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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 23704-1:2022(E)

A machine tool is a key device in manufacturing since it is used indispensably in the production
of machine parts used in various industrial areas. Many institutions have long been devoted to
technological development from the viewpoint of reducing downtime and defects and are considering
smart technologies such as the Internet-of-Things (10T) as a new means to achieve this.

From the market perspective, there is a variety of so-called smart machine tools incorporating smart
technologies based on their own concepts using, e.g. local terminologies by machine tool builders
(MTBs), machine tool control, e.g. computerized numerical control (CNC) vendors, solution vendors

and service providers, which can be confusing to stakeholders, including end-users. For thi$ and other
reagons, standards and substantial modelling for smart machine tool systems are needed.

[ provide a
ies defines
b elements.
s, e.g. OPC-

and many
r realizing

ting smart

manufacturing in the shop floor via cyber-physical system~control scheme, namely cybeif-physically
confrolled smart machine tool systems (CPSMT).

Figlire 1 shows the overall structure of the ISO 23704 series, including:
— |Overview and fundamental principles of a CPSMT in ISO 23704-1,
— |Reference architecture of a CPSMT for subtractive manufacturing in ISO 23704-2, and

— |Reference architecture of a CPSMT for additive manufacturing in 1SO 23704-32).

Othler related parts such as implementation guidelines or reference architectures for othger types of
manufacturing will be added if and when necessary.

Part 1 |

Overview and fundamental
principles

Part 2 |

Part 3 |

Reference architecture of

Reference architecture of

Other parts if considered
necessary

CPSMT for subtractive
manufacturing

CPSMT for additive
manufacturing

Figure 1 — Overall structure of the ISO 23704 series on general requirements for cyber-
physically controlled smart machine tool systems (CPSMT)

This document can be used as a reference and guidelines for users such as, but not limited to:

a) Design engineers in the area of smart machine tools,

1) Under development. Stage at the time of publication: IEC/DTR 63319.
2) Under development. Stage at the time of publication: ISO/DIS 23704-3.
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System architects in the area of smart machine tools,
Software engineers at the MTBs in the area of smart machine tools,
Machine tool control vendors in the area of smart machine tools,

Solution and service providers in the area of smart machine tools, and

End users, such as factory operators working with smart machine tools.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=23298cf1b763f72ef7cb3aacb3b68e33

INTERNATIONAL STANDARD

ISO 23704-1:2022(E)

General requirements for cyber-physically controlled

smart machine tool systems (CPSMT) —

Part 1:
Overview and fundamental principles

1

Thi
mag

Thi

The

For

ISO

if document also provides:

Scope

hine tool systems (CPSMT) and requirements, including

the reference architecture of a CPSMT,

and

the capabilities of a CPSMT.

the background for a CPSMT,
the concept of a shop floor device system (SFDS); and
example use cases of the reference architecture of a CPSMT.

5 document does not specify physical or'implementation architecture.

Normative references

re are no normative references in this document.

Terms, definitions and abbreviated terms
the purposesfthis document, the following terms and definitions apply.

and [EC4naintain terminology databases for use in standardization at the following addj

ISO Oniline browsing platform: available at https://www.iso.org/obp

3.1

3.1.

Terms and definitions

1

abnormality

dev

EXAMPLE

iation from a standard condition

[SOURCE: ISO 13372:2012, 4.1, modified — EXAMPLES added.]

©IS

02022 - All rights reserved

5 document specifies the concept and fundamental principles of cyber-physically contrglled smart

the key components and interfaces which together make up the réference architecture ¢f a CPSMT,

esses:

Chatter, tool wear above prescribed limits, geometric inaccuracy, energy over-consumption.
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3.1.2

additive manufacturing
process of joining materials to make parts from 3D model data, usually layer upon layer, as opposed to
subtractive manufacturing (3.1.29) and formative manufacturing methodologies,

[SOURCE: 1
3.1.3

SO/ASTM 52900:2015, 2.1.2, modified — Notes 1 and 2 to entry deleted.]

administration shell
virtual digital and active representation of an Industry 4.0 component (3.1.18) in the Industry 4.0 system

(3.1.19)

[SOURCE:
Notes 1 an

3.14
computer
CNC
automatic
while the a

[SOURCE: I

3.1.5

cyber-phy
CPSMT as:
set of CPSN
floor devicé
(UIS) (3.1.3

3.1.6
cyber-phy
CPSMT pr
set of cybe
controlled

3.1.7
cyber-phy
CPMS

manufactufring system based@nan analogy of RAMI 4.0 from a cyber-physical perspective, compr

of a) a phy
supporting
analysis, p
(3.1.14) (M

ndustrie 4.0 - Begriffe/Terms VDI Status report Industrie 4.0 (April 2017) modifiec
] 2 to entry deleted.]

zed numerical control

control of a process performed by a device that makes use of numerieal data introdu
peration is in progress

SO 2806:1994, 2.1.1]

sically controlled smart machine tool systems (CPSMT) associated system

sociated system

T (3.1.10) components to interface with the CPSMT-primary system (3.1.6), including s
system (SFDS) (3.1.24), shop floor control system{SFCS) (3.1.23), and unified interface sy

0)

sically controlled smart machine tool systems (CPSMT) primary system

mary system

-physically controlled machine tool\(CPSMT) (3.1.10) components including cyber-physic
machine tool (CPCM) (3.1.9) and cyber-supporting system for machine tool (CSSM) (3.1.12)

sical manufacturing system

sical manufacturing system, composed of an office floor and shop floor, and b) the cy
system (CSSJN\(3.1.11), supporting the physical manufacturing system via monitor
anning, and execution based on big data analytics / artificial intelligence, and digital 4
APE / BB).

Noteltoe

3.1.8

ry«The definition is based on reference [33].

cyber-physical system

CPS

ced

hop
tem

ally

sed
per-
ing,
win

physical and engineered systems whose operations are monitored, coordinated, controlled and

integrated

by a computing and communication core

Note 1 to entry: The definition is taken from Rajkumar et al.[30]
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3.1.9
cyber-physically controlled machine tool
CPCM

physical machine tool system, controlled by a cyber-physical control scheme, providing a more
advanced control function via cyber-physical system (CPS) (3.1.8) unit in addition to the conventional

machine control

Note 1 to entry: The CPS unit is the part of the reference architecture for different technologies responsible for

performing the CPS function

3.1.10

cyber-physically controlled smart machine tool system

CPSMT

smart machine tool system, supporting smart manufacturing and Industry 4.0 on the‘shop,
cyber-physical system (3.1.8) control scheme

3.1{11

cybler-supporting system

CS

cyber-system that supports a physical system for the enhancement of performance of a phys
via monitoring, analysis, planning, and execution based on big data‘analytics / artificial i
and digital twin (3.1.14) (MAPE / BD)

3.112

cyber-supporting system for machine tool

CSSM

cyber-supporting system (3.1.11) for cyber-physically>controlled machine tools (CPCMs) (
proyides decisions from the viewpoint of abnormality(3.1.1) resolution, and provides CPCM a
data to a shop floor control system (SFCS) (3.1.23) and external systems including human
aspects, and hierarchy level

3.1{13
datp
reifiterpretable representation of ifnfermation in a formalized manner suitable for comr
intgrpretation, or processing

Notg 1 to entry: Data can be processed by humans or by automatic means.
[SOPRCE: ISO/IEC 2382131993, 2121272, modified — Notes 2 and 3 to entry were deleted.]

3.1114

digjtal twin

digital replicasof physical assets (physical twin), processes and systems that can be used
purposes or q)fit-for-purpose digital representation of something outside its own context
conpectipns‘that enable convergence between the physical and virtual states at an appropr]
syngchrénization

floor via a

cal system
htelligence,

3.1.9) that
bnormality
5, life cycle

hunication,

for various
with data
iate rate of

Not

Note 2 to entry: The digital twin is used by the cyber supporting system for the machine tool (CSSM) as an

interrogable cyber model of the machine tool for analysis and planning stages of the MAPE.

3.1.15
event
noteworthy occurrence that happens at a point in time or during a temporal interval

[SOURCE: ISO/IEC 15938-5:2003, 3.3.2.14.]

3.1.16
event-driven
methodology that focuses on events (3.1.15) and their dependency

© IS0 2022 - All rights reserved
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3.1.17

hard-real time
time based operational characteristic in which processing of data by a computer in connection with
another process outside the computer is incorrect if results are not produced according to specified
timing requirements

Note 1 to entry: The hard-real time definition is based on reference [12].

3.1.18

Industry 4.0 component
globally uniquely identifiable participant with communication capability consisting of an administration

shell (3.1.3])

CP34 or C
service cha

and an asset (corresponds to classification of Communication and Presentation (CR)
P44) within an Industry 4.0 system (3.1.19) which offers services with defined qualit
racteristics

Note 1 to e

try: CP24, CP34 and CP44 are classifications of Communication and Presentation for Industry

The first digit indicates the communication capability and the second the degree of familiarity. CP24 m¢
"capable of passive communication” and "managed as an entity". CP34 means "capable of active communicatjion”

and "managled as an entity". CP44 means "capable of 14.0 conformal communication" and "managed as an enf]
[SOURCE: Industrie 4.0 — Begriffe/Terms VDI Statusreport Industrie 4.0 (April 2017), modified: N
1 and 2 to ¢ntry deleted, Communication and Presentation (CP) added.]

3.1.19

Industry 4.0 system

system, consisting of Industry 4.0 components (3.1.18) and components of a lower Communication
Presentatipn (CP) classification, which serves a specific purpose; has defined properties and supp
standardized services and states

[SOURCE: Industrie 4.0 — Begriffe/Terms VDI Statuseeport Industrie 4.0 (April 2017), modified
expanded o "Communication and Presentation (CP)“\Notes 1, 2 and 3 to entry deleted]

3.1.20

key performance indicator

KPI

quantifiable level of achieving a criticalbjective

Note 1 to en

ry: The KPIs are derived directly from or through an aggregation function of physical measuremsd

data and / dr other KPIs.

[SOURCE: ISO 22400-1:2014,2.2.5]

3.1.21

machine tpol

mechanical device that is fixed (i.e. not mobile) and powered (typically by electricity and compreg
air), typicdlly used to process workpieces by selective removal / addition of material or mechan
deformatidn

24,
y of

4.0.
ans

ity".

hbtes

and
Drts

CP

nts,

sed
ical

Note 1 to entry: Machine tool operation can be mechanical, controlled by humans, or by computers. Mac

hine

tools may have a number of peripherals used for machine tool cooling / heating, process conditioning, workpiece

and tool handling (workpiece feeding excluded), recyclables and waste handling, and other tasks connecte
their main activities.

[SOURCE: ISO 14955-1:2017, 3.16]

3.1.22
reference architecture
core architecture that captures the high-level architecture concept of domain architecture

[SOURCE: ISO/IEC 26552:2019, 3.9, modified — “and application architecture” deleted.]
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3.1.23

shop floor control system

SFCS

system that controls a shop floor system including a shop floor device system (SFDS) (3.1.24) and a cyber-
physically controlled machine tool (CPCM) (3.1.9) in a collaborative fashion for the enhancement of the
performance of the shop floor

3.1.24

shop floor device system
SFDS

set

Not¢ 1 to entry: A shop floor device x with the controller is regarded as having its own cyber-physi¢allly controlled
x (CPCx), and cyber-supporting system x (CSSx).

3.1{25
smart machine tool
maghine tool (3.1.21) that supports the vision, characteristics, and capabilities of smart manfifacturing

Not¢ 1 to entry: Details of smart manufacturing are described in IEC TR 633191241,

3.1126

smgrt manufacturing
manufacturing that improves its performance aspects with integrated and intelligent use of processes
and resources in 'cyber,’ ‘physical,’ and 'human' spheres to‘Create and deliver products and services,
which also collaborate with other domains within enterprise value chains

Notg 1 to entry: The definition is from IEC TR 63319[2¢]

3.127
smart manufacturing reference model
SMRM
framework for understanding significant relationships among the entities involved| in smart
manufacturing and for the development of consistent standards or specifications that support smart
manufacturing

Not¢ 1 to entry: The definition is-fiom IEC TR 63319[24]

3.1{28

soff-real time
timp-based operational“characteristic in which processing of data by a computer in conngction with
another process attside the computer is degraded if results are not produced according tp specified
timjng requirements

Notg 1 to entry:' The soft-real time definition is based on reference [12].

3.1129

subtractive manufacturing
process of machining, grinding or reducing a larger bulk object to create a smaller detailed three-
dimensional object using computer-aided design software and computer-aided manufacturing methods

[SOURCE: ISO 18739:2016, 3.1.37]

3.1.30

unified interface system

UIS

system that incorporates interfaces with: a) a cyber-physically controlled machine tool (CPCM) (3.1.9),
b) a cyber-supporting system for machine tool (CSSM) (3.1.12), c) a shop floor device system (SFDS), d) a
shop floor control system (SFCS), e) humans, f) life cycle aspects and g) hierarchy level

Note 1 to entry: The UIS is an advanced concept of human-machine interface incorporating a wide range of
systems, including the life cycle aspect and hierarchy level.

© IS0 2022 - All rights reserved 5
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3.2 Abbreviated terms

CNC computerized numerical control

CP communication and presentation

CPCM cyber physically controlled machine tool

CPMS cyber physical manufacturing system

CPS cyber physical system

CPSMT cyber-physically controlled smart machine tool

CRM Ctrstertrret bt o s e

CSS cyber supporting system

CSSM cyber supporting system for machine tool

ERP enterprise resource planning

HMI human machine interface

KPI key performance indicator

MAPE/BD monitoring, analysis, planning and execution based on big data and digital twin

MES manufacturing execution system

MTB machine tool builder

RAMI 4.0 reference architecture model industries 4.0

SCM supply chain management

SFCS shop floor control system

SFDS shop floor device system

SMRM smart manufacturing reference model

UIS unified interface system

4 Confgormance with the CPSMT reférence architecture

To claim cpnformance, the definition ef a specific system architecture, as provided by a vendof or
system intg¢grator, should use the terminology, architectural concepts, and have the capabilities defined
in this docfiiment, within the scopeof-+their specific use cases.

5 Goald and objectives.of the CPSMT reference architecture
The CPSMT reference areliitecture describes generic smart machine tools to support Industry 4.0 pnd

smart manufacturingvia a cyber-physical system (CPS). It provides guidance for designers developing

amples o akeholde are MTB omputerized numerica ontro N and othe
control vendors, solution vendors, application developers, service providers, customers and end-users.

A CPSMT reference architecture supports the following standardization objectives:

the

a) To ensure clear and unambiguous communication between all interested parties of smart machine

tools.

b) To ensure the interoperability of smart machine tools with related hardware devices, software,

service and manufacturing systems.
c) To ensure the quality / capability of smart machine tools.

d) To ensure the use of smart machine tools.

6 © IS0 2022 - All rights reserved
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e) To ensure systematic development, modification of smart machine tools.

Figure 2 illustrates the context of the CPSMT reference architecture, which is derived and vi

ewed from

various perspectives based on the architecture description defined in ISO/IEC/IEEE 42010:2011[18],

Manufacturing Enabling Machine tool
paradigm technology market
Considered
Concept of CPSMT
(Clause 6)
Drives
\ 4
Reference

architecture of
CPSMT (Clause 7)

Viewed from

Technology Interface Gapability Use case
type (Clause 8) (Clause 9) (Clause 10) (Annex C)

Figure 2 — Context of a CPSMT reference architecture

Based on Figure 2, this document includes,the following descriptions:
— |The concept of a CPSMT in Clause:6.
— | The reference architecture of a, CPSMT in Clause 7.

— |The reference architectuteof a CPSMT viewed from the manufacturing technology type 1
in Clause 8.

— |The reference archifecture of a CPSMT viewed from the interface perspective in Clause

erspective

— |The referencéarchitecture of a CPSMT viewed from the capability perspective in Clausg 10

— |The reference architecture of a CPSMT viewed from the use case perspectives in Annex

Clawises %:8; 9, and 10 deal with the fundamental principles of a CPSMT.

3

6 Concept ofa CPSMT

In order to conform with the definition in 3.1.25, a smart machine tool shall support smart

manufacturing on the shop floor.

Based on this and the definition in 3.1.10, the role of a CPSMT is to be a smart machine tool system

realizing smart manufacturing at the shop floor via a CPS.
The concept of a CPSMT is derived based on:
— High level paradigms, e.g.

— Smart manufacturing(26],

© IS0 2022 - All rights reserved
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— RAMI 4.0[23],

— Cyber-physical manufacturing systems (CPMS)[33],

— Implementation technology based on the contemporary smart machine tool related product systems
presented in the major machine tool fairs.

— State-of-the-art technology, e.g.

— Machine tools / machining technology,

-

— lo

[ ’/ information and communication fpr‘hnn]ngy (IFT)

— Ay
— Di
— Pr
— Bi
— Ap

tonomous control,

bital twin,

pgnostic health maintenance,
b data analytics,

tificial intelligence,

— M

delling and simulation,

— Edge / fog / cloud computing,

— Shpop floor control system (SFCS),

— Computer-aided X and legacy interfaces.

The capabillities of CPSMT are:

a) Auton
artific

mously dealing with machine tool abnprmalities (see 10.2) based on big data analy
al intelligence, and digital twin technology, via:

1) Mgnitoring,

2) Ar
3) Pl

alysis,

hinning, and

4) Execution,

b) Interf3
federa

1) A
2) An

cing with smarp manufacturing systems (see Clause 9) of a manufacturing enterprise
fed fashion{0r the optimization of manufacturing systems, composed of:

hop fleer;’and

office floor

[ics,

iNn a

NOTE For more details, see Annex A.

7 Reference architecture of a CPSMT

7.1 General

The CPSMT reference architecture is a system of systems. The single systems are connected in federated
and integrated ways. Figure 3 shows the reference architecture of a CPSMT.

The reference architecture of a CPSMT can be viewed in a variety of ways. The viewpoint depends on
the objective, scope and capability of a stakeholder.

© IS0 2022 - All rights reserved
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The reference architecture of a CPSMT in this document is provided from the control and operation
viewpoint. Systems communicate internally and externally via interfaces.

NOTE1  Use cases of the reference architecture for a CPSMT are in Annex C.

Life cycle aspect

Design/ Process Machining/ . Maintenance/
[ Analysis ][ planning Operation Inspection Optimization

A

CPSMT?

CPSMT?2Primary system

CPCMP

A

CSSMe©

A4 Hierarfhy level
Humans €|t » UIsd ¢ ——————{fe L __|_p] « MESE
e CRMM [ERP, SCMI

A

SFDS®  [¢-———————— -0 » SFCS' et -1~ &

CPSMT? Associated system

Key
<«——» internal interface

<—1—> shop floor system interface

<-1{-»  external interface

a | Cyber-physically controlled smart machine tool system (CPSMT).
b [Cyber-physically controlled machine tool (CPCM).

¢ |Cyber supporting systém, for machine tool (CSSM).

d  |Unified interface system (UIS).

e |Shop floor devicesystem (SFDS).

fIShop floor ¢onitrol system (SFCS).

Manufactupihg execution system (MES).

Customer relationship management (CRM).

i Enterprise resource planning (ERP).

j SUpply chain management (SCMJ.
Figure 3 — Reference architecture of a CPSMT

Specifically, a CPSMT consists of
a) aCPSMT primary system, and
b) a CPSMT associated system.

©1S0 2022 - All rights reserved 9
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As defined in 3.1.6, a CPSMT primary system consists of a cyber-physically controlled machine tool
(CPCM) and a cyber-supporting system for machine tools (CSSM). Its capability is described in 10.2.

NOTE2 An example of a CPCM is a machine tool equipped with advanced process control and automated
connection environment to a material handling robot.

NOTE3  Anexample of a CSSM is a computer or computing device for the machine tool that acquires vibration,
acoustic emission sensor data and performs tool wear detection and remaining useful life prediction.

As defined in 3.1.5, a CPSMT associated system consists of an SFDS, an SFCS, and a UIS. Its capabilities
are described in 10.3, 10.4, 10.5, 10.6, and 10.7.

NOTE 4 n example of an SFDS is a set of shop floor devices for loading or unloading parts or transportJtion
devices, int¢rfacing with a machine tool system.

NOTE 5 n example of an SFCS is a shop floor controller which is used for tracking, scheduling, and reporjting
on the progtess of shop floor operations.

NOTE 6 n example of a UIS is an advanced machine control console or external human‘machine interfface
(HMI) which has capabilities of communication with external entities and machine tool systems.

A CPSMT ipterfaces with external entities, e.g. humans, life cycle aspects, and-hierarchy levels, through
the connecftions between a UIS and a CPCM / CSSM, an SFDS and an SFCS.

7.2 Cyber-physically controlled machine tool (CPCM)

A CPCM sHall be operated by the cyber-physical control schemé ' (see ISO 23704-2:2022, Clause 7| for
subtractivg¢ manufacturing). This enables capabilities as specified in 10.2 to 10.4. It exchanges and
utilizes data with a CSSM, an SFCS, an SFDS, a UIS, sensorsyand a machine controller.

The cybertphysical control scheme in CPCM shall -:pérform generation of control instructions| for
machine cantrol -based on data:

a) received from the controller, a UIS, and sensers with hard-real time intelligence, and

b) for mafhine control based on data from.d CSSM with soft-real time.

Specific types of controller (e.g. progrtammable logic controller, machine controller, motor controller,
laser contrpller) should be determined in the implementation phase.

The cyber{physical control scheme should provide control instructions for the machine tool based on
data from @an SFCS, whethep-€vent-driven or periodically.

A CPCM shall receive ahd*manage engineering context data from a UIS and / or humans, e.g. datg on
machine b¢dy, and partprogram (ISO 14649-1, ISO 6983).

Interactior] with-an SFDS should be established. This may be done by direct access to the machine fool
control systervia a suitable control signal interface.

The collected data from a CPCM shall be transmitted to a UIS and a CSSM.

NOTE Details of the CPCM depend on the specific types of manufacturing technology. For more details, see
ISO 23704-2 for subtractive manufacturing and ISO 23704-3 for additive manufacturing.

7.3 Cyber-supporting system (CSS)for machine tool (CSSM)

A CSSM shall acquire

— machine tool data through sensors and controllers, and

— context data on machine tools such as part program (I1SO 14649-1, ISO 6983) from a UIS or humans.

A CSSM shall perform monitoring functions.

10 © IS0 2022 - All rights reserved
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It is recommended that a CSSM performs analysis (including prediction and diagnosis) and planning
(including simulation and optimization) functions.

The data generated in a CSSM during monitoring, analysis and planning should be stored.

The data generated or stored in a CSSM should be transmitted to a CPCM, an SFCS and to a UIS.

NOTE Details of a CSSM depend on the specific types of manufacturing technology. For more

ISO

7.4
Thd
a)
b)

For
Sys

Eac

Intgraction with a CPCM should be established. This may be ddne with a control signal inte

as|

In 4

The collected and generated data from an SFDS can betransmitted to a UIS and an SFCS.

NOTE1 Details of an SFDS depend on the specific types of manufacturing technology. For more

ISO

NOTE 2 For more details of an SFDS, see.Annex B of this document and ISO 23704-2:2022, 4

sub

7.5
An

An
opt

An
An

an

Thd outpuf of an SECS (P g taskallocation plnn) should betransmittedtoa CPCM and canhet

sirg[illation and optimization), and execution based on data processing and digital twin

23704-2 for subtractive manufacturing and ISO 23704-3 for additive manufacturing.

Shop floor device system (SFDS)

details, see

re are two types of shop-floor device:
with controllers, and
without controllers.

a shop floor device x with a controller, it can have its own CPS unit for x (GP€x), and cyber-
em for x (CSSx).

h device in an SFDS can receive context data by requesting it from'a UIS.

50 21919.

ddition, an SFCS output can be transmitted to each device to align with the shop floor leve

23704-2 for subtractive manufacturing and 1SO 23704-3 for additive manufacturing.

ractive manufacturing.

Shop floor control system (SFCS)
SFCS should interface with a*CPCM and a CSSM to receive all relevant data.

SFCS can interface with an SFDS to deliver decisions to each device in an SFDS for
mization of key performance indicators (KPIs).

EFCS can interfage with a UIS to exchange data.

SFCS cap-perform monitoring, analysis (including prediction and diagnosis), planning

ogousto a CSSM.

supporting

rface, such

operation.

details, see

Annex A for

shop floor

(including
fechnology

ransmitted

to devices in an SFDS. The other data generated in an SFCS can be stored or transmitted to the hierarchy
level, life cycle aspects, and humans via a UIS.

NOTE

7.6
AU

Unified interface systems (UISs)
IS shall receive data from
a CPCM, e.g. sensor data and controller data, and

a CSSM.

© IS0 2022 - All rights reserved
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A UIS shall

deliver data from humans to

a CPCM, and
a CSSM.

A UIS should deliver context data from the hierarchy level and life cycle aspects to:

a CPCM, and
a CSSM.

A UIS can ¢
an SFL

an SFQ

The specif
is out of sc

eliver context data from the hierarchy level, life cycle aspects and humans to:
S,and
S.

bpe of this document. A UIS can be implemented as a CNC console in aii advanced fashio

external HMI, as noted in Z.1.

A UIS shoyld not be implemented as a detour for direct connections between CPCM, CSSM, SFDS
SFCS.

NOTE For more details on a UIS, see ISO 23704-2:2022, Annex B for stibtractive manufacturing.

8 RefelJence architecture of a CPSMT from the mranufacturing technology
perspective

A maching tool is a crucial manufacturing resource~of the equipment class for manufacturin
products by various technologies, e.g.

— subtractive manufacturing (e.g. cutting),

— additive manufacturing (e.g. layering),

— formatiive manufacturing (e.g. bénding), and

The refere
This includ

The refere

a) InISO

other manufacturing technglogies.

ce architectureZofra CPSMT can vary depending on the type of manufacturing technol
es components and interfaces between the components of a CPSMT.

1ce architegture of a CPSMT is specified:

2370%-2 for subtractive manufacturing, and

b) InISO

23704-3 for additive manufacturing.

c structure of a UIS should be determined based on the purpose of implementation, which

1 Or

and

b of

DZY.

9 Interfacesin a CPSMT

9.1 General

This clause specifies interface requirements for the architecture of a CPSMT.

12
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9.2 Interface between a CPCM and a CSSM

A CPCM and a CSSM are connected via a direct interface. The aim of this interface is the handling of
abnormalities in the machine tool system (see 10.2) based on data analytics and digital twinning via:

— monitoring,
— analysis,

— planning, and

Es

—t

hblishing this interface is required.

9.3| Interface between a CPCM and an SFDS

A CPCM and an SFDS are connected via a direct interface. The aim of this interface is the gxchange of
datg in an autonomous fashion (see 10.3), including:

— |auto setup on the workpiece pallet,
— |tool delivery system,
— |material handling devices, e.g. robots.

Es

(s

hblishing this interface is recommended.

9.4 Interface between a CPCM and an SFCS

A CPCM and an SFCS are connected via a direcfinterface. The aim of this interface is the gxchange of
data to contribute to the enhancement of KPis (see 10.4), including:

— |operation re-scheduling, and
— |device re-allocation.

Es

—t

hblishing this interface is recommended.

9.5 Interface between a CPSMT and life cycle aspects through a UIS

A CPSMT interfaces\with the life cycle aspects through a UIS. The aim of this interface is the ¢xchange of
life cycle data (s€e-10.5), including:

— |designAanalysis,

— |procéss planning,

— TITachimimg 7/ operation,
— inspection, and
— maintenance / optimization.

Establishing this interface is recommended.

9.6 Interface between a CPSMT and hierarchy level through a UIS

A CPSMT interfaces with the hierarchy level through a UIS. The aim of this interface is the exchange of
data (see 10.6), including:

— monitoring,

©1S0 2022 - All rights reserved 13
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alarm.

analysis,
scheduling,
diagnosis,

simulation, and

Establishing this interface is recommended.

9.7 Interface between a CPSMT and humans through a UIS

A CPSMT ipterfaces with humans through a UIS. The aim of this interface is the exchange of data on
machine tdol and shop floor (see 10.7), including:

— monitgring,

— analysjs,

— schedyling,

— diagndsis,

— simulation, and

— alarm.

Establishirg this interface is required.

10 Capabilities of a CPSMT

10.1 General

The architpcture of a CPSMT should be designed such that the capabilities defined in the following
subclauses|are satisfied.

NOTE As specified in the Scoperthis document does not define how those capabilities are to be implemerjted.
10.2 Machine tool thatautonomously deals with its abnormalities

A CPSMT primary system shall be able to deal with abnormalities in an autonomous fashion.

NOTE1 Types ofiabnormality on the machine tool depend on the specific types of manufacturing technology.
For more ddtails, se€e ISO 23704-2 for subtractive manufacturing and ISO 23704-3 for additive manufacturing.
NOTE 2 hroughout-the 1S0-23704-seriesthecapabilityrof dealingwith-abrermalitiesisemphasized-dde to
the fact that:

instance), followed by b) on-line ‘faithful’ execution,

status optimally planned off-line.

NOTE 3

Classes of abnormality emphasized in the market are given in A.4.

In principle, total optimization of the manufacturing process, is done by: a) off-line optimization (via CAx, for

Faithful execution can be done by autonomously dealing with abnormalities; the deviations from the normal

10.3 Machine tool that coordinates autonomously with various devices in the shop floor

A CPSMT primary system should be able to interface with various devices in an autonomous fashion,
e.g. handling system, robots.

14
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10.4 Machine tool that collaborates autonomously with the shop floor control system
(SFCS)

A CPSMT primary system should be able to collaborate with a SFCS in an autonomous fashion to
contribute to enhancing shop floor level operation KPIs, e.g. production time, production quality,
production cost.

NOT

E A detailed list of KPIs for manufacturing operation management is described in ISO 22400-2.

10.5 Machine tool that interfaces with life cycle aspects

A CPSMT should be able to exchange data on life cycle aspects including design / analys

!

planmning, machining and operation, inspection, maintenance, and optimization.

NO1
plar
conf
par

10.6 Machine tool that interfaces with hierarchy level

A CPSMT should be able to exchange data on the hierarchy level,

NOTI

factpry for the hierarchy level. In this way, the machine tool onthe shop floor can be aligned with t
change of the manufacturing enterprise, a characteristic of Industry 4.0.

10.7 Machine tool that supports machine tool stakeholders

AC

displaying data on monitoring, and analysis velated to machine tool operation and mainten

E This is for a CPSMT to access data in legacy systems, e.g. Computer-Aided Design,‘engineer
ning, manufacturing, inspection, to be used for carrying out CPSMT capabilities,-Alternativelyj
rol and operation result data from a CPSMT to legacy systems, life cycle data eah-be updated.
digms of closed-loop machining, life cycle optimization, and the evolution of digital twin can be

E This capability contributes to displaying monitoring;)analysis, related to KPI manage

is, process

ing, process
by sending
In this way,
realized.

ment of the
he dynamic

PSMT shall be able to support machine\tool stakeholders by providing various fu

r;ﬁ{tions, e.g.
ce.

©IS
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Annex A
(informative)

Background of cyber-physically controlled smart machine tool

systems (CPSMT)

A1l Ge

ral

Manufactufing means to produce products by so-called 4M and 1E (Man, Machine, Matexial; Method,

and Envirdnment).

Smart mar
intelligent
products a

The vision|

automation solution and technologically advanced devices capablé, of computational work

autonomot
capability,
shared, reg

NOTE1

q

NOTE 2
observable

The machine tool is a core means for manufacturing, which has been advanced through enab

technologi
refers to a

framework
ICT develo

A.2 Anallogy of RAMI 4.0'from the cyber-physical perspective

RAMI 4.0 i

RAMI 4.0
ideas. See |

Jee the ISO 23247 series[13] for a generic framework to support the creation of digital twi

jufacturing is manufacturing that improves its performance aspects with integrated
lise of processes and resources in ‘cyber,’ 'physical,’ and 'human' spheres to create and del

and characteristics of smart manufacturing have products-émbedded as a part of

s decision-making. A big difference from conventional nfanufacturing is the improved
affordability for a wide range of stakeholders, enabling‘data to be captured, analysed,
ources to be intelligent, and everything and everyone €onnected to one another.

or details of smart manufacturing, refer to IEC TR 63319 WG21_N136_TR-SMRMI2¢],

manufacturing elements.

bs together with manufacturing pavadigms. A manufacturing paradigm is a concept
bystem of cognition that fundamentally defines people's views or thoughts, or the theoret
or system of things in a specific time range in the manufacturing domain. With emerg
bment, data is available inaidirection that supports smart manufacturing.

b a representative-smart manufacturing reference model (SMRM).

s the refefience model of Industry 4.0 and gives a structured description of fundame
EC PAS63088:2017, Introduction.

The fund

technical dbjécts, i.e. they have to be virtually represented and connected. In this context, a techn

eftdl purpose of Industry 4.0 is to facilitate cooperation and collaboration betw

hd services, which also collaborate with other domains within enterprise value chains(24].

and

ver
]

the
and
ICT
and

h of

ling
that
ical
Ping

htal

een
ical

object is an object that is of value to an organization. Therefore, it means not only physically tangible
objects but also intangible objects, e.g. ideas, archives, and software.

In Figure A.1, RAMI 4.0 is shown as a three-dimensional map showing how to approach the issue of

industry 4.

0, consisting of:

Hierarchy level axis (or aspect): the levels of functional hierarchy models that describe the levels
of functions and domains of control associated within manufacturing organizations. The levels
provide different functions and work at different time scales. Field devices and the products are
included as components constituting the physical production process,

Layers axis (or aspect): the structure for describing architectural aspects of Industry 4.0 components
and Industry 4.0 systems,[29] and
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Life cycle value stream: the continuous number of processes, which an item passes from creation to

dissolution![23],

NOTE1 For a detailed description of the hierarchy level, see IEC 62264-1 and IEC 61512.

NOTE 2  For the definition of the layers, see IEC PAS 63088:2017.

NOTE 3  For details on the life cycle aspect, see IEC 62890.

G

space  -—-—-————— -y
Information
Communication
Integration
Physical ——________.
sgace  Asset

NO1
mod
plad
any

Viey

Layers

Business

'ber  Functional

Figure A.1 — Anal(@0 RAMI 4.0 from the cyber-physical perspective (based on I
630@ 17, Figure 8, modified by the addition of yellow boxes)

S

E 4 Figur@s reproduced with permission from IEC PAS 63088:2017, Figure 8: Reference §
el Indus@a (RAMI4.0) (modified by the addition of yellow boxes). IEC has no responsib
ement a ontext (including other content or accuracy) in which the extracts are reproduced,
way @nsible for the other content or accuracy therein.3).

EC PAS

rchitecture
lity for the
hor is IEC in

M@ rom the cyber-physical perspective, RAMI 4.0 can be analysed using the yellow box

es given in

Figure A.T as Tfollows.

Lay

ers axis (or aspect) of RAMI 4.0 bifurcated into two:
'Physical space' including asset and integration, communicating with, and

'Cyber space' including other layers, including information, functional, and business.

Hierarchy level axis (or aspect) of RAMI 4.0 bifurcated into two:

'Office floors' including connected world, enterprise, and

'Shop floors' including product, field device, control device, station, and work centres.

3)

©IS

IEC PAS 63088 ed.1.0. Copyright © 2017 IEC Geneva, Switzerland. www.iec.ch.

02022 - All rights reserved

17


http://www.iec.ch
https://standardsiso.com/api/?name=23298cf1b763f72ef7cb3aacb3b68e33

ISO 23704-1:2022(E)

Life cycle value stream axis (or aspect) applies to both physical and cyber spaces.

A.3 Cyber-physical manufacturing system (CPMS)

Based on the analogy, according to A.2, RAMI 4.0 for manufacturing systems can be transformed into a
model of a CPMS.

The concept of a CPMS is shown in Figure A.2 as follows:

— In addition to the three aspects of RAMI 4.0, it has a cyber-physical aspect resulting in four aspects

in totaf;

— The ph
floor, d

— Thecy]
Basedont

— An 'O
manag

— A'Sho

— The CS
digital

Applying tl

ysical space is represented by the manufacturing system composed of a shop floor and-of
ommunicating with the cyber space, and

ber space is represented by the CSS.
ne principle of smart manufacturing systems(32], a CPMS can be composédas follows:

fice floor' consisting of customer relationship management (ERM), product life c
ement (PLM) / enterprise resource planning (ERP), supply chain management (SCM),

b floor' consisting of product, process, and resource (to whiclythe machine tool belongs),

S consisting of monitoring, analysis, planning, and execution based on big data analytics
twin.

rree aspects of RAMI 4.0 to the cyber-physical aspé¢t can be mapped as follows:

— 'Product,’ 'device,' 'control,’ 'station,’ and 'work centre' can be mapped to 'shop floor,’

— 'Enter

— 'Inforn

— 'Type

brise’ and 'connected world' can be mapped to 'office floor,’
hation,' function,’ and 'business' canbe mapped to ‘cyber-supporting system,' and

hind instance' of life cycle aspects’in generic manufacturing can be mapped to a typical

fice

ycle

and

and

life

cycle ¢of manufacturing system consisting of 'Design,’ 'Engineering,’ 'Operation,’ 'Maintenance,’

'Servig

e, and 'Optimization.

18
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Hierarchy levels aspect Layers aspect
Enterprise / Connected World Business
Station / Work Centers Functional
Product / Device / Control Information
=
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- - g
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._CRM "PLM/ERh_{ ScM b=
hu 1&/ ot L TS <
- e lnformatlon _m" g
l ) s 9
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Decision o
a
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Product Resourc O &
\ {d)lgltal twin &
&
: &
Physical space Cyber space \.’{\b

Cyber-physical aspect

Figure A.2 — Cyber-physicalmanufacturing system (CPMS)

A.4 Cyber-physically controlled'smart machine tool systems (CPSMT)

The concept of a CPSMT shown in Figure A.3 can be captured by replacing the manufacturing system in
the [physical space of a CPMS (seéFigure A.2) with a machine tool.

In the cyber-physical aspeet, ;the machine tool in the physical space interfaces with the CS§$ to realize
intglligence based on monitoring, analysis, planning, and execution function based on big datjla analytics
and) digital twin thru abi-directional interface. The machine tool interfaces with the shop [floor as an
elernent of the shop fleor system.

In the hierarchy<level aspect, the machine tool directly interfaces with 'Product,’ 'Devicg,' 'Control,
'Station,” and~Work centre." The machine tool indirectly interfaces with 'Enterprise’ and |Connected

pect of the
1 T

In the life cycle aspects, the machine tool for the manufacture of a product can be set as:

a) Design (Computer-Aided Design),

b) Analysis (Computer-Aided Engineering),

c) Process planning (Computer Aided Process Planning),
d) CNC machining (CNC),

e) Inspection (Computer-Aided Inspection), and

f) Maintenance and optimization.
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In the market, the intelligence of the smart machine tool system is often meant by 'zero-downtime' and
'zero-defect,' emphasizing the abnormalities of:

— Machine body,

— Cutting tools,

— Workpiece (quality), and

— Environment (energy, emission, and waste).

For the sa

e of infplligpnrp the status of the machine tool dnring the entire operation should be

monitored
directiona

communication.

Hierarchy levels aspect
Enterprise / Connected World
Station / Work Centers

Product / Device / Control

analysed, planned, and executed based on big data analytics and digital twin through bi-

Layers aspect

W
Functiona]—é\Q
%

)
Informa o@
§

=
2
)
<
43
- - g
Machine tool system Cyber-supporting system _,—5'.
= o
: 5 ~
—) ((Monitor. }~{_Analyze ] g |g
/[ BDA/AI | {g E
— ( Execute J«— Plan | " %” ° g %
¢ 22283
» Digital twin = 8= 2=
L S oEE
‘ t Communication @ 2 § =
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o S 8 2
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Figure

20

A.3'— Concept of cyber-physically controlled smart machine tool systems (CPSMT]
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Annex B
(informative)

SFDS viewed from Industry 4.0 component and administration

shell

B.

As dlefined in 3.1.18, an Industry 4.0 component is a worldwide identifiable participant’cons

ad

quallity of service characteristics[22l.

An

the
hier
ind
con

adnpinistration shell.

NOT

Figiire B.1 illustrates the concept of an SFDS viewed frem an Industry 4.0 component and adm

she

NOT

General

inistration shell and asset within an Industry 4.0 system, which offers serwices with

administration shell and Industry 4.0 components serve as the basis for collaboj
shop floor level operation (see 10.3), interface with life cycle aspects (see 10.4), intq
archy level (see 10.5), and interface with the stakeholders (seg ‘10/6) as the scheme fo

pliant communication.” Each CSSx has an interface whose function is mapped to the fun

E1 Details of an administration shell and Industry 4.0.cemponent are given in IEC PAS 63088

] as follows:

A CPS equipped machine tool (CPCM) conmimunicates with a cyber-physical system equi
(CPCR) for coordination of motion via.dévice-to-device communication,

A CPCM interfaces with a CSSM forfintelligence,

A CPCR interfaces with a CSSR for intelligence,

A CPCM, a CSSM, a CPCR and a CSSR interface with an SFCS for collaboration, and
A CPCM, a CSSM, a CPCR, and a CSSR interface with a UIS for data exchange.

E 2 Details of thejinterface defined as the external interface unit are specified in ISO 23704-2:2

sting of an
the defined

ating with
rface with
- platform-

ppendent data exchange. Communication via an administration-shell is referred to as "Ipdustry 4.0

Ction of the

:2017.

inistration

pped robot

22,8.5.
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22

SFCS# < UIsf
SFCS and UIS communication
r _____________________________________________________________________ l
! I
! |
| €SSM CPCM™ CPCR™ €SSk ;
|
| External () External !
! interface unit ! P R ' s. interface unit |
< » |
| Other CSSM D; & s Other CSSR |
| units — — units !
|
! I
! Industry 4.0 component on machine tool Industry 4.0 component ofyrebot :
|
| :
| Device to device communication for :
| coordinating actuation on each other I
| SHDS? |
|
S il
Shop flpor device system (SFDS).
Cyber-physically controlled machine tool (CPCM).

Cyber supporting system for machine tool.

Cyber-
Cyber s
Unified
Shop fl

Fig

hysically controlled robot (CPCR).
upporting system for robot (CSSR).
interface system (UIS).

or control system (SFCS).

ure B.1 — SFDS viewed from Industry 4.0 component and administration shell
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