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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 maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
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

The ISO 23247 series defines a framework to support the creation of digital twins of observable
manufacturing elements including personnel, equipment, materials, manufacturing processes, facilities,
environment, products, and supporting documents.

A digital twin assists with detecting anomalies in manufacturing processes to achieve functional
objectives such as real-time control, predictive maintenance, in-process adaptation, Big Data analytics,
and machine learning. A digital twin monitors its observable manufacturing element by constantly
updating relevant operational and environmental data. The visibility into process and execution
enapled by a digital twin enhances manufacturing operation and business cooperation.

The type of manufacturing supported by an implementation of the ISO 23247 framework depends on
the|standards and technologies available to model the observable manufacturingyelements. Different
manufacturing domains can use different data standards. As a framework, this’documernt does not
pregcribe specific data formats and communication protocols.

Thed scopes of the four parts of this series are defined below:
— |ISO 23247-1: General principles and requirements for developing.digital twins in manufacturing;
— |ISO 23247-2: Reference architecture with functional views;
— |ISO 23247-3: List of basic information attributes for thebservable manufacturing elemgnts;

— |ISO 23247-4: Technical requirements for informiation exchange between entities within the
reference architecture.

Figlire 1 shows how the four parts of the series are.related.
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1S0 23247-1 |

Principles
(concept, limitations and boundaries, requirements)

150 23247-2 ’

considered by

Reference models
(domain-based and entity-based)

described by

y

Framework views

IS0 23247-2 |

Functional view
(functional entities of reference model)

IS0 23247-3 |

Information view
(information attributes)

IS0 23247-4 |

Networking view
(information exchange and pretecols)

Annexes Afto E provide use cases that demgnstrate the digital twin framework for manufacturing.

Figure 1 — ISO 23247 series structure

The use cafes are in the discrete manufacturing domain and the digital twins are modelled using|the
ISO 10303|series. In other domains| different standards and technologies can be used. For exaniple,
in oil and [gas, the digital twins mady be modelled using the ISO 15926 series, and for building pnd

constructign, the digital twins.may be modelled using the ISO 16739 series.

Vi
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Automation systems and integration — Digital twin
framework for manufacturing —

Part 4:
Information exchange

1 (Scope

Thif document identifies technical requirements for information exchange between entities|within the
refdrence architecture.

The requirements for information exchange in the following networks are’within the scppe of this
document:

— |user network that connects the user entity and the digital twin‘entity;
— |service network that connects sub-entities within the digital twin entity;

— |access network that connects the device communicatien‘entity to the digital twin entityf and to the
user entity;

— |proximity network that connects the device conifitunication entity to the observable marufacturing
elements.

2 |Normative references

The following documents are referred:-to in the text in such a way that some or all of thpir content
conktitutes requirements of this doeument. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO|23247-1, Automation systems and integration — digital twin framework for manufacturing — Part 1:
Ovefview and general principles

1S0|23247-2, Automation systems and integration — digital twin framework for manufacturing — Part 2:
Reférence architecture
3 |Terms.and definitions

For|the purposes of this document, the terms and definitions given in ISO 23247-1 and the following
apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org

3.1
device communication entity
(set of) system or device providing device communication

EXAMPLE A cell controller sending instructions to the devices in a manufacturing cell, and collecting results
from sensors on the devices.

©1S0 2021 - All rights reserved 1
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[SOURCE: 1
3.2

SO 23247-2:2021, 3.4]

digital twin entity
(set of) system(s) providing functionalities for the digital twins such as realisation, management,
synchronization, and simulation

EXAMPLE
[SOURCE: I
3.3

A system providing simulation, synchronization, and data analytics for a manufacturing cell.

SO 23247-2:2021, 3.6]

user entit
human us¢g

EXAMPLE
(APIs) prov

[SOURCE: ]

3.4

visualizat
<computer
characteris

Note 1 to 4
aluminium

[SOURCE: I
Note 2to e

4 Netw|

4.1 Ovel

ISO 23247-
view of thd
apply to th

Figure 2 3
described 1

y
s, applications, and systems that use the services provided by the digital twin entity,

An enterprise resource planning (ERP) system that uses the application programming interf|
ded by a digital twin application to update the current status of resources in its database.

SO 23247-2:2021, 3.8]

on
graphics> use of computer graphics and image processing to present models
tics of processes or objects for supporting human understanding

ntry: Example: A visual display of a computerized numerical control (CNC) machine millin
block.

SO/IEC 2382:2015, modified — Note 1 to entry chahged to address manufacturing examy
ntry and Note 3 to entry deleted.]

prking view of the digital twin reference models

"'view

Hces

or
P an

p

les.

D defines reference models oftthe digital twin framework for manufacturing, and a functi

e reference models given in ISO 23247-2.

hows the four types of communication networks that are used to connect the ent
n the reference fmodels of ISO 23247-2.

nal

se reference models. Thi§ document defines a networking view. The networking view shall

ies

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=4efb6b73c973c2e12ccf2e5bf49cbd85

1SO 23247-4:2021(E)

User entity

e
1
Digital twin entity
Application and service
sub-entity
2 2
sub-entity | interchange sub-entity
3 3 31

Device communication entity

4
Data collection sub-entity Device cop.q‘((ll/sub-entity

I
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I

| 2 | '

Ounaraticon and mﬂv\f\namanf DRacaon H-Ce-aECess nnr] |

aHehRahe ¥
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
J

Digital twin Framework

Observable manufacturing elements (OMEs)

Key

1 [user network

2 |service network

3 |access network

4 |proximity network

Figure 2 — Networking view of digital twin reference models

4.2| User network

The user network connects the user entity with the digital twin entity. Through this netwofk, the user
entjty makes use of the-digital twin instances managed by the digital twin entity.

ot

The user network can be either public Internet or private intranet.

4.3| Service network

The serv1ce network connects the operatlon and management sub- entlty, appllcatlon and service

network runnmg IP- based protocols

If the digital twin entity is implemented as a single private system, then a service network is not
necessary.

4.4 Access network

The access network connects the device communication entity with the digital twin entity and the user
entity. The data collection sub-entity transmits data collected from the OMEs to the digital twin entity.
The device control sub-entity transmits commands from the user entity or the digital twin entity to
control the OMEs.

© IS0 2021 - All rights reserved 3
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The access network can be a wired communication network such as local area network (LAN) or
wireless communication network such as wireless LAN (WLAN) and mobile (cellular) network. The
access network generally adopts IP-based communication protocols regardless of communication type.

4.5 Proximity network

The proximity network connects the device communication entity with the OMEs. Through this
network, the device communication entity transmits commands to OMEs that are industrial devices,
and receives results from OMEs that are industrial sensors.

The proxirr H—y network can he an Industrial Ethernet or 2 prnprinfqry network with o cpnr‘ia]

jzed

configurat
integrated

5 Requ

5.1 Ovel

The user n
entity. The
process mq

5.2 Proy

The user n

EXAMPLE 1
Product life

on. Some networks use protocols other than IP. However, if an OME is physically attache
into the device communication entity then the proximity network is not necessary:

irements for information exchange in the user network

"view

btwork shall enable the exchange of information between the userentity and the digital t
information shall be exchanged to enable services and applications such as visualizat
nitoring, statistical analysis, and simulation. The informatien is defined in ISO 23247-3.

isioning

etwork shall enable the delivery of information to configure a digital twin to an initial st

The digital twin of a product is provisioned at.the start of its life from information containg
cycle management (PLM). This information canhe product requirements, 3D models, configura

simulation

EXAMPLE
other data

EXAMPLE
other data
manufactu

5.3 On-

The user
represent

The user
represent

EXAMPLE

odels, and traceability.

The digital twin of a work cell is proviSioned at the start of its life from information in PL]
urces. This information can be kinematics, capacity, capability, certification, and calibration.

The digital twin of a process'is provisioned at the start of its life from information in PL]
ources. This information can:he high-level and low-level process plans, production schedule,
ing requirements.

emand status acquisition

etwork shall¢enable the delivery of information on the current state of the OME;]
by its digitaltwin.

etwork.shall enable the delivery of information on the historical state of the OME$

by its'digital twin.

i or

fvin
ion,

hte.
d in
ion,

VI or

1 or
and

as

as

A user entity queries a digital twin entity, so that it can show the current status of a machin|

e by

creating a visualization of the current geometry of a part.

EXAMPLE 2

A user entity queries a digital twin entity, so that it can dynamically predict the remaining life for
a cutting tool by analysing its previous machining activities.

5.4 Standardized method for information exchange

The user network shall use standardized methods for exchanging information.

NOTE

As described in A.2.1, examples for standardized protocol include REST and HTTP.
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5.5 Verification of exchanged digital models

The standardized method for information exchange should include methods for verifying the syntax
and semantics of the exchanged model and validating its contents.

NOTE As described in A.2.1, examples of information models with methods for checking syntax and
semantics include STEP and QIF.

5.6 Security

The user network shall maintain security and privacy of the digital twin.

NOTE Standard such as IEC 62443 define a protocol for secure communication.

5.7| Synchronization

The user network shall enable applications to operate on digital models that have been appropriately
synchronized. The rate of synchronization depends on the application.

5.8 Exchange of digital models

Theg user network shall enable exchange of information about the'digital representation of the OMEs.
Theg communication shall allow applications to operate on_common models of the OMEs. |Depending
on the application, it is possible that the types of OMEs shown in Figure 3 need to be mpdelled for
infgrmation exchange.

Digital twin entity

“
wn
£

. . el g porting
Personnel| |Equipment| | Material \#Process Facility | Environmeng | Product dobument
Figure 3 — Type of digital models for exchange
NOTE Several standards define information for one or more of the OME types but no single standard has

beef identified for all types of OME at the time of publication.

6 |Requiremments for information exchange in the service network

The Service network is used to transmit information between sub-entities of the digital twih entity. As
such, this'network can be private to a particular implementation of the digital twin entity allld does not
need to be defined by this document.

7 Requirements for information exchange in access network

7.1 Overview

The access network connects the device communication entity to other entities. The device
communication entity collects information about the OMEs as they operate using an appropriate
streaming protocol. The device communication entity controls the OMEs by sending commands in a
language understood by the OMEs.

© IS0 2021 - All rights reserved 5
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7.2 Connectivity

Depending on the circumstances, a connection to the device communication entity may be discovered
dynamically using an appropriate protocol or using a fixed network address. In either case, the
connection delivers data about the OMEs to the digital twin entity.

EXAMPLE 1

address tol

EXAMPLE 2

from the dew

With a fixed network address, an MTConnect agent for a machine tool on the shop floor is
published to the network as URL 192.168.0.1:5000. In this case, the digital twin for the machine tool uses this

isten for changes to its OME.

With a dynamlc network address, an MQTT subscriber discovers the availability of a data str
ica cominunication an ity racnoncd ible an the-OMEs-and the Iv\Fr\vw\’\f ion—taonndata itc 4

nnnnn

eam
rital

twin.

7.3 Stan

The access
communic
describe ez

The accesq
through th

7.4 Syng

The access

shall be suf;

NOTE1 1

NOTE 2
3D model.

T

jee—-coprHecation—entHt YT S PoOTTSToTe O—orptrorceTeo—ot

dardized method for communication

network shall provide a standardized method for delivering data collectéd by the de
htion entity. The method shall include information sufficient to identify’ the OMEs,
ich change that has occurred to a monitored characteristic of the OME.

network shall provide a standardized method for delivering-data to control the O
e device communication entity.

hronization

network shall enable the digital twin to be connected.to its OME. The bandwidth and latd
ficient to support the required level of synchronization.

[EC has defined standards that describe various syasichronization methods for industrial enterpri

he latency requirements for servicing an urgent fault or alarm are different to those for updati

7.5 Transaction method

The access

NOTE 1

NOTE 3

PUBLI

NOTE 3

network shall support any ofithe three types of transaction methods that follow:

PULL mmethod: requester requéstsinformation from the provider;

The digital twin@ntity is the requester and the device communication entity is the provider.

PUSH method: sender sends new or changed information to the receiver;

The djgital twin entity is the receiver and the device communication entity is the sender.

SH method: publisher publishes data to be received by the subscribers.

The digital twin entity is the subscriber and the device communication entity is the publishef.

Vice
and

MEs

ncy

es.

hg a

The PUBLISH method is recommended, when multiple digital twin entities are listening to a single
device communication entity.

7.6 Support of mobility

If the network location of the device communication entity changes, then the access network shall
maintain the connectivity to its digital twin.

© IS0 2021 - All rights rese
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Security

The access network shall maintain security and privacy of the digital twin.

NOTE Standards such as IEC 62443 define protocols for secure communication.

8

8.1

Requirements for information exchange in proximity network

Overview

The
pro

8.2

Thd
eth

8.3

The
by t

8.4
The

trapsmit information between the device commuhication entity and OMEs.

proximity network is an interface between the device communication entity and the

Support of local connectivity

proximity network shall connect the device communication entity to thes OMEs using
brnet or a proprietary network.

Support of adaptation

he device communication entity.

Support of data volume, transmission efficiency, and storage

proximity network shall support data volumeéstransmission efficiency, and storage ng

kimity network is not necessary if the device communication entity is hosted on the.OMAH.

OMEs. The

industrial

proximity network shall support adaptation of data received-from OMEs to data that is ynderstood

cessary to
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Technical discussion — Implementation options for digital

Annex A
(informative)

twin framework for manufacturing

A.1 Acrd

This claus
options of

3D PDF
AAS

AES

AMF

API
ASTM
Automatio
B2MML
CAD

CAM

CBC

CCM

CFX
COLLADA
EASA

nML

ECDHE

bnyms used in Annexes A to E

e lists acronyms of protocols or standards that can be considered as an implementaf
ligital twin framework for manufacturing.

3-dimensional portable document format
asset administration shell

advanced encryption standard

additive manufacturing file format
application program interface

American society for testing and materials
automation markup language

business to manufacturingmarkup language
computer aided design

computer aided manufacturing
cipher-block€haining

counter;with CBC-MAC

connéeted factory exchange

coellaborative design activity

European aviation safety agency

elliptic-curve diffie-hellman

EtherCAT
FAA

FBX
HTTP

[oT

[PC

ethernet for control automation technology
federal aviation administration

filmbox

hypertext transfer protocol

Internet of Things

inter-process communication

—n

on
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ISA international society of automation

JSON Javascript object notation

JT Jupiter tessellation

LwM2M lightweight machine to machine

MES manufacturing execution system

MOM manufacturing operations management

MQI'T message queuing telemetry transport
MT{onnect machine tool connect

OCH open connectivity foundation

OP(-UA open platform communications - unified architecture
OpgnGL open graphics library

PLd programmable logic controller

PSK phase-shift keying

QIF quality information framework

RAPINet real-time automation protocols for industrial ethernet
RDJ resource description franfework

REJT representational statetransfer

RS4 Rivest-Shamir-Adleman

SHA secure hash.algorithm

STHP STandard for the Exchange of Product model data
STL Standard template library

TSN time-sensitive networking

WebGL web graphics library

XML extensible markup language

A.2 Information exchange examples

A.2.1 General

Figure A.1 shows how information may be exchanged within a digital twin framework using currently
available communication protocols.

©1S0 2021 - All rights reserved 9
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= PLM ul MES [ Erp [ Other Other |— Super- |—
Data Sources Twin visor
r— -
User entity : <,
: —_— |
Servi twork User networkL — 5
(\ ervice networ A Web Server, Open API, administration shell, STEP, ... ~ E
. . . . 5]
Digital twin entity @ =
wv
<’ S
—’ <

MTConnect client, OPC-UA client, QIF-results, Open AP], ...

Access network
MTConnect agent, OPC-UA server, ....

- [Pevice communication entity
& 1) o

{Adaptation, protocol translation}——
. 1§ EtherCAT, OPC-UA, Profinet,
Proxfimity network| JYEYINERye)w W

Access network

MTConnect agent, UMATI agent, ISA-88 state machine, ...

N Device communicat@

& J\,.,..))) entity ’&\ |

-5 4 *® OMEs N d e oM [ —
LAY, & | B O [T

Legacy communication channel

e

Key

OME observable manufacturing element
—_— (solid line): within scope of digital twin
-— > (dotted line): out of scope of digital twin
example protocol/implementation

Figure A.1 — Information exchange examples

There are fwo OMEs configurations in)Figure A.1.

— Intheflirst configuration (i.e-left device communication entity/OMEs), data is collected by the deyice
commiyinication entity thfeugh the proximity network and sent to the digital twin entity using|the
access|network. The OMEs are controlled by the user entity through the legacy communication
channg¢l. For exampleya G-Code file is written from a PLM and loaded into the control by an operdtor.

— Inthe $econd cenfiguration (i.e. right device communication entity/OMEs), data is collected direfctly
by the[devicescommunication entity within a single system and sent to the digital twin entity uging
the ac¢esstnéetwork. For example, a modern CNC control may support direct numerical contro] for
data iffput, and MTConnect for reporting results.

A.2.2 Implementation options for information exchange in the user network
The implementation options for information exchange in the user network are as follows:

— regarding standardized methods for information exchange, the digital twin entity can provide web
services for the user entity using HTTP or REST;

— the digital twin entity can define Open APIs for the user entity. A web interface is one example of an
Open APJ;

— the digital twin entity and the user entity can use a database or a cloud to share or exchange the
information;

10 © IS0 2021 - All rights reserved
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the digital twin entity can interface with applications such as PLM, MES, and ERP. The digital twin
entity can get manufacturing-related data through interfaces with these applications;

for applying manufacturing information, the standards that can be used include the IEC 62264
series (i.e. ISA-95) that defines the automated interface between enterprise and control systems.
A B2MML is an XML implementation of IEC 62264. The B2ZMML can be used to extract information
on manufacturing (e.g., asset tracking, inventory management) that can be applied to the digital
twin. The ISO 16100 series characterizes software-interfacing requirements enabling the
interoperability among manufacturing software tools (modules or systems). The ISO 18828 series

defines information for seamless production planning;

A2l

The

for supporting visualization, the standard that can be used include ISO 14306 (i.e.]T). Thg
defines the syntax and semantics of a file format for the 3D visualization and inter
lightweight geometry and product manufacturing information derived from CAD$ysten

CAD/CAM information can be used to create the digital model of the OMEs. Thé standar]
be used include ISO 10303-242 (i.e. STEP AP242), ISO 10303-238 (i.e. STER\AP238), ISO
(i.e. STEP AP239), and IEC 62714 (i.e. AutomationML). Some applications use a fact
(blueprint) to create an initial digital model of the shop floor. The 3D file'format can be ug
information about 3D models. Some popular formats are STL, FBX;-and COLLADA. Th4
are used in 3D printing, video games, movies, architecture, acadeniia, medicine, enginee

for embedding 3D models in documents, 3D PDF or 3D rendering can be used. A 3D PI
file containing 3-dimensional geometry. 3D rendering is,the process of converting 3-d
models into 2-dimensional images on a computer or document;

for providing graphical information through the web, WebGL or OpenGL can be used.
JavaScript API for rendering 2D/3D graphics; QpenGL is an API for rendering 2D/3D g
its modern form, OpenGL is a cross-platform library for interfacing with programmable G
purpose of rendering real-time 3d graphics.dts use is common in games, CAD, and data vi
applications.

for describing a digital twin mode], asset administration shell (AAS) can be used, which i5
meta-model that is used to describe assets in various format such as JSON, XML, and RD

for supporting verification, the‘'standard that can be used include ISO 23952 (i.e. QIF). IS
an XML based standard that defines, organizes, and associates quality information. A d
can be synchronized with measured values. The accuracy of the predictive results can b
through data analytics of the QIF measured values.

3 Implementation options for information exchange in the access network
implementation options for information exchange in the access network are as follows:

regarding standardized method for information exchange, a user entity can access and 1
OMES using protocols such as MTConnect and OPC-UA;

ISO 14306
‘ogation of
1S;

ds that can
10303-239
ory layout
ed to store
se formats
ring, etc.;

DF is a PDF
imensional

WebGL is a
raphics. In
PUs for the
sualization

acommon

1]

0 23952 is
igital twin
b increased

manipulate
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the useremntity cam access amd mmamniputate toT devices {e:g; Sernsors,; actuators) uSing pro

ocols such

as OPC-UA, OCF, LwM2M, and oneM2M. The IoT protocols have defined various data formats that are
exchanged in the protocols;

for supporting synchronization, a standardized data format such as ISO/ASTM 52915 (i.e. AMF) can
be used. ISO/ASTM 52915 is an XML-based format for describing objects for additive manufacturing
process such as 3D printing;

for supporting PUBLISH method, the ISO/IEC 20922 (i.e. MQTT), which defines Client Server publish/
subscribe messaging transport protocol, can be used;

for supporting near real-time communication, the standards that can be used include the
IEEE 802.1DF, IEC/IEEE 60802. These standards define TSN services for service provider network

11
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and for industrial automation. The TSN is a layer 2 protocol that supports low latency, low delay
variation, and low packet loss;

— regarding security, algorithms that may be used include PSK, ECDHE, CBC, CCM, SHA, and RSA;

— ifitis difficult to apply security for services that are overwhelmed with data such as edge computing,
cloud, and IoT data, then the Diffie-Hellman key exchange protocol can be used.

A.2.4 Implementation options for information exchange in the proximity network

The implementation options for information exchange in the proximity network are as follows:

— if the OME already supports protocols such as MTConnect or OPC-UA, then the proximity network
is not Ieeded;

— tosupportlocal connectivity, the OME can be connected to the proprietary network or the indus{rial
ethernet (e.g., EtherCAT, Ethernet/IP, Profinet, Modbus, RAPIENet);

— networked sensors can be used to collect various types of information. For example, the operatignal
statusjof equipment may be monitored with a thermal sensor, a vibration sefisor, a sound sensor|etc.

12 © IS0 2021 - All rights reserved
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Annex B
(informative)

Dynamic scheduling use case

B 1 nvnr‘n eWw

AR A —> 3 4

Ta ‘le B.1 describes the example using a template developed by ISO and IEC.

Table B.1 — Summary of the example on dynamic scheduling

ID|Case number 1

Use case name | Dynamic scheduling of tasks for multiple robots in a manufacturing cell

Application field | Smart manufacturing

Life cycle stage(s)/

phase(s) coverage Production

Status|In-operation

Automated manufacturing process adjustment and tracking based on varjable condi-

Scope tions of assembly for a multiple robot manufacturing cell

Manufacturing process requirements can vary based on condition of assembly of

Initial (Problem) |incoming components. Manualiadjustments of the manufacturing processgs are time
Situation|consuming and create risk that the appropriate manufacturing process dqes not

meet requirements or caibe improperly tracked.

Objective(s) | Automatically adjustprocesses and maintain production records using digital twins

When large, compléxassemblies enter a manufacturing cell, there is a high chancg that the in-
coming state oftheassembly will notbe nominal (missing components, rework requirements.)
Manual adjustnients of the manufacturing process are time consuming and incregses risk that
the adjusted process is non-compliant or not properly tracked. Digital twins appl|cations can:
Short description
(not more than 150|1) (" determine feature differences between the assembly digital twin and nominal;
words)

2Y adjust manufacturing process requirements based on these feature differences;
3) generate and validate adjusted manufacturing process;

4) monitor the as-manufactured status of the process and assembly.

Manufacturing shop floor personnel, compliance authorities (FAA, EASA, gtc.), and

Stakeholders Robot cell vendors

Key technologies| Manufacturing automation for work cells containing multiple robots

APZ238and AP242To describe digital twins of the process and product
Relevant standards ) o )
MTConnect to communicate process and assembly state to build digital twins

ISO 23247 digital twin framework for manufacturing to describe how the standards

Standardization needs inter-operate on the shop floor

Adoption of the standards by equipment vendors to ensure seamless plug and play

Remaining issues| op the shop floor
and future works o ] o ) ] ] ]
Definition of algorithms/methods for collision avoidance in dynamic environments

©1S0 2021 - All rights reserved 13
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B.2 Operational sequences
B.2.1 Process flow

Figure B.1 shows the process flow of the dynamic scheduling of tasks for multiple robots.

‘ Phase 1: Select > Phase 2: Update Process Phase 3: Convert and transmit >~ Phase 4: Execute —

Wing Condition of Assembly  “Base manufacturing process is adjusted

(CoA) and base to accommodate off-nominal CoA, User Entity Updated digital twins
manufacturing process including sequence optimization and robot returned to PLM.
are downloaded as digital work assignments.
twins: - 1SO o
wing PLM; & .. 10303.228 CoA Sequence I | e
gtal iy 1035530242 adjustor | [go = optimizer ottt e
’ 10303-238 Y,
IS0 10303-238 Process and Wing digital twins
Digital updated as process advances.
Twin igitall @77
Enti Dlglta] & S0 10303:238
ty TWINS | Updated digial | | 150 10303-242
. Updated process sent to cell p
Device as Enhanced G-Code. MTConnect(") -
Communication Context
. MTConnect agen:
Entity translator ¥
N\ -
MTConnect lEnhanced G-Code IQBC-UA i
z > Observable [Py 4 ;
Wing’ . v . gbeing | Wingwith new
Manufacturing | + fastened hailes
Wing loaded irfto cell; Elements b i Wing with new h¢les
Assembly ID uploaded to PLM; | = . . loaded fi L
Digital twin sept to CoA adjustor. Drill and fastening L$Q ¢ @ The wing assembly is unloaded from cq
process begins. 8°® drilled and fastened.

Figure B.1 — Process flow of dynamic scheduling

B.2.2 Phiase 1: Select

— Step 1] A wing assembly is physically loaded into the robotic manufacturing cell. The supervidory
contro] is made aware of the assembly ‘type and its instance by use of an Assembly ID.

— Step 2| The supervisory controlregquests the appropriate Process digital twin (in AP238 fornjat),
wing assembly digital twin (inAP242 format), and process requirements from PLM through MPM.
Once this is complete, the supervisory control knows the condition of assembly (CoA) to be drilled,
and the base process to beexecuted.

B.2.3 Phiase 2: Update process

— Step 1] The supervisory control, using the CoA adjuster, determines which holes do not need t¢ be
drilled, based-o1 the wing assembly digital twin (in AP242 format). It then deactivates the relgted
drilling werking steps in the process digital twin (in AP238 format).

4.
<y
Y

actha d-:
I Co LIIc ur

Ste 2 acaauancn ontiaioae by bholoonc oo EEEWo IR d o ctanc batiaann the
p Irc J\'\.1M\.rll\4\' Ul.l\'lllllLA\.rl LCIICIT UdIldIiIvte o aIrl llls AAAYEY l\llls JL\.;P;J UCLvveuTIll

four robots in the manufacturing cell.
— Step 3: The sequence optimizer then optimizes the drilling sequence for each individual robot.

— Step 4: The process digital twin simulates the drilling process and checks for collisions and that all
appropriate holes are drilled.

— Step 5: The updated manufacturing process is sent to the context translator.

14 © IS0 2021 - All rights reserved
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.4 Phase 3: Convert and transmit

Step 1: The context translator extracts relevant context (e.g., workplan, working step, a

nd process

to hole mapping). The context translator then inserts the relevant context into a standardized

implementation of the robots’ native programming language (rapid/enhanced rapid).

Step 2: The enhanced rapid data is transmitted to the manufacturing cell.

Step 3: The enhanced rapid data is distributed to the individual robots and the manufacturing

process is begun.

B.2

B.2

B.3

B.3

.5 Phase 4: Execution

The robots report joint motion and significant execution progress (e.g., holes drilled)
controller using OPC-UA. This data is converted to MTConnect.

The MTConnect data stream enables the digital twin entity to continupusly updats
assembly and process digital twins. This information includes robot joinbmotion as well
step completions.

.6 Phase 5: Document

The updated wing assembly and process digital twins aréaploaded back to PLM thr
These digital twins are then used as the CoA for downstream processes and reporting.

The wing assembly, now containing new holes, is unloaded from the manufacturing cell

Mapping to the framework

.1 Overview

Figlire B.2 shows how the example may be implemented according to the framework.

to the cell

b the wing
ps working

ugh MOM.

© IS0 2021 - All rights reserved
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AP238 User entity
P242
PLM/ERP MOM Supervisory control CoA adjuster Sequence
(A) optimizer (A)
AP238 (D/F) AP242 (D/F)
Digital twin entity
Process (C) | patacache @a"’ggg) Wing (B) Datacache ° g 2
digital twin | (process) @:)“@ digital twin | (wing) 5
AP238E/F MTConnect (K/L)
Device communication entity (\QV
‘Context translator (H) DEES COIlltI'Ol Cell controller Datacache| Data pg}b&%ion
= sub-entity - (cel) (G) ntity
Enhanced Rapid (I/]) - OPC-UA
(AP238 execution state) - (M/N)
Observable manufacturmg elg@g’tﬁ
- - .
'2) Robot1 ? Robot2 ‘> Robot3 ? Robot4
0 0 0 0
‘(:)‘ 0 Q 0 <© 0 Q (0
Key
Models
ﬂ product/process
State Strea
plunge complete, etc.
Instructionis
G-Codes, etc.
Figure B.2 — Dynamic scheduling of robots
B.3.2 Implementation.using framework
Implementation of dynamic scheduling use case with to the framework is in Table B.2 with tags sh¢own
in Figure B.2.
Tjable.B.2 — Implementation of dynamic scheduling use case using framework
Tag | Role in use case | ISO 23247 name IS0 23247 refer- | Implementation Comment
ence technology
] Provides interface to
A Supervisory . 1SO 23247-2:2021, | Windows executa-|p|,M through MOM.
1 User entity 534 ble using STEP o
contro -5 modules Optimizes process based
on CoA.
Synchronizes process
Wind wing digital twin with
- : . Indows executa-| OME using state stream.
B |Wing digital twin Dlgltal_ twin I50 23?7 2:2021, ble using STEP &
entity 3.3 modules Presents wing digital
twin in AP242 at comple-
tion.
16 © IS0 2021 - All rights reserved
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facturing element

3.2

Tag | Role in use case | ISO 23247 name IS0 23247 refer- | Implementation Comment
ence technology
Synchronizes process
] digital twin with OME
Process digital | Digital twin | 1SO 23247-2:2021, | VIndOWs executa-\ysing state stream.
C : . 5 ble using STEP
twin entity 3.3 modules Presents process digital
twin in AP238 at comple-
tion.
Provistomrsang retrieves
D Mo'dels' commu- User network 42 intranet wing and procpss digital
nications (1) twins when/mpnufactur-
ing is completg.
Models commu- Sends adjusted manu-
E N Access network 4.3 intranet facturing procpss to cell
nications (2)
controller.
Initial and synghronized
Exchange model Digital twin IS0 23247-3:2021, digital twin representa-
F (of OMEs) representations Clause 5 AP242,84238 tions for the wling assem-
bly and process.
Caches process state
Data pre- IS0 23247-2:2021, information toassure re-
G| | Data cache (cell) processing FE 6.2.1.2 MTConnect agent liable update df wing and
process digital twins.
Converts AP238 into
RAPID using Ephanced
d Rapid conventjons.
i Context Data translation | 1SO 23247-2:2021, Wl‘)rl‘e o g’;‘i}cé‘;a' In this use casp, the
translator FE 6.5.3 modules data translatof FE is a
cross-system ¢ntity im-
plemented in the device
control sub-enftity.
I Instructions Proximity 45 Industrial ether- grAa;Isgers Enh r:ice;i
communications network - net commands from
Cell Controller|to Robots.
Requirements Process instrutftions
] Instructions for 1nforrpat10n Clause 8 Enhanced RAPID |'5'"8 a.standa d 1mple-,
exchange in prox- mentation of the robots
imity network native language “RAPID”.
State stream Transfers stat¢ of robots
K| | comniupications | Access network 4.4 MTConnect to wing and prjocess digi-
D tal twins.
R_ec%mrem«_ents for Robot state, influding
L Statestream (1) 1 Orm?tlon eX tlause8 MT€E€ommect jUiUL comdition and pro-
change in access
cess state.
network
State stream o
M | communications Prox1m1‘lc(y 45 OPC-UA Tranlslfers staicle of robots
2) networ to cell controller.
fgf?#fl;f::aeggi Robot state, including
N | State stream (2) : Clause 8 OPC-UA joint condition and pro-
exchange in prox-
L cess state.
imity network
0 Robots 1-4 Observable manu-| [SO 23247-2:2021, ABB robotics Out of scope for digital

twin framework.

© IS0 2021 - All rights reserved
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B.3.3 Mapping of wing digital twin to digital twin entity

Implementation of wing digital twin mapping to the digital twin entity is shown in Figure B.3 and
Table B.3.

User interface FE

%GOQ

e \\/Viewer

Interface

Process R, Ly )
digital T / =
twin @ D a \~

Digital Twin Digital Twin Digita@{k‘
Interface Manager Represﬁl/ tion
ClO@G(C) , | ,
LD Hole
Updater
Wing digital twin

Data collection sub-entity

Key

‘ operation and management sub-entity
‘ application and service sub:entity

‘ resource access and intecchange sub-entity
Figure B.3 — Implementation mapping of wing digital twin to digital twin entity

Table B.3 — Mapping of wing digital twin to functional entity

Role in djgital . . 1SO 23247-2
twin enjtity Functional entity reference Data type Comment
Reporting . IS0 23247-2:2021, Interface to User Interface FE for
interface Reporting FE 6.3.2.3 AP242 CoA of the wing structure.
- : . AP242, ; i
D}gltal twin Peer Interface FE 1S023247-2:2021, Syn.chrom'zes wing and process
interface 6.3.3.4 AP238 digital twin.
Viewer Presentation FE 1S0 23247-2:2021,| AP242, Modern |Displays wing structure CoA as it
6.3.1.2 OpenGL changes.
Digital twin Maintenance FE 1S023247-2:2021, AP242 Mapages gpdating and sharing of
manager 6.3.1.4 digital twin representation.
Digital twin Digital representation |ISO 23247-2:2021, Contains the digital model of the
. AP242 .
representation FE 6.3.1.3 wing structure.
18 © 1S0 2021 - All rights reserved
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Role_ m dlgltal Functional entity 150 232472 Data type Comment
twin entity reference
9. MTConnect, f o
Hole updater Synchronization FE 1S023247-2:2021, Updates the digital model of th_e
6.3.1.1 AP238 wing structure as holes are drilled.

B.3.4 Mapping of process digital twin to digital twin entity

Implementation of process digital twin mapping to the digital twin entity is shown in Figure B.4 and
Tabje-B-4-

User interface FE

e

Twin Initializer Reporting

Interface Interface Wing
\‘ \ \ T ! / \ digital
) ) ) ] twin
y’ Y Yy Y

Digital Twin Digital Twin E\ igital Twin

Representation Manager Interface

PP I N =

Process Proce Q)® Optimization =

Simulation Up%t Interface
\ J U \; 2 J

Process digital twin

Data collection sub-entity

operation and management sub-entity

application and service sub-entity

RS

resource access and interchange sub-entity

Figure B.4 — Implementation mapping of process digital twin to digital twin entity

©1S0 2021 - All rights reserved 19
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Table B.4 — Mapping of process digital twin to functional entity

Role in digital
twin entity

Functional entity

IS0 23247-2
reference

Data type

Comment

Interface to User Interface

Twin initializer . ) AP238, FE for retrieval of the initial/
interface User interface FE | IS0 23247-2:2021, 6.4 AP242 planned states of the digital
twins involved.
Reporting . ISO 23247-2:2021, Interface to User Interface FE
interface Reporting FE 6.3.2.3 AP238 for the drilling process.
Optlle ot Ayy}i\_atiuu 15602324 22021, AP238 nterfacesto PYoOcess Ul.lt;llli L.ad-
interfdce support FE 6.3.2.4 tion tools in the user entity:
Process simulator Simulation FE ISO 23247-2:2021, AP238 Simulates execution ef\drillihg
6.3.2.1 process.
Digital fjwin . ISO 23247-2:2021, AP242, Synchronizes wing and procgss
interfdce Peer interface FE 6.3.3.4 AP238 digital twin.
. . IS0 23247-2:2021, AP238, Mod- |Displays robots as they drill
Viewgr Presentation FE 6.3.1.2 ern OpenGL |holes.
Digital fjwin Maintenance FE 1SO 23247-2:2021, AP238 Magages up(_iatlng and sha_rl hg
manager 6.3.1.4 of<digital twin representatioh.
Digital fjwin Digital representa-| SO 23247-2:2021, AP238 Contains the digital model o
represenfation tion FE 6.3.1.3 the drilling process.
Synchronization | SO 23247-2:2021, | MTConnect |Updates the as executed digial
Process updater model of the hole drilling prg-
FE 6.3.1.1 AP238

cess.

20
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Annex C
(informative)

Advanced metrology use case

Table C.1 describes the example using a template developed by ISO and IEC.

Table C.1 — Summary of the example on advanced metrology

ID

Case number 2

Use case name

Advanced metrology

Application field

Smart manufacturing

Life cycle stage(s)/
phase(s) coverage

Production

Status

Prototype

Scope

The digital twin of a part with complex'shape is measured to determine p
assembly stack thickness so that the'e¢xact lengths for fasteners can be de
enabling weight reduction.

recise
ermined,

Initial (Problem)
Situation

For complex geometries, the as-built shape varies slightly between instan
cause of variances in production processes and environmental conditions
ing assemblies, the variations cause differences to the assembly stack thid

Ces be-
For mat-
kness.

Objective(s)

Model digital twins ofithe as-built geometry with precise thickness for the
parts so they can be'matched with fasteners of exactly the right length.

mating

Short description
(not more than 150

Anassemblywithcomplex geometriesismeasured tomakeanaccurate model ofthe

1y

verify geometry tolerances;

hs-builtpart:

words)|2) ~determine precise lengths for fasteners;
3) reduce weight by using less material for fasteners.
Stakeholders| Manufacturing shop floor personnel, compliance authorities (FAA, EASA, gtc.)

Key techmnologies

Automated drilling and fastening of complex structures

Automated measurement of layered assemblies

Relevant standards

ISO 10303-242 to describe digital twins of the product assembly

ISO 23952 (QIF) to describe measurement plan and measurement results

for compo-

nents

MTConnect to communicate process and assembly state to build digital twins

Standardization needs

ISO 23247 digital twin framework for manufacturing to describe how the
inter-operate on the shop floor

standards

Remaining issues
and future works

Adoption of the standards by the metrology vendors to ensure seamless p
play on the shop floor

lug and

C.2 Operational sequences

C.2.1 Process flow

Figure C.1 shows the process flow of the optimization of advanced metrology.

© IS0 2021 - All rights reserved
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 Phase 2: Virtual Assembly

Phase 1: Measure

From PLM (not shown)

Execute measurement Hole “stack heights” are calculated

.4 C Process is updated to consider
when component digital twins are___ 1%

Phase 3: Update Process  Phase 4: Convert and Transmit>  Phase 5: Execution )

To PLM (not shown)

. . _
ing ski doubler rib

User plans. virtually assembled. uDdateditacidieishts
Entity Inspection Analyzer/ | BIE L pocess updater
planner assembler
IS0 10303-242 1 R Assembled digital twin with
. . — 150 10303-238 exact fit fasteners.
Digital Twin Wing skine Doubler |Rib : Wing — ol
Entity digital |% digital digitalgy | assembly . ?\;\i\
twin twin twin [} |Digital twin\updated with digital twin
f e —-measuremer) informatio
. . . Updated process, with optimized fastener
QIF plan Device Communication Entity \ selection is sent to cell as Enhanced G-Code.
nspection | QIF results Machining MTConnect
context context
franslator translator agent
Inspectio . \TKe wing assempl
la%gua g \Bﬂa(f{a,zumd Observable Manufacturing Elements Enhanced GCode OPC-UA is %riued anﬁ
- B Wihg bein. fastenefl.
:J/ i i Wing in cell ———» 2d an

Individua

wing components (wing skin,
b) measured for thicknesses at
cations.

E}.-

Figure C.1 — Process flow of advanced métrology

doubler, 1
fastener |

C.2.2 Phiase 1: Measure

Step 1:
wing ¢
is defiped as a QIF plan.

Step 2
measufrement equipment.

Step 3

contexlt translator.

Step 4

C.2.3 Phiase 2: Virtual assembly

Step 1

assembled.

Step 2
wing ¢

The inspection context translator.converts the QIF plan into the native language of
As the inspection process proceeds, results are translated into QIF results by the Inspec

The QIF results are usedto update digital twins of the individual components.

The updated.digital twins of the individual wing components are virtually aligned

Aninspection planner defines an inspection process that measures the thickness of individual
omponents (i.e. wing skin, doubler, rib) near-their fastener locations. The inspection pro

LESS

the

Fion

and

“Staekheights” for each fastener are calculated by adding the thicknesses of each indiviqlual
pmponent at each location where a hole is to be drilled for a fastener to be placed.

C.2.4 Phase 3: Update process

Step 1: Based on the stack heights determined in Phase 2, optimized fastener selections are

determined by matching fastener grip length ranges to the calculated stack heights.

to the appropriate hole locations.

assignments.

22

Step 2: The assembly manufacturing processis updated to assign the optimized fastenerassignments

Step 3: The digital twin of the wing assembly is updated to include the optimized fastener

© IS0 2021 - All rights reserved
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C.2.5 Phase 4: Convert and transmit

— Step 1: The machining context translator converts the updated process to enhanced G-code.

— Step 2: The enhanced G-code is sent to the wing assembly cell.

C.2.6 Phase 5: Execution

— The wing assembly cell reports execution progress (e.g., holes drilled, fasteners installed) to the
MTConnect agent.

C3

I'ne MTConnect data stream enables the digital twin entity to continuously updatg

assembly digital twins.

Mapping to the framework

C.3}|1 Overview

Figlire C.2 shows how the example may be implemented according to the framework.

P

=

Key

User entity 8\ -

AP242 .
J/ERP| MOM ~ Inspection Superfisdry control Measurement Wi"g@éTE

analyzer (A)  fastener

ALY
QIF plan (F/G) AP
U

. Wing skin Doubler B) | [Rib B)| [ Wing assem
Dlgltal digital twin ( ) digital twin (B) digital twin digital twin

Data cache U Data cache Data cache & Data cache
entlty (wmg shs (doubler) (rib) ° (assembly)

QIF results (H/I)

planner (A)

N
@vice communication entity

@se.control 6;;;&16 Data collection
_(Sub-entity(1) (caliper]K)  sub-entity (L)

Cell controllerJ

A\
Command measure (M/N) Measured value (0/P)
Observable Caliper measuring wing parts
manufacturing p & . El
elements caliper (Q) |wing skin'(Q) doubler (Q) rib (Q)

b the wing

42 (D/E)

ly ©

>

Mo

els

— product/process

Commands

Mea

stop/go, etc.
surements

hole dimensions, etc.

Figure C.2 — Advanced metrology
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C.3.2 Implementation using framework

Implementation of advanced metrology use case with to the framework is in Table C.2 with tags shown
in Figure C.2.

Table C.2 — Implementation of advanced metrology use case using framework

Tag

Use case role

ISO 23247 name

IS0 23247
reference

Implementation
technology

Comment

Provides interface to

DLM theguah MOM.

wn

Lipervisory
control

User entity

ISO 23247-2:2021,
5.3.4

vV i[ldUWb execuld-
ble using STEP
and QIF modules

Develops inspecti
plans and analyse
measurements.

vl

Wing
rib

b skin, doubler,
digital twins

Digital twin entity

ISO 23247-2:2021,
5.3.3

Windows executa-
ble using STEP
modules

Synchronizes

procéss wing skin
doubler, and rib d
ital twins with ON

using state strean.

Presents wing ski
doubler, and rib d
tal twins in AP24
completion.

g_
[E

nl
gi-
at

Wing assembly

d

igital twin

Digital twin entity

ISO 23247-2:2021,
5.3.3

Windows executa-
ble using STEP
modules

Synchronizes win
assembly digital

twin with OME us
state stream.

Presents process
digital twin in AP
at completion.

ing

P42

Models

conpimunications

User

network

Intranet

Provisions and
retrieves wing
skin, doubler, rib,

and wing assemblly

digital twins whe
manufacturing is
complete.

l

Exch

hnge model (of
OMEj5)

Digital twin
representation

ISO 23247-3:2021,
Clause 5

AP242

The appropriate

model is used for
exchange of the st
of wing assembly,

wing skin, doublef,

and rib.

he
ate

QIF'plan

Access network

Intranet

Transfers QIF in-

spection plans to

Cell

Cor

Tmcatons

controller.

QIF plan

Requirements
for information
exchange in access
network

Clause 7

QIF

QIF inspection plans

to be executed by
cell controller.

the

QIF results
communications

Access network

Intranet

Transfers inspection

results from cell

controller to Wing

skin, doubler, and
digital twins.

rib

24
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Table C.2 (continued)

1SO 23247-4:2021(E)

Tag Use case role IS0 23247 name IS0 23247 Implementation Comment
reference technology
Requirements Inspection results as
for information QIF results to wing
I QIF results exchange in access Clause 7 QIF skin, doubler, and rib
network digital twins.
. . Windows executa- | Converts QIF inspec-
] Device coptrol Controlling FE 150 23247-2:2021, ble using QIF tion plan to Mitutoyo
sub-entity 6.2.2.1
modules U-wave format.
Caches ingasurement
resultsito pssure re-
K Data cache Data pre- ISO 23247-2:2021, Windows ligdble“updpte of wing
(caliper) processing FE 6.2.1.2 skin, douHler, rib,
and wing issembly
digital tw]ns.
Update mg¢asure-
. _|mentresullts (QIF
| | patacoltection | | 15023247-2:2021, ng&"l‘l"srfxg‘;‘;ta results) td wing
sub-entity § 6.2.2.2 J skin, douHler, rib,
modules .
and wing gssembly
digital tw]ns.
Requirements for
M |Command measure| Pformation ex- Clause 8 Mitutoyo U-wave Commands to cali-
change in proximi- per/user.
ty network
Command measure Transfersmeasure-
N Proximity network 4.5 Bluetooth ment commands to
(Communications) caliper/uger.
Requirements for
0 Measured value 1nforngat10n o Clause 8 Mitutoyo U-wave Results frpm caliper
change in prokimi- measurenpents.
ty network
M dval Transfers|meas-
easured value
P) Proximity network 4.5 Bluetooth urement_results
(Communications) from caliger to cell
controller
Aluminum and
carbon fiber
Caliper, wingskin, | Observable manu- . wing structural |Out of scope for digi-
Q doubler; rib facturing element IS0 23247-2:2021, 3.2 components and |tal twin fifamework.
measurement
device
C.3132Mapping of wing skin, doubler, and rib digital twins to digital twin entity

Implementation of the wing skin, doubler, and rib digital twins mapping to the digital twin entity is
shown in Figure C.3 and Table C.3.
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User interface FE

e N

Twin Initializer

Reporting Viewer

Interface Interface
Wing | —_ -
assembly \ T /
digital ————— V= ¥ —7
twin Digital Twin Digital Twin Digital Twin
Interface Manager Representation ‘
Ej Thickness
Updater

Wing skin, doubler,
rib digital twins

Data collection sub-éntity

Key

‘ operation and management sub-entity
‘ application and service sub-entity

‘ resource access and interchange sub~entity

Figure (.3 — Implementation mapping of wing skin, doubler, and rib digital twins to digit3l
twin entity

Table C.3 — Mapping,of wing skin, doubler, and rib digital twins to functional entity

Role in digital Functional 1SO 23247-2
. i . Data type Comment
twin entity entity reference
Twin initidlizer Interface to user interface FE for fe-
. ‘ User interface FE | ISO 23247-2:2021, 6.4 AP242 trieval of the initial/planned stat¢s
interfage - S
of the digital twins involved.

. Interface to user interface FE for the
Reportlng Reporting FE 150 23247-2:2021, AP242 as-measured condition of a wing skin,
interface 6.3.2.3 :

doubler, and rib.
D.igital twin Peer interface FE ISO 23247-2:2021, AP242 Links wing §k.in, doubler, rib,and wing
interface 6.3.3.4 assembly digital twins.
. . 1SO 23247-2:2021, |AP242, Mod- |Displays wing skin, doubler, and rib
Viewer Presentation FE g
6.3.1.2 ern OpenGL |as-measured condition
Digital twin Maintenance FE 1SO 23247-2:2021, AP242 Ma_nages updating_and sharing of digital
manager 6.3.1.4 twin representation
Digital twin Digital rep- ISO 23247-2:2021, AP242 Contains the digital model of the wing
representation | resentation FE 6.3.1.3 skin, doubler, and rib.

26
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Table C.3 (continued)

1SO 23247-4:2021(E)

Role in digital Functional 1SO 23247-2
. > . Data type Comment
twin entity entity reference
Thickness Synchronization ISO 23247-2:2021, Updates the as meagu_red wing S.km'
QIF doubler, and rib condition as locations
updater FE 6.3.1.1 are measured

C.3.4 Mapping of wing assembly digital twin to digital twin entity

Implementation of wing assembly digital twin mapping to the digital twin entity is shown in Figure C.4

User interface FE

and| Table C.4.
Wing skin, ‘
doubler,
rib
digital
twins @ )
Digital Twin
Interface

Key

¢l

Wing assembly digital~twin

operation and management sub-entity
application and servigce sub-entity

resource access and interchange sub-entity

ot

Reporting
Interface

Di iwin
nager
i}

Table C.4 — Mapping of wing assembly digital twin to functional entity

!
> /
Representation

Digital Twin

Figure C.4 — Implementation mapping of wing assembly digital twin to digital twin entity

Role jin digital Functional 1SO 23247-2
. > . Data type Comment
{win entity entity reference
. Interface to user interface FE for the
Reportlng Reporting FE 150 23247-2:2021, AP242 |as-measured, virtually assembled con-
interface 6.3.2.3 o :
dition of a wing assembly.
Digital twin . IS0 23247-2:2021, Links wing assembly and wing skin,
interface Peer interface FE 6.3.3.4 AP242 doubler, and rib digital twins.
. . 1SO 23247-2:2021, Displays wing assembly as-measured,
Viewer Presentation FE 6.3.1.2 AP242 virtually assembled condition.
Digital twin Maintenance FE ISO 23247-2:2021, AP242 Mapages updating and sharing of digital
manager 6.3.1.4 twin representation.
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Table C.4 (continued)
Role in digital Functional 1SO 23247-2
. > . Data type Comment
twin entity entity reference

Digital twin
representation

Digital rep-
resentation FE

ISO 23247-2:2021,
6.3.1.3

AP242

Contains the digital model of the wing
assembly, based on the virtually as-
sembled wing skin, doubler, and rib
digital twins.

28
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Annex D
(informative)

Optimization of material removal operations use case

D 1 nvnr‘n eWw

AR A —> 3 4

Ta ‘le D.1 describes the example using a template developed by ISO and IEC.

Table D.1 — Summary of the example on optimization of material removal operations

ID

Case number 3

Use case name

Optimization of material removal operations

Application field

Smart manufacturing.

Life cycle stage(s)/
phase(s) coverage

Production

Status

In-operation

Scope

Provide feedback loop between executed process and planned process

Initial (Problem)
Situation

Inefficient communication of machining results to other systems in the enfterprise

Results are currently communieated manually and/or in a non-standardized way.

Objective(s)

Modelling digital twins of the product, process, and equipment enriches the data
stream from process exegution with context information about the procegs plan
defined, cutting tools used, and the part being machined and measured.

Short description
(not more than 150
words)

In a business case'when material removal is provided as a service,dilt is impor-
tant that perfofmance data is made available and the service provider is given
the opportunity to participate in the optimization-loop of th¢ process.

1) logprocess performance throughout the life time of a cutting tool;
2) \_share performance log with service provider;

3) receive optimized process plan including cutting tool selection and pg¢rformance
parameters from service provider.

Stakeholders

Manufacturing shop floor personnel, compliance authorities (FAA, EASA, gtc.), cut-
ting tool vendors

Keytechnologies

CNC, metal cutting, geometric measurement

AP238 and AP242 to describe digital twins of the process and product

ISO 13399 to describe digital twins of the tooling

Relevant standards

[SO 23952 (QIF) to describe measurement results

AP239 to keep relation between the states of the physical instances of the parts
being produced, the process actually being performed and the equipment used (cut-
ting tool and machine tool)

MTConnect to communicate process state and measurement information to build
digital twins

ISO 6983 (G-Codes and M-Codes) is a conventional way of defining the actions of CNC
technology

Standardization needs

ISO 23247 digital twin framework for manufacturing to describe how the standards
inter-operate on the shop floor and between off-site support functions
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Table D.1 (continued)

Adoption of the standards by the tooling suppliers and part manufacturers. It would
Remaining issues|be advantageous for both parties to participate in ISO 13399 projects aimed at en-
and future works [hancing the communication of cutting tool data to ensure seamless plug and play on
the shop floor.

D.2 Operational sequences

D.2.1 Process flow

Figure D.1 shows the process flow of the optimization of material removal operations.

‘ Phape 1: Select > Phase 2: Process provisioning  Phase 3: Convert and transmit Phase 4: Execute /_

Supervisory|control The process plan is updated based on the .
downloads frocess plan, availability of resources, including cutting tools ~ User Entity o i
including equipment, and material, as well as recommendations from lJpdated digital twjins
material, an{l cutting tools.| previous process runs. ( returned to PLM.
1SO 10303-238 . Recommendations from previous process runs. Tool 1
3 (2 — 2 91290 | Plan adjustor |e'ccommencations irom Previous process runs. |
PLM E#' 150 103031342 Plan adjustor « pegg)arll;lzaé}ce ; PLM i
15013399 150 10303-238
1SO 10303-238 Part, cutting tool, and progess, 1S0 10303-242
Digital digital twins updated as process advaries. IS0 13399
Twin Digital [ I L
Entity twins | BN\E 1S0 10303-238
Process'stream QIF results
Provisioned process, including context withJ§010303-238| [with ISO10303-242
Device sent to cell as Enhanced G-Code. working steps. features.
icati Context
MTEonnect Communlcatlon {MTConnect agent]
= Entity Process$ Sensor Measurement
w ‘ Enhanced G<Cede Tyyeets | streams Tweets
Operator Observable Part in macltire Part in machine Machined part
selection Manufacturing £
Operator selec}s part to Elements Machining " . % Part unloaded fropm
manufacture bhsed on process begins. machine.
scheduling reghirements. -

The part is machined
and measured.

Figure D.1 — Process flow of material removal operations

D.2.2 Phiase 1: Select

— Step 11 The operator selects a part to be manufactured based on scheduling requirements.

— Step 2] The Superyisory control downloads the process plan from PLM, which includes equipmient,
operatjor, materialf setup requirements and cutting tools.

D.2.3 Phiase 2: Process provisioning

ous
productlon runs for this part.

— Step 2: The updated resource requirements, including optimal tool and material assignments are
compiled for all process requirements.

— Step 3: The updated process plan is used to provision the digital twins for the machine, part, and
cutting tools.

D.2.4 Phase 3: Convert and transmit

— Step 1: The Context translator extracts relevant context (e.g., workplan, working steps, process
to toleranced feature mapping, and unique identifiers of cutting tool assignments and part
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being machined). The context translator then inserts the relevant context into a standardized
implementation of the machine’s native programming language (enhanced G-codes).

— Step 2: The enhanced G-codes are transmitted to the machine.
— Step 3: Machining is initiated.

D.2.5 Phase 4: Execution

— Three separate streams of context-rich data are output:

— PTUOCESST AS tie partis being mractined; significantexecution step comptetionsare transmitted

to the MTConnect agent using tweets. These tweets include time stamps, and typi¢ally would
occur at the beginning and completion of workingsteps and workplans. This informaltion allows
the process state to be known at any given time.

— Sensors: During machining, various process, physical, electricdl,*and env{ronmental
characteristics are sensed and transmitted as time-stamped data)tor the MTConhect agent.
These characteristics can include changes in the spindle or feedrate override. They ¢an include
coolant temperature, as well as spindle load and vibration.

— Measurement: Physical part characteristics may be meastired manually (by the operator) or
by the machine at various stages of the production proc¢ess. This measurement inf¢rmation is
transmitted to the MTConnect agent via tweets.

— | The three streams of data are synchronized by use of time stamps to update the digital twins of the
machine, part, and cutting tools.

— |A tool performance analyser utilizes information'acquired from the machine, part, and qutting tool
digital twins to generate recommendationsfor changes to future process runs.

D.2.6 Phase 5: Document

— | The updated digital twins of the mac¢hine, part, and cutting tools are uploaded back to the PLM.

— |The part is unloaded from the'machine.

D.3 Mapping to the framework

D.3.1 Overview

Figlire D.2 shows’how the example may be implemented according to the framework.

©1S0 2021 - All rights reserved 31


https://standardsiso.com/api/?name=4efb6b73c973c2e12ccf2e5bf49cbd85

IS0 23247-4:2021(E)

AP238 User entity
. : Tool performance
PLM/ERP.
% Supervisory control Plan adjustor (A) analyzer [A)
AP242 (E/G)
AP238(E/G) AP242(E/G) 1SO 13399
Digital twin entity
Process digital twin (B) Part digital twin (C) Tool digital twin (D)
Rigoe Data cache Data cache 3 Data cache
(process) (part) (tool)
AP238 (F/G) MTConnect (with process & measurement) (K/L) '\
Device communication entity Q
Y= =Y . == .'
‘ Context p.[) Device control Cell controller ata cache 1 Data’Gollection
translator ~ sub-entity (controller) | ¢ % ity
‘AD v’
: Tweets (M/N)
Enhanced G-Code
0 Tweets (with process) O (with measurement

‘// gtate machir;e\
(CMM)

Caliper (P)

(CNC) Q
»

Key Q>

o Machi 0
T g' E achine (0) P

Models \'\Q@
ﬂ product/process $
State Strea A’\Q)

plunge complete, etc. \{:\'O
Measurements C;\\O

hole dimensions, etc. @ .
Instructions O

O

G-codes, etc. O N
NS

Q%gure D.2 — Material removal optimization

D.3.2 1 lem@tion using framework

Implemen ng} material removal optimization use case with to the framework is in Table D.2 yith
tags showninAigure D.2
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Table D.2 — Implementation of material removal optimization use case using framework

Role in use

Tag case

1SO 23247
name

IS0 23247
reference

Implementation
technology

Comment

Supervisory
control

User entity

ISO 23247-2:2021,
5.3.4

Windows execut-
able using STEP
modules

Provides interface to PLM
through MOM.

Compiles the process details
based on the availability of
resources and recommendations
from previous process runs.

MaKes planned procefs avail-
able to digital twin and device
communicationentity.

Process
digital twin

Digital twin
entity

ISO 23247-2:2021,
5.3.3

Windows execut-
able using STEP
modules

Synchronizés procesq digital
twin with OME using|state
stream from maching tool.

Detects deviations fr
process.

m planned

Presents process devl]ations in
context of part desigi] features
and cutting tools during execu-
tion.

Part digital
twin

Digital twin
entity

ISO 23247-2:2021,
5.3.3

Windows execut-
able using STEP
modules

Synchronizes part digital twin
with OME using state|stream
from machine tool anf caliper.

Simulates the materigl removal
within a working step.

Presents part digital fwin in
AP242 during executjon.

Tool digital
twin

Digital twin
entity

ISO 23247-2:2021,
5.3.3

Windows execut-
able using STEP
modules

Synchronizes tool digital twin
with OME using state[stream
from machine tool.

Presents accumulated time-in-
cut for tool digital tw}n at the
end of execution.

Models com-
E munications

M

Wser network

intranet

Provisions and retrieyes

process, part and too] digital
twins when manufacfuring is
complete.

Modelsicom-
muhications

(2)

Access
network

4.3

intranet

Sends adjusted manufacturing
process to context trgnslator.

Exchange

Digital twin

1SO 23247-3:2021,

AP238, AP242,

The appropriate modgls are

L L
V] HTTOUcCT (U1

OMEs)

I CPI cSclitd-
tions

Clause 5

1SO13399

used forthreexcirange of the
state of process, part, and tool.

Context
H translator

(for OMEs)

Data transla-
tion FE

ISO 23247-2:2021,
6.5.3

Windows execut-
able using STEP
modules

Converts AP238 into G-code
using enhanced G-code conven-
tions where context of process,
part, and tool is included.

In this use case, the data trans-
lator FE is a cross-system entity
implemented in the device con-
trol sub-entity.

See E.2 for details.
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Table D.2 (continued)

ing element

3.2

Role inuse | 1SO 23247 IS0 23247 Implementation
Tag Comment
case name reference technology
Data pre- Caches state streams from ma-
I Data cache rocessin 1SO 23247-2:2021, MTConnect agent chine tool and caliper to assure
(from OMEs) p FE 5 6.2.1.2 & reliable updates of process, part,
and tool digital twins.
Instructions Proximit Industrial ethernet | Transfers enhanced G-code com-
] communica- networky 4.5 mands from context translator
tions Enhanced G-codes |t the machine tool.
Stqte stream Access Transfers timestamped state
K communica- network 4.4 MTConnect streams from machine teglamnd
fions (1) caliper to digital twids|
Require- Machine tool state stream,
stdre st ) rrflents i?r including process, parts and fool
L qre siream | information Clause 7 MTConnect states.
(@8] exchange in ) ] .
access net- Caliperystaté stream, including
work part measurements.
Stdte stream Proximit Transfers the raw state streajns
M conmunica- Networky 4.5 OPC-UA from machine tool and calipef to
flions (2) the data pre-processing FE.
Machine tool state stream, in
Require- cluding the processed enhanded
ments for G-code context statements in
N Stdte stream | information Clause 8 e.ua serted by the context translator
(2 exchange in T (H).
proximity Caliper state stream, including
network measurement result and part
feature measured.
0 Mdchine tool rg:rsn‘ig?tl:)l}i- ISO 23247-2:2021,| CNC controlled |Out of scope for digital twin
. 32 milling machine |framework
ing element
Observable . .
p Caliper manufactur 1§0)23247-2:2021, Caliper Out of scope for digital twin

framework

D.3.3 M4pping of process digital twin to digital twin entity

Implementjation of protess digital twin mapping to the digital twin entity is shown in Figure D.3

Table D.3.

and

34
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