

Internal combustion engine-driven vehicles
Electric vehicles (EV)

A Typical examples include

Durability

Performance evaluation

Optimization of consumption

Driving range

Drivability optimization

Integration of high-voltage components
On-board diagnostics

Failure diagnostics

A Test are executed on rotating test beds
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real-time simulation and testing

Powertrain Testing
Why should there be a different testing strategy?
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Powertrain Testing
Inverter Testing Methodology

INVERTER (POWER ELECTRONlC) BATTERY, FUEL CELL OR COMBINATION

. ) L. Energy source and sink (buffer)
U Intelligent mini-computer

Converts DC to rotating multiphase AC
Controls torque

Protects the actuator (e-motor)
Heart = power electronics
Brain = software

e e a an-A e e

E-MOTOR

Transforms electric current into torque
through Acop

Is an actuator controlled from the inverter
in a closed loop control
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Powertrain Testing
Inverter Testing Methodology

According to the traditional process €
On an E -motor testbed, the combination of inverter

Road and electric motor is tested.
. Testing The electrical power level of the inverter is not tested
MeChanfcaI el Chassis before integration with the e -motor takes place
Integration dyno

E-motor
testbed

Electrical Signal
Level

Software
Level
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Powertrain Testing
Inverter Testing Methodology

Road
Testing

Mechan}cal Level - Chassis
Integration dyno

. E-motor
Electrical Power e
Level

Power Frontloading of tests
Hardware in
the Loop at full power...

(Emulator)
A No real e -motor needed

I Electrical Signal A Testing at full voltage and power

Level

A Protection of the inverter
Software
Level ! S‘g”a‘HardWare ' A No mechanical testbed

INthe LOOp

A Failure emulation

A Emulated fdriving fi

<

~_~ Huge gap to
next testlevel

S
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Powertrain Testing
Inverter Testing Methodology

Inverter Test System

.

Battery Inverter E- Motor
Emulation | (UUT) ' Emulation

E- motor/gearbox not needed

Easy evaluation of inverter issues

Inverter can be tested to the performance limits
No influence of dynamometer characteristics

Fault injection is simple, safe and reproducible

o o Io Io o Do

Test setups and test runs are extremely fast

Precise emulation

11
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Powertrain Testing
Inverter Testing Methodology
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Powertrain Testing
Inverter Testing Methodology

)

TS S s ¥ 4
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\

INnverter control
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Software Testing
Inverter Testing Philosophy

Real systems operate in continuous time. As a result, emulators require real  -time systems.

E- Motor Emulation UUT DC Supply

_ Inverter = UUT
extensive

oversampling
required

14
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Agenda

& Powertrain Testing using E-Motor Emulators

C Accelerating Inverter Software Release Cycles

C Simulink® integration with Speedgoat Test Systems

C Demo using Simscape™ Battery™ and Powertrain Blockset™
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Why test Inverter Software Releases?

New software updates every few weeks

Over-the-air updates

Normally installed during idle conditions
Different control units get updated
Interactions with multiple charger types
Includes safety and critical functionality

Minor changes in software can have massive
effects

> D> D> > D> >

Issues reported after an update:

A Unable to use fast charging

A The vehicle cannot be driven

A ADAS issues (Recall)

A Sudden power loss while driving (Recall)

16
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EV Software Release Cycles
Test types for software testing

A Typical tests for software release testing

A They have to be performed for each DIEOSITs | | Nemen et

. and flashin Interface
software release (regression tests) J
A Example from German OEM.
Inhouse
A. C. Kulzer et al. (Hrsg.): ISSYM 2023, Proceedings, Inverter Test Systems f.or Remf’te SyStem
448 459, 2023, and Unattended Function Testing developed | o = =
https://doi.org/10.1007/978-658-420482 32 fu nCtI ons Im |tat|0 ns

Jochen FrieB!"™) and Martin Schmidt?
! Mercedes-Benz AG, Stuttgart, Germany
jochen.j.friess@nercedes-benz.com

> AVL SET GmbH, Wangen im Allgiu, Germany
nmartin.schnidt@avl.con

Sensors and L1 safety

actuators | functions

1 typical project consists of 1000 tests and we

need to perform these tests in 100h A these tests Other
need to be completed for every software release L2 Safety
(regression tests) and need a high level of SyStem

functions

automation.

functions

17



speedgoat \athWorks AUTOMOTIVE CONFERENCE 2024

real-time simulation and testing

EV Software Release Cycles
Test types for software testing

A Even if they just test software, : :
Y] Diagnostics | Network and

some tests require real power flow to be d flashi : ¢
representative. an asning Interfrace
A So they are mainly performed on an inverter
test system (= ESMOIOREMUIAIOH
y ( ) Inhouse System

developed
functions

limitations

E-Motor Emulation UUT DC Supply

%n Sensors and L1 safety
, actuators functions

extensive
oversampling
required

L2 safety LD

functions

system
functions
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Powertrain Testing
Inverter Testing Methodology

Y test efficiency () will be a main differentiator:
test efficiency measures the effort which 1is
Test Efficiency = Test Coverage / (Costs * Time)

Simulation Emulation Mechanical Rigs Road
e.g. Inverter Testsytem

ke sl BE = @ S

NO real electric REAL electric REAL electric

NO real mechanic NO real mechanic REAL mechanic l
NOTE(*): test efficiency measures the effort which is paid
' to Eet the reﬂuired answers
19
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Agenda

& Powertrain Testing using E-Motor Emulators

& Accelerating Inverter Software Release Cycles

C Simulink® integration with Speedgoat Test Systems

C Demo using Simscape™ Battery™ and Powertrain Blockset™
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real-time simulation and testing

About Speedgoat

A MathWorks associate company, incorporated in
2006 by MathWorks employees in Switzerland,
with subsidiaries in the USA, Germany and
worldwide Distributors

A Provider of real-time test systems, expressly
designed for use with Simulink

A MathWorks and Speedgoat people involved
developing real-time simulation and testing
solutions has continuously grown (currently 200+)

A MathWorks and Speedgoat are collaborating at all
levels

21
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A Scalable and Unified Solution for Testing Electric Drive Controls

@ @ @ @ >
Systems to be Developed Desktop Simulation Control Design Prototyping Embedded Controller Testing Motor Drive Testing
Including model and with real-time execution of HIL simulation of the electric Power HIL of electric motor
software-in-the-loop (MIL and SIL) the control design motor and drive with electric power emulation

r p

Electric Motor and Sensors Physical System Speedgoat Test System
Real-time simulation of the motor and drive

Speedgoat Test System

and Power Emulator
Real-time simulation of electric motor
| Including power emulation

PM Synchroncus Mator

Speedgoat Test System
Real-time exacution of the control design

Embedded Controller
with PWM and /O

Physical System Physical System

22



SIMULATION

MODELING

FORMAT REAL-TIME
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Control Design Prototyping
with real-time execution of
the control design

Physical System

Speedgoat Test System
Real-time execution of the control design




Embedded Controller Testing
HIL simulation of the electric
motor and drive

Speedgoat Test System
Real-time simulation of the motor and drive

Embedded controller
Unit under Test

Physical System

Protocol communication

High-fidelity power electronics models in FPGA

Tektronix
-

/0, PWM, and sensor emulation
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” SIMULATION > MODELING FORMAT REAL-TIME
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Motor Drive Testing

Power HIL of electric motor
with electric power emulation

Speedgoat Test System
and Power Emulator
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kil owat t é tohundreds of kilowatts

Real-time simulation of electric motor
Including power emulation

Physical System

AVL E-Motor Emulator

Speedgoat Power HIL Testbed

27



Motor Inverter Testing using Motor Emulation

Speedgoat interface to AVL E-Motor Emulator

AVL E-ME uses the Aurora communication protocol as

a low latency interface in the 1-2 N® range
A You can use your own toolchain / workflow

A Simulink® Real-Time™ and Speedgoat Test Systems
provide a proven Aurora interface to AVL E-ME

Battery

Se
Fj Slmscape

@’ﬁ

A Fiber optic: not affected by EMI

A Aurora interface: 1-2 microsecond latency

A Bi-directional communication: sensors and controls
A Multi-gigabit transceiver: high-data throughput

28



Motor Inverter Testing using Motor Emulation
Speedgoat Test System and AVL E-Motor Testbed

Do glon o on Speedgoat AVL BEMotor Unit under Test
Test System Testbed

. a Digital twin
Power b @
’ L eployment
| Emulation |, P
N » &
e [ I/O
] i

eeeeeeeeeeeeeeee

I/O and protocolsommunication

| »
CPU & FPGA(s) I/O Modules ‘ '

Aurora
Sattery ySternlevel communication
configuration|  plant model plant models

Motor drive with
embedded controller

Motor emulator| Battery emulator
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Motor Inverter Testing using Motor Emulation
Speedgoat Test System and AVL E-Motor Testbed

Speedgoat AVL EMotor Unit under Test
Test System Testbed

I/O and protocolsommunication

Motor drive with
embedded controller

Real-time execution of
battery and system-level
plant models 30
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Lowering the Barrier for Virtual-Vehicle Simulation

(POWGF) H|L-ready Simulink® HDL Coder Powertrain Simscap# Simscap# Simulink®
RealTime™ Blockset Electricat Battery™ Test"
and examples

Component and

Virtual Vehicle Composer Test Automation
system-level

4 Composer - C - o X
simulation o
T &3 @B & 55!
New Open Save | Setp Dataand Scenario logging | Virual Vehide | 7o Simula Default
T e e e | Ot e | Uz
Re | suw vze LavouT =

Setwp | Data and Calibration | Scenario and Test | Logging

Chassis: | Vehicle Body 3DOF Longitudinal v 1
LodkAngle 2 / 4
LockTorque
A T my,
& o,
~

Configuration tools

Test Sequence

Landing Gear Control

~ Electrical System Parameters
DC-DC Converter
Eleclric Machine 1 Parameter Name Description
Energy Storage
1 PintvehMass
Driver
2 |PintvehDstCGFmtAx! Longitudinal dist:
Environ| it
3 |PinvenDstCGRearax Longtudinal distance
4 | PIntvenCGHgtax! Vertical distance rung mf 8 Accelerate to 50mph
N <[ PintiehBicniomentinertia Mament of inert Increase Steer to 45°/s

Green = Torque Vectoring On
Blue = Torque Vectoring Off

3D simulation 33
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Bring your Simulink Models and Test Cases

A Stay in Simulink

Simulink® c M Simscap&" Simscap&" Simulink®
reartimen | |HDL Coder | |Powertrain Blockset™| | 2. icaw Battery™ Test
A Use your own models
A Use your own
workflow
Environment >
» Visualization
fﬁ ;g —
FTP75 (2474 seconds) |
Longitudinal Driver » Passenger Car
Controllers
Variant Selected: Powertrain Blockset
Analyze Power and Energy Toggle To Help
Simscape Electric Plant

Copyright 2015-2021 The MathWorks, Inc.

‘\ >> Ev ReferenceApplication
~—aa 34
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Bring your Simulink Models and Test Cases

Si 4 . Simulink®
b Simscap#a" Battery™ e

Electricai"

Powertrain

Simulink®
Blockset

RealTime™

A Stay in Simulink
HDL Coder

A Use your own models

A Use your own workflow

Ideal Transformer Model

Simscape Battery Model

4\ Battery Builder
PRIESEIREY  earvery cHArT

Ccall P Module Assembly I Oupicne @ @
import Parallel Assembly &9 Pack B veice Eport | Croste
~ | @ Module ~ | Library
BROWSER | EXPORT | LIBRARY
© | Module Assembly Properties

FiLE CREATE
» Read-Only Properties

oloy,

» Identifier
. =

ExampleCell
~ Parallel Assembly
ExampleParalielssembly

~ Module
ExampleModule.
~ Module Assembly
ExamplelModuleAssembl

NewoduleAssembly
~ Pack 0.06
ExamplePack
£ 005
S
k]
£ InterModuleGap \SSif
~ Battery Hierarchy ) z
~ ModuleAssembly (NewModuleAssembly) g NumLevels
]
= MassFactor
5
~Model Options

~ Module (ExampleModule)
~ ParallelAssembly (ExampleParallelAssembly)

Gell (ExampleCell)

g
o

T

=
&l

y: Lateral direction B x Forward direction
008 (12

Simulation Strategy

~Geometry
Position

~Module Assembly Properties

Module

[
StackingAxis v

>

NonCellResistance
Balancing Strategy
CircuitConnection

~ Thermal Model Options
InterCellThermalPath

InterCellRadiativeThermalPath [

Icsc_discharge

+ ® Vbat

None
(e | Solver

Configuration1

O flx)=0 Ir' l

]

Interface Algorithm1

Battery Builder

Single Particle Battery Model
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Bring your Simulink Models and Test Cases

Simulink® Powertrain Simscap# . Simulink®
[RealTime“] [_iDL COdeq [Blockset"] [ElectricaW] [Slmscape' Batterym] [ Test™ ]

Real-time execution of Single Particle Model with Electrolyte (SPMe)

Li-ion Concentration (Normalized) Terminal Voltage

Anode Particle Cathode Particle During Discharge

3TF

36
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Agenda

& Powertrain Testing using E-Motor Emulators

& Accelerating Inverter Software Release Cycles

& Simulink® integration with Speedgoat Test Systems

C Demo using Simscape™ Battery™ and Powertrain Blockset™
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Demo using Simscape Battery and Powertrain Blockset
Unit Under Test

Unit under Test

Inverter control unit

I/0

300 kw
motor inverter
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