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Foreword

[SO (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 standa

rdization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of any clai
rights in fespect thereof. As of the date of publication of this document, ISO had notxéceived no
patent(s) which may be required to implement this document. However, implementers are cauti

this may not represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the coenvenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew

les of the

use of (a)
d patent
ice of (a)
oned that
ailable at

does not

ford.html.

This docyment was prepared by Technical Committee s[SO/TC 184, Automation systems and in
Subcomnlittee SC 5, Interoperability, integration, and .akchitectures for enterprise systems and a
applicatiops.

Alist of all parts in the ISO 16400 series can be faund on the [SO website.

Any feedback or questions on this documeént’should be directed to the user’s national standard
complete [listing of these bodies can be found at www.iso.org/members.html.

tegration,
itomation

s body. A
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Introduction

The ISO 16400 series introduces a concept of an equipment behaviour catalogue (EBC), addresses the
requirements of an EBC and provides requirements and recommendations to generate an executable model
representing the dynamic behaviour of a nominal or a physical instance of an equipment. An equipment
instance model is implemented, such as a software agent. Such an executable model plays a vital role when
configuring virtual production systems used for simulation and verification of a future process as well as
monitoring of a current process. Therefore, EBCs will constitute an important part in the development of
smart manufacturing.

An EBC enables an efficient and standardized way for a provider of equipment to communicate its dynamic
behaviour.

The ISO 16400 series consists of the following parts, under the general title “Automation |syjtems and
integration — Equipment behaviour catalogues for virtual production system”:

Part 1: Overview
Part 2: Foymal description of a catalogue template

Part 3 (thlis document): Requirements and recommendations for construction ofian equipment instanfe model

© IS0 2024 - All rights reserved
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Automation systems and integration — Equipment behaviour
catalogues for virtual production system —

Part 3

Requirements and recommendations for construction of an

equi

1 Scop
This docu

mentinstance model

e

ment provides requirements and recommendations on how to construct)an equipmen

model using an equipment behaviour catalogue (EBC) item.

2 Normative references

The folloy
requirem
the latest

ying documents are referred to in the text in such a way thatsome or all of their content c
bnts of this document. For dated references, only the edition’cited applies. For undated r
edition of the referenced document (including any améndments) applies.

[SO 164(0-1:2020, Automation systems and integration -, Equipment behaviour catalogues f

productio

h system — Part 1: Overview

ISO 16400-2:2024, Automation systems and integration — Equipment behaviour catalogues fi

productio

3 Tern
For the pt
ISO and II

h systems — Part 2: Formal description of a¢atalogue template

ns and definitions

.C maintain terminology databases for use in standardization at the following addresses

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

— IECE

3.1

construc
software
refering t

ectropedia: available at https://www.electropedia.org/

fion precessor
fool te,construct an equipment instance model from an equipment behaviour catalogue (
D construction requirements

[ instance

bnstitutes
bferences,

br virtual

br virtual

irposes of this document, theiterms and definitions given in ISO 16400-1 and the following apply.

EBC) item

3.2

equipment instance model
executable model corresponding to a specification of an equipment behaviour catalogue (EBC) item

4 Abbreviated terms

XML eXtensible Markup Language

XSL eXtensible Stylesheet Language

XSLT eXtensible Stylesheet Language Transformations

© IS0 2024 - All rights reserved
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5 Required functionalities for an equipment instance model

When the virtual production system of interest is constructed, an equipment instance model shall be
constructed from an appropriate EBC item.

An equipment instance model shall have the following functionalities:

— processable description of behaviour flow specified in the EBC item;

NOTE

Behaviour flow means a sequence of behaviours performed during the execution of an equipment
instance model.

— processable description of formula(s) or mathematical model(s);

— procq

To fulfil t
based md

ssable description of external interactions.

instance fnodel is implemented as a software agent.

6 Role

6.1 Rel

A product
is constry

repositor

Figure 1
the const

"uction requirements.

of construction requirements

ationship between an EBC item and an equipment instance model

physical equipment
instance model #X-1

i

EBCitemdfXd )
[including nominal and

physical equipment
instance-model #Y-1

nominal equipment
instance model #Z

EBC item #Y-1 N
(including nominal and

physical data)

apply physi

cal data
of #Y-1

N\
EBC item #Y

EBC item #Z

ion system model is constructed using equipment instance models. An equipment insta
cted from the selected EBC item. The EBC items and the'EBC templates are registered in a shared
 (see ISO 16400-1:2020, Figure 4).

hese functionalities, an equipment instance model can be modelled in various.ways, ¢.g. agent-
delling, discrete event modelling, dynamic system modelling. In this document, an dquipment

nce model

hows three cases for construction of an equipment instance model. All cases shall be tfreated by

physical data) (including nominal data) (including nominal data cyber
world
=\
P}l_y D;\,
#X-1 #Y-1 #1 world
specific equipment type Y equipment type Z
equipment type X
Case 1 Case 2 Case 3

Figure 1 — Three cases for the construction of equipment instance models
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equipment instance model is constructed;

instance model is constructed;

equipment instance model is constructed.

6.2 Construction processor

requiremg

The consffruction processor of the target environment where the equipment instance model will bg

takes an

Dependinig on whether the EBC item contains nominal data or physical data, therie;ean be thre
equipment instance model is constructed by a construction processor’ using the cor

which thé

nts shall

be applicable to the above three cases.

BC item as an input and constructs an equipment instance model.

requiremgnts as shown in Figure 2.

Case 1

Case 2

Case 3

Key

-=»

EBCitem #X-1

N

(including nominal and

EBC itém\#Z

(including nominal data)

Case 1: If the EBC item contains the physical data of a specific equipment that actually exists, a physical

Case 2: If the EBC item contains only nominal data as designed for a specific equipment, but the specific
physical data exists, applying the physical data to the corresponding EBC item, a physical equipment

Case 3: If the EBC item contains only nominal data as designed for a specific equipment, a nominal

physical
equipment

instance modgl #X-1

physical data)
EI.SC iterp H#Y N\ ‘ apply . R EB.C item.#Y-i\ | construction
(m.cludlng | corresponding > (including processor
nominal data) data nominal and
7y : |

) physicalidata) T

I

I
physical equipment AT E
data for specific #Y: requirements

process flow

reference

A 4

physical
equipmepnt

instance modpl #Y-1

N

nomina|
equipment

instance mo

Figure 2 — Construction of an equipment instance model

7 Construction requirements

7.1 General

The construction requirements are represented by the construction rules. Details of construction rules
are described in 7.2. The construction procedures shall be implemented in the construction processor by
following the construction requirements. The construction procedures are executed by the construction
processor which accepts an EBC item to construct an equipment instance model. Figure 3 shows a

construction processor based on the construction requirements.

© IS0 2024 - All rights reserved
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Key

-

— .
EBC item > construction processor > insegilfemrrfgflel
7y
1
1
I
1
| rule 1 || rule 2 || rule 3 || rule 4 || rule 5 |

construction requirements

process flow

reference

Figure 3 — Construction processor

7.2 Construction rules

An EBC it
behaviou
An equip
(nominal

Rules to ¢
— Rule

— Rule
EBCi

— Rule

— Rule
behay

— Rule
modd

The requ
according

— thed

's and external interactions. The structure of an EBC itemuses the correspondent EBC

data) or related data of an equipment individual (physical data).

onstruct an equipment instance model shall congist of the following:

fem;

B: describes a state of an equipment instance model using each state of the behaviour of an

Fiour of an EBC item;

b: describes a procedure in either a state or a state transition, or both, of an equipmen
| using each exterhal interaction of an EBC item.

to the construction rules as follows:

pscription of general information for an equipment instance model is made by Rule 1;

— thep

Focessable description of behaviour flow is made by Rule 2, Rule 3 and Rule 4;

em is an instance of an EBC template which includes descriptions for a header, a property set,

template.

mnent instance model is constructed from an EBC item. and related data of an equipmgnt design

|: describes general information in an equipment instance model using a header of an EBC item;

P: describes properties to be processablé.in an equipment instance model using a propertj set of an

EBCitem;

1: describes a state transition of an equipment instance model using each state transitfion of the

F instance

red functionalities for an equipment instance model described in Clause 5 shall be implemented

— the processable description of formula(s) or mathematical model(s) is made by Rule 2 and Rule 3;

— the processable description of external interactions is made by Rule 5.

Annex A shows three examples of EBC items. Annex B shows an implementation example of a construction
processor for EBC items in Annex A.
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Annex A
(informative)

Example of EBC items for an injection molding line

A.1 Equipment on an injection molding line

The struc
injection
The exam
2024, Anr
items are

A.2 EB
In ISO 16

LUl C Ur dll illjULLiUll lllUlL‘lillg lillU ib b}lUWll ill Figul S A.l. Thib illjeLLiUll lllUldillg lillU COUIl
molding machine including mold, a molding extraction robot, and a mold temperat

ples of building the EBC templates for the injection molding line are presente
ex C. The example of the EBC items using these EBC templates is described in A A4
used to construct equipment instance models by the construction processor nex B
X
Pallets '\%
r'\

Injection
e molded

gﬂ ing part
action

robot

Mold temperature
controller

A‘\Q) Injection molding line

xO
Figure A.1 — St]:l@hlre of an injection molding line

[

C item for an injecti@olding machine

100-2:2024, C.2, the example of the EBC template of an injection molding machine is reg

The example of the EBC ite ng this EBC template can be described using XML as follows:

<ebc xml]
<head{
<temy
</hea

<prop{
<!--

1s:op—"produqssggeration.xml" xmlns:m="https://www.w3.0rg/1998/Math/MathML">
b > <§_

late namé?& NJECTION MOLDING MACHINE" id="template id imml"/>

er>

<!--

>rgs§%t>
q§§ ult value setting -->
d

ault value setting ——

<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var

name="equipment id" type="String" value="imml"/>

name="equipment type" type="String" value="XXX"/>

name="organization" type="String" value="XYZ"/>

name="model name" type="String" value="im machine"/>

name="external size _hight" type="Double" value="100" unit="cm"/>
name="external_51ze_w1dth" type="Double" value="250" unit="cm"/>
name="external size depth" type="Double" value="100" unit="cm"/>
name="equipment weight" type="Double" value="200" unit="kg"/>
name="startup_ time" type="Double" value="20" unit="sec"/>
name="shutdown time" type="Double" value="20" unit="sec"/>
name="electricpower idling" type="Double" value="30" unit="kW"/>
name="electricpower mold change" type="Double" value="30" unit="kW"/>
name="electricpower mold cleanig" type="Double" value="30" unit="kW"/>
name="electricpower cylinder cleaning" type="Double" value="30" unit="kw"/>

© IS0 2024 - All rights reserved

5

ists of an
ontroller.
0| 16400-2:
These EBC

resented.


https://standardsiso.com/api/?name=eb4b5464bd1d09fb0ebddefd847cd345

ISO 16400-3:2024(en)

<var name="electricpower injection molding" type="Double" value="30" unit="kW"/>
<var name="electricpower opening of a mold" type="Double" value="30" unit="kWw"/>
<var name="electricpower ejection by ejector pins" type="Double" value="30" unit="kw"/>
<var name="electricpower restorationof ejector pins" type="Double" value="30" unit="kw"/>
<!-- state data value setting -->
<var name="elapsed time" type="Double" value="0"/>
<var name="total energyconsumption" type="Double" value="0"/>
<!-- production operation value setting -->
<var name="op power" type="Boolean" value="false"/>
<var name="op cylinder cleaning instruction" type="Boolean" value="false"/>
<var name="op cylinder cleaning time" type="Double" value="10"/>
<var name="op injection molding instruction" type="Boolean" value="false"/>
<var name="op_ injection molding time" type="Double" value="10"/>
<var name="op mold change time" type="Double" value="10"/>
<var name="op mold cleaning instruction" type="Boolean" value="false"/>
<var|name="op mold cleaning time" type="Double" value="10"/>
<var|name="op mold id old" type="Double" value="10"/>
<var|name="op mold id" type="Double" value="100"/>
<var|name="op pca id old" type="Double" value="20"/>
<var|name="op pca_ id" type="Double" value="200"/>
<var|name="op opening mold time" type="Double" value="10"/>
<var|name="op plan quantity" type="Double" value="10"/>
<var|name="op product time" type="Double" value="10"/>
<var|name="op restoreation ejector pins time" type="Double" value="10"/>
<var|name="op_ shutdown time" type="Double" value="10"/>
<var|name="op startup time" type="Double" value="10"/>
<var|name="op total processing quantity" type="Double" valuef"I"/>
</property set>
<external interaction_ list>
<ext¢rnal interaction id="el" name="robot extraction">
<sefpd to equipment id="mer" message="robot extraction¥request"/>
</external interaction>
<exte¢rnal interaction id="e2" name="robot completed hotice">
<re¢eive from equipment id="mer" message="robot (Completed notice"/>
</external interaction>
</ext¢rnal interaction list>
<behayiour>
<!--|state list -->
<state list>
<stgte id="s1" name="initial" statusg"o6n"/>
<stqte id="s2" name="idling">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0<{total energyconsumption>
</$tate data>
<cglculation formula>
<fp:math>
m:mrow>
<m:mi>elapsed t4ime</m:mi>
<m:mo> = </m;mé>
<m:mrow>
<m:mi>elapSeéd time</m:mi>
<m:mo>~\</m:mo>
<m:ma>N</m:mn>
</m:mreow>
/i mrow>
<fm=Thath>
<m:matnh
<m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower idling</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
<state 1d="s3" name="mold change">
<state data>

© IS0 2024 - All rights reserved
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<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</state data>
<calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>

<fp:math>

m:mrow>

<m:mi>total energyconsumption</m:mi>

<m:mo> = </m:mo>

<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower mold change</m:mi>

</m:mrow>

/m:mrow>

<fm:math>

<fp:math>

m:mrow>

<m:mi>op pca id old</m:mi>

<m:mo> = </m:mo>

<m:mrow>

<m:mi>op pca id</m:mi>

</m:mrow>

/m:mrow>
<fm:math>

</¢alculation formula>

</state>

<stgte id="s4" name="mold cleanig">
<state data>

<¢lapsed time>0</elapsed time>

<total energyconsumption>0</total jenergyconsumption>

</g¢tate data>

<cglculation formula>

<fp:math>

m:mrow>

<m:mi>elapsed time</pT:mi>

<m:mo> = </m:mo>

<m:mrow>
<m:mi>elapsed_time</m:mi>
<m:mo> + </mJMo>
<m:mn>1</msn>

</m:mrow>

/m:mrow>

<fm:math>

<1 : ma thy

m g ow>

<mymi>total energyconsumption</m:mi>

M:Mo>=</ ;110
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower mold cleanig</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
<state 1d="s5" name="cylinder cleaning">
<state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</state data>

© IS0 2024 - All rights reserved
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<calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>total energyconsumption</m:mi>

<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower cylinder cleaning</m:mi>
</m:mrow>
/m:mrow>
<fm:math>
</¢alculation formula>
</state>
<stgte 1id="s6" name="injection molding">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</g¢tate data>
<cglculation formula>
<fp:math>
m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
/m:mrow>
<fm:math>
<fp:math>
m:mrow>
<m:mi>total energyconstmption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed times/m:mi>
<m:mo> * </m:mex
<m:mi>electricpower injection molding</m:mi>
</m:mrow>
/m:mrow>
<fm:math>,
</¢alculabden formula>
</state>
<stgte’d="s7" name="opening of a mold">
<state data>

<eTapsed _time>Ul/elapsed _time
<total energyconsumption>0</total energyconsumption>
</state data>
<calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
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<m:math>
<m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower opening of a mold</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
<external interaction id="el" seg="post">
<param>true</param>
</external interaction>

</state>
<stgte i1id="s8" name="ejection by ejector pins">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</$tate data>
<cglculation formula>

<f:math>
m:mrow>

<m:mi>elapsed time</m:mi>

<m:mo> = </m:mo>

<m:mrow>

<m:mi>elapsed time</m:mi>

<m:mo> + </m:mo>

<m:mn>1</m:mn>

</m:mrow>

/m:mrow>

<fm:math>

<fi:math>
m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>

<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower ejection:X¥y‘'ejector pins</m:mi>
</m:mrow>
/m:mrow>
<fm:math>
</¢alculation formula>
</state>
<stgte 1d="s9" name="restdrationof ejector pins">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</g¢tate data>
<cglculation Fformula>
<fp:math>
M :MLrow>
<m:mielapsed time</m:mi>
<mmo> = </m:mo>
< Imrow>

mM:mi>elapsed Cime</m:mL
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower restorationof ejector pins</m:mi>
</m:mrow>
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</m:mrow>
</m:math>
</calculation formula>
<calculation formula repeat="no">
<m:math>
<m:mrow>
<m:mi>op total processing quantity</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>op total processing quantity</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</¢alculation formula>
</state>
</state list>
<!--|state transition list -->
<stafe transition list>
<stgte_ transition id="t1l" name="power_on">

<!t- CONDITION: power on —->
<!t- CONDITION: start-up time is elapsed -->
<tfansition condition>op power? = true</transition condition>

<tfansition timeout>op startup time</transition timeout>
<ffom state id="sl" name="initial"/>

<t¢ state id="s2" name="idling"/>

</state transition>

<stgte transition id="t2" name="power_ off">

<!{- CONDITION: power off -->
<!t- CONDITION: shutdown time is elapsed -->
<tfansition condition>op power? = false</transitiohicondition>

<tfansition timeout>op shutdown time</transition®fimeout>
<ffom state id="s2" name="idling"/>

<t¢ state id="sl" name="initial"/>
</state transition>
<stgte_ transition i1d="t3" name="mold changg]'>

<!t- CONDITION: product input time reached -->
<!t- CONDITION: the mold ID is differxént from the previous production -->
<tfansition condition>op mold id !sop mold id old</transition condition>

<tfransition timeout>op product time</transition timeout>
<ffom state id="s2" name="idligg}/>

<t¢ state id="s3" name="mold chanhge"/>

</state transition>

<stg@te transition id="t4" grame="mold change completed">
<!t- CONDITION: mold change time is elapsed -->
<tfansition timeout>gp, mdld change time</transition timeout>
<ffom state id="s3",name="mold change"/>

<t¢ state id="s2" mame="idling"/>

</state transition

<stgte transitign/id="t5" name="mold cleaning">

<!1- CONDITION: product input time reached -->
<!+- CONDLTION: mold cleaning instruction -->
<tfansitjionvcondition>op mold cleaning instruction? = true</transition condition}

<tfansifien timeout>op product time</transition timeout>
<ffromstate id="s2" name="idling"/>

<t¢ ‘shate id="s4" name="mold cleanig"/>
</state_transition

<state transition id="t6" name="mold cleaning completed">
<!-- CONDITION: mold cleaning time is elapsed -->
<transition timeout>op mold cleaning time</transition timeout>
<from state id="s4" name="mold cleanig"/>

<to_ state id="s2" name="idling"/>

</state transition>

<state_transition id="t7" name="cylinder_ cleaning">

<!-- CONDITION: product input time reached -->
<!-- CONDITION: cylinder cleaning instruction -->
<transition condition>op cylinder cleaning instruction? = true</transition condition>

<transition timeout>op product time</transition timeout>
<from state id="s2" name="idling"/>

<to_state id="s5" name="cylinder cleaning"/>

</state transition>
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<state_transition id="t8" name="cylinder cleaning completed">

<!-- CONDITION: cylinder cleaning time is elapsed -->

<transition timeout>op cylinder cleaning time</transition timeout>

<from state id="s5" name="cylinder cleaning"/>

<to_state id="s2" name="idling"/>

</state_transition>

<state transition id="t9" name="product start">

<!-- CONDITION: product input time reached -->

<transition condition>op injection molding instruction? = true</transition condition>

<transition timeout>op product time</transition timeout>

<from state id="s2" name="idling"/>

<to_state id="s6" name="injection molding"/>

</state_transition>

<state transition id="t10" name="injection molding completed">

<!-- CONDITION: injection-molding time is elapsed -->

<tfansition timeout>op injection molding time</transition timeout>

<ffom state id="s6" name="injection molding"/>

<t¢ state id="s7" name="opening of a mold"/>

</state transition>

<stgte transition id="tll" name="opening mold completed">

<!+- CONDITION: opening-mold time is elapsed -->

<tfansition timeout>op opening mold time</transition timeout>

<ffom state id="s7" name="opening of a mold"/>

<t¢ state id="s8" name="ejection by ejector pins"/>

</state transition>

<stgte transition id="tl12" name="robot completed notice">

<!+- CONDITION: reception of extraction-complete notice frém ‘robot -->

<tfansition external>e2</transition external>

<ffom state id="s8" name="ejection by ejector pins"/>

<t¢ state id="s9" name="restorationof ejector pins"/x

</state transition>

<stgte transition id="t13" name="ejection pins compheted">

<!4+- CONDITION: pin ejection time is elapsed -->

<!1- CONDITION: number of producing product isfdnachieved -->

<tfansition condition>op total processing quantity &gt; op plan quantity</transijtion
conditionp>

<tfansition timeout>op restoreation eject@r pins time</transition timeout>

<ffom state id="s9" name="restoration®f ejector pins"/>
<t¢ state id="s6" name="injection molding"/>
</state transition>
<stg@te transition id="t14" namef"oJrder completed">
<!+- CONDITION: all process tim& is elapsed -->
<!+- CONDITION: number of preducing product is achieved -->
<tfransition condition>op stetal processing quantity = op plan gquantity</transition
conditiop>
<tfansition timeout>ogp, réstoreation ejector pins time</transition timeout>
<ffom state id="s9",-name="restorationof ejector pins"/>
<t¢ state id="s2" mame="idling"/>
</state transition
</stqte transitienJlist>
</behgviour>
</ebc>

A.3 EB( item for a molding extraction robot

In ISO 16400-2: 2024, C.3, the example of the EBC template of a molding extraction robot is represented. The
example of the EBC item using this EBC template can be described using XML as follows:

<ebc xmlns:op="product-operation.xml" xmlns:m="https://www.w3.0rg/1998/Math/MathML">

<header>
<template name="MOLDING EXTRACTION ROBOT" id="template id merl"/>
</header>

<property set>

<!-- default value setting -->

<var name="equipment id" type="String" value="merl"/>
<var name="equipment type" type="String" value="XXX"/>
<var name="organization" type="String" value="XYZ"/>

© IS0 2024 - All rights reserved

11


https://standardsiso.com/api/?name=eb4b5464bd1d09fb0ebddefd847cd345

ISO 16400-3:2024(en)

<var name="model name" type="String" value="me robot"/>
<var name="external size hight" type="Double" value="100" unit="cm"/>
<var name="external size width" type="Double" value="250" unit="cm"/>
<var name="external size depth" type="Double" value="100" unit="cm"/>
<var name="equipment weight" type="Double" value="100" unit="kg"/>
<var name="startup time" type="Double" value="20" unit="sec"/>
<var name="shutdown time" type="Double" value="20" unit="sec"/>
<var name="electricpower idling" type="Double" value="20" unit="kW"/>
<var name="electricpower extraction of molded part" type="Double" value="30" unit="kw"/>
<var name="electricpower releasing of moded part" type="Double" value="30" unit="kW"/>
<!-- state data value setting -->
<var name="elapsed time" type="Double" value="0"/>
<var name="total energyconsumption" type="Double" value="0"/>
<!-- production operation value setting -->
<var name="op power" type="Boolean" value="false"/>
<var|name="op extraction time" type="Double" value="10"/>
<var|name="op releasing time" type="Double" value="10"/>
</property set>
<extefnal interaction list>
<ext¢rnal interaction id="el" name="robot extraction">
<re¢eive from equipment id="imml" message="robot extraction request"/>
</external interaction>
<exté¢rnal interaction id="e2" name="robot completed notice">
<semd to equipment id="imml" message="robot completed notice"/>
</external interaction>
</ext¢rnal interaction list>
<behayiour>
<!--|state list -->
<stafe list>
<stgte id="sl" name="initial" status="on"/>
<stgte id="s2" name="idling">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</g¢tate data>
<cglculation formula>
<fp:math>
m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
/m:mrow>
<fm:math>
<f:math>
m:mrow>
<m:mi>total en€rgyconsumption</m:mi>
<m:mo> = </msmo>
<m:mrow>
<m:mi>eldpsed time</m:mi>
<m:moXN </m:mo><!-- <m:mo>&times;</m:mo> —-->
<m:mi>electricpower idling</m:mi>
< /My mrow>
Jaymrow>
</Mmath
</calculation formula>
</state>
<state i1d="s3" name="extraction of molded part">
<state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</state_data>
<calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
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<m:mo> + </m:mo>

<m:mn>1</m:mn>

</m:mrow>

</m:mrow>
</m:math>
<m:math>

<m:mrow>

<m:mi>total energyconsumption</m:mi>

<m:mo> = </m:mo>

<m:mrow>

<m:mi>elapsed time</m:mi>

<m:mo> * </m:mo><!-- <m:mo>&times;</m:mo> —-->

<m:mi>electricpower extraction of molded part</m:mi>
</m:mrow>
</m:mrow>

<fm:math>
</¢alculation formula>
<ejxternal interaction id="e2" seg="post">
<param>true</param>
</¢xternal interaction>
</state>
<stgte i1id="s4" name="releasing of moded part">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</g¢tate data>
<cglculation formula>
<f:math>
m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
/m:mrow>
<fm:math>
<f:math>
m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mix
<m:mo> * </m:mo><!-- Amimo>&times;</m:mo> —-->
<m:mi>electricpowerfredeasing of moded part</m:mi>
</m:mrow>
/m:mrow>
<fm:math>
</¢alculation formula>
</state>
</stqte list>
<!-—-|state transition list -->
<stafe transi¥ion list>
<stgte tramsition id="t1l" name="power on">

<!1-_CONDITION: power on —->
<!++QONDITION: start-up time is elapsed -->
<tramsitlion _conditlion>op_power? = Lrue</transition condition

<transition timeout>startup time</transition timeout>

<from state id="sl" name="initial"/>

<to_state 1id="s2" name="idling"/>

</state_transition>

<state transition id="t2" name="power off">

<!-- CONDITION: power off -->

<!-- CONDITION: shutdown time is elapsed -->

<transition condition>op power? = false</transition condition>
<transition timeout>shutdown time</transition timeout>

<from state id="s2" name="idling"/>

<to_state id="sl" name="initial"/>
</state_transition>
<state transition id="t3" name="extraction start">

<!-- CONDITION: reception of extraction-request from molding machine -->
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<transition external>el</transition external>

<from state 1id="s2" name="idling"/>

<to_state 1d="s3" name="extraction of molded part"/>

</state transition>

<state transition id="t4" name="extraction of molded parts completed">
<!-- CONDITION: extraction time is elapsed -->

<transition timeout>op extraction time</transition timeout>

<from state id="s3" name="extraction of molded part"/>

<to_state id="s4" name="releasing of moded part"/>
</state_transition>

<state transition id="t5" name="releasing of molded part completed">
<!-- CONDITION: releasing time is elapsed -->

<transition timeout>op releasing time</transition timeout>

<from state id="s4" name="releasing of moded part"/>

<to state id="s2" name="idling"/>

</sf
</st
</beh
</ebc>

A4 EB
In ISO 161

ate transition>
te transition list>
viour>

C item for a mold temperature controller

100-2: 2024, C.4, the example of the EBC template of a mold temperature controller is rej

The example of the EBC item using this EBC template can be described usingXML as follows:

<ebc xmlf

<head{
<temj
</hea

<prop{
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<var
<!--
<var
<var
<!--
<var
</proj

<I== 4
<extej]

hs:op="product-operation.xml" xmlns:m="https://www.w3.0r4/1998/Math/MathML">

b >
late name="MOLD TEMPERATURE CONTROLLER" id="templete id mtcl"/>
er>

brty set>

name="equipment id" type="String" value="wtcl"/>
name="equipment type" type="String" valu&="XXX"/>
name="organization" type="String" values"XYZ"/>

name="model name" type="String" values'mt controller"/>
name="external size hight" type="Dguble" value="100" unit="cm"/>
name="external size width" type=/"Deuble" value="250" unit="cm"/>
name="external size depth" type='Double" value="100" unit="cm"/>
name="equipment weight" type="Double" value="200" unit="kg"/>
name="startup time" type="Dowble" value="20" unit="sec"/>
name="shutdown time" typés"Double" value="20" unit="sec"/>
name="heating time" types"Double" value="60" unit="sec"/>
name="electricpower heafing" type="Double" value="40" unit="kW"/>
name="electricpower_ meld temperture control" type="Double" value="30" unit="K
state data value_setting -->

name="elapsed tdme" type="Double" value="0"/>

name="total enlengyconsumption" type="Double" value="0"/>
production Jperation value setting -->

name="op power" type="Boolean" value="false"/>

erty sef=

bxternal interaction no difinition -->
Fnak, Interaction list/>

resented.

W"/>

<beha
<!--

TOoOr

state list -->

<state list>
<state id="sl1" name="initial" status="on"/>
<state id="s2" name="heating">
<state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</state_data>
<calculation formula>
<m:math>
<m:mrow>

<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>
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<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower heating</m:mi>
</m:mrow>

/m:mrow>
<fm:math>
</¢alculation formula>
</state>
<stgte i1d="s3" name="mold temperture control">
<state data>
<¢lapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
</g¢tate data>
<cglculation formula>

<fi:math>
m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> = </m:mo>
<m:mrow>

<m:mi>elapsed time</m:mi>
<m:mo> + </m:mo>
<m:mn>1</m:mn>
</m:mrow>
/m:mrow>
<fm:math>
<fp:math>
m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo> = </m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo> * </m:mo>
<m:mi>electricpower mold temperture control</m:mi>
</m:mrow>
/m:mrow>
<fm:math>
</¢alculation formula>
</state>
</state list>
<!--|state transition list -->
<stafe transitdon list>
<stgte_ transifion id="tl" name="power_ on">

<!t- CONDEINON: power on —->
<!t- CONDITION: start-up time is elapsed -->
<tfanSition condition>op power? = true</transition condition>

<transition_timeout>star€up_time</transition_timeout>

<from_state 10d-"sl name--initial

<to_ state id="s2" name="heating"/>

</state transition>

<state transition id="t2" name="mold heating completed">
<!-- CONDITION: heating time is elapsed -->

<transition timeout>heating time</transition timeout>
<from state id="s2" name="heating"/>

<to_state id="s3" name="mold temperture control"/>
</state_transition>
<state transition id="t3" name="power off">

<!-- CONDITION: power off -->

<!-- CONDITION: shutdown time is elapsed -->
<transition condition>op power? = false</transition condition>
<transition timeout>shutdown time</transition timeout>
<from state id="s3" name="mold temperture control"/>
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<to_state id="sl" name="initial"/>
</state transition>
</state transition list>
</behaviour>
</ebc>
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Annex B
(informative)

Implementation example of a construction processor

Figure B.1 shows an example of constructing an equipment instance model in the target multi-agent
environment NetLogoD.

The consfruetion processor \,Ullcopuuda to—amrXSET processor: The—construction Processor tsya kind of
software [that takes an EBC item (*.xml) as an input and performs the construction procedure/(f.xsl), and
constructls an equipment instance model (*.nlogo). The construction processor will encourter specific
patterns that are described in the construction rules. Based on the pattern that is found, the corstruction
processoy will perform the construction that is associated with the matched pattern. The|resulting
constructled output is an equipment instance model.

construction processor

procedure

| step A using rule 1 <

HBC item | step B using rule 2 .| equipment instance rhodel

[ A\ (*nl
A .nlogo)
(*xml) | step C using rule 3 and.pule 5 |

—

A\ 4

| \
| step D using rule 4-:and rule 5 |
A\
XSLTx@'lesheet

B (.\’l;(*.xsl)

Figure B.1 — Construction of an equipment instance model in NetLogo

The following is the construction procedure using construction rules in NetLogo.

Step A: A equipment instance model is constructed to have a general information specified in thg EBC item
based on fthe construction rule 1. Step A procedure is the same sequence as the flow chart for applying the
rule 1 indjicated by a};and b) in Figure B.2 and is marked as Step A in the following XLST code. Wheh the Step
A procedire is pefformed by the construction processor, the general information such as an EB( template
name and an EBCtemplate identifier is constructed. Rule 1 consists of the following XSL elements.

— XSL dlément: <xsl:value-of select>, <xsl:text>

1) NetLogo is an example of a suitable product available commerecially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of this product.
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< Start >

A\ 4

a)Set the value of ‘EBC_template_name’
to the value of the path ‘/ebc/header/template/@name’.

A4

b) Set the value of ‘EBC template_id’
to the value of the path ‘/ebc/header/template/@id’.

I

End

Figure B.2 — Step A using Rule 1

The folloying XSLT codes are an example of Step A using Rule 1.

;; (Step|A)

;; /ebc/header/template

<xsl:tex{>;; EBC template name : </xsl:text>
<xsl:valfe-of select="/ebc/header/template/@name"/>
<xsl:text>&i#xa;</xsl:text>

<xsl:text>;; EBC template id : </xsl:text>
<xsl:valfe-of select="/ebc/header/template/Q@id"/>

Step B: Ah equipment instance model is constructed to haye a processable description of each 4
a propertly set specified in the EBC item based on the cotistruction rule 2. Step B procedure is

lement of
the same

sequence fas the flow chart for applying the rule 2 indicated by a), b), ¢), and d) in Figure B.3 and is marked as

Step B in the following XLST code. When this Step B;procedure is performed by the construction |
all variables are defined and set the defined variables as initial values or default values. Rule 2 g
the followling XSL elements and NetLogo keyworfds.

— NetL¢go keyword: to ... end, set

— XSL dlement: <xsl:for-each select>)<xsl:if test>, <xsl:value-of select>, <xsl:text>

< Start >

\ 4

a) Select the path: /ebc/property_set/var.

>
>
A

y

b) Select an element to be defined as a variable
Next and define the selected element as a variable.

DrOCessor,
onsists of

element [

L 4
c) Check the type of the defined variable
and set a value to the defined variable.

No

d) Last element?

Figure B.3 — Step B using Rule 2
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The following XSLT codes are an example of the procedure of Step B using Rule 2.

;; (Step

B)

to setup-'plural of equipment name'
;i /ebc/property set/var
<xsl:for-each select="/ebc/property set/var">

set

<xsl:value-of select="@name"/>

<xsl:if test="Qtype='Double'">
<xsl:text>&#32;</xsl:text>
<xsl:value-of select="@value"/>
</xsl:if>

<xsl:if test="Q@type='Boolean'">
<xsl:text>?</xsl:text>
<xsl:text>&#32;</xsl:text>

<xs]

:value—-of select="@Qyalye"

</xs
<xsl

<Xs

<xs

<xXs

<xs

</xs
<xsl
</xsl

End

Step C: Ax
the behay
Rule 3 an
by a), b),

the follow
procedur
consist of

cif>

if test="@type='String'">
ctext>&#32;</xsl:text>
ttext>"</xsl:text>
:value-of select="Qvalue"/>
ttext>"</xsl:text>

cif>

text>&#32;</xsl:text>
for-each>

equipment instance model is constructed to have a processable‘description of each stat
iour or each external interaction, or both, specified in the/EBC item based on the cor
1 Rule 5. Step C procedure is the same sequence as the flow ¢hart for applying the Rule 3
C) and i) and the Rule 5 indicated by d), e), f), g) and h)\in Figure B.4 and is marked as|
ing XLST code. When this Step C procedure is perfermed by the construction processo

the following XSL elements and NetLogo keywaords.

— NetLogo keyword: to ... end, wait, if, ifelse, set

— XSL 4
<xsl:a

lement: <xsl:for-each select>, <xsl:vagiable name>, <xsl:if test>, <xsl:value-of select>, <
pply-templates select>

b of either
struction
indicated
Step C in
- all state

e of either behaviour(s) or an external interaction(s),or both, are implemented. Rule 3 and Rule 5

xsl:itext>,
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