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Industry 4.0: Increasing Complexity
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Flexible Production Systems

» Multi-discipline collaboration and early
verification are very important

Product design

* No available modeling methodology to track
and handle intelligent manufacturing

Production systems

technology

» A consistent and unambiguous system
representation is necessary to ensure
integrity

Production
process
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Complex Systems

> A dynamic, complicated complex system
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RAMI Toolbox

Goal

* Create a development
environment for
interdisciplinary, domain
specific and model-based
Systems Engineering for
Industry 4.0 architectures

Obstacles
(1) Applicability
(2) Architecture Definition
(3) Process Model
(4) Tool-Support

Add-In

* Model Transformations
* Model Evaluation
» Matrix and Layout functionality

(DSL | MDG Technology\

* UML Profile
« Diagram Profile
* Toolbox Profile
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Systems Engineering — VDI 2206

requirements

product

assurance of properties

P
<«

A

RAMI Toolbox - = :
domain-specific design

> mechanical engineering
‘ l > electrical engineering
> information technology

modeling and model analysis
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Approach

Agile Design Science / | Development
Research Methodology Requirements

Engineering
(1) Specification of Case Study T
DA
(2) Requirements Engineering =
(3) Development of Process I PM, DSL & Tool
m

Model, DSL & Modeling mm
Environment

(4) Application
(5) Verification & Validation

Verification
(6) Return to (1) \ & Validation /

Application

14.0 Model
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Case Studies

Real-World Scenarios Industry 4.0 Approach / Requirements
* Metal Profiles for Subway Tracks * Increase effectivity
» Car Manufacturing » Customized Profiles: Information exchange with customer
- Siemens Fischertechnik Smart Factory * Sample size , 1"

+ State-based maintenance

» Special Focus on Systems Engineering
* Requirements on different abstraction levels
* Black- and White-Box Functions
* Logical Architecture
» Technical Elements
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Implementation

RAMIToolbox - Step Through v B x

Create Model Structure
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olbox -

AutomationhL Interface
Export XML for 5P

PIM -= PSM

Show Toolbox Window
Change Toolbox Window
About...




Main Window
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RAMIToolbox - Step Through v 1 x

Create Model Structure

|
|
|
|
|

DE

PR

Information Layer / Station

Information Layer:
-Model the information structures of the system
-Model the information flows inside the systern and in the context of the system
Station:
-Medel the surrcunding envirenment to enable the value adding non-divisible production processes

read more

+ Add Model
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Functionality - Structure

Create Model Structure

Choose Models to Create:

(] Create C\wW Structure
Create EN Structure
Create WU Structure
Create WS Structure
Create CD Structure
[] Create DE Structure
[] Create PR Structure
[] Create * Structure |3

Select All Deselect All

FH Salzburg

Project | Context Diagram Element
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wviews Business Layer

«views Function Layer

«views= Information Layer
«views= Communication Layer
«views Integration Layer

wviews Asset Layer

wviews Business Layer

«views Function Layer

«views Information Layer
«views= Communication Layer
«views= Integration Layer

wviews Asset Layer

wviews Business Layer

wviews Function Layer

«views [nformation Layer
«views Communication Layer
«views= Integration Layer
«views Asset Layer

wviews Business Layer

«views Function Layer

«views [nformation Layer
«views Communication Layer
«views Integration Layer

«views Asset Layer
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Functionality — Model Kinds

@ Select Model Kinds ¥

Requirements/Constraints Functional Architecture
Activity Diagram Functional Standards
Function Grouping

Function Black-Box

Function White-Box

22/12/2022 FH Salzburg - Josef Ressel Centre for Dependable System-of-Systems Engineering- Christoph Binder 12



Inlet Air

Induct Air

Exemplary Models

Compress Air

“High Level Use Cases “High Level Use Cases &High Level Use Case¥

‘optimal auf verdnderte
Bedinungen einstellen

hohe Geschwindigkeit
schnell lernen

erreichen

«functionalRequirement»
Vorwartshewegung mit 2 Um zu trainieren muss es das
abhiingigen Parametern System dem User die

(Winkel) Maglichkeit bieten, Parameter
Zu variieren.

«functionalRequirement»

«requirement»
arequirements B e «requirements»
Reset/Erinnern h " Kisinnvoll Internal Work

2 heve
L ausprobieren

«requirements
wrequirement

L tarten?
ernen starten? / Ergebnis
Lernen ? wie
abbrechen?
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Fuel

Add Fuel

Burn Fuel

Forward Fluid

Exhaust
Actuate
Turbine

.
Output
Work

Ethernet

FH Salzburg - Josef Ressel Centre for Dependable System-of-Systems Engineering- Christoph Binder

Monitor

education NFC Chip

Ethernet

Interface

nunicati # ro ryo W

M
Motion Gripping
Module Module
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State, Outcomes & Findings so far

State Current / Future work
+ Toolbox adopted in first version * Refinements with engineering tool-chain
* Free accessible * Interfaces to domain-specific design
* Click-through Models available  Concepts for adoption of RAMI 4.0

* ADSRM in fourth iteration « Review with domain-stakeholders

Findings so far
Availability of RAMI 4.0 architecture modeling framework
Evaluated towards usability amongst other attributes

Further information
¢ WWW.en-trust.at
» https://rami-toolbox.orqg/

+ Different flaws in RAMI 4.0 already identified  Publications
* Especially: misfitting on ,left side® » Toolboxes for download
* Interconnection between models of  Tutorials

* Product — Process - Production
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