/—>\

U N ‘ TE D FH ‘JOANNEUM

Engineering Knowledge Transfer Units to Increase
Student’s Employability and Regional Development

iner Dr. Karl Reisinger

® NMNTINUBNNITRLTN

o o = ! z *
awdule lunnsAnewintur NM9NUGNIT IaaasdnyIng

(%

Co-funded by the This project has been funded with support from the European Commission. This publication reflects the views only of the author, and
Erasmus+ Programme the Commission cannot be held responsible for any use which may be made of the information contained therein.598710-EPP-1-
G e EnapeEm N 2018-1-AT-EPPKA2-CBHE-JP




MNTIN ONITED

* JUAUNT: AU

AUTH
RIMEN e ey e e -
¢ UAUNT, LT1IURAIANT: LQJﬂﬂ’W]ﬁ"ﬂuﬂZ{
. [ %4 o/ ° o . .
HENATT - ANTIATTAT * nsiaualae Dr.Karl Reisinger (Thomas
° P .
EEﬂi@%V]’WQ@’WﬂI?QLL?N 7:30 U. Lechner)
* Walila | = 1|3173
([ J %
S nsszguaedimnnig
ZJ/ o ° o o o o =
* guualsrardulaziutszniuainisan — MSU * UANANT WUNOUALA N1INAFAL
* Juns: @ontadules  msuaualae Dr.Karl Reisinger (Thomas Lechner)
. =
AN 8.50 1 * nsdszauienninnng
¢ CTV ° o o = a
o SR uaas Fungiaua: wwAn EKTU
* FUAAAMUAIA IINTATDULAL * umirlae Thomas Esch
[ J {quﬁ/@ua cﬂﬂuLLﬂlu ¢ ﬂ’]?ﬂ?%‘qj\lﬁﬂﬂaiﬁm’ﬁ
* AU

Co-funded by the
Erasmus+ Programme FH | JOANNEUM
u

of the European Union

lllll ersity of Applied Sciences

K. Reisinger



A d _— >
NINIIIN - LHANTNTOUDNA UNITED

WAATNTANNdARasls — NUAEN1SIENUNANIY  NISHAULNAAINTARNALAZNITWAIUITaN A4

nsineliauienisluaresdyningas 2
NITUANEN nTNszULLNAAINIating
=\ o [ %4 o d . . QI v
nsgauLNAANTainduasnIsRRIUITaN LS 1 Simulink funeldsunsuiazdanndau
wanmsatingn FHJ — nawmmnszuuaiuax n13398 CCP/XCP

ﬂ@nlmsﬁr =~ Q) aQ\ [ [
ﬂﬁﬁﬂﬂﬂﬂ‘iﬂdﬂ’]ﬂﬂgﬂﬁl: HUIAANTITADURATINTUL

[ o NT - e 3 - o=\ w o v 1 1 1
nezuaun IR Tansiaseueus V-Model, O S A VLU N

Model-In-The-Loop, Hardware-In-
The-Loop UNN

* uatlwaindusiu CAN: CCP/XCP — ilasudnAny e ALL: mswssansa + Q&A

o/ (L 1 a 6 = e
Iuﬂ%‘@@ﬂ&m&l’]mu@wmﬂ’]W”]ﬁ"]NL[ﬂ@ﬂ‘LL‘].I‘].IL?ﬂ@i‘lﬂll e ALL: n1sviduanadnu
Co-funded by the
Erasmus+ Programme FH IJOANNEUM

of the European Union

niversity of Applied Sciences

K. Reisinger



/>\

U N ‘ —l—€ D FH ‘JOANNEUM

Engineering Knowledge Transfer Units to Increase
Student’s Employability and Regional Development

1
Aan al Al

IDNA mﬂumi?mm@wm‘ "RARTEIZ" WIBNANNITU AN

Co-funded by the This project has been funded with support from the European Commission. This publication reflects the views only of the author, and
Erasmus+ Programme the Commission cannot be held responsible for any use which may be made of the information contained therein.598710-EPP-1-
G e EnapeEm N 2018-1-AT-EPPKA2-CBHE-JP




Stephenson hifiinnmseding ... ONITED

* Warmu
6 v dl %4 v
NNIALANINAINTANIANNLIFL A
nasu liloymn
naln
ARG
IGRITEN
* AQULAYLLTEIL

* Anuea, dudau = AunUAauLnLgs
* Wanua = nlasugugoul

o 2 antloyeyri andin windundulls

Co-funded by the S——— e

Erasmus+ Programme https://www.wikiwand.com/en/Stephenson valve gear FH IJOANNEUM
of the European Union University of Applied Sciences

K. Reisinger


https://www.wikiwand.com/en/Stephenson_valve_gear

Yo nave e UNITED

https://de.wikipedia.org/wiki/Vier-Spezies-Maschine

Co-funded by the https://de.wikipedia.org/wiki/Samsung_Galaxy_Note
Erasmus+ Programme FH | JOAN NEUM
Of the EUI‘Opean Union University of Applied Sciences

K. Reisinger



Y o w
Yad1navaItlan

https://de.wikipedia.org/wiki/HP-41C
https://de.wikipedia.org/wiki/Samsung_Galaxy_Note
FH |JOANNEUM

University of Applied Sciences

i u/u,,,,””

K. Reisinger

https://de.wikipedia.org/wiki/Vier-Spezies-Maschine

Co-funded by the
Erasmus+ Programme
of the European Union




v e i -
4 4 <A
aadaamsunifymtiesals? UNITED

NITINNUTZANEATINLRINTZLIWNITLNA
T

AVUNANTRIUTALNR
* Bernoulli equation
¢ gindnlasiagamyl ONABLNENNDTE 14
[ J

* qm silin |
* membrane
* usanilAunang

Co-funded by the
Erasmus+ Programme
of the European Union

FH |JOANNEUM

niversity of Applied Sciences

Pictures
[Wikipedia]

K. Reisinger



auAeIMIunmitedals? g

Yy A Y Y d d UNITED

!!ﬂﬂ@ﬂ]ﬂ“ﬂﬂ“ﬂﬂﬂﬂ?ﬂ“ﬂﬂwﬂlnﬁ

NNTNHNUTZANENINARINTZLILNTLAN JLEEBILE Ellr (s easure ‘Measure
o and Temperature esidual oxyge Drivers Request

T0e]

Tp/lszidiusinulsantuenii gy = i’““’“”ﬁ] rPEY

VINUUA e -« m' i Y/ -

N19UTLHIANARNLLLANADY gt — ST W
rrich A o /

FOANNITANLUNNG

96 F2LLA CPU + SW

=
®* N1TRA N
. Bl (orforerpumpeim Tank
[ ]
G V. $ $ 009090 e FSI Modelljahr 2002
[ ]

Pictures
[Wikipedia]

Measure Speed Measure Measure
& Crank Angle Exhaust Gas Temp. residual NOx

[Base Picture: VW, Bosch, Internet, ZAWM Belgien] FH |JOANNEUM

nnnnnnn ty of Applied Sciences

Co-funded by the
Erasmus+ Programme
of the European Union

K. Reisinger



MI9819: 52UV INHARANIUIN UNITED

a A A ) 4 v v A = a
ﬁanmmmiau"lﬂmwa“lﬁmuﬁﬂmﬂmam"lé‘lummzmmngnmu

MIUTZINUMADIUZITUNI T U
STEERING ANGLE

< ]
ANNISIR0, YUNNUG,

’ET@]S”IFI’J”IM?Q WHEEL SPEED
SENSORS (4)

Drivers Request
© JUNNNAY

o UFIAUILTN

« ECU

e mMsdsznamsaadde
. nsunsunuaalnue

o INAUTIAUIDITN LATERAL

i

ACCELEROMETER
+ Safety YAW RATE SENSOR
o POWERTRAIN
* WanIsnNuy CONTROL ANTILOCK BRAKE SYSTEM
s o w 1y MODULE TRACTION CONTROL SYSTEM
° NAINIVANIINALUIIAULUITN MODULATOR & CONTROLLER
° ﬂilﬁ'”l“ﬁ'%}‘ﬂ ﬂ”lﬁL‘]Jﬁﬂ@Ej”N@]'@Lﬁ@\‘] https://www.bwigroup.com/product/antilock-brake-systems/
Co-funded by the
Erasmus+ Programme FH |JOANNEL|M

of the European Union

University of Applied Sciences

K. Reisinger



w | < A v A g Aa d
P139814: aamwmmmmumaﬂmwna P s
UNITED

viantaeamsviyuvesded U-SPHIt iieriiuussnganin

M5UTZIUMFDIUZTUNIT UL
a @ o a STEERING ANGLE
FUesseuUTenUNIaon

a 4 4
mmmﬂ%wum WHEEL SPEED
SENSORS (4)

yaw rate
o 4
. dvo'lasnos

3 J v Y
L%ulcﬂﬂﬁﬂmﬂua@a@ﬂ

ECU (
S [ I~ =~ | -
- Wenruileanumsasn + ' \.,,f,.!«,
» Calc. brake torque
a A ¥
*  WANAYUUINTOU

LATERAL

g}z 1 [ dl 9y
o ANAUSIAUTNINADIAY?D Q%gﬁg%’gﬁ;%’;
e Actors POWERTRAIN
5 y g CONTROL ANTILOCK BRAKE SYSTEM
e 93 W‘U‘Uﬂ NNUNITADA + MODULE TRACTION CONTROL SYSTEM

s A a o o Py o MODULATOR & CONTROLLER
¢ 2 ANAVUNNFNANUTUNTATINLINAU

https://www.bwigroup.com/product/antilock-brake-systems/

Co-funded by the
Erasmus+ Programme FH |JOANNEUM

of the European Union

University of Applied Sciences

K. Reisinger



AI8E19: STUUAIVANMSUAINS AU

ONITED

=) d' Y v d‘ g’J k4 4; 5
HANLAEINIIHYUUBIABVUIAAIUTINABIVINN

NG
mﬁﬂszmmﬁmmuzmuwmug

Q

STEERING ANGLE
9 9
ITUVUVNAU
WHEEL SPEED
) J SENSORS (4)
Mo lasnoes
9 9
ITUVUYNAU
Y] Y,
e JYUVUINAU : o ’
' =) ."(.
o w 1 a A 4 :’;» .
* INA JULINUAVDIUATOIGUA I
< o A A P a s
o LN LSIUAATDIIUN CAN ﬂulﬁﬂﬁlwcﬂ 5 «.\-\
LATERAL ®
ACCELEROMETER &
* ACtOI’S g YAW RATE SENSOR N\
e JYUVUUNAU POWERTRAIN
a 4 a d' d' 4 CONTROL
e + ’E]‘LJWI@?W\I%LNU@QQ@:{@% ECU v93n5038Ua
Y] 1T a g a 4
* + AULTIDIANNIDUNT

ANTILOCK BRAKE SYSTEM
MODULE

TRACTION CONTROL SYSTEM

MODULATOR & CONTROLLER
Co-funded by the

Erasmus+ Programme

https://www.bwigroup.com/product/antilock-brake-systems/
of the European Union

FH |J} ANNEUM

liversity of Applied Sciences

K. Reisinger



ONITED

v A A Jd
ﬂ?@fhﬂ: ﬁgclJTJﬂ3UﬂN!ﬁ§ﬂﬁﬂ1Wﬂ1Qf’)!ﬁﬂ‘nﬁ@uﬂﬁ

a A d (Y] d a d a A
‘Viamammﬂ@nm/ ammsmmimmnu"lﬂuazm'sau"!aa

MIUTZIUMTDIUZTUN VUL STEENING.ANGLE

Yy 9
ITUUUVINAU WHEEL SPEED
SENSORS (4)

o J
Mo lasnos
Yy v
ITUUVINAU =
\"
i)
ECU )
Yy Y }a.
e IYUVUUNAU
o o = = LATERAL
ﬂﬁwmmmmmmmimﬂ ACCELEROMETER
2 g YAW RATE SENSOR
* ‘]Ji%ﬁﬂﬂiﬂﬁighﬁlﬂ]’ﬂﬂﬁﬂﬂﬁ@ﬂﬂl@ POWERTRAIN
- 4 , fMoDULE TRACTION CONTROL SYSTEM
e INALLIIUAUVUDNLATDIYUS MODULATOR & CONTROLLER

. @%}jﬂfh!)!ﬁ{]ﬁul'ﬂﬁ ﬂﬁé}@ !a g1 https://www.bwigroup.com/product/antilock-brake-systems/
Co-funded by the
Erasmus+ Programme Actors FH |J ANNEUM

of the European Union

Yy Y
e Y1919 191U

niversity of Applied Sciences

K. Reisinger



¢ v A Yy T =
dszuvgeaninglusasunaNalruNra NN UNITED

» Share Sensors

1 3 J 3 -
e LBU ISFULEDIAITUNLT ’35)’6 Vehicle-to-Vehicle

i Body Controll p— : icati
. BUMNAeA - ECU 0dy Lontrolier Communication

o (locks, windows, lights etc.)
* Glﬁﬂﬂu'l@i?ﬂﬂ?’lulﬁﬂ / WINTIATLHISNN, NS ’

1 J v :
ATUAUNADAUNYT, NIAIVAVAAAE, ... , A Heating, :
ﬁqeuaq:}vlﬂ ventilation & air Infotainment
O conditioning : iy Tire-pressure
a Jd == 1 1 Y A r S vy
« pumasaniTeuae: STUVI0IDINI YL ' v Monitoring

Systems
Keyless

as s
. BUS-ms¥ounod1vsudan o
o andulnadremsiFeunooansas
dy (% (% a 1 9
TWi@en Trldanuendansezvreanyuaiulu

3 vy 2 o I Electronic
AU NAWISUULBUNTAADA Stability

. .. Control

* QAN

https://www.researchgate.net/publication/320198036 Security Concerns in Co-operative Intelligent Transportation Systems

Co-funded by the
Erasmus+ Programme FH | JOANN EUM

Of the European Union University of Applied Sciences
K. Reisinger



https://www.researchgate.net/publication/320198036_Security_Concerns_in_Co-operative_Intelligent_Transportation_Systems

¢ —

yuuosves IEEE / ASME dendumnaimseding? UNITED

"WARINIAUNAABNITUTUINIINNIANIUIINAY  NITYIDIINIT NIINNIUTINY
PAIIAIMNITNLATAINATLNNTAILANABNAILAD T nsuAtlyunAng
alanynsalinduardaeazlun1seaniuy WA BAINITULASEINS

LARA DI ARRANUNTINULAZNTZLILN" . .
‘* ... designs the body itself.

Electronics

e ...tosense and to move.

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

[Moheimani S.I.R.: Editor-In-Chief, Mechatronics; ELSEVIR
https://www.journals.elsevier.com/mechatronics, 20.01.2020]

NTAILIANABNAIADTEARTEY

nalnm ldsnaanalunisnieundudailng am s

V=N . dl = 1 1 1
¢ 11/]@1&LV]@§‘L1/\|‘?]‘V]L?EIUQWEI?%V’JW\T?ZUUH@EI

NP TLAYNITUIUNNINNYAAIUNIIN

Co-funded by the
Erasmus+ Programme FH |JO NNEUM
u

of the European Union

niversity of Applied Sciences

K. Reisinger


https://www.journals.elsevier.com/mechatronics

sTUVaNDINAIN o~
UNITED

. muwmwﬁh@ﬂ‘mmwmq ® NNFILNINANIULIZUL
e * Fumatalannsating, saEalargnaay,
o 1 d o [~ % o

* dnavagluinunas negliiiiv wasBunmnsnianiwiudyoadiinvsady oo
g mFugnen adnnsaiing (BUS)

PS v
ﬂ’]ﬁ‘ﬂﬁ‘zﬁJQ@N@“ﬂ’ﬂH@
* nafivdaya: lasdnyoynuwidndlusiauls
o ma‘m?‘ﬂwﬂ’@m- ANVUAFALLININNILATN

° mm@uwuﬁmmmm mmm@mmﬁmmmmiﬂ”mm’mmv@ﬂwmvim
SL"HNNN’NVI’N'Jﬂfm??N‘ﬂ@ﬂi’\l@ﬂ@iwfﬂiﬁ%@ﬁﬂﬂsﬁu% NZENIPAAEN

o Farnsnsziin: spRanaataslddyins PWM vise BUS

Actuators
lanasuldiudyonodiedenanssnusassuy

Co-funded by the
Erasmus+ Programme FH I JOANN EUM

of the European Union sity of Applied S

K. Reisinger



A d
AN UNA - \111«!6119\119]!1]14

ONITED

MECHANICS = the body

transfers forces
covers from
environment
defines the design

ELECTRONICS

sense/transfers signals
A/D conversion
computing of software
D/A conversion

signals interfaces (BUS)
converts signals to
power

computer
sciences

Co-funded by the
Erasmus+ Programme
of the European Union

Mechatronics =
“Cement” for a holistic
product

* systems engineering
e control theory

Software = Intelligence

e provokes signal
conversion

* data preparation

* model based data
relationship

* provokes signal outputs

FH |JO NNEUM

niversity of Applied Sciences

K. Reisinger




nszan v e

WandunNugiu:
He/daunisinmsulannaudeld
& putLvisaglnta1sa N30l LA
2 @
. AUMFE
g UULHNDUAZUA!

Fenster

* AudLANIT T

Taldnuiatlaadndnoiua (Insnadldag)

! e Solution
[ https://de.wikipedia.org/wi Fensterhalt a & v o o a '
/Fensterheber] sreenetenns o g1l Tuanadndnsanmindudaauazaiie
= = o
NANLNEINB LB TE
Co-funded by th Fuhrungs- 1o @ ¥ oo a_ g
Erasmt?s+ugr§grar);1mz S(l:jhireunnegs ° vLquLﬂumﬂﬂNLNﬂﬂq‘V]ﬁﬂuﬂﬂ FHIJOANNEUM

of the European Union ty of Applied ¢

Umlenkrollen Bowdenziige K. Reisinger


https://de.wikipedia.org/wiki/Fensterheber
https://de.wikipedia.org/wiki/Fensterheber

nszan InhonIudia 1  ere
UNITED

Wardunaau:

Window

He/taunisinanizanldinadn uimlaanimnaia

putLvizaglnsatsainsnitsnagle

Hazards

) , UUUNDLAZIAA!
Window Slider

A NMLELEHEZGRNTY
e How?

Task break down
Bowden cable ° mw—v«%’uﬁmqﬁwﬁu

Guidance

Pulley

a A
¢ ‘vmqm ﬂmmmwwu
Co-funded by the
Erasmus+ Programme FH |JOANNEUM

of the European Union ity of Applied €

K. Reisinger



nszan Inhonlugia 2  ere
UNITED

AFIAAUINYNUUL

. 4
AL LTIN LN TH

Window

VAT UEEATNLANANNA + [FEUTAFANNAY
armInagauiiuszy s laagngle?

SIENGI,

LA TN ULUINIATA AU

Window Slider Fueasussluanaaiia Bowden

TALINUAURINALADT

nmuseialuaa Bowden
Guidance

ANVUALNL ATDILNATNDLADT
Pulle A
Y Bowden cable e/ aLdansrany
open a gap

Co-funded by the * UANALHDT
Erasmus+ Programme FH IJOANNEUM

of the European Union niversity of Applied Sciences

K. Reisinger



nszan Invhonludia 3 T
UNITED

psyaaudngudulaanisiuuawsilinrauaLnas

Window TALINLALNANUIRINALHDT
ﬂa‘zmmmgmmmeumm{

]_t =tk - i(t) + Mgpqpe ()
* Measure motor current i(t)
using a shunt internal in control unit

* Measure speed w
using an incremental speed sensor

e derive speed numerically in respect to time
- Control Variable Mgy ¢ (1)

—Intelligence in Software of ECU

Bowden cable - Simple, cheap, robust sensors used

ésvumuﬂmmaunawuua AL

Window Slider

Guidance

Pulley

Co-funded by the
Erasmus+ Programme FH I JOANN EUM

of the European Union sity of Applied S

K. Reisinger



Ad Jd A Jdo Y Aa v d ey =
l?ﬁﬂi‘l/\lﬂ?l!llﬂﬂTVlﬁ@Nﬂﬁﬁ1ﬁ§ﬂwﬂﬂﬂﬂ!m1ﬁﬂj UNITED

° % Qv dlslu |
Uanmqiasaanainlagiungan!
% 6o o
® 19AAINIIRNNTINIINIUA

* ANUUATANINUA

= a o ~ N A P \
. NWQMH??N@UM?WHV]ﬂQ?M@ﬂL@ﬂfl‘lﬂﬁ"ﬂhl
* dUMINY TANIUUAAIUANMNLARANT

dl v o uR v v
WMIGW]L?W mmmgm%gmmuzizuﬂm?
Ay uIUAUNG

%4

[ Vﬂu_/l
[ ]

o azlddunnldetings? (Inensaizaldngunnanianienn)

aa a 1 Qaldl 2 1
* |azlaninasaszuulinanvuizanlaagnels
* AoUryIOURENE / NIINIEN
* |gazmagiiulaatingle?

* GuaanUUULUIAANINNALN ...

Co-funded by the
Erasmus+ Programme FH I JOANN EUM
u

of the European Union

niversity of Applied Sciences

K. Reisinger



¢ — =
DITWHUITZUVINANINIOUN G UNITED

Start

* AIWRIUNENULUFN AN / L3EN 911491
Problem definition

NN TR UUATUNY Define System
| > Requirements Concept Team
* 71 SOP visnunazsasnsan!
e JududedrAtuNazmuuadaniafAaenisg Split to Subsystems

* fdn < Mlaandeuazlaandaive bl ing

- Housing SW
AV RHIC RN

Parallel Teams

Integration

Function Integration Test Team

(0] 4

Co-funded by the
Erasmus+ Programme
of the European Union Ready

FH|JOANNEUM

niversity of Applied Sciences

K. Reisinger



NIZUIUNIIBONUUUMINUULIDADY . =

S
UNITED
T o o
Plant Model ///////////// * ANULLTINE: LUUAIREIIIABINN
" WIRANNLNITNRIUN
- o wuusaecluguieandululy
 prototype | | 19V s
. T -
Model for Components testing NAATANFIT
* Plant + Fudiuaassuiiy
-
* gansLFlugl
Automatic SW-Testing * Tee97u + sansiafayny
* F15AwTlugL

Co-fundad by the HIL-Simulation
Erasmus+ Programme o |J ANNEUM

Of the European Union L niversity of Applied Sciences
Author: Reisinger K. Reisinger




o o d
NS 1EuUUIIa09 180970 1HNS D T
UNITED

Definition and Validation

Requirements In Vehicle Testing
Vehicle from OEM (OEM)
(OEM) O
Acceptance
Requirements Analysis
Vehicle g y O In Vehicle
O. . . . Testing
Testing of Functionality
Concept,
Product e.g. Specificar':ions Component test Product Tests
window opener, Integration test SW+ECU
gear box, ...
<
% 2
Component S Y Component Tests
Development S
2
(V0]
[o)
2
2
©
Module test
Co-funded by the
FH | JOANNEUM

Erasmus+ Programme

of the European Union ' Product Plant Model O Vehicle Model O Real Hardware

liversity of Applied Sciences

K. Reisinger



V-Model éwisumsiiasnasenans

Co-funded by the
Erasmus+ Programme
of the European Union

UNITED
System | P OEM’s &
Specification Solution ¢ o082, —

53—+

nsaanuuUbdanswLlg
Tupausn,
dnnaunlgluslanagauls

N /

g r'd
Functional

design

Controller
esign

Software in the

Loop (SIL)
SIL — White
Target Code Box Test
=
N
Tlsunsy
danswas Simulink

-2 @nTwsiR) nnsads C-

\Code

Hardware in the
Loop (HIL)

System Integration,
Calibration, Test

i

Simulatéd Plant {a vehicle) g

[ Software Engineer ]

Test Engineer

FH |JOANNEUM

University of Applied Sciences

K. Reisinger



e N

MATLAB|
System o OEM’s — >
Specification s Solution T . U |\| | TE D
—— ests in car
Functional System Integration,
g design Calibration, Test
-y Controller
design
Hardware inthe / __ &= - n1snadau
. Loo L) iis ‘I.]Jl: : ......
Software in the E ams, H|
Loop (SIL) s A
S— SIL — White S W
ar9et -ode Box TeNt ¢ #5mawas lugll
lgg oo e
. — H ECU nulanaraaanaglndln
e — H CU nulandna
Responsibility
/‘ﬁ’ﬂV\lﬁTLL’JﬂN@ﬂﬂﬂﬂ’ﬂU, \ sﬁ’ﬂ‘V\lﬁ‘i’LL’)‘iﬂugﬂ \ _
nngu Simulink-WS wisunu Simulink-WS nulseanu
A1AUNTNAFALDENIIENINUURA A1ADY [ Software Engineer ]
13lu MATLAB [ Test Engineer
Co-funded by the
FH |JOANNEUM

Erasmus+ Programme
of the European Union University of Applied Sciences
K. Reisinger




SPICE

ONITED

* nsUfudgansruaunisaansiuailarng
NIAUAAIIHAINITD
umsgu ISO/IEC 15504
* goenfiu
* Waridu
* poutiidetie
* N9 ldanu
* 1szANanN
® N1311395N1H"

* A17vnauN b L

Erasmus+ Programme
of the European Union

werllnnes by Mha 1) [ISO 9126, Spillner A., Linz T.: Basiswissen Softwaretest]

Goals
* ANNNNIWINUNBINIFaLLAY

* N19RBAINTALAUIZWINAFAINT

* PANLALINTNTBRANANALALINURBIAT

4 V-Model

AnustaaLlfjiAn uNmsg1n SPICE iadanay

OEM Tuglanl!

FH |JO NNEUM

niversity of Applied Sciences

K. Reisinger

33



anuasanalumsiyau SO 26262 ONITED

Avoid ability by operator

Risk matrix 1SO/DIS 26262-3 C - Controllability

S - Severity | E-Exposure
El
E2
E3
Ed
El
E2
E3
Ed
El
E2
E3
E4

51

52

Severity to humans

53

probability probability probability

Co-funded by the
Erasmus+ Programme FH |J ANNEUM
ur

of the European Union iversity of Applied Sciences

K. Reisinger



ﬂ1§%}ﬂﬂ1§ﬂ31uﬁﬂ\‘iﬂ1i UNITED

e AiIm
* afuNaWIATRNIINIUeYN ldUngede

e Laznegalls (= 018

® ITUUNNIAANITAMNABINT AR ...
* Waridulalaniuzniswmun
o farflathedildls
. ﬁmuﬁfmmimQQizuuimﬁ1ﬂmwuw?aﬂ§u“ﬁmmiﬁmmzuuﬂﬂﬂ  panTwiusuvaavieinisfsuuag?

%3 v a < q! Y2 %3 o ¥ a o
DOORS (szuuanusasmsidednguuulauiiin) iwluniislussuunisannisanunainisyi linuniatl
https://en.wikipedia.org/wiki/Rational DOORS

Co-funded by the
Erasmus+ Programme FH |JO NNEUM

of the European Union niversity of Appliec3
K. Reisinger



https://en.wikipedia.org/wiki/Rational_DOORS

J q Y v
“lﬂ’)‘l/‘lﬂ!l?lﬁ!!ﬂ%ﬂl’é)‘]]ﬂ‘l/‘lﬁ@x‘i

AVINANLAAT  NARWE/WANTINT bifiaanis
=2 aneaniserls nmusdanivuanauniadisdal

lun1amgeriuduiunad1ang / aansas Wi lagqu
& luanussiaan

ANTNANAN AN F LITINARINAITNRANAA

De-Bugging Aumnanmsaaspnuauiman iz luls

Co-funded by the
Erasmus+ Programme
of the European Union

ONITED

® ALNHILYBINTTLIUNNTNI TR NG LI TR
nasvanLatsANaNaI g1 Aty Tne @i
LarAALaLY

* NNUUATANIUUARLNITALAU

* N1IAANITANNABINIG

v o dld v %
* NI ANE IATNATNUAZTALAL
* (A9AF19LFAANITENNTRRINA

* NIIMARBLULLAIN, NYNIFI9TA, ...

N9INARRLNALLBNINLA

AUNIAIIHANIUAY
N139ANITATUNIN

PANLALINNINIRANAIAZAIASS

FH |J ANNEUM

niversity of Applied Sciences

K. Reisinger



v Jd J
mswmm«mﬂmws P e
UNITED

n.% Q9|/ = v Qi o
*"JULADLTUEIULAANLITTNIA

Co-funded by the
Erasmus+ Programme FH |JOANNEUM
University of Applied Sciences

of the European Union

K. Reisinger



/>\

Y d d o
Msnavsanns UNITED

(o H M 124

Define System
Software Development Requirements

Concept Team

Split to Subsystems
(Modules)

error
Torque Speed ctrl handler Parallel Teams

B Requirements Management ® Coding ™ Testing Integration HIL Test

Author: Reisinger

Function Integration Test Team

(0] 4

Co-funded by the
Erasmus+ Programme
of the European Union

FH|JOANNEUM

niversity of Applied Sciences
K. Reisinger



/_\

/‘—;;-‘-«
UNITE D FH [JOANNEUM

Engineering Knowledge Transfer Units to Increase
Student’s Employability and Regional Development

K. Reisinger

Co-funded by the This project has been funded with support from the European Commission. This publication reflects the views only of the author, and
Erasmus+ Programme the Commission cannot be held responsible for any use which may be made of the information contained therein.598710-EPP-1-
G e EnapeEm N 2018-1-AT-EPPKA2-CBHE-JP




Parallel Bus ONITED

* PCI-Bus
* naTaNFaszidaulsznauaiinsnisanag
v dl 1 v % 1
* qayanatuaciayadnytyargnanelou
= |
UL NN AN Fe
* 4940 124 WULUNT

o T3lddnsuszaznielnal

Co-funded by the . s . .. .
oy iy [ https://de.wikipedia.org/wiki/Peripheral Component Interconnect ] EH |JOANNEUM

of the European Union

niversity of Applied Sciences

K. Reisinger


https://de.wikipedia.org/wiki/Peripheral_Component_Interconnect

! /\
v 0

Y, A ) d _— =
ﬁz‘]J‘lJﬁlJ‘]J!ﬂaﬂuiﬂﬂﬂmﬂﬁﬁﬂﬂuﬂuQQGHQﬂﬂa UNITED

Y o %4
* g5
o |FuEas 1 danldsuiudiusu ECU Aumnsneiu
* nqausadueas ECU

e naensawatuass ECU, ...

FTULIARUNTH
* galn 1viva 2 aneienistnaleudayanynumiu
* WA

*  ANNLFIAIAINITOAUTLNITANLEAIANE 1L ..

TuRsntgauulusneus

Picture e.g.
https://canbuskits.com/images/diag canbus?2.jpg

-2 msdelaudeyanuueunsui 2 ussia

Co-funded by the
Erasmus+ Programme FH | JOANN EUM

of the European Union

y of Applied Sciences

K. Reisinger


https://canbuskits.com/images/diag_canbus2.jpg

ﬁgﬂﬂﬁﬂiﬂﬂﬁ"ﬁﬂi%‘ﬁTnN 1

* CAN-Bus (rradnawunaaunw)

* anuifage- aungn, 250kBit/s, 500kBit/s, 1MBit/s

Amgasn - CAN, < = 125kBit / s

aynINaNITInay ngeriv

Co-funded by the
Erasmus+ Programme
of the European Union

SG
1

I

1 v dl 1 1 1 o 1 a o v 1 1
nistnelaudayan liuluey (ldnsnisdeTauniunliasinauiuan)

SG

anelalinngaeg 2 idunlileuuinauiuniansafun1un1sauganlaiaiaasdng,

CAN-Hi

120 Q

ONITED

120 O

FH |JO NNEUM

niversity of Applied Sciences

K. Reisinger



ﬁgﬂﬂﬁﬂiﬂﬂﬁ1§ﬂ§$ﬂ°1‘i’nﬁ 2 UNITED

* CAN-FD
* sxydng 1 MBIt de 10 Mbit Y
* CAN + snandayaiitioveju

e iulaiuaundn CAN

* FlexRay

° > 10 wnedm

* nustnelaudayaninuuale

1
= % o

* nalndmiudeyaninandesiuaiulaasdie

) = dl 1 dld
* pAlanaLaNINaUI 2 ANNNANINGS

1) Ways to transition from classic CAN to the improved CAN FD

Co-funded by the
Erasmus+ Programme FH |JO NNEUM

of the European Union niversity of Applied Sciences

K. Reisinger


https://vector.com/portal/medien/cmc/press/Vector/CAN_FD_ElektronikAutomotive_201304_PressArticle_EN.pdf

ﬁgﬂﬂﬁﬂiﬂﬂﬁ1§ﬂ§$ﬂ°1‘i’nﬁ 3 UNITED

e Automotive Ethernet
* AUMATIIR, N19aR&17LUN |P

* MOST-Bus
* NNIIUANTTLILARNNLIEY
* dnsntayagennNLlannsimn
a A ¥ o
* aneAiavae launatLas

* LIN-Bus
* 3¢l
e ECU nnsdeans — e — Actor
* AnELAEn (+ ane + GND ldsaduimas 3 a1s)

More: see https://elearning.vector.com/?lang=en

Co-funded by the
Erasmus+ Programme FH |JO NNEUM

of the European Union

niversity of Applied Sciences

K. Reisinger


https://elearning.vector.com/?lang=en

CAN-BUS ONITED

* UIMTTIUAD * Company Secret is
* dynunnuleagnadsll? dyorgnidnaiaadngls? A
aziRenszAULTAU NN RdtyN ...

* If we want to read CAN-Data
* CAN-31ud03a / FIexray-ﬁﬁuﬂ’fagmﬂuﬁﬁmﬂu

* gaanaln, seauussnulnin,

* wsndmiunauarnistnelaudays

| |

—
——

o U

=

Bits 1| 11 Hl 4 0...64 15 1] 7
o bl Bl o | | te o =« dbc-lw site EXCEL-3p
I §5c 3 2 5 5
e = B3 9 P R AnuAaaduRusian1swmun2as OEM
T TR = = Ug g E w !
= = mgg L E .;_;%W ECE + ®©
T 0Ow Egag ocC m o The 5 &
€ g 558 L 5 923 gig o F
8 o get O : g5 B £ 5
" PR ;PR
mo

[ https://de.wikipedia.org/wiki/Controller Area Network ]

Co-funded by the
FH |JO NNEUM

Erasmus+ Programme
of the European Union

niversity of Applied Sciences

K. Reisinger


https://de.wikipedia.org/wiki/Controller_Area_Network

Example CAN-DB Snow Mobile - Excel ONITED

Message DLC Signal Startbit | Length| Order [Value Type| Factor| Offset Min Max Unit Table Comment
Motor speed 0 16 Intel Unsigned 1 0 0 65000 rpm
_ BMS has to respect
Main_relay ON 16 1 Intel Unsigned 1 0 0 1 - 0 —_Relay OFF internal safety
1 = Relay ON .
mechanisms
MCU _to BMS/ID 200 8 not used 17 23 - -
MCU_Temp 40 8 Intel Unsigned 1 0 0 255 degC
Bit O: driving charger management
MCU_status 48 8 ] ) ) ) ) ) ’ Bit 1. charging done by MCU
not used 56 8 - - - - - - -
Pack Voltage 0 16 Intel Unsigned | 0,1 0 0 5000 \ total battery pack wltage
total battery pack current
pack_Current 16 16 Intel Signed 0,1 0 -1000 1000 A < 0: discharge
> (0: charge
SOC 32 8 - Unsigned 1 0 0 100 % from BMS SOC algorithm
Bit 0: overwltage warning
Bit 1: underwoltage warning
Bit 2: overtemperature warning
BMS_status_1 40 8 - Unsigned - - - - - B!t 3: owercurrent warming
Bit 4: overcharge warning
BMS to MCU 1/ID 201 8 B?t 5: overdischarge Yvarning
- - - Bit 6: repeated overdischarge
Bit 7: isolation fault warning
Bit 0: single cell ovenwltage
Bit 1: single cell undenwltage
Bit 2: signal error current sensor
. Bit 3: Finish charging request
BMS_status_2 48 8 ) Unsigned ) ’ ’ ) ’ Bit 4: General hardware failure
Co-funded py thq Bit 5: Communication error
Erasmus+ Programmg Bit 6: balancing active FH|JOANNEUM
of the European|Unior Bit 7: charge complete Iniversitylof Applied Sciences
not used 56 ) _ _ _ _ _ _ _ K Reipinger
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Given: Mg, (t) .. desired torque  uwIAnMInszAY
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— : 2
* Myeq —]mot “lg > 1
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e Solution
 Table M(QD)Z MReq = @PReq

* Position Control
* use i(¢) on shutdown to correct wear

v

Co-funded by the
oy iy @ .. angle of motor;na) .. angular frequency of motor EH |JOANNEUM
u
r

of the European Union t.. time, lg.. ratio, ad Jmot-- Inertia, M .. torque, i .. armature current

niversity of Applied Sciences

K. Reisinger



a WA

ermnmsaoulutriestfuiams ONITED

* Introduction Lessons
® LUIAATRITLIL

* NAANARTNIIAINULILAIADY (AART, NAlNUBATLELAEST FINDNWNAIAITUAL)
® LUIAANITAILAN
&I 1Y o 1 QI Y
® LATANAUNIAIUNUNANIUE FUFY
* foprupNaDia lldnanin Walseldauaniimniena

* FanasNNNITIAILANAIUILNIALIANAINNLT

Co-funded by the
Erasmus+ Programme FH |JOANNEUM
of the European Union University of Applied Sciences
K. Reisinger



a A

ermnmsaoulutriestfuiams ONITED

o Uni3enuined
* CAN
* ynannis CAN
* lilsimaaa XCP, CCP

* n3zuqunINENLn: V-Model

* 5 Lab-Sessions lunguiinizaugegn 20 A
« 1 Lab-Session: 5 a%s 45 unil

Co-funded by the
Erasmus+ Programme FH |JOANNEUM
University of Applied Sciences

of the European Union

K. Reisinger



! 9 ~ A
!,ﬁTHQLHHUl‘]JVIQTHGIJ@Q’Jﬁ’Jﬂ§§$‘]J‘]J! .

V-Modell UNITED

AU DV

Lab-Session:
1&2

(2), 3 & (4)

(4) &5

Co-funded by the
Erasmus+ Programme
of the European Union

K. Reisinger



msnuanusaia — Modell lugi o~
UNITED

d d
HINIINT1ICILLIT

1 siapquan ECU
2 LULRIARY

3 @aun9n ldsedumasing USB mnwmas VN 1630

4 LYNNABNAAN

sion @ @ 59
1IN .
oeHIN . @ EO

Co-funded by the
Erasmus+ Programme
of the European Union i

K. Reisinger




HYNNAD ONITED

dan1uuavialy

* malasugaansiinismensessudanawasidunas ECU CAN-Interface anauen
LAZLAaIaE W

* AVFPTAINIL LAANANIUSUBNTD

1 1
o A 1 =

* FRTANARINATALALNAGALAINNANINANUANATY YN0

TANVUANLAHAINSUNITRNALT
® FFNUNIULNEANTIANIZUAGIGA

o Fadponsan nlildauamasinnivivaigt ©

Co-funded by the
Erasmus+ Programme
of the European Union

K. Reisinger



/—>\

UNITED

HENNAD

r
[ Sy
.um.s 1

60 wnauyfor Hd

|JOANNEUM

University of Applied Sciences

Co-funded by the
Erasmus+ Programme
of the European Union

K. Reisinger




/_>\

Environment = Plant Model OUNITED

- 1 — wawefnIsuanss
2 — FranANNNSaN Haf =2 ensnaiafivingu 56

3 —Spring =2 a1assnsnauiuanAanT

Co-funded by the
Erasmus+ Programme FH |JOANNEUM

of the European Union University of Applied Sciences
K. Reisinger




Plant Model, H-Bridge ONITED

Motor Current
2.5 I

0.5 J J J J |
0 0.05 0.1 0.15 0.2 0.25

t, ms
PWM-Motulated Motor Voltage
[

14 T

g |

[ N I

0 0.05 0.1 0.15 0.2 0.25

t, ms .
R 4 — H-Bridge gnsulin ECU wansinmiiuusssulianisu PWM eadsaasusesuniniludngon

Co-funded by the TILIADNHLTAURINALFADT
Erasmus+ Programme FH |J ANNEUM

Of the European Union niversity of Applied Sciences

K. Reisinger



H-Bridge ONITED

Quadrant 1 - accelerate forward Quadrant 3 - accelerate backward
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puuf1ae4l59a1 — msmivinlane o~
o o UNITED
dSumunnuanilu

H-Bridge = Power electronic (included at the ECU)

aunm: deyryros PWM annaaulnsamas lugu PWM aasisdudrsiaiaaszndng -1 way
+1

@sne: uaaaulnNy PWM fdfunandinsuimnasansln uamainssianss

ANLRAYUNNARAANINLIIUAIUALAAT.

Simplification for the model: upg = uki39 - PWM
uag DC-Motor input voltage
UK130 Supply voltage
laifipnuazidmreussiiniad = na1anaeedi -

Co-funded by the
Erasmus+ Programme FH | JOANNEUM
University of Applied Sciences

of the European Union

K. Reisinger



Plant Mode|

UN

TED

w0
<uKL30=

ukL30 uAB
a <PWM=>
PWM

H_Bridge

uAB

<M

D

phi0
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<>
i
1
—
W
b UKI ! 4phi>
2 phi
3
Wa > ML W |00 ylw wWG TV —]
e
1
DC_Motor
Worm_Gear
<MWG=>
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o : (s UNITED
13908 14: NHOLADINIZUAAIIUNIHIAND1IT
. R, b
®* ATLNYNALARTNINATURANRRT e S
e 1.) szuulnin }Ukl A B
Uq Jrij
Kirchhoffs’s law: Uk = Ura + U, + ﬁBr + Uq (1)
Voltage drops: Upa =1 Ry (2)
4
u, = L— (3)
Ug =kt w (4)

ugr = f (i) = Lookup Table
di 1 .
Co-funded by the (2)’ (3) and (4) 9 (1) d_; — Z (uKl — L RA _ uBT' _ kT ) (1)) (6)

Erasmus+ Programme FH |JOANNEUM

of the European Union

K. Reisinger



sasmuudiassailnsaaig Simulink ldedndls? =

v . D UNITED
P139¢8114: VLA INIZLUAAIIUNLIHIANDTIT
® ATUNUNALARTNIIATURIANANT
2.) ﬂ]jlﬁ?;@ygi@jgw’jquguu Torque is proportional to the current
' M., =kr-i 6
Tiazinseana el = AT (6)
g
3.) ITUVATOING The rotor is a rotatable mounted inertial

mass — principle of angular momentum
d .
- d_(;) = Me) — Migag — Mg, - sign(w)
(7)

Co-funded by the
Erasmus+ Programme
of the European Union
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K. Reisinger
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HUUUNY ONITED

Input electrical system Interface between mechanical system Output
(voltage) electrical and mechanicl (angular
N system speed)
—Ukl_’ R a i L ‘
. Upa o up - uBr; _I' Mel — I{T . I }Melﬁ
: ug |
\ ,
di 1 |
azz(uKl_l'RA_uBr_kT'w) e 1
( de = 7 (Mel — Myoaq — Mg - Sign(w))
Uq Luq =kr-w omega-

Author: T. Lechner
Co-funded by the
FH |JOANNEUM

Erasmus+ Programme
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Simulink model

ONITED

input voltage

Electrical system

o e

Ukl

voltage drop at the
rotor resistance

b u_Ra N

voltage drop at
carbon brushes

h 4
+

Interface |

W=

i_p

1-D T{u)

\ 4

induced reverse voltage

omega
ug

di

dt

1 .
zz(uKl_l'RA_uBr_kT'w)

dw

dt

Mechanical system

1 .
=7 (Mo — Mygaq — My - sign(w))

Mel

h 4
=

Load torque on the shaft

(input)
a <M_load> -
ML

directional friction losses

omega

1-D T(u)

Mir

w|=

calclated angular spee«
(result -> output)

omega

>

omega

FH |JOANNEUM

University of Applied Sciences

K. Reisinger
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Import from Matlab
--> real (measured)

input voltage Export to Matlab
[t0 FH_ECU_uSM_t0] . —
uN »omega_sim
<omega= -

scale speep from
rad/s to RPM

" P Ukl
u
- omega 60/(2*pi) ) — P D
n_mot_sim
ML
Load torque on shaft.
In oure case -> M _load =0 DC-Motor

M load

Measured speed at the
gearbox output, given in RPM

[tO0 FH_ECU nMotOut t0] 56
n_mot_meas

Co-funded by the
Erasmus+ Programme FH | JOANNEUM

of the European Union
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Input Signal

e N

ONITED

UKL) \Y
N
[

| N Ly N R S R o R Ry —

L
5

3000

2000 -

-~

n, RPM

1000 -

——simulated
——measured

0

0.7
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ONITED

A 4
* NITIANTIVADUNITTIULDT

* ldRuFMunnsaINNIgITY AN eS|

Input Signal
T

10

Ukr, V

|
o o &l o o
B T T T

5000

n, RPM

-5000 L

Co-funded by the 0.5
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.
| |
2 2.5 3 3.5
t,s
Output Signal
T

FH |JOANNEUM

K. Reisinger



/—>\

luaalugil UNITED

Task: Put the reality
to a simulation model

Test Spec
He Edt Wen Smuston Fgms ook Hep <[l - EIEE:M /\b A
DSEE&| 5 B[22 » = [Homa = w |
[FTTERR |
[ 'V‘
" I
—
W
Fl37 [ [ \ndezatn. v Act u at 0 r _ 16 1272 N 18 19
Control Algorithm Model
Current, Position, ...

Any plant model can not be destroyed by missuses ©
FH|JOANNEUM

University of Applied Sciences

K. Reisinger

Co-funded by the
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phi0
phi0 phi0 L phi
phi0
. <i> . phiom
phi0 ! : 3
l > 2 w > w
KL30 ; SimM
Testfall 1 izl u ohi <phi> >l ohi im
=i > PWM |
—__| MClutchDes | Y Mo > — ECU_DAQ
Environment
ECU_Controller
1-ECU
2 — Plant-model (Environment)
3 — nmaiudeya
Co-funded by th a : . :
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* Initializing
* YIRALLTAZIZN
* saAmauAuel

* BFUNTAVLANAART

® UNAALLIAGILA

dl dl o v < <I> 1 dl
* LAAAUTINALVAIAIEIAITNIFIFNAUWLINTTIN
VYAENN D AIAILIANAI NG

Co-funded by the
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of the European Union

® NIAILANAART

wasusadaiidesneludomwmnidifess
AUIANLULNTAR1TU (1)
fpauRssuiasimuanaE T fae
FAAYLANANNITIATNINUALINALIIDAN
Aoy PWM duiuseinas

wlanwatiaqiiuiiuuseinilaqiiu

FH |JQ“A NEUM

rsity of Applied Sciences

K. Reisinger



/_>\

AINILANIIITADENINY UNITED

PWM .. pulse with ratio

Cram
ukL=0 ————— ‘Search Hardstop at Startup | AWU .. Anti Wind Up
=0 wHardstop
E Constant
InitTimar nitTimer
itialization Timer Clutch Feedback Current Torque (Ougput)
1-D Tiu)
I mit
@—p | s e \ MCIutchE =t I-.-z
) s Philid / MClutchEst
PhilO Subsystem =
CffsetPhi
Table
LUT Torque-Angle MClutch{Fhi) Speed-Control + PWWM + AWU
Clutch Model : Cascade Controller ==
Pgs. Control ] e
1-D Tiu) :
o ' f D
.- S— W = GSB Eg. b Pcwru
G MChute Phi | GFe u M
MClut rr— Switch Speed Control [ odud Saturation
OSITIEN nors Controller
: P-rontroller Pl-Controller
Table
Phi{MClutch) — _
Co-funded by the |-Limit Detection for AWU—|
FH |JOANNEUM
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AINILANUIITA — BUAUDITUTIEALD

ONITED

@ L=

ukL30

P stop at Startup

=0 wyﬂop
Constant

m [ mit Tirmear nit Timer

itiglizaticn Timer

utch Model
1-0 Tu)

MClutch{Phi)
Inverse Clutch Model S~

1-D T{u)

MCIhchEst

.

1-0 Lockup
Table

Co-funded by the Phi{MClutch}

Erasmus+ Programme

PhiDes ’é e o S e

Pasition Control
P-Controller

Initialization

MClutchEst

-

Speed Control
Pl-Controller

H-Bridge-Model——|

G5c ﬁx

J‘F

Saturaticn
Controller

of the European Union @ e
whieas
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Torque Control-MIL Result T ES

1500 | — Desired
— Simulated

1000 -

M, Nm
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MATLAB

 MIL: , perfect” System OEM'’s
environment. Specification st Solution

s r'd
* NATUNILAZIRLANIINATA Functional System Integration,

¥ o design Calibration, Test
mie b alf: b= ST |
o . R Controller
* naifiudaya (DAQ) design
y Hardware in the A=
* NaNTALADL SorwATain the Loop (HIL)
* |TILTHN Loop (SIL)
o SIL — White

* 3UNANTDNNIUTUAZNTU ~\| Target Code Box Test

BT g

B4

f

]C§ Simulatéd Plant (a vehicle) é
] % :

a ~
° LAUATURN YA AT

" * " Réal Controllef (an ECU)
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Analog-Digital-Conversion (Sampling) ONiTeD

* AN luFaEias =2 1alFatng

o uaundsauuylisaiios =2 namdFunn

X[t]
T A
FIIBEN. (F---r-A--r-a--r-@®-r-a--r-9--r-n
* 2 Bit ADC > 8 duneusiaus 0 fa 7 J TR B A R
¢ e o s S-a/@ua--r-a-Lb-{-4-a--F-a--F-1
® ARNTIFIBEN 1 IUIN 4 P ST I U A O
3- __L_Jd. | -__________I I______I
2_ -k -d--F-d--F-d--F-d--F-4--}-
1 - -k -d-=-}F=-d-=-}F-d-=-F-d-=-F-4d4--} -
>
0] 1 23 456 7 8 910111213 t
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Aliasing

UNITED

* Nyquist-Shannon-yngugun
* fs= Tl > 2 fmax

e Otherwise aliasing
* AINIZITUINANMNINTENFIat AT Ty
* anuDlaiNagaselsngan.

* nhzuiileyun

e fansaslninnewsi ADC azutlasdryains!

Co-funded by the
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of the European Union

o o °©o o o o
I N ] N 1N o ) P
T %=‘\ T T
-

'
P
5 10

fo=21f.

fr—

_____
—==nk

AAAAAAAAA

==t

no new frequency

value
o o] o °c o o
» N N IN [ © [
L —

I

WPL

ol Ji #UUH | ‘LU

Ur
30

il Huh

=FH “POANNEUM
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- uP > 16 Bit
- Datatype = Signed Integer

wesulndnaasumaEely =2 Agega 20 V

memory map:

n 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

sigh 16384 8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 1
binary 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0
decimal 0 0 0 0 0 0 0 0 0 0 16 0 4 0 0 20

| ( J
10 Bit unused
Bit 15 - sign:
Positive =2 0
Co-funded by the .
Erasmus+ Programme Negatlve 9 1 FH |JOA NEUM

of the European Union
K. Reisinger
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14
=X

Fensldmisaaausiiateay = dew 10 dalinedre (multiplication with 210)

n 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

2" sign 16384 8192 4096 2048 1024 512 256 128 64 32 |16 8 4 2 1

binary o o o0 o0 o0 O 0 o0 O 01 o 1 o0 o0

decimal 0 0 0 0 0 0 0 0 0 0 16 0 4 0 0 20

20 - 219 = 20480

n 15|14 13 12 11 10|9 8 7 6 5 4 3 2 1 0

2" sign 16384 8192 4096 2048 1024|512 256 128 64 32 16 8 4 2 1

binary 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 v
decimal 16384 0 409 O 0 |0 0 0 0 0 0 0 0 0 0 20480

T
S5 s 10 free Bits for a higher accuracy
Erasmus+ Programme FH |JOANNEUM

of the European Union ty of Applied ¢

K. Reisinger



SIL-Model — Top view ONITED

IR
wTarget l p wTarget

INCSpeed
wsoll |( i P INCSpeed dSMPWM—PE—D
- L30
12 D u > FII

UKL30 e g H-Bridge4

}
ukL30 6_SIL FI
uKL30
]J_‘

-0 DC-Antrieb

INCSpeed wMeas|2
i 40/(2*pi) =

Co-funded by the rad_s_INCSpeed
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v

1. laranisaruaningldd o
Feed Forward Control a U

ANUANNANS
<wTarget>
0.026
uFF
P_kt
Feedback Control
D e O 1
O <wTarget> W UFB + UMotO
wTarget uMotO
P _kp

@ <wMeas>

wMeasure

Co-funded by the
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dmuauanuiedisie — 2" MIL-Model  ONiTeS

--—- HAL-Input Layer--|---———-- Modelling Physics |-— HAL-Output Layer

v a 13 ¥ Y
Feed-Forward Path 2. Suaunnuaziaawa by

AUNAUALLRNANANIA LA, NA1TEUN
<wTarget> q 9
0.026 UFF 1IRFA28E19, N1TUILTN

P_kt

Feedback Control

<wTarget>
C D

wTarget
I wMeasure

C_INCSPEED2W

uMotO

*

dSMPWM

dSMPWM

INCSpeed

D
uKL30

Co-funded by the
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Feed Forward Control

wTarg_BP5 o g s g
B p| Muld 3 W‘Q’]im”ltﬂi\‘]ﬂ%"l\‘l‘ﬁ’ﬂwGlLL'Ji’ﬂ‘léﬂi&l
= p| Mul2  Out -
BP14=16384 | ° a
0.026 > 4-2 »| Div uFF_1BF10 & uuANLAUANIA
§6.1035e-05
P_kt1
- (4. replace by C-code)
29
Feedback Control
const2
El*j 51=03224 — WTarg BP9 P Add B Out p{ MUl
C =t 980 — Add2 UMoto_BP10
(819803125 S Out p{ MUl
wTarget ub e BP5 g ﬁp‘m’ L
- ——p Mul2  Out f— . dSMPWIM_BP14
, UFB_BP10 —p= Div dSMPWM
BPo—4 wheasure_PB5 Ba
2 +/- 8192 Mul 274
§ 025 INCSpeed_BP2 >
INCSpeed Mul2z Out const3
— Div
C_BP14
BP14=16384 BP14=16384
2°pif40 f——p» -2 0.59*0.5F—p] +-2 !

6.1035e-05 6.1035e-05

C_INCSPEED2W 4 P kpl 4
2"1 2"9
const constl
BP10=1024
Cz2 O)—» +/- 32
UKL30_BP10

— $0.00097656 _|
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msnuguusada - SIL Wusvmihrane UNITED
. @ﬁqmﬂfﬁmfﬂmm?@ﬂmmjzud‘y System . OEM’s
nanueeae Simulink wwfaunay Specification Solution
A399UA LT INNEL.

< »
Functional

System Integration,

Y oy design oS
* N385 NAR: - -4 g Calibration, Test
* nuldsunan C - ngtsri;'r']er
¢ 1 ; : Hardware in the 5
* duflulilalaanann Simulink | U
A endad Software in the oop (HIL)
Ineimas (Wuaneldanangm) Loop (SIL)
° o o ° : SIL—Whlte
Model (lunstiinisaselan o
&5 110375 bdnnani)

Co-funded by the
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Demo C-Code

|7 ZAVECTOR\CANAPE\10.0\RT\Src\Rec

/—>\

UNITED

File Edit Text Go Tools Debug Desktop Window Help o
M@ sRaB20| s Ma | BB RE BB |sak Base ~
BB -0 [+ |+ x|t |@
1 Jf &
2 // Regelung
3 S e——_—_,—_,—_,—_,——————————————————————————————————
4 f/ 5Id: Main.c 1.2 2004710719 21:44:18 gerhard Rlpha 5
5 Jfi-—————- - ————
6@ S/ ELog: Begelung.c £
7 fF Imitial revision - 12.6.2013 E. Reisinger
B /S
8 #include <Types.h> -
10 Finclude <Util.h>
11 Finclude "Appl.h"™
Fdefine NoExtermRegelung
Finclude "Regelung.h™
Efar wvoid InitRegelung (void) {
Co-funded by the
Erasmus+ Programme FH |]0ANNEUM

of the European Union
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ma1nannves ASAM-2-Data ONITED

| File Edit Text Geo Toels Debug Desktop Window  Help e
TSR $SBBR92 0|9 Meas ik B REB B B | sadk| Base

‘BB -0 [+ |+ 12 x | 93 o3 | @

1 ’if "

2 S Regelung Jai

3 SHb-—_ e ——————

4 Sf 8Id: Regelung.h 1.1 2004/09/27 14:22:22 gerhard Llpha =

5 SHb-—_ e ——————

& J/ SLog: Regelung.h £ 3

7 Ff Initial revision

B Fr

g

10 i Bei=spiele }

11 i Variable tBPF, T THNT16 FPhysikal.Wert "Einheit" "Hommentar'

12

13 S IVARILABLE XYZ 2, T THNT1& 100.0 "Einheit" 'Kommentar'

14

15 CONSTANT C TncPerRevw 0, T THT1& 40 "TIC, Rew"™ '"Tic=s per Rewvolution'

16 CONSTANT C PFi t1z2, T THNT1&s =.141552 "_m '*Zahl Pi°t

a3 AT T, BT e - oA T RTINS s S ML [ [ [ PP R N a— |
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#5Aw5 bugl

neagauni1rTnszuudivsy ECU
(=zesluaf + anfauad)

o
® B3AN
o nsanaasredlan W / 0 ECU lunaiasa
e nsafdtyoynnia / Iiduiu ECU
* dnAmavuaes ECU
* LARAIABNNITNARBLANNSLNINARDLAH 1LTR

*  N19U9YIHULAZNITINLINUNTNAZALID A UL A

* MuAANaesan1kNIInd

inluna MIL nauunld vy
feanszuufiiandasa, (Euler, Heun)
0.5ms — 2 mS nasaagg

o Tlaidgu!
Real ECU (DUT) !
Co-funded by the - . . . .
Quelle: Reisinger, Riihringer, Mathis: Modellgestiitzte Mechatronik-
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* annuuansatinaninlunsinaNdla Wi uay P TumajinGe,
* 2 ECTS luaonudnunnmanzannguniviiiamii,

* n13ann1gANAasNIsduiadan liluntauninign - wsan,

Qu/ o

* LAIAMAAPIT AN ATUA LR AdNINaaNLULTEULINARIIaTng wedunTinaa1ine
AANGTLT
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<

* fu Simulink-SW azgnausulsadnludminaivanldes ECU — Taufinswmungia C d s
AAINTITLL.

e Stateflow T1AFNwIa39 A2 5 ULLANABINTZUIUN198 A 1A — Wl 14t as
NANQm3.

* Simscape hiagludlunisanaaalssu wldlddaunisaasmangms.

* NNNI9ITINTTLLNAANIERNGINALIZLLNARDL.
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n1e ldveas 1 ONITED

. . v Q [ 1 [~
Simulink- NS RATZULAULLILIDENN59IMLF)
o UNIATAMIARNUILANEMTUINWRUINITNINY

* ANV D A UL R

* panmudlnaning plug-n-play

- Gunan1sAanedaly

-2 unsialil

https://www.ttcontrol.com
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H199 ldve s 2 ONITED

DUT
(de-rated)

bracket with
ball bearings

Low-Cost Mini-HIL hood

parts

3D-printed rig ‘

Integration of controlled systems into test benches
* RN 2 NGN AU 2 AU Seale: 1L

1. nsvimungensdusatuaud nitaulagiu
= gqilnsninaldnimeasu (DUT)

2. nsdseynetld nageu HIL uazszuudnludmlunimeaay.

* HIL test bench
— Use@M5AINFI, N1eN9NUANgU UL

*  ANLANNBLABINITLART
* ECU wiau Simulink-Interface wawmungiluunlsesnu

* uaasdtyonoieuuaiedunaaal

* CANoe (vector)

* NARaUSATULIR NMUUAIEN1IILI NAdaL LassLdy .
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* Interfaces
® NIFATLANAIINLY

. mmﬁqm‘ﬁlmﬂum”(auwm)
° LL:Nﬁu%famﬂmﬂt,m{mmmmm (Lmﬁwm)
® NITAILIANATUNL
* Aunilsines (@unm)
* AnNSaTANITeaNawmes (Nans e 2 mﬁrﬁf@qmiﬁqm”urﬁqquummL?‘q)

* 1199UA I UNAANDLADFNTL AR
* szununnslaengzug e INa LA NI LA R I
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* Interfaces

* 113aa41772199 ECU Audaunansay
e CAN-Interface

e ECU application
e nadnauldsinaea (CCP)
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N1TIAAINNLGD
MotA
wawmasnIzLangs = 10 udwidn
* Hall-Sensor measures N S
e sunisinimas (Input) M N
o anuuazfiAniaasamas (Output =2 ArfidesnisdususanILAuAmE S
* LT MAANALARTNTZILARNT Hall IC
* 192U UNTNIUNTZLA I NALNBTATLILE R MotB ‘ ‘
Q
§282
o £
.5

Co-funded by the
Erasmus+ Programme
of the European Union

FH |JOANNEUM

niversity of Applied Sciences

Picture: K. Reisinger K. Reisinger



w < W
NI1IIONITNLT 9 fliaulial

ONITED

AN IAAMNBIAIYEIAL
LIA0 input:

f 1
- T
f ... Frequency in Hz

T ... Period time in s
f = Measurement value

f
—2.60
nN6

n ... engine speed in RPM
N ... Number of increments per

revolution. In our case, N=20.

Co-funded by the
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Impuls Signal

=) pO [fny (o) Qo
I

I I I [
. ||
vt b venmen s L_.m_. U v s s L amer e w e manad e orwreneweud B i ol
| \ | | | \ | |
t, ms
Direction Signal
[ I \ I I I \ I I
w8 v bt v narm SARTRTI I TV b vk Ve el rme ' b b
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miaunuelagldfianmae = Counter ONITED

I Is Signal
ANSIATRNINEE 6 - N ) '

P g sl P ’ , e i T SO ;
( I ( [ 1 (==

AIANDA input: ~ a4t |

I I
A -
S [ R M A R

Udlr E 1.9 V — lOglCal 0 0 I I I I I I | | |

0 1 2 8 4 5 6 7 8 9 10
t, ms
Udir =55V-> loglcal 1 . |Durectloln Signal
s 6 i
Direction of rotation: Ral ]
. ©
1 9 CIOCkWISe b 2 ek s b i e oot eyt A o B e
0 = counter clock-wise 0 ' I I . . I l | |
0 1 2 8 4 5 6 7 8 9 10
t, ms

Co-funded by the
Erasmus+ Programme FH |JOANNEUM

of the European Union

rsity of Applied Sciences

K. Reisinger



msdanszua W

As3anszualninshuussos

90a4:
wsasilwin (VCC) > 5V
-20A > 0.5V

OA 2> 25V
20A = 45V

For DAQ - Analog Input
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PWM uwsssvlviinuenian

DC-Motor terminal

voltage ] H-Bridge

s usesulnindosudsiin  F
BRIG e Rt ite
HDLADT

s usssulnindosauug
BRIEHDVIIe Y

= Aszud DC-motor g3/
(Anam) Ao 12 A

http://www.hessmer.org/blog/2013/12/28/ibt-2-h-bridge-with-arduino
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ECU - Uszandnniisniu UN| T>E D)

B 29110a19%A0: 2 MS

dl 1 a [- %% o‘dl a dl dl = o a o dl v %4 = 1 a Aa
" fluanmEesrans Sl luANANNE—AEN NN NAL LA LNELATUNARURU 2L ATNKAAALTLANTN N
109ARUINTALARS.
" Aggsetansuasemluinann Simulink

" FEnnemviuade. (nwen C llaidudruntisresmangmnsaeaisnansalil)

" Aqggaunaunny XCP visa CCP

1 v
aaa o o o o o o

B AENHANEAMTUNIRELN NIFAANNIINRRAET LaTN1TALIN

" nsanuanusnadaullsqeaansn (single, double, ...)

" ponfineaiuauuANaAtin gAY dmsLa AN sELLL.
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—> HY-TTC 510 from TT-Tech

Uszloasi lesu:

- gNypdamas 32 Innaou
180MHz

- WUIYIRADUM)

- ADC 12 Um

- PWM-1218iy®

- Hianoalulonsin

- CAN, CCP ....

Co-funded by the https://www.ttcontrol.com
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https://www.ttcontrol.com/products/electronic-control-units/safety-certified-controllers/hy-ttc-500-family/

TMS570

ARME Cortex™ - R4F 32-bit T~
RISC CPU .

S
- -
Dual core lockstep F JTAG . J I\l I | E )
-32pit | e
Ext. RAM max. 2 MB —
- 180 MHz —  ixUN KT
+ 3 MB Flash
Ext. EEPROM 64 kB — - 256 kB RAM L 3xCAN <:>
- Board temperature : K15 {: —
- Sensor supply monitoring {:_ _
- Voltage monitoring | WAKE UP —< —
3 Sensor supply 1L analog IN _ 8
<+ 2X5V /500 mA (M f—| 0-5V/0-25mA/ —
1 % configurable 5- 10V /2.5 W 0 — 100 kOhm
16 HS PWM / digital OUT N ST LD 8
(1 up to 4 A — ) o-svio-tovs | <_++
with current measurement 0—25mA
analog IN 8
HS digital OUT (= 0-5V/0-32V/ —<——f’—
8 up to 4 A with current sense or . B 0— 25 mA
4<=—>{  LEDconolOUTor ()
analog IN digital timer IN
) (0.1 Hz — 20 kHz) 6
8 LS digital QUT ) I, } o highflow active or _<—’+
+<_>— up to 4 A with current sense or [, digital timer IN (7/14 mA) or
analog IN analog IN
- digital timer IN 6
; magmorr | |y ofemwn |9
7L< pu P — high/low active or
PVG or o analog IN
Woltage OUT 3
A b, Ar =
. Y digital timer IN :
Co-funded by the e ST H A n A (0.1 Hz — 10 kHz) { _"L
Erasmus+ Programme — FH |jOANNEL|M

of the European Union
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Quantity Range

Possible with HY TTC 510°?

CAN ~2 500 kBaud - Yes (3 CAN-Raumasin)
Sensor Supply 1 5V - Yes (2 x5V supply on board)
Sensor Supply 1 10V - Yes (1 x feltsunsnlfezmdng 5V an 10 V)
Voltage out 5V 1 0-5V - Yes
PWM out 2 15 kHz - No (gean 1 kHz)
0—-100 % - Yes
0-5V = fasliuszauusesuliin (voltage divider)

- No, nszuatfaefiulil = veusay 7

Co-funded by the
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Quantity Possible with HY TTC 510?
Timer in 1 2000 Hz - Yes (qean 20 kHz)
Digital in 1 1.9V - logical 0 - Yes
5.5V > logical 1
Analog in 1 5V - Yes
Counter in 1 1.9V - logical 0 - Yes (dwidu Simulink, snilustesd
5.5V — logical 1 ufiloym)
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ECU — msdssuneudszansmmthvianeg T

" F2UNANTUSN: 2 mS
" pnag, e saunaaNsnliulaluduneuna Asngana 1 MS.
= AsaswanEinTsalud@ann Simulink
" anas. Simulink-Library sueglureuiamuesnisdesney HAesunafugIud uiunissessauingnses.
" ANSADULABUKIU XCP or CCP
" pnag. CCP asunisarduauululnuaing
" ASAWILENEINADL (LHED, A, ...)
" mnag, 18 WP 8 FPU atuupses
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1)
2)

3)

4)

5)
6)

58y lo-iivid 510
qﬂﬂsﬂimzf[ﬁmimmaau
(DUT)

duLnostng PCAN-USB
d1uN1TNFTNAU

nALBs VN1630 USB 1o
CAN 3ulnasinadnaunis
T2 (CCP) wazn5im
LRY-UFAI
sudasdayaunaidaqun
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Simulink Model

CAN-DB / Toolchain

PCAMN USB Interface

Hardware

PWM Left

PWM Right

PWM enable H-Bridge PWM
Supply 5V

ect =l
’“";_ i "‘;” :f o ECU TTC 510
an Interface Analog 0 - 5V

Current Sensor

Supply 5V

Impuls Signal

Direction Signal DC-Motor with

Worm Gear

Supply 10V

Co-funded by the
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I/O Blocklibrary from TTC

Simulink Model

Compile to C via Embedded Coder

Compile to .hexvia Texas Instrument
ARM Compiler

TTC Downloader

Co-funded by the
Erasmus+ Programme
of the European Union

Ansunisidoulusunsy ECU:
- ‘I/\IE)'W]L‘U']LLH L6TNB

- msmmwumu (soUnAN, NMsIANITTaNANANS,
CCP...)

AN95UN8NNSYINL AUSUSNIAIUANIASDIANNLE ..

ANSa39sa C Salusidiann Simulink-

¥ Asashalnd a2l annshuds.

saSaulinsinonannsiia C wasgnsaals *.hex- 4.

Linker Smatjdmsu * .a2l- W& uaz MAP-File.

I snillan *.hex-File to ECU flash via CAN.

FH |JOANNEUM
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TTC |O-Library ONITED

ES Simulink Library Browser — O >
<::| |IT‘|IJ|1i|J|? v|-'%j\" -:E'.J'-j' B @
1/ Blocklibrary for TTCS80

Simulink ~

Aerospace Blockset

Audio System Toalbox

Automated Driving System Toolbox
Communications System Toolbox
Communications System Toolbox DL Suppart ADC Blocks ~ CANBlocks  DIO Blocks EEPROM Blocks 71939 LIN PVG and VOUT
Computer Vision System Toolbox TTC580 10l Sl TTCS80 OMb  TTCS80 10N> TTCS80 10ib  TTCS80 I0fb  TTCS80 I0ib
Control System Toolbox

Data Acquisition Toolbox ‘ | | |

DSP System Toolbox HDL Support

Embedded Coder
Fuzzy Logic Toolbox

DSP System Toolbox
\\ B simulink Library Browser _

HOL Coder PWD Blocks PWM Blocks JSensorSupply System Elormm | |'&J‘ =

) i 4= b
HDL Verifier TTCS80 I0Mib | TTCS80 104 §TTCSE0 10 TTCSE0 I0lb multiply - ¥ m > 1=~ W2
/O Blockibrary for TTC580 W

HOL Coder e N >
. HOL Verifier ErrorCode [ rrerede
The 10-Libra ry v 1/0 Blocklibrary for TTC580 Y duly_cycle N one | oo ; Yauty_cycle EmorCode [y
o - ADC Blocks TTC580 1OI current [y tirme._
- NENUIAMAANENR CAN Blocks TTC580 TOft period_fb b

DIO Blocks TTCS80 101

- sl uvouIwnTaINSIRAY EEPROM Blocks TTC

Set PWM_CurrFb Set PWM_FullFb Set PWM_Simple

11939 TTC580 IOlD v

Co-funded by the
Erasmus+ Programme

of the European Union

I University of Applied Sciences

K. Reisinger



aseens Simulink s N

nlasusasiain PWM dluilanduvesdaanamseau i

v Block Parameters: MainDlg X

* nsssAndaunaneguiu ECU = vaen MainDlg i Cote 1) )

Block representing main environment-settings of the applications
° to be run on a TTC580.

PY ﬁq ﬁ f] m ,-] M %/‘]_l : Futher information: Click on Help

Parameters

- CAN Baud rate (gsan. 1000 kHz) S N

baudrate_CAN2 | 500

- 30y (szaiznan) an e o T U

baudrate_CAN4 | 500

- 17] f EJI C C P baudrate_CANS |500

baudrate_CANG | 500

Y IS 14 6 o Duration_ms
* AaNLA lTINULDIFNANAINTU o

[ Enable sending DM1 (J1939)

* j.l 5@ ﬂ PO We r EH ab l e [ show additional information

Reset by TTC-Downloader

( O 9 ﬂ m Enable CCP

CROID

[hex2dec('101) [
=\
® 1 > Lﬂ ﬂ DTO ID

[hex2dec('102) [

. aindaya: Boolean 1 e e :

CCP Station ID

z
Co-funded by the Power_Enable i
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nlasusasiain PWM dluilanduvesdaanamseau i

* Aunn: drynyrndusssulnin o
9 v ¥ (0 ) ) [ ) o e e ) ]
* NM9AANNATABUNALLILIAZWNAAN =D ﬁﬁﬁﬁﬁﬁﬁﬁﬁgﬂmmmmg
ufen ADC Absolute 10V \§ s E—
¢ L@@ﬂwmmuwmwmmzﬂum?ﬂﬂwgmm L I L]
L%@N ﬁi@ ErrorLiodn
* @ausiafiu 131 usa = 10_ADC_09 e v |——
* gmsudayaiamnilangh [1] 4.10 ADC_Abeclute_toV
Function 1 Function 2
P107 Analog0...5V,0...10V Input  Analog 0...25 mA Input 10 ADC 08
P131 Analog 0...5V,0...10V Input Analog 0...25 mA Input 10 ADC 09 |
P108 Analog 0...5V,0...10V Input  Analog 0...25 mA Input 10 _ADC 10
Co-funded by the P132 Analog 0...5V,0...10V Input  Analog 0...25 mA Input I0_ADC 11
Erasmus+ Programme P103  Analoq0...5V.0...10Vinput  Analoa0...25 mAnpyt 10 ADC 12
of the European Union University of Applied S
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a3eene Simulink e N

wasusasiain PWM iluilenduvesdaasusadu lnlih

1.) Solver Settings Powerstage ON

enable

L
v

R
Power Enable

i

I0_ADC_09 ->Pin Number 131 |IO_PWM_01 ->Pin Number 177

ErrorCode f———»—]

d ue——p»|{ double 1/10000 uint16 - pd le ErrorCode [—p—]
adevale I IN_ mv ’ PWM » PWM_bin PWM_bin_int16 uty_cycle ErrorCode

ADC_Absolute 10V

Set PWM_Simple

INT to DBL 0-10000 mV -1 PWM DBL to INT
->0-1PWM ->0- 2M6
\ J
Co-funded by the '
Erasmus+ Programme build & C-Code generation FH|JOANNEUM
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L3 - ® - Vector CANape - = EN

Stat  Display  Devices  Calibration  Teams  Analysis  Taols  Graphic ~@ /—\}

- s -
ime axis
- & e = n =
Calibrate Measurement Stop Stop Pause Insert
online~ configuration = recording - displays comment
Connection Measurement setup Data acquisition Measurement data display Display Signals
1 x 1: Drehzahlregler hd
B3 Al ) m [2] Parameter [T [3] Numeric
==Ll — BE [«[/]2 [ - [ UBat v
% o =1~ | R
B Explorer B Search result e Name Value whles_rad_s 205.3325197321
Type Device.. Name EmEgaRCEsEgy T 200 delta_omega
=R kp1 0.0999909644 =
2 TTC510  ExecutionTimeMainDlg ) delta 1 Tn
[»  TICS10  RTTargetModelExecutio 1 T 315 ==
CanMe... ExeTime ez KAWU 1000 delta_Tn_KWU
iz
= l_._E,_@_‘ =T J e = delta_Add
— = i delta_Memory
Doz marm
ueCtrio
UBat vV
La/ [8]Graphic PWHOD
MName
PWI
wies_rad_s  =205.3 :
1B Strommessung, n=-1070
] ExeTime
VN1630A (0214 34)
1 CanMessung O
~  CAN — DB
ONLINE p
Messung.dbc
PAR
VN1630A (0214 34)
( i CAN 3
TTC510 e 1 TTC510 -
[RAM] f L ccp — DB
- ONLINE
Time: 1m 38 2278955 -
2s/Div
3 > Drehzahlrﬁler,az
Messung lauft [l =] | 1:38m  14MB 1371kB/s | Online | Drehzahlreglercna
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m@r%qmziﬁm*uﬁqmw;umwL?‘q (PI)

- whung: Awnefimanzasiigadviu Kp waz Tn
- Farn | Tvae el

- iin Kp dfqeaniite Ku

- nauUfueuCCPaanaan CANape

- sapquru Pl =

K,=0.45 K,
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The TTC510-ECU has no H-Bridge included

- pavldainsalnieuan
- ECU anupu H-Bridge sasdrynynns PWM

- aud PWM gegaann ECU Aa 1 kKHz tToyun: @asnifinannuianainaininsaaing

St Co-funded by the
I Erasmus+ Programme FH |JOANNEUM
University of Applied Sciences

of the European Union

K. Reisinger



91904 UNITED

[1] TT Control GmbH: HY-TTC 500 System Manual Programmable ECU for Sensor-Actuator
Management Product Version 01.04; 28 June 2017

[2] Andreas Patzer | Rainer Zaiser: XCP — The Standard Protocol for ECU Development;
Vector Informatik GmbH - Stuttgart, Germany (Free download)

[3] https://www.vector.com/int/en/products/products-a-z/software/canape/
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https://assets.vector.com/cms/content/application-areas/ecu-calibration/xcp/XCP_ReferenceBook_V3.0_EN.pdf
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Homann/Eckstein say: good results, especially at low power
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Wiedner, Christoph: THE CHALLENGES OF ANALYZING THE EFFICIENCY OF ELECTRICAL POWER TRAINS.
DEWETRON GmbH, 2018
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* Supply battery voltage 3
independent of test duration
; : 2

» Tests are compacted,
no time to relax like in the car
* real battery can burn (prototypes)
* real battery becomes empty
* real battery becomes hot

* We have to simulate a real battery
* test bench defines SOC
* a battery model calculates offered voltage in real
time

e constant (nominal) voltage
* behaviour model: R,R+R(, ...
e electro-chemical model

* Battery Emulator offers voltage
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* Invoke DUT’s start-up; 3

e,

* provide sensor signals

* e.g. lgnition On (Term15), brake light switch,
sensor signals, ...

e provide electrical signals
* test bench relays

* test bench replay (time dependent tables) + D/A
interface

* real time simulation + D/A interface
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* Measuring Chamber.
* dgoggaununildeu: 18°C to 45°C
* 1Bunemagay: 70 m3
* nsaaeiBuining Tedlar-bag

* ANUSUNINAZALNIIANTN UGS WaTasaLLs

* Analysis System
* 49901990 10, 52, 100 waz 250 ppm (C,)

* Test bed control system
* wgnasuninannguan Kristel, Seibt &Co GmbH.
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On-board Refuelling Vapour Recovery (ORVR)-Test
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Calibration of FID Calibration of SHED chamber
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feel free to contact for

* Mechatronics, Efficiency

Dr. Karl Reisinger, karl.Reisinger@fh-Joanneum.at

e Testing, Measurement, Calibration:
DI(FH) Thomas Lechner, thomas.lechner@fh-Joanneum.at

e SHED Chamber:

Jurgen Brenner, juergen.brenner@fh-Joanneum.at
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Global CO,-Emissions from 1960 to 2018 in million tons
per year [1]
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CO2, sector share of global emissions in 2016 in % [3]

That is the field where automotive engineers can

50 . . L .
give a major contribution to reduce the emissions

40

30

20

10

0 L
electricity and transport indurstry buildings other*
heat production
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* nsRdausnaasannng sl lunislniasaningiainie
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o saustl 2015 whvunen 130 nsuaes CO2 sanlawmsinatiaauldniun1sdaaysogusiladau

. 4oL Y
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® 911359 ~ 4.1 aM9/100 NN,

* ALtA: ~ 3.6 AMN3/100 NY.
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msidaes CO2-fleet 2018 UNITED

2018t CO2-fleet emission of selected OEM’s [4]

CO2 Emission in delta to 95 g/100
g/100 km km

Mercedes 139.6 44.5
Mazda 135.2 40.2
BMW 128.9 33.9
Kia 120.4 25.4
Peugeot 107.7 12.2
Toyota 99.9 4.9

T
Co-funded by the
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* EURO 6: semanaiuiazinuarda a1in n1engusne [6]

Measured Value Diesel Petrol

CO2, g/km - -

CO, g/km 0.5 1

THC, g/km - 0.1

NMHC, g/km - 0.068

NO,, g/km 0.08 0.06

HC+NO,, g/km 0.17 - .

X *) for direct
PM, g/km 0.0045 0.0045* .. .
i i IﬂjECted engines

o Smesmve | PN, #/km o1l 6-10 FH | JOANNELIM

of the European Union K. Reisinger, T. Lechner
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1 — rreadnlaunlunmas
YAILTAT 54.71 M9.4.

2 — ginsalnanziiigle
/A8 26.53 719.4.
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* Bunsaasingladeanans (Vipix) AaA1
nednNgALY
* ginaniin => Critical Flow Venturi
(CFV) =2 14wl
* dn3n7lnaTuaLiiL
® YUIANINLIUIATUR

* anmniuazpNAudNysainniadn Venturi

B
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Heat
Exchange
{option)

ONITED

Flow
——— Valve

Suction
device
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Sub sonic venturi

[5] Sub-Annex 5, § 3.3.6.3.2

The flow rate through the 55V
can be set and controlled by
speed control of the flow
andi/or flow valve
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 Europe: uwnaaadessdu. 2017/1151 [5]
* USA: 40 CFR dqu# 1066 wiaunnsansasienaud 1065
* China asnafunguaieglsl (EURO 5 and EUROG6)
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* 119NAZAU IARF AN DU LA
Tun199angfilnans

, dv
(mveh+mrot) 'Ez Fp + Fap

® AYNATUNIUNITUNY Drag
* | AMNANNIANAAERAT

* + magryiaalusninlagil,

* SaAnusEaaNU

® LENAIMNLANANN LILEURILIAN
AN TUNITANN
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2
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* 114N1991889ANTNNIFTLTINANA TR A DIATIAALNNTZU U DI D WUR MU LN UN VUL LA AL AL,

¢ ANNIINITUIIVINO L.

F=fo+fi-v+fo ve

F longitudinal force in N

v velocity in km/h

fo constant road load coefficient (rlc) = friction, rolling resistance
f1 first order rlc = linearly depending on the velocity

f> second order rlc 2 mainly influenced by the air drag
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* \Vehicle preconditioning
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WLTC Class 3 — Worldwide harmonized Light vehicle Test Cycle
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. WLTC Class 3

o du 3 waslunnstudauinmin >34 W / kg

* 4 wlg 2x4 pesewlaieriumetsirlodadeansuazeiniAideans
® AYNNLTIGIAA 131 NU./TN.

* gueie 1 way 2: luiiag
* WA 3 (TUUN) WAZINEG 4 (NaLaFiaeh): 111LHD

® 321X 1NANNNINARALAR 1800 AU
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FTP75, EPA Federal Test Procedure 200 SHERNIER ST
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* Preliminary works
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* Pre conditioning phase
o
® FTUUGULATEN
e gaete 1 WLTC #ilifnmsdanisaesaiin
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e Measuring the vehicle
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* guiuansdszneutng (C; in ppm) =2 wwsesinmziing

Vimix - Qi * ky - C; - 107°

Mi= d
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[1] https://de.statista.com/statistik/daten/studie/37187/umfrage/der-weltweite-co2-ausstoss-seit-1751/

[2] http://www.globalcarbonatlas.org/en/CO2-emissions

[3] https://de.statista.com/statistik/daten/studie/317683/umfrage/verkehrsttraeger-anteil-co2-emissionen-fossile-brennstoffe/

[4] https://de.statista.com/infografik/15722/co2-ausstoss-von-pkw-marken/

[5] Commission Regulation (EU) No. 2017/1151: Type approval of motor vehicles with respect to emissions from light passenger and

commercial vehicles (Euro 5 and Euro 6), June 1, 2017

[6] https://www.delphi.com/newsroom/press-release/delphi-technologies-launches-26th-worldwide-emissions-standards-book
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