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Agenda

We plan to introduce, how we are teaching mechatronics.

Agenda
A Definition of mechatronics
AAim of out Mechatronic Tutorial Lab
APlace in curriculum
AOur educational example
A Content and process of the course
ALessons learned
AOur next steps
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Why do we need mechatronics?

AoaSOKI GNRY A Oa
synergetic integration of
mechanical engineering with
electronic and intelligent
computer control in the
design and manufacturing of
Industrial products and
LINE OSaaSaaqa

Definition in IEEE/ASME Trans. on
Mechatronics (1996)

A Kyngrgetif)Ingegftion

Better solutions as each single domain.
A Mechanical Engineering

X RSaAdya GKS GKAy3 AlGa
A Electronic

X 02 asSyasS FyR (2 Y20So
A Intelligent Computer Control

Makes the mechanical thing intelligent to perform
complex tasks automatically.

A Industrial Products and Processes
Intelligent products can transact complex processes.
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Whydo automotive engineers need
mechatronic®

AAmodern vehicle is a complex mechatrosystem.

Alt consist of a lot of mechatronic stdystems. For example:
A Antilock brake System
A Electronic Stabilitfontrol System
A Engine Control Unit
AQGOds SO SHO0P X

AThe different subsystem must communicate with each other.

A CAN (Controller Area NetworkBus

Alnstitute of Automotive Engineeriry We must educate our
students in mechatronics!
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Example: Antilockrakesytem

AWheel speed and steering
angleA measured

AECU processes the daa
electronic needs software
to work

Alf necsassanprake
pressure is controllegy
electric actuator influences
the hydraulic system

A

STEERING ANGLE

WHEEL SPEED
SENSORS (4)

LATERAL

ACCELEROMETER
YAW RATE SENSOR
POWERTRAIN
CONTROL ANTILOCK BRAKE SYSTEM
MODULE TRACTION CONTROL SYSTEM

MODULATOR & CONTROLLER

https://www.bwigroup.com/product/antilockbrakesystems/
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Overview9 /

y 4

Wi AY F FSKA Of

Modern cars have a lot of Vehicle-to-Vehicle

ECUOs f or
applications.

They must communicate

with each other.

A network to exchange

data is necessary.
CAN-Bus,FlexRay LIN

A

Body Controller : Communication

d | f f e (lc<ks, vrintiows, lights etc.)

Heating,
ventilation & air
conditioning

Infotainment
]
. Tire-pressure
Monitoring
Systems

P
T
Keyless
entry

Electronic
Stability
Control

https://www.researchqgate.net/publication/320198036 Security Concerns iromative Intelligent Transportation Systems
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https://www.researchgate.net/publication/320198036_Security_Concerns_in_Co-operative_Intelligent_Transportation_Systems

bdzZYOSNJ 2F 9/ ' Wa Ay I

Sitz-SG, hinten

S12.SG Fahrer B CAN-Antrieb

: Wischermossl I CAN-Infotainm.
Standhelzung
https://www.heise.de/autos/artikel/Daterunter-der-Haube1012221.html?view=bildergalerie
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Mechatronics =
Mechanics+Elektronics+Computer
Sciences+AddedVakie

mechatronics

1) http://www.mechatronik-plattform.at/Ziele/Definitionen/ViktorieMalisa.pdf

zomputer
sciences



http://www.mechatronik-plattform.at/Ziele/Definitionen/Viktorio-Malisa.pdf

Mechatronics =
Mechanics+Elektronics+Computer

Sciences+AddedVallie

mechatronics at FHoaneum

1) http://www.mechatronik-plattform.at/Ziele/Definitionen/ViktorieMalisa.pdf

Mechatronics at UAS.g

A Control Engineering

A Mechatronic Lab Tutorial
computer A Electrical Measuring and Data
scliences Acquisition
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http://www.mechatronik-plattform.at/Ziele/Definitionen/Viktorio-Malisa.pdf

Aim of the Lab General

AUnderstanding how mechatronic systems work
A work with embedded systems
linking mechanics, electrics and software
A Couple mathematical/physical knowledge with software technology
A Understand imperfections and limits
A/D-, D/A converter, quantizing effects, cycle time influence
A Encoding of signals
Data types, fixed point arithmetic

AGet the real world into the PC
A How to prepare a virtual prototype
X &a2YSOUKAYy3 e2dz Oy LXlée gAGKZI G2 f
0KS ¢lé&x (G2 t€tSINYy GKS RSGIFrAfa 2F (KS
the tool to proof the feasibility.

S|

NY/
Gl

l.j
a
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A

Aim of the Lalg Development Process

AKnowing how to develop automotive software for embedded systems
A To applicate the ¥nodel to mechatronics.
A Using requirements to define the product before design phase.

A To understand Modebased software development methodology using
Matlab/Simulink.

A Ability to develop embedded software: Step by Sképdel in the Loop (MIL),
Software in the Loop (SIL), Hardware

AUnderstanding automotive application processes
for embedded systems
A Set up CAN communication

A Ability to parametrize and meter (=applicate) embedded systems using Can
Calibration Protocol (CCP)
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Place in Curriculum

Prior Lectures Lectures following
ABachelor's Program ABachelor's Program
A Engineering Mechanics (Statics, Kinetics), A Measuring electrical and neelectrical
Mechanical Components Signals

A Introduction to Electrical Engineering, Ral 3G6§SNWaE 5SIaINBS t NP
Electronic Systems, Electronic Lab Tutorials,

Electrical Machines & Inverters, A Agtomotive SehSOFS/AQtOYS,
A{2FG6FNB 5808t 2LIv8yid 06 89ngProcessing, Digital Control
MatLalb'Simulink Engineering, |
A Control Engineering A Race Car Data Analysis

A Electric Drive & Propulsion Systems, Energy
Management & Storage Systems
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Our Object to grab the
content

/'\\rf—\'r\'ffh\»:"

Audi quattro mit ultra-Technologie Audi

quattro Antrieb

Audi quattro with ultra technology
quattro drive
02716

Our main goal:Control the torque-
distribution between front an rear
axel for a 4WD car.

d by the
CrasmusT rrogramme

https://www.audi-mediacenter.com/de/quattramit-ultra-technologieder-permanentverfuegharealiradantriebs




Our Object to grab the
content

A Electromechanical control of an
All Wheel Drive System, A g ¢’
F20dzaSR 2y O2YLRyYySydawa O2yaN 'r 5

A An electric motor can close a muftiate clutch

continuously to control théorque distribution
between front and reaexle.

A Input (desired value)
A Target torque to front.

A Output
A position angle of the actuator.

A Concept

A Model based feed forward torque controller using
a closed loop position controller.

.I > "’

> d '

\ 0 ¢ »h % N
q 2 "

A A state machine decides the steps to do

(= control process).
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Our Object to grab the

Quelle: ReisingeRuhringer Mathis: Modellgestiutzte MechatronBystementwicklung fur Allradanwendungen; TECHME, Sindelfingen
Sept. 2007

Principe of varibale torque distribution
1.) Drivetrain:
http ://www.digitalmediatechnik.de/Portfolio_12 ENG.ht

ml

2.) Detail ballramp:

http ://www.digitalmediatechnik.de/Portfolio_15_ENG.ht Ball ramp inner side P
— ﬂ Erasmus+ Programme
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http://www.digitalmediatechnik.de/Portfolio_12_ENG.html
http://www.digitalmediatechnik.de/Portfolio_15_ENG.html

Content 1

Alntroduction Lessons
A Systems concept
A Modelling mechanics (Clutch, actuator mechanics incl. worm gear)

A Control concept
A State Machine to find initial position
A Feed forward torque controller using mechanical characteristics
A Position control algorithm using speed cascade

A CAN

A CAN principles
A XCP, CCP protocol

A Development Process-Model

A5 LabSessions in groups of max. 20 students
A 1 LabSession: 5 times 45 minutes
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V-Modell

We concentrate on the tasks
an system engineer.

LabSession:

i ¢
i
_&

LIS -{C}-C)

1&2

(2), 3 & (4)

(4) &5

; . - - — e ‘\\;:::} : : y 2
~ 2 = ;:h .y X : .
- i G e :
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https://www.google.com/imgres?imgurl=https://www.ttcontrol.com/wp-content/uploads/TTControl_HY-TTC-500-Family.png&imgrefurl=https://www.ttcontrol.com/products/electronic-control-units/safety-certified-controllers/hy-ttc-500-family/&docid=hmAm9o2VIWYNZM&tbnid=UvDMwhFMEGaeGM:&vet=10ahUKEwiBieHTidfhAhVRWxoKHfDeCawQMwhBKAAwAA..i&w=550&h=440&client=firefox-b-d&bih=909&biw=1280&q=hy ttc 510&ved=0ahUKEwiBieHTidfhAhVRWxoKHfDeCawQMwhBKAAwAA&iact=mrc&uact=8

Modelbasedesign and vV
Model

MATLAR
System ot OEM's
Specification 2 Solution

P

Functional
design

System Integration,
Calibration, Test

u s Controller
design
Hardware in the

Loop (HIL)

Software in the
Loop (SIL)

10

. <Ak
SIL-White / 43

Target Code Box Test .
-~ g - AN ?g f 5 g
\ | et Responsibility
. : I

" Software Design Programming ___ Sofware |
Module split, Simulink Softwaré | Test Engineer ]

A re-usable, (automatic) GCode e

testable \_generation. ) o o Ecoopian ko




V-Model and Test

MATLAR

Tests in car }

-

Hardwareln-the-Loop
ECU against electrically
simulated world

System OEM's
Specification Solution
Functional z System Integration,
g design Calibration, Test
s Controller
e Hardware in the / Tests on test bench
Software in the Loop =
Loop (SIL)
SIL — White
Target Code Box Telt
l .ﬁ;’/m] -
/SoftwareModuIe-Test, A SoftwareIn-TheLoop A

Every single SimulilW/'S

sequences defined in

MATLAB

\

model against simple test

J

SimulinkWS against
simulated Plant

- /

Responsibility

[ Software ]

[ Test Engineer ]
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Content 2

A5 LabSessions in groups of max. 20 students

A ldentification of plant model parameters (mechanical systermadior)
on real hardware using vector/CANape.

A Controller model development and set up using
ModelInthe Loopsimulation (MIL).

A Feasibility and system requirements definition

A Simulation of imperfections in hardnd software and " controller set

up.
A Software In the Loop simulation (SIL) using SIMUMObid#e!| for
Software (fixed point arithmetic).

Al 2RAY3 W/ QX FilaKAy3IZ GSadAy3aIo
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Start with real test bench

B The sun rises, when the students see the
& system moving the first timég.

AThe students trust, that that functionality is
true ¢ not a theoretical one.

AThey learn how to applicate a mechatronic
system.

AEasy watching of different signals (CCP).

Important: It must be _ _
safe against missuses! AComparlson between real signals and

representation in ECU.
Q_ ABase to understand a virtual prototype.

Erasmus+ Programme
of the European Union




Model In The Loop
The virtual prototype on PC we can play with to

understa S
AVisualizes signals needed
Testopes ACause effect analysis
L“’“‘"‘" s e AEasy to check plant
e = , r— ] parameters influence.
~ I g — 1] APlayground to develop and
L — understand control
Control Algorithm eator: — algorithms step by step.
Current, Position, ... AFeaS|b|I|ty StUdy
ADerive reguwements for the
Any plant model can not a e ausSy y‘ R A U

be destroyed by missusds

guellez:olzmsmgeRuhrlngerMathls: Modellgestitzte MechatroniBystementwicklung fur Allradanwendungen; TECHME, Sindelfingen Co-funded by the
A—. ept. 7 Erasmus+ Programme
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Torque Controt Modell in the Loop
Hardware Overview

EController
Environment (plant model)
CAN to USB Interface
Vector VN 1630

Breakbox




To I

To o

Breakbox

Replacement for wiring harness

Connection between motor, sensors, ECU,
External CANnterface and power supply.

{ 6AG0KS&a FT2NJ O NWa

Connectors to measure and test signal
failure.

60 Wwnauu

501 0
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Torque Controt Modell in the Loop
Modell Overview

phi0
pee0 o ——————»{phi0
] <> . phiOM
phi0 ' i

w P w
Testfall1 | P uKL30 ; <phi> _ wSimM
uKL30 phi P phi
a > PWM |
| Mc ECU_DAQ
—|_| MClutchDes McDos <MCIutch>>EI -
Environment 3
4 2

ECU_Controller

1

1cECU
2 ¢ Fant-model (Environment)
3 ¢ Data acquisition

é 4 ¢ Stimulus (SimulinkSignal Generator ) o S i by e

of the European Union




Torque Control Modellin theLoop
Environmen®, Plant Model

1 ¢ DCGMotor
2 ¢ Worm GearA gear ratio is 56
2 3¢ SpringA simulate the feedback from thelutch via the worm gear
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Torque Control Modell in the Loop
Plant Model

Motor Current

| | | |
0 0.05 0.1 0.15 0.2 0.25
t, ms
PWM-Motulated Motor Voltage
I I

UAR, V
ok V'T o T T T T > o >

4 ¢ The HBridge is integrated at the ECU. The output is a PMWidulated voltage. The
meanvalue of the voltage is proportional to the motor speed.

r—% Co-funded by the
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Torque Control Modellin the Loop
Plant Model

4 ¢ H-BridgeA Power electronic (included at the ECU)

Input: PWMSignal from controller. In our model PWM is a numeric
values between-1 and +1

Output: PWMmodulated voltage for D®otor power supply.
The meanvalue influences the motor speed.
Simplification for the model:6 0O ¢07 -

0 DCMotor input voltage
0 Supply voltage

Advantage because of the simplification: higher performance
from the model.

——% Co-funded by the
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Torque Control Modellin theLoop
Plant Model

Quadrant 1- Quadrant 3
accelerate forward accelerate backward
T1 2 Uy b3 T3 T1 = Uy 03 T3
. l: Saed :.‘I . & li:' == :’ =

T2y L T4 T2 L1 T4
B °—| }—0 D B v—l I—o D
D2 D4 D2 D4
Co-funded by the
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https://de.wikipedia.org/wiki/Vierquadrantensteller

Torque Control Modellin theLoop
Plant Model

4 <i>
i
1
P
w
UAB "= : <phi>
2 phi
3
Mol ]
e
(1 } Mc
ohi0 phi0
DC_Motor
Clutch
Worm_Gear
<MWG>
= Co-funded by the
o Erasmus+ Programme
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How to model a device with Simulink?

Example Permanentmagnet DGnotor

Ry 1, &
ADescribe the motor mathematically Au .
A 1)) electrical system e - Ugr | —
Uk
! Uq ;f -
Ki rchhoff é6dso | aow: o 0 (1)
Voltage drops: 0 ‘@Y (2)
6 00— (3)
6 0d (4)
0 "Q"QA Lookup Table
(2), (3) andA4{1) — - Y o6 Qd) (6)

o=, Co-funded by the
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How to model a device with Simulink?

Example: Permanennagnet DC motor

A Describe the motor mathematically

2.) coupling between electrical and Torque is proportional to the current
mechanical system 0 0 ¢0 (6)

3.) mechanical system

Theotor is @tatablaounted inemti@s8 principle of angular momer

Vg— U U 0 ¢OEC) (7)

Co-funded by the
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https://de.wikipedia.org/wiki/Anker_(Elektrotechnik)

Model of a permanentnagnet DC

motor

eme of model

Input  electrical system

(voltage
(

—Uk— N

Interface between
electrical and mechanicl

system

"\

— M er—>

J

mechanical system  Output

(angular

speed

|

omega

26 b b OEE))

\AIU‘I-UII\.;B\.; Uy (L =)
Erasmus+ Programme
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Model of a permanentnagnet DC

Motar..

Input voltage

-, g »:

Ukl

voltage drop at the
rotor resistance

=
R

voltage drop at
carbon brushos

10 T{u)
- I ubr ]

Induced reverse voltage

omega o
- >{y —
w.q

Electrical system

N

@ -

o

6 Q¢)

Interface | |

Load torque on the shaft
(Input)

@Tﬁ loud> g

ML

diroctional fricbon losses

1-D T(u)

v

,.;"

amega

.

A
Ad 0

i

Machanical system

P

omaga

calclated angular speed
{result <> output)

(D)

omega

0 ¢OER))
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Model of a permanentnagnet DC

mxmmodeA compare measured with simulated values

AUse the demotor model in
a subsystem

AUse measured data for the
iInput signalg_kl )

A Start simulation

ACompare measured
output signal
n_mot_meas with

simulation result
n_mot_sim

A

Import from Matlab

--> real (measured)

input voltage

[t0 FH_ECU_uSM_t0]

Export to Matlab

u_kl

Load torque on shaft.
In oure case ->M_load =0

0

u_kl

P Uk

u_kl

omega

ML
DC-Motor

Measured speed at the
gearbox output, given in RPM

[t0 FH_ECU_nMotOut_t0]

M_load

<omega>
scale speep from
rad/s to RPM

60/(2*pi)

pomega_sim

n_mot_sim

Translation of the transmission

=

=

n_mot_meas
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3000 \ I \ I \

Permanentmagnet DC motor

Parameter identification

Input Signal

S

A\ [ —— J/\f/\*‘_,‘f\l;r ~\ /™ 77/Lffxr N\ ,M\fli,k,/”*\if V—Lff“m/k T —

t, s
Output Signal

sl

—simulated
——measured

Yl

The measured voltage Is
the stimulus for our
model.

Parameter are known
from datasheets. Fine
adjustment of
parametersk; R, for
static behaviourlLand J
for the dynamic
performance.
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Permanentmagnet DC motor

Parameter validation

The measured voltage Is
the stimulus for our
model.

Measured and simulated
results are correlating.
Our motor model works
and can be used for
further tests!
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