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Reference Architecture Model Industry 4.0 (RAMI4.0)
Reference Architecture Model Industry 4.0 (RAMI4.0)
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Industry 4.0 Communication
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Industry 4.0 Communication

The New World: Industrie 4.0 Connected
World

* Flexible systems and machines

* Functions are distributed
throughout the network

« Participants interact across

hierarchy levels Smart

o Factory
« Communication among all

participants
* Product is part of the network

[ Te

Products
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Who Is Responsible for Interpreting?

The Administration Shell......
= ... is the interface connecting 14.0 to the things
= . stores all data and information about the asset
= .. serves as network’s standardized com interface
= ... canintegrate passive things

into 14.0 networks

= ... could be used for
migration of existing equipment
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Reference Architecture Model Industry 4.0 (RAMI4.0)

The Industry 4.0 Component

RAMI4.0 . '.4'0 The connection is made via
Communication the 14.0 communication
Busi 3 '
usiness Administration

) Shell
§ : The Administration Shell is
© the digital content
:'b:o Asset,
.5

Communication / e.g. M?hlne
Integration ‘ <The Thing is

the real content

Real

Each product need his Administration Shell, to be

integrated into the Industry 4.0 network
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Reference Architecture Model Industry 4.0 (RAMI4.0)

14.0 components inside RAMI|4.0

14.0 Components

Connected World
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Important topics for Industry 4.0

14.0 Component : RAMI4.0 Technology topics 14.0
14.0 I Architecture L Standard functions
. ! rchitecture Layers - -
Communication ! y Basm features that are device
! _ independent and equal
Administration : Business 14.0 Semantics
Shell i _/ One common language
-
| L= (vocabulary and syntax)
I : g / Virtual description
W = 14.0 Services
Asset . —
coMachine 2
" Unique identification of
. assets and data
-
! Security

Worldwide standards for the main technology topics are needed

* Refers to individual components such as Sensors, actuators, controllers, software, ... Reerth
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Communication Layer as ISO/OSI| Model

In discussion
AMQP ?, oneM2M ?

OSl Layers In discussion
Mainly Filetransfer
HTTP(s) ?

7 Application
6 Presentation

5 Session
Connected
World
4 Transport UDP, TCP Enterprise
Work Center
3 Network 1= Station
2 Data Link TSN 5G Control Device
. / — Field Device
1 Physical Broduct
Rexroth
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Example: 14.0 Component — Electrical Drives Converter
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Reference Architecture Model Industry 4.0 (RAMI4.0)

Example 14.0 Component: Hydraulic Cylinder
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Industry 4.0 and international collaboration
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Industry 4.0 - International Collaboration

The Internet of Things and Services
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Industry 4.0 - International Collaboration Q‘
IIRA - Vertical Connectivity
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Industry 4.0 - International Collaboration

Comparison RAMI 4.0 — lIRA: First common Definition

=  Transmission based on TCP/UDP/IP today, later TSN or 5G possible N

=  OPC-UA based communication protocol

[IC Testbed — TSN with OPC-UA

ANALOG TIIE iXia Schneider
nHanquE!Ip?smﬁ- C|SCD. i . ' 8E|9C[FIC
’ 248 ] G- Y SICK
AWC;J @ ;; Sensor intelligence.
i NATIONAL
Rexroth e INSTRUMENTS Trrech

Bosch Group

By Sumem eRcuA L
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PHCENIX
ICONTACT
Calnex
e RENESAS

Additional companies promoting OPC UA over TSN:

ABB T SEW

Life Cycle Phase: Production and Service
Functional Hierarchy: from Product to Work Center Level
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Industry 4.0 - International Collaboration
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Industry 4.0 - International Collaboration

IEC TC65/ ISO TC184 Joint Working Group 21
Smart Manufacturing Reference Model(s)

= Co-Convenor: Prof. Fumihiko Kimura (ISO)

= Co-Convenor: Mr. Martin Hankel (IEC) 80 Members from 16 countries
= Editor: Ms. Yan LU (NIST)
= Kickoff July 2017 st vonCouny

DK1N|- 1GBl
CA; 2
ES; 2

UK; 2_
NO; 2

KR; 3_

AT; 3
DE; 12
CN; 6
@@ ISO/IEC JTCA SE; 6
JP; 9
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Industry 4.0 - International Collaboration

Referencemodel Architecture— Overview of international suggestions for
IEC/ISO JWG21 ,,Smart Manufacturing Reference Model(s)“

CN: Intelligent Manufacturing FR: Reference model for the JP: Unified Reference Model
smart manufacturing standards landscape — Map and Methodology

Canvas Use-case: Function Data
=]

Unified Reference Model

GE: IEC/PAS Reference Architecture JP: Industrial value chain US: NIST: Smart Manufacturing Systems:
Model Industry 4.0 (RAMI4.0) reference architecture (IVRA) Standards Landscape & Reference Models
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Industry 4.0 and international collaboration
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Product Criteria Industry 4.0
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Industry 4.0 - Criteria for Industry 4.0 Products

Criteria for Industry 4.0 Products - Motivation and Benefits

General

= Guidance, what is Industrie 4.0 AND
what is not. = Manufacturer independent.

Implementing Entity

* Not every product is Industrie 4.0. = Knowledge of the current state of Industrie 4.0

= Positioning for the market. standardization.

= The current state of Industrie 4.0 standardization
Customers is fed into the product implementation via the

roduct criteria.
= Future proof cross-company set of P

t .
erms Important Prerequisite

= Manufacturer independent definition. . -
= Self-audit, no certification.

= A company-own Industrie 4.0 label can be linked

Manufacturer S
to the product criteria.

» Guidance, what should be called " .
TR ) AL 0] = Company decision of the placement (inside the

, , catalogue, on the product, in the advertisement,
» Properties as a guidance for the etc.)

product development. :
* Free of charge and available for everyone

First manufacturer-independent orientation for customers and manufacturers
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Industry 4.0 - Criteria for Industry 4.0 Products

2017 Properties

/ Criteria for 14.0 Products

Criteria Requirements L|C Product properties 2017
Cross-manufacturer identification with unigue identifier T (M r;;;;g‘;;ggl:r"ﬂmerm (electronic) in accordance with
{ID} attached to the product, electronically readable.
Identification in:
1.| Identification 1) Development For 2) serial number or unigue 1D
2) Goods transport (legistics), production For 3) manufacturer + serial number or unigue ID
3) 5ales, service, marketing I | M | With 2) and 3) electronically readable, physical products
4) Network via 2D code or RFID
For 4) participant identification via IP network
Transfer of product data and data files for interpretation or Mar! (O FEITET m_al(cs da!a lha_t = rel.ﬂ_'arll ft_)r ih? cusi?nmer
. simulation, for example; product data in standardised form T | M | available/accessible online with the aid of identification,
Industrie 4.0 ) ) e.g. PDF via http(s)
2. ST T The product can be addressed via the network, and
accepts data, Plug & Produce via Industrie 4.0-compliant 1 | g | Product addressable online via TCP/UDP&IP with at least
SEIEES the information model from OPC-UA
data with =il unigue
identification in the form of characteristics with a syntax N
for, e.g.: T | M | Catalogue data can be accessed online
- 1) Commercial data
3. ::‘:n“a’:;'if;'“ 2) Catalogue data
3) Technical data: mechanics, electronics, functionality,
location, performance lm Catalogue data and data regarding the lifecycle of the \
4) Dynamic data product instance can be accessed online
5) Data regarding the lifecycle of the product instance
Virtual representation in Industrie 4.0-compliant semantics il jon for c can be accessed
Virtual representation across the entire lifecycle. Tm digitally based on the type identification (product
Characteristic attributes of the actual component, description, catalogue, image, technical features, data
a Virtual information i i il the attributes, sheet, security properties, etc.)
°| description production and production process-relevant relationships . B N .
between Industrie 4.0 components, formal description Digital cfmtact to *m‘f and mi?rmahnn for prmf'd
of relevant functions of the actual component and its I | M | support incl. spare part information possible from in the
e field
. Definition still open (service system) T | O | Description of the device interface available digitally
Industrie 4.0 - N
s.| services and Gener.!L interface for Lnad_ahl.e gt_zmces_anﬂ such as — - et
conditions regarding statuses Essential basic services that an I | 0 | available via OPC-UA information model in accordance with
Industrie 4.0 product must suppert and provide p
an industry
Basic standardised functions that run on various products
Standard regardless of manufacturer and provide the same data in T[N | Notdefined
6. functions the same functions. These serve as the foundation for the
functionality, on which all manufacturers can build their
own enhancements. | N | Not defined
A threat analysis has been performed. Appropriate
T | M | security capabilities have been considered and publicly
- - doa ted
7.| security funcﬁnnalit; o he security
lm The existing security capabilities are documented.
Appropriately secure identities are available.

L: Lifecycle with T: Type and I: Instance, C: Coverage with M: Mandatory, 0: Optional, use-case dependent, may be mandatory, and N: Not relevant
* Material number is used here 25 an umbrella term for the type designation. manufacturer part number, arder number, product classification, etc
* Generally, 3 manufacturer-specific identification should be required for the directly connected assets discussed sbove.

As it currently stands, ISO29002-5 does rat pravide this.

L:Life cycle with T:Typ and I:Instance
C: Coverage with M:Mandatory, O:Optional (Use Case dependant) and N: Not relevant
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Industry 4.0 and international collg

Summary Support
OPC-UA as the

communication

New standard

international

working group Standardized Thank you for

ias T Product your attention
properties for criteria

Industry 4.0 Industry 4.0 Rexroth booth
Hall 6 F50

IEC/ISO
JWG21

Important Papers:

Platform: http://www.plattform-i40.de/140/Navigation/DE/In-der-Praxis/Online-Bibliothek/online-bibliothek.html

= Discussion paper: Interaction Model for Industry 4.0 Components

= Discussion paper : Network-based Communication for 14.0: Proposal for an
Administration Shell

ZVEI: https://www.zvei.org/de/themen/industrie-40/

»  Whitepaper: Examples for the Admin Shell- Basic

. GU|deI|ne What Cnterla do Industrle 4.0 Products need to fulfil?
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