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Herzlich Willkommen!
Der Workshop beginnt um 09:00 Uhr

N

Online-Workshop: Simulation - Digital Twin

Simulationskonzepte fur

Maschinenautomatisierung
. -



Vorstellung

PERFECTION IN AUTOMATION
AMEMBER OF THE ABB GROUP

Kurt Zehetleitner
Bereichsleitung Simulation, R&D

B&R Industrial Automation GmbH
Prinz Eugen Center, Linz Austria
Email: kurt.zehetleitner@br-automation.com

www.br-automation.com
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A MEMBER OF THE ABB GROUP

Richard Sturm
Marketingleiter Deutschland

B&R Industrie-Elektronik GmbH | TBM

Phone: +49 6172 4019 191
Email: richard.sturm@br-automation.com

www.br-automation.com

Norsk-Data-StraRe 3, 61352 Bad Homburg, Germay
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F rag e n PERFECTION IN AUTOMATION -
AMEMBER OF THE ABB GROUP

Fir weitere Fragen oder Informationen erreichen Sie uns unter:

events.de@br-automation.com



Simulationskonzepte fur die Maschinenautomatisierung
B&R IWOS 2020




| h |t PERFECTION IN AUTOMATION G
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Simulationskonzepte fir die Maschinenautomatisierung — IWOS 2020 Session

Folgende Themen wollen wir heute behandeln:

Uberblick tber Simulationslésungen fir B&R Kunden
Projekiphasen und Ziele fur die Simulation
Simulationskonzepte und deren Umsetzung

Anwendungesbeispiele zu den Konzepten

a &~ 0 D E

Zusammenfassungen der gezeigten Information
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Entwicklungsprozess allgemein S -

Software

Mechanical Electrical

Faster ——>l
time to market

Meelline)
& slmulzttion —oO
LO0!S]

l
L
|
|
|
|
|
|
|
|
[
[
* [
I
I
I
I
I
|
|
|
|
I
|
|

Maintenance

‘

_

Project start Project

completion

11/5/2020 6



Ziele/\VVorteile durch virtuelle Inbetriebnahme

PERFECTION IN AUTOMATION
AMEMBER OF THE ABB GROUP

© Reduktion der Projekt Risken

v" Proof of concept im Falle von Anpassungen
(im gesamten Pprodukt-Lebenszyklus)

©® Vereinfachtes Engineering und Entwicklung
v" Mechatronischer Zugang
v Schnelle Anpassungen
v Geschiitzte Entwicklungsumgebung
v Optimierung, etc.
v Schnellere Inbetriebnahme der realen Maschine

© Schneller und planbarer auf den Markt




Software Entwicklung & Simulation g

Granularity
of the simulation

Process
simulation

Sr¢ MapleSim

Machine simulation TILAB V4
IMULINK'

Hardware simulation
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PERFECTION IN AUTOMATION
A MEMBER OF THE ABB GROUP

Virtuelle Inbetriebnahme



Phasen einer virtuellen Inbetriebnahme PERFECTI I ALTOMATION -

Wiederverwendung virtueller Maschinen

n . .
mE machineering

| Simulation | Automation

. i > |

MapleSim
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Konstruktion / Modellsimulation
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PERFECTION IN AUTOMATION

AMEMBER OF THE ABB GROUP

Konstruktion/Modellsimulation

mE machineering

Simulation | Automation

Y
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MATLAB,
SIMULINK*

MapleSim]
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Kalman Filter

Regelungs-
Steuerungs-
Konzept

b
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LTI System

Komponenten
Bibliothek

il -

Import der Geometriedaten aus CAD Konstruktion

Festlegung des groben Ablaufes

Abstimmung der Komponenten (Mechanik, Getriebe, Antrieb, Elektrik)

Festlegung des Regelungszugangs




AnwendunngEiSpiEIE PERFECTION IN AUTOMATION
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&2¢ MapleSim'

ATheMativks
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Latest Results




Maschinenanwendung: Kunststoffindustrie S EH

SpritzgielBmaschine

Neues Design

Neues elektrisches Antriebskonzept

Bif e MapleSim
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Software-in-the-Loop
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PERFECTION IN AUTOMATION
AMEMBER OF THE ABB GROUP

Software in the Loop Simulation

EE machineering

Simulation | Automation “;

B
LINK

MATLA
SIMU

Steuerungssoftware

k=]

pi
program

program

— program —

ACOPOS
Simulation

alarms

visualization

users

i
i

Entwicklung der

Automatisierungssoftware

an der virtuelle Maschine
Funktionsprifung, -tests
Integrationstests

Virtuelle Inbetriebnahme

Exakte Simulation der
ACOPOS Regelkreise
Temperaturverhalten des
Leistungsteils und des
Motors

mapp

* Nutzung des

Kopplung

Maschinenmodells
» Einfache, einmalige

* Synchronisiert mit
Steuerungssoftware




Konfiguration in Automation Studio

9

Object Name
= @) MachineProject

H

- &

J A BGBIN DY

Global.typ
Global.var
Libraries

Description

Global data types
Global variables
Global libraries

4% Hardware.hwl [System Designer]

y 78 @ & <

P

" PC [Software] X

PERFECTION IN AUTOMATION
A MEMBER OF THE ABB GROUP

- & [MainControl

<

B Logical View & Configuration View € Physical View

B
£
B
E
B
[..
£
B
B
B
B

FEPEREP

Alarmhandling
Level1Controller
Level2Controller
UserControl
TestManager
MachineModelGeneric
MachineModelDetail

Object Name

Y 4

<CPU=

& Cyclic #1 -[10 ms]
.. @ MainContro
@ Alarmhandl
@ Level1Cont
@ Level2Cont
@ UserContro

Version

1.00.0
1.00.0
1.00.0
1.00.0
1.00.0

TransferTo  Size (...

UserROM
UserROM
UserROM
UserROM
UserROM

Source

MainControl
Alarmhandling
Level1Controller
Level2Controller
UserControl

Source File

SoftwarelnT
SoftwarelnT
SoftwarelnT
SoftwarelnT
SoftwarelnT

CUE Machineiod

17666

UserROM

oo O O O O

MachineModelGeneric

SoftwarelnT

@ Cyclic #2 - [200 ms]
@ Cyclic #3 - [500 ms]
@ Cyclic #4 - [1000 ms]
@ Cyclic #5 - [2000 ms]
& Cyclic #6 - [3000 ms]
@ Cyclic #7 - [4000 ms]
@ Cyclic #8 - [5000 ms]
[@ Data Objects

@ Nc Data Objects
# Visualization

& Binary Objects
& Library Objects
@ Source Objects

3 reACTION Technol...
&F Configuration Objec...



Maschinenanwendung: Kunststoffindustrie S ER

SpritzgielBmaschine

Neues Design e

Neues elektrisches Antriebskonzept

Ziel:

Test des Softwarekonzepts zur Gleichlaufregelung der beiden Achsen



. o . . . PERFECTION IN AUTOMATION o
Test des Software Konzepts mittels SiL in Automation Studio == -
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PERFECTION IN AUTOMATION

Automation Studio — Configuration View

*®

File Edit View Insert Open Project Debug Source Control Online Tools Window Help
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Maschinen Modell fiir virtuelle Inbetriebnahme P Veveg o EH

mt.o. AEm @] S~ OB 6

fb_MoldCG

MoldCG 1
= Enable out Thetal|=
=in_Torque_1 out Theta2|=
=in_Torque_2 out X1|=
= Screw friction 1 out X2|m=
= Screw _friction_2 out Xdiffj=
= Gantry_stiffness out_Y1pos/=
out_Y2pos|=

out Ydiff|m=




PERFECTION IN AUTOMATION

Verifikation des Maschinenmodells beim Schliel3vorgang

loia Data TARGET DATZ gTmil] UnitX
1000.
S
s 250.
=
=}
-500.
0.1 0.6 1.1 1.6 2.0 2.5
I01d Data TARGET DATA gTm[2] UnitX
1000.
-
b
= 250.
=]
-500.
gAxCls02 ... Motor: Torque, 05/25/18, 10:17:57 time/s
1000.0 . 3 - X
E  Z5o, :
-500. i
ghxCls0l1 ... Motor: Torgue, 05/25/18, 10:17:57 time/s
1000.0 ... A T I - SR AT . . . N T
\ ' 1, L} , e oo S o e o =\ ¥
E  250. : s : 3
-500.




PERFECTION IN AUTOMATION
A MEMBER OF THE ABB GROUP

Hardware-in-the-Loop
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PERFECTION IN AUTOMATION

AMEMBER OF THE ABB GROUP

EE machineering

Simulation | Automation

B’

.’
0:‘

MapleSi

) =X
Rz
Steuerungssoftware ACOPOS i EI
| | Simulation =
p p! program I| E g
—| program — program
Sl N
- —
visualization alarms users

Auswahl der Zielhardware
* Test der
Automatisierungssoftware
Verifikation Integrationstests
Verifikation Inbetriebnahme

» Einfache Simulation
des ACOPOS

» Kopplung des
Maschinenmodells
Vla ETHERNET SR "N BH 1

POWERLINK

“#0OPC UA

* Nutzung des
Maschinenmodells

* Grobe zeitliche
Synchronisierung

TCP/IP, UDP, ...




Konfiguration fur Hardware-in-the-loop S

I;E C[Software] X‘ |

Configuration View v oXx FREIAZRIAD TR A
C m— Object Name Ver.. Transf.. Size (.. Date Source Source.. »
&I =
= & <CPU>
__|Configuration _ =5 Cycic #111 ms) R S
. |Controller [Active] - [@ MainContro User... 0 MainControl Contro...
= & Hardware.hw - [ Alarmhandl 1.0... User... 0 Alarmhandling Contro...
- 422 Hardware hwl - [[@ LevellCont 1.0.. User.. 0 Level1Controller Contro_..
- ] X20CPU - @ Level2Cont 1.0... User.. 0 Level2Controller Contro...
®- [ Hardware jpg - [@ UserContro 1.0.. User. 0 UserControl Contro...
= & Plant &51 Cyclic #2 - [200 ms]
w- @ Hardware.hw - & Cyciic #3 -[500 ms]
- 42 Hardware.hwl - & Cydic #4 - [1000 ms]
=~ 51 5APC2100_BY48_000 - & Cyclic #5 - [2000 ms]
& &= Hardware jpg - i@ Cyclic #6 - [3000 ms]
= & Softwarelnlheloop ~ @ Cyole #7- [4000 ms] b
e Puelie #8 - [RONN mal
= & Hardware hw
= 42 Hardware.hwl . =
@~ 8 PC é&Hardware hwl [System Designer] [g S5APC2100_BY48_000 [Software] X ‘ hd
- = Hardware jpg RN RO R R A
Object Name Ver... Transf.. Size (.. Date  Source Source... O
(R I N Y I
& @ Cyclic #1-[1ms] "
- [@ MachineMod 1.0... User. 0 MachineModelDetail Plant\5_.
Cyclic #2 - [20 ms]
Cyclic #3 - [50 ms]
Cyclic #4 - [100 ms]
Cyclic #5 - [200 ms]
< > Cyclic #6 - [500 ms]

Cyclic #7 - [1000 ms]
Cyclic #8 - [10 ms]
Data Objects

Nc Data Objects

Visualization
Birians Cibiontce

B Logical Vi... & Configura... € Physical Vi...
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Hardware in the Loop Simulation

e
L

mE machineering

Simulation | Automation

‘ -
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MapleSim

Steuerungssoftware ACOPOS
- I | Simulation
p p! program = -g
— program — program | |
e —
visualization alarms users

=T

2 PC [Software] x |
FRALRIACR NN

Object Name Ver.. Transf.. Size(.. Date Source Source.. #
= & <CPU=
i 1.0

@ MainContro User... 0 MainControl Contro...
@ Alarmhandl 1.0 User. 0 Alarmhandling Contro...
@ Level1Cont 1.0.. User.. 0 Level1Controller Contro...
@ Level2Cont 1.0... User.. 0 Level2Controller Contro...
@ UserContro 1.0... User.. 0 UserControl Contro...

@ Cyclic #2 - [200 ms]
@ Cyclic #3 - [500 ms]
@& Cyclic #4 - [1000 ms]
@& Cyclic #5 - [2000 ms]
& Cyclic #6 - [3000 ms]
i@ Cyclic #7 - [4000 ms] %

2 Cuclie #8& - IRONN mel

| POWERLINK

.i

iHardware.hwl [System Designer] [ SAPC2100_BY48_000 [Software] X ]
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Object Name

& @ Cyclic#1-[1ms]
- [@ MachineMod

- @ Cyclic #2 - [20 ms]

- @ Cyclic #3 - [50 ms]

- 2@ Cyclic #4 - [100 ms]

- & Cyclic #5 - [200 ms]
& Cyclic #6 - [500 ms]
& Cyclic #7 -[1000 ms]
& Cyclic #8-[10 ms]

Data Objects

- {@ Nc Data Objects
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Source

MachineModelDetail
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Hardware in the Loop Simulation

mE machineering

Simulation | Automation
’M“" mm industrialPhysics
o
II| Steuerungssoftware ACOPOS <
— | | Simulation g 2
p p program = -g % S 8
—] program — program | :
. a o
igm (| °
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Virtuelle Inbetriebnahme im B&R E-Camp Training P FEBER O i 5 0P

== industrialPhysics

11/5/2020



B&R E-Camp: Flying Saw - Automatisierungslosung g

11/5/2020



B&R Automation Academy — E-Camp S

Darstellung in Form von
Augmented Reality:

Delta-Roboter

Augmented Reality — Microsoft Hololens Ansicht

11/5/2020 30
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Reale Maschine/Anlage

mE machineering|__
Simulation | Automation “¢ -
@ | M

MapleSim7T—
E
| I|| Steuerungssoftware ACOPOCS &
- | I | Antriebe
p p program — _ﬁ“ﬂ
—| program — program |
— ol
visualization alarms users
I Reale Inbetriebnahme | » Realer ACOPOS

* Reale Antriebe
* ldente Regler Struktur

I Nutzung des Modells auch im Regler (z.B. als Beobachter) |




Wechsel der (virtuellen) Welten S -

- Einfacher Wechsel zwischen Konfigurationen

Software
in-the-loop

Hardware
in-the-loop
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Hardware-in-the-loop Simulation
mit Safety



Hardware in the Loop Simulation (HIL)

11/5/2020

CONTROLLER SYSTEM

PERFECTION IN AUTOMATION
A MEMBER OF THE ABB GROUP

PLANT SYSTEM

IO variables

via POWERLINK

ES

34



System with HiL, no simulation of safety

11/5/2020

CONTROLLER SYSTEM

PERFECTION IN AUTOMATION
A MEMBER OF THE ABB GROUP

PLANT SYSTEM

10 variables via

POWERLINK

hardwired connection

of safe signals

ES

35



System with HiL, simulation of safety PERFELTION I AUTOMTTON EH

CONTROLLER SYSTEM PLANT SYSTEM

"

=

Safety-variables are
linked to PowerLink
communication

no hardwired connection x

Safe-10s not needed

11/5/2020 36



System with HiL, simulation of safety e o

HiL_Controller SIMULATION - SafeDesigner

A local variable for switching from

Qf —_— o - E - and to simulation mode is used.
. - §_Sinulation - = = = = - - - -

SEL_S
BOOL_TO_SAFEBOOL B R o o
SF_EmergencyStop_V1_00_1
i.....BOOL_ext_laseFence :— . | AT SF_EmergencyStop_VL_00 AND_S
: : : - . \AF - TRUE-— Activate Ready = sdoLaserFence_OK
L 5
SR RserTERce S_EStopln S_EStopOut
. SAFETRUE —|S_StartReset Error | —-comError_Zaun |
SRS | SAFEFALSE —|S_AutoReset DiagCode|—=
______ N BOOL_TO_SAFEBOOL C SEL_S Reset . +BOOL_ext_lasaFenceOK |
i.....BOOL_ext OperationRelease — AT 6
3
sdioy A = A e

- ToCPU_BOOL — - -

@+ BOOLOO1 comError_Zaun BOOL Mame | Data type | Description | Terminal | Init

@ BOOL002 BOOL_ext_LaserFenceOK BOOL 1 = NewGroup

@ BOOL003 BOOL 2 3| comErmor_Zaun BOOL SL1.5M1.B00L001

4 [BOOLIOY pooL 3 | comReset BOOL SL1.5M1BOOLI0

: :ggtggg :%t 0 © [sdiLaserFence SAFEBOOL SL1.SM2 SafeDigitalinput01

@ BOOLOO7 BOOL ] 2| sdoLaserFence_OK SAFEBOOL SL1.5M4.SafeDigitalOutput01

& BOOLO0S BOOL ] doReleaseFence BOOL SL1.5M4 ReleaseOutput01
=@ FromCPU_BOOL T i BO0OL_ext_LaserFence BOOL SL1.SM1.BOOL103

© BOOL10Y comReset BOOL [] & BO0L_ext_OperationRelease  |BOOL SL1.5M1 BOOL104

N :ggt;gi T :%t ] ®B00L_ext_LaserFenceOK BOOL SL1.5M1.800L002

o ext_LaserFence S 2di . 1 +

© BOOL104 BOOL ext_ OperationRelease BOOL 10 sdiOperationRelaaase SAFEBOOL SL1.SM2_SafeDigitalinput02

11/5/2020 37



B&R Standard Trainings & Services

Modeling & Simulation
Trainings

LEARN
— —

SEM 293 - AS Target for Simulink (1 day)
SEM 292 - MapleSim (1 day)
SEM 294 - industrial Physics (1 day)

Organisation: Automation Academy

11/5/2020

PERFECTION IN AUTOMATION EH
A MEMBER OF THE ABB GROUP

Modeling & Simulation
Services & Workshops

Wy \ ¥ * g
ERYIG

SEM 298 - Model Requirements (1 day)
SEM 299 - Model & Simulation setup (x days)
SEM 290 - Model training (1 day)

38



COMPANY INDUSTRIES TECHNOLOGIES PRODUCTS EVENTS ACADEMY CAREER DOWNLOADS SERVICE

1/O systems

Weitere Online-Informationen

Safety technology

11/5/2020

B&R Homepage — Software -

YouTube

Motion control
Transport systems.
Mobile automation

Networks and fieldbus modules

Automation Studio
Automation Runtime

mapp Technology

mapp Services

mapp Control

mapp View

mapp Vision

GMC - Generic Motion Control
Automation Net/PVI

Operating systems

Modeling and simulation

Automation Studio Target for
Simulink

Automation Studio MapleSim
Functional Mock-up Interface

Automation Studio
industrialPhysics

Remote maintenance

Other

Seamless integration at all levels

Level of
Detail

ma industrialPhysics m

WinMOD S carn

?@ MapleSim
MATLAB
o SSIMULINK

At the first level, Automation Studio supports simulation of all B&R hardware c with Runtime
(ARsim) and ACOPOS simulation

At the level of components and machines, B&R supports a variety of simulation and modeling tools such as MATLAB® /Simulink® and
MapleSim for dynamic modeling of machines and machine components.

At the highest leve!, complex system processes such as material flow or entire production plants can also be simulated To make this
possible, Automation Studio features interfaces for external tools such as industrialPhysics and ISG-virtuos

MathWorks —
A Matorks - e lBSOf .f

== industrialPhysics

Mathematics « Meguliog + Simelation

FUNCTIONAL
MOCK-UP
INTERFACE

https://www.youtube.com/user/BerneckerRainer/playlists

QUUUY ==

» Simulation with B&R

»Mo

deling and Simulation Tutorials

39


https://www.youtube.com/watch?v=yGK85CFzAys&list=PL_prqCg0ThYe5yICzpU-pqSITopdHD0s5
https://www.youtube.com/watch?v=AjWJVIL1-qk&list=PL_prqCg0ThYfXv8WPQd2XCCUhjnbhJ0Xu

Zusammenfassung P ANETGETF A S0P

Simulationskonzepte fir die Maschinenautomatisierung — IWOS 2020 Session

Folgende Themen haben wir heute behandelt:

Uberblick tber Simulationslésungen fir B&R Kunden
Projekiphasen und Ziele fir die Simulation
Simulationskonzepte und deren Umsetzung

Anwendungsbeispiele zu den Konzepten : *

a &~ 0 D E

Zusammenfassungen der gezeigten Information

11/5/2020 40



Fragen

Q&A =Session

277

events.de@br-automation.com



Weitere Workshops g

Online-Workshop:
Virtuelle Inbetriebnahme mit Automation Studio und MapleSim

Produktneuheiten
10.11.2020 — 09:00 Uhr



