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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 standardization.

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

of ISO documen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had notxéceived ndgtice of (a)
which may be required to implement this document. However, implementers are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee s[SO/TC 184, Automation systems and integration,

Subcom
applicati

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

Any feed
complete

ittee SC 5, Interoperability, integration, and .architectures for enterprise systems and ajitomation
s.

ack or questions on this document’should be directed to the user’s national standards body. A
listing of these bodies can be found at www.iso.org/members.html.
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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 proposes guidelines to generate an executable representing the dynamic
behaviour of a nominal or physical instance of an equipment. Such executable 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 of the evolution of smart
manufacturing.

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

© IS0 2024 - All rights reserved
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Automation systems and integration — Equipment behaviour

catalogues for virtual production systems —

Part 2:
Formal description of a catalogue template

1 Scope

This docyment specifies a formal structure and building rules for an equipment behaviour catalo
template.

The formpl structure of an EBC template represents a schema for descriptions.of behaviour af
entities.

Building fules for an EBC template provide required processes and compliance criteria to constry
template.

2 Normative references

The following documents are referred to in the text in such advay that some or all of their content ¢
requiremgnts of this document. For dated references, only the edition cited applies. For undated r
the latest|edition of the referenced document (includingiany amendments) applies.

ISO 16400-1:2020, Automation systems and integration — Equipment behaviour catalogues f
productiop system — Part 1: Overview

3 Terms and definitions

For the pyrposes of this document,the terms and definitions given in ISO 16400-1 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses

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

— IEC E]ectropedia:‘available at https://www.electropedia.org/

4 Abbreviated terms

bue (EBC)

d related

ct an EBC

bnstitutes
bferences,

br virtual

ID tdentifier

JSON JavaScript Object Notation
mathML  Mathematical Markup Language
UML Unified Modeling Language

XML eXtensible Markup Language

© IS0 2024 - All rights reserved
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5 Requirements for an EBC template

Avirtual production system is constructed as a simulation system on a production behaviour model which is
configured by applying a production process model and a production system model (see ISO 16400-1:2020,
Figure 6).

A production system model can be constructed as a multi-agent system of equipment agents, i.e. behaviour
of a production system can be modelled using software agent technology. However, it is difficult for the user
of a manufacturing simulation system, such as a production system designer and an operator, to write a
software program of agents. There are requirements that a user can construct a virtual production system
by selecting adequate EBC items from an EBC repository. When an EBC item is provided, it becomes possible
to automatically generate an equipment instance model as a software agent from the EBC item. A production
system mpdeleanbecotrstructedasacombinationrofequipmentinstatrcemodels

An EBC item is an instance of an EBC template, and an EBC template is a schema representing/a model for
each equipment including its process model as behaviour description. An EBC template.shall irjclude the
following|elements as essential elements:

— aset pf properties;

— descifiption of behaviour.

An EBC tgmplate can include the following element:
— specification of external interactions.

In smart [manufacturing, a virtual production system is constructed based on the digital twin concept.
For this purpose, further entities have to be considered, as they are specified in a production lifecycle
informatipn model which is out of scope for this document. An EBC item is a digital description of properties
and behayiour of a physical equipment. A virtual equipment'can be constructed by referring a corr¢sponding
EBC item| An EBC item works as a bridge between physical equipment and virtual equipment if a digital
twin.

An EBC shall have interoperability including semantics in order to fulfil the requirements mentioned above.

6 Formal structure of an EBC template

6.1 General

An EBC template shall include descriptions which specify a property set, behaviour and external interactions.
Figure 1 dhows a conceptual structure of an EBC template.

© IS0 2024 - All rights reserved
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EBC template

+ EBC template ID

1
1] 1.n | 0.n
property set behaviour external
- sl refer Interaction
+ weight +send to
+ max speed 1 + receive from
etc.
1.n 0..n
state state transition
connect
refer + state name + transition condition
+ from state
+ to state
Q1 -
I 0.n 0.n 0.n 0.n
1] athematical Calculation program state data
model formula
+ variable + data type
+variable + variable

Figure 1 — Conceptual'structure of an EBC template

An EBC shall be supplied in a common and’independently usable form. The EBC template shall He created
as a basid form for each equipment type.'There is no hierarchical relation like class among EBC emplates.
Template$ for the same equipmenttype have the same behaviour description structure about Jtates and
about relgtionships among states( There is a possibility that the granularity of descriptions is diffgrent.

The strucfure of an EBC itentshall follow the used template. From one template, one or more EBC items may
be createl corresponding®e‘each individual equipment of the same equipment type. The created EBC items
are grouped according-fo the type of the equipment and stored in the repository. An EBC item is dreated by

filling up [the corresponding EBC template by concrete equipment data. Usually, an EBC item is

eated by

setting vdlues on the elements in the property set of the corresponding EBC template by concrete gquipment
data. For pxample;*an EBC item for a specific equipment series contains equipment data as desigred by the
equipmert maker such as equipment specification data. An EBC item for a specific individual equipment in a
specific préduction line contains physical equipment data such as operational data in addition to gquipment

specification data.

Annex A shows the relationship between the EBC template and EBC items and variety of EBC items using

two examples.

Information about an EBC template itself shall be described in a header part of the template. The
corresponding equipment type is included in this information. When creating the EBC template for the
specific equipment model/series of a specific equipment maker, the maker and the equipment model/series

are described in the property set as ‘equipment maker name’ and ‘equipment type name’.

© IS0 2024 - All rights reserved
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6.2 Property set

Elements in a property set are described in standards including ISO/IEC Guide 77,11 the ISO 13399 series, 2]
ISO 13584-42[3] and the IEC 61360 series (Common Data Dictionary, CDD).[e] Values of some or all elements
in a property set are provided when an EBC item is created. A property set may include:

— profile data;

EXAMPLE 1

creati
— speci

EXAM

ng an EBC item for specific physical equipment).

fication data (not dynamically affecting behaviour);

Equipment maker name, equipment type name, specific equipment name (value is given when

— operg

EXAM

6.3 Behaviour

Behaviou
condition

and/or additional necessary entities. State transition occurs when transition conditions are met.

The state
idling, un
electric e
and/or py
variables

data as ifput data through external interaction, from calculation results of behaviour simulati

from datg

Behaviou
template.

— state
EXAM
NOTE 1

NOTE 2
series,[4] b

— state
EXAM

The state

[ ialt
JIL\,, VVLISIIL-
tional limits.

PLE3  Maximum cutting speed, moving range.

- of an equipment is defined by a composition of states and state\transitions with
5. A state can be represented by mathematical models, calculatiof-formulae, programs,

description is the basis of behaviour description in an EBC-Equipment can be in various s
der operation and under maintenance. The data values ¢f parameters such as operation
hergy consumption at each state are calculated usingimathematical models, calculation
ograms corresponding to the state. A formula or a miathematical model can include pat
Values for parameters/variables are given from-~product data, scheduling data and/or

description in the property set.

" shall be represented as dynamic properties according to states and state transitions
Dynamic properties are described by

b of an equipment;
PLE1  Stand-by, in operatien.
A state can be detailed as an aggregation of substates.

A name of a state is described in line with the standard, e.g. the IEC 61360 series (CDD)[¢] and the
bcause of ensuring.sémantic interoperability.

transition.
PLE 2 Material input, power on, operation start, operation finish, transition trigger.

carbe described and represented by:

[ransition
btate data

tates, e.g.
time and
formulas
ameters/
operation
bn and/or

n an EBC

ISO 14955

— mathematical models, calculation formulas and/or programs;

EXAMPLE 3  Calculation formula for energy consumption, calculation formula for operation time.

NOTE 3

— atran

External interactions can be included in a state. The state transition can be described and represented by:

sition condition formula;

— source and destination states;

— external interaction as a trigger.

EXAMPLE

4 Operation order, operation result.

© IS0 2024 - All rights reserved
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The representation of state/state transition can include:

— data values (parameter values);

— data variables.

NOTE 4

The name of the data (parameter)/variable is described in line with standards, such as the IEC 61360 series
(CDD)e] and the ISO 22400 series (KPI)[2] because of ensuring semantic interoperability.

6.4 External interaction

External interaction is the message data from/to other outside equipment. External interaction can

be described b

informatipn models are supplied by existing standards, such as the IEC 62541 series (OPC UA)!
IEC 62714 series (AutomationML).[8] The external interaction message can include:

— interface and protocol;

— contg

6.5 For

The EBC

EXAMPLE

An examy
following

a) headsé

—

—t

(¢}

r

NOTE

NOTE
used ¥

NOTE
values are also provided.

unication partner;
iption about message data;

nt of message data.

mal description of an EBC template

emplate shall be described using a data description langtiage.
XML, MathML (for a formula), JSON.

le of a formal description structure is shown in‘Figure 2. An EBC template shall contain
elements:

PT;

description language name;

bmplate name;

emplate identifier;

quipment type;

bferenced dictionaries;

1  The valde'ef "equipment type" is provided using the term in line with the referenced dictior

2 "Referenced dictionaries" are standards and publicly available dictionaries which are refer
vhen describing an EBC template.

referring to_the information models shared with the outside equipment. Some of the

] and the

all of the

ary.

red to and

3 "Item name" and "Item identifier" are added when an EBC item is created using the temp

late. Their

b) property set;

¢) behaviour;

d) external interaction;

NOTE 4

Additional attributes can be defined.

© IS0 2024 - All rights reserved
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Header Part
Description Language Name
Template Name
Template ID
Equipment type

Referenced dictionary ) )
Property Set Part (values in a property set are provided when
ProfileData an EBC item is created.)

Equipment Maker Name
Equipment Type Name

Specifiééffon Data
Size
Weight

Operational Data
Maximum Cutting Speed
Moving Range

Equipment Structure

Others
Behaviour Part
Behaviour Name
Behaviour ID
Behaviour Type
(Internal State
State Name
State ID the number of states
Input Data
Output Data
Performance

Calculation Formula

L Variables

- A
repeat according to

(~tate Transition repegt akghrding to )
Transition Name 7
Transition ID thcm.n.nhm of state
Transition Condition apgitions
Transition Trigger

Transition From

L Transition To )

External Interaction Part
[External Interaction Name repeat according to h
External Interaction ID
External Interaction Typ€ . )
Content interactions

Input From

Input Data

Output To
\_ Output Data )

the number of

Figure 2 — Example ofa formal description structure for an EBC template

7 Building rules for an-EBC template

7.1 Building procedure
The procgdure for*building an EBC template is as follows:

— Step [l: Analyse functions that an equipment provides. The analysis is to list possible states of the
equigment and relationships among the states including state transition conditions. Generally, an
equipment becomes active when 1t gets an operation command with data through external interaction.
Describe the listed states and state transitions in the equipment. The listed states and relationships
including state transition conditions should be described by using formal methods.

EXAMPLE UML state chart, Petri-Net and IDEF3.

— Step 2: List required data, formulae and mathematical models for a dynamic calculation of the
parameter’s value at each state. Data include variables to which concrete values are assigned when a
virtual production system is constructed or when simulation is executed on a virtual production system,
i.e. some of these variables are provided by external interactions from outside of the equipment. These
data are described as variables in the EBC template and EBC items. Some of the variables get values when
an EBC item is created.

© IS0 2024 - All rights reserved
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— Step 3: Integrate a property description, an external interaction description and a behaviour description,
which are listed in the above steps. Create an EBC template by describing the integrated descriptions
using the data description language.

Applied examples of the building procedure above for EBC templates are shown in Annex B and Annex C.

7.2 Building criteria

The conformance of an EBC template shall be tested according to the criteria below.

The following criteria shall be applied when building an EBC template:

b) An EBC template is described in machine readable form.

c¢) AnEBC template has necessary information items to generate an equipment instance model.
NOTE An EBC item is created from an EBC template. An equipment instance model is generated from an EBC item.
In additiop, the following criteria should be applied when building an EBC templdte:

— Terms used in EBC template descriptions are from commonly referenceable standardized dictjionary.

— An EBC template has interoperability including semantics.

The evalufation of the quality of the EBC template is out of scope of this document. Whether the int¢grity and
granularity of the EBC template completely describes the equipment differs depending on the usage purpose
of users. Psers should evaluate the quality of an EBC with their:own measurement means.

© IS0 2024 - All rights reserved
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Annex A
(informative)

EBC template and types of EBC items

One EBC template is prepared for one equipment type in one maker. Usually, one equipment type consists of
several series. There are several model types in one series. One series can be an EBC item. One model type
can be an EBC item. One equipment in one model type can be an EBC item. All of them are described using

the same

An EBC item has wide granularity. An EBC template is applicable for this wide granularity:)An
of specifi¢ individual equipment has a description of its product ID, i.e. it is possible that ah EB
equipmerlt will not have a description of its product ID. If the equipment has some optipns‘which a
orders, it§ EBC item has a description of the product ID and options. An EBC item canhave the dat

emplate.

shipmentfinspection or usage history, or both, for the equipment.

Figure A.ll and Figure A.2 show the relationships between the EBC templaties) and various EBC

EBC item
[ item for
customer
h either of

items for

the same |example equipment series: Lathe X series. The Lathe X series has@hierarchical structyire. Lathe

X (X-serigs by the company Y) is the highest class in the hierarchy. Lathe X-s (simple lathe in X-s
Lathe X-c|(complex lathe in X-series) are subclasses of Lathe X. Lathe X¢s-#A (type #A in X-series) is
equipmerlt type in subclass Lathe X-s. Lathe X-s-#A-nnnn (serial no,iunn of type #A) is a produced

equipmer]t in the type #A.

In Figure|A.1, the EBC template is prepared corresponding tothe class Lathe X. Lathe X-s, Lathe

bries) and
a specific
ndividual

K-c, Lathe

X-s-#A, Lathe X-s-#A-nnnn, etc are catalogued as EBC itemis tsing this EBC template. The EBC template for
Lathe X has applicability for model descriptions of all lower classes in the hierarchy.

—

fem
X-s

fem

-s-#A

Lathe X
-Maker: Corp.Y
-Type: lathe
-Series: X 9
____________ EBC item
I L | Lathe X-c
Lathe X-s Lathe X-c
-Maker: Corp.Y -Maker: Corp.Y
-Type: lathe -Type: lathe
-Series: X -Series: X
i ;S_iIEElE ______ -complex
)
| ] [ ] EBC
lJathe X-s-#A template for
-Maker: Corp:Y leige
-Type: lathe
-§eries; X
-4imple
-Group:#A
IP
[ \
Lathe X-s-#A-nnnn EBCit
item
-PFAakér: Corp.Y Lathe X-s-#A-nnnn
-Type: lathe . .
-Series: X Hierarchical structure of
-simple i
“Group: #A Lathe X series
-No.: nnnn —

Figure A.1 — EBC items which are generated using the EBC template for Lathe X

© IS0 2024 - All rights reserved
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When higher granularity of behaviour descriptions is required, EBC templates are prepared corresponding
to one level lower classes than the class Lathe X. In Figure A.2, EBC templates are prepared corresponding
to each of Lathe X-s and Lathe X-c. Here, Lathe X-s and Lathe X-c are treated as different equipment types.
Lathe X-c has more complex behaviour than Lathe X-s. Lathe X-s, Lathe X-s-#A, Lathe X-s-#B, Lathe X-s-#A-
nnnn, etc are catalogued as EBC items using the EBC template for Lathe X-s. Lathe X-c, Lathe X-c-#A, Lathe
X-c-#C, etc are catalogued as EBC items using the EBC template for Lathe X-c.

Lathe X
-Maker: Corp.Y
-Type: lathe
_SeriessX __ _
Lathe X-s has simple behaviour | L Lathe X-c has
' — complex behaviour
C Lathe X-s Lathe X-c
. -Maker: Corp.Y -Maker: Corp.Y EBCi
EBCitem -Type: lathe -Type: lathe L%&‘
Lathe X-s -Series: X -Series: X
S | comaler
EBC itdm \ — — C item
Lathe X-§-#A e X-c-#4
EBC template Lathe X-s-#A
for Lathe X-s|—< -Maker: Corp.Y
-Type: lath .
EBC itqm -S(}e?iZs:aX ¢ BC item
a9 -si . . X-c-#(
Lathe X-y-#5 A Hierarchical structure e
ciwem | |0 1 S of Lathe X series
athe X-s-#A-nnnn|
Lathe X-s-#A-nnnn
L_| -Maker: Corp.Y -
-Type: lathe
-Series: X
-simple
-Group: #A
_Noimnnn_ _ _ _ _ _

Figure|A.2 — EBC items which are generated using the EBC templates for Lathe X-s and Lajthe X-c

The EBC ifem for Lathe X-s-#A-nnnn corresponds-to a specific individual equipment. An equipment instance
model which is constructed from the EBC.item for Lathe X-s-#A-nnnn is a physical equipment instance
model of Lathe X-s-#A-nnnn. Equipment instance models which are constructed from the other EBC items
are nomipal equipment instance models. If data about a specific individual equipment are adfled when
constructfion of an equipment instafice'model from the other EBC items are nominal equipmenf instance
models, a[physical equipment instahee model can be constructed.

© IS0 2024 - All rights reserved
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Annex B
(informative)

Example building of EBC templates for a printed circuit assembly

(PCA) line

B.1 Equipment on a printed circuit assembly (PCA) line

The stru

dture of a PCA line is shown in Figure B.1. A PCA line consists of a solder paste printgr, several

electroni¢ part mounters and a reflow soldering oven. This equipment is connected in sequence from the
printer td the reflow soldering oven. The number of electronic part mounters changes dependi

capacity

df the line.

g on the

A printed|circuit board (PCB) is input to the line and a PCA is output from the line, Wihen a blank P(B is input
to a soldef paste printer, the production process is started.

Accordin

solder paste electronic parts
PCA
PCB Solder Electronic Reflow (printed
(printed = paste | —>|  part » (Soldering circuit
circuit rinter oven
bourd) p mounter assembly)

Figure B.1 — Structure of printed circuit assembly (PCA) line

g to the building procedure for EBC templates, templates for a solder paste printer, an

part moupter and a reflow soldering oven are.préepared.

In this ejample, EBC templates are simplified by omitting sub activity descriptions and by fo
electric epergy consumption. Other focusing points which are related to the equipment’s behaviqur can be

added in

the same way.

B.2 Bujlding an EBC template of a solder paste printer

A solder
paste pri

ter takes the)first position on the PCA production line. The behaviour of a solder paste

blectronic

Cusing on

1aste printer is-afVequipment used for painting solder paste on PCBs by screen printing. A solder

printer is

modelled(as an activity flow as shown in Figure B.2. After power on, a printer is in "idling" state. In "idling"
state the [printer<consumes idling electric power. A printer moves to "stop" state during a brea

when the

preparat
The first

ipn-Defore printing, a metal mask is changed if necessary and solder paste is replenished

kdown or

poweris off. When a PCB is input to the printer, the printer starts the operation seqyences. As

if needed.

peration is setting up the PCB. The second is the setting of the mask metal. The third is stage

moving. The fourth is printing. The fifth is releasing the metal mask. The sixth and the last is the output of

the PCB.

Then the printer reverts back to "idling" state.

© IS0 2024 - All rights reserved
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(stop)
PCA id input |
power on (metal rlnag;(pt‘;pe) { metal mask change } { cleaning I
dli
{ idling } metal mask ready . clear
irty

4 o N
\ solder paste printing
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Figure B.2 — Activity diagram for a solder paste printer

The buildjng procedure of an EBC template is applied to a solder paste printer as follows:
a) Listing of states

— sfop;

— tIling;
— etal mask change;

— c|eaning;

wn

blder paste printing;
(sequience of following three substates]
— metal mask set;
— squeegee moving;
— metal maskrelease;
b) Listing of state ttahsitions
— from stopinto idling (when power on);

— fromidling into stop (when power off);

— from idling into metal mask change (when PCB input time is reached and when PCA board id is
different from the previous production);

— from metal mask change into solder paste printing (when metal mask change time is elapsed);
— from idling into solder paste printing (when PCB input time is reached);

— from solder paste printing into cleaning (when count of printing is reached to the cleaning required
point);

— from cleaning into solder paste printing (when cleaning completed);
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— from solder paste printing into solder paste printing (when no cleaning is required and production
is incomplete);

— from solder paste printing into idling (when number of producing product is achieved);

Listing of static parameters (except common items, e.g. equipment ID, equipment type, model name,
equipment weight)

Listix]

Listin
opera

start-up time of equipment [sec];

shutdown time of equipment [sec];

cleaning time [sec];

(¢)

(¢}

(¢}

[}

€

€

(¢}

[}

—

—

—t

—

—

P

lectric power of idling [kW];

ectric power of metal mask change [kW];

ectric power of cleaning [kW];

lectric power of solder paste printing [KW];

g of variables (providing by calculation formula)
lapsed time of idling [sec];

apsed time of metal mask change [sec];

apsed time of cleaning [sec];

apsed time of solder paste printing [sec];

- elapsed time of metal mask set [sec];

- elapsed time of squeegee moving [sec];

- elapsed time of metal mask release-[sec];

btal energy consumption of idling [kWh];

btal energy consumption of'metal mask change [kWh];
btal energy consumption-of cleaning [kWh];

ptal energy consumiption of solder paste printing [kWh];
ptal processing.quantity;

g of variables which are input values when construction of virtual system or whg
tion

CA-board id;

p
p
p

revious processed PCA board id;
lanned production quantity;

roduction starting time;

count of printing before cleaning is required;

metal mask change time;

solder paste printing time;

— metal mask set time [sec]
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— squeegee moving time [sec];

— metal mask release time [sec].

Finally, th

e EBC template for a solder paste printer is described using XML as follows:

<?xml version="1.0" standalone="yes"?>

<ebc

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

<header>
<template name>SOLDER PASTE PRINTER</template name>
<template id>xxxx</template id>

</head

<propel
<!--
<equ
<equ
<org
<mod{
<extg
<equ
<stal
<shuf
<ele
<ele
<ele
<ele
<cle

</propq

<l-- e
<extert

<behav
<!--
<staf
<sf

<sf

r

ty set>

default value setting -->

pment id>1</equipment id>

pment type>XXX</equipment type>

nization>XYZ Corporation</organization>

b1 name>YYY</model name>

trnal size unit="cm">H=100,W=250,D=100</external size>

pment weight unit="kg">200</equipment weight>

tup_time unit="sec">20</startup_ time>

down_ time unit="sec">20</shutdown time>

tricpower idling unit="kW">30</electricpower idling>
tricpower metal mask change unit="kW">40</electricpower metal mask change>
tricpower cleaning unit="kW">40</electricpower cledming>
tricpower solder paste printing unit="kW">80</ele&ct¥icpower solder paste prin
ning time unit="sec">5</cleaning time>

brty set>

kternal interaction no definition -->
plal interaction list />

our>
state list -->
e list>
ate id="sl1" name="stop" state="oun" />
ate id="s2" name="idling">
state data>
<elapsed time>0</elapsed time>
<total energyconsumpti®n¥»0</total energyconsumption>
/state data>
calculation formula>
<m:math>
<m:mrow>
<m:mi>elaPsed time</m:mi>
<m:mo>=K< At mo>
<m:mrow=
<mymi>elapsed time</m:mi>
<m):mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
&/m:mrow>

ting>

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>&times;</m:mo>
<m:mi>property set:electricpower idling</m:mi>
</m:mrow>
</m:mrow>
</m:math>

</calculation formula>
</state>
<state 1d="s3" name="metal mask_change">
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<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>
<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>&times;</m:mo>
<m:mi>property set:electricpower metal mask change</m:mi>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>operation:pca id old</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>operation:pca_ id</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>
<state id="s4" name="cleaning">
state data>
<elapsed time>0</elapsed timeX
<total energyconsumption>0¢7/{dtal energyconsumption>
<actual cleaning quantity>0%7actual cleaning quantity>
/state_data>
calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed.fime</m:mi>
<m:mo>=</msme>
<Mm:mrow>
<m:mpixglapsed time</m:mi>
<Memo>+</m:mo>
<m¥mn>1</m:mn>
<Amvmrow>
< mrow>
</ 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>&times;</m:mo>

<m:mi>property set:electricpower cleaning</m:mi>
</m:mrow>

</m:mrow>

</m:math>
</calculation formula>
<calculation_ formula repeat="no">
<m:math>

<m:mrow>

<m:mi>actual cleaning gquantity</m:mi>
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<m:mo>=</m:mo>
<m:mrow>
<m:mn>0</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
<state id="s5" name="solder paste printing">
<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>
<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>&times;</m:mo>

<m:mi>pr¢perty set:electricpower solder paste printiAg</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>

!-- substates -->
state list>
<!-- substate:metal mask_set:£5>

<state 1d="s5-1" name="met&T jmask set">
<state data>
<elapsed time>0</eldpséd time>
</state_data>
<calculation_ formgla>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo*¥=</m:mo>
<msmpow>
<m:mi>elapsed time</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>

Calculation rormula
</state>
<!-- substate:squeegee moving -->
<state id="s5-2" name="squeegee moving">
<state data>
<elapsed time>0</elapsed time>
</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>
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<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>operation:total processing quantity</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>operation:total processing quantity</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>

<m:math>
<m:mrow>
<m:mi>actual cleaning quantity</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>actual cleaning quantity</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
<!-- substate:metal mask release -->
<state 1d="s5-3" name="metal mask release">
<state data>
<elapsed time>0</elapsed time>
</state_data>
<calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</mgEmi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</calculation formutd>
</state>
/state list>
</¢$tate>
</state list>

<!--|state trapnsition list -->
<stafe transdtifon list>
<state trangition id="tl1l" name="power on">
!-— ©ONDITION: power on —-—>
! % CONDITION: start-up time is elapsed -->
transition condition operator="==">

Param Nale— " Operaction:power
<param>on</param>
</transition condition>
<transition_condition operator="==">
<param name="property set:startup time" />
<param name="elapsed time" />
</transition condition>
<from state id="sl"/>
<to_state id="s2"/>
</state transition>
<state transition id="t2" name="power off">

<!-- CONDITION: power off -->
<!-- CONDITION: shutdown time is elapsed -->
<transition condition operator="==">

<param name="operation:power" />
© IS0 2024 - All rights reserved
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<param>off</param>

</transition condition>
<transition condition operator="==">

<param name="property set:shutdown time" />
<param name="elapsed time" />

</transition condition>
<from state id="s2"/>
<to_state id="sl1"/>

</state_transition>

<state transition id="t3" name="pca id input">
<!-- CONDITION: new PCB input time reached -->
<transition condition operator="==">

<param naae:"operation:product_time" />
<param name="system time" />

</transition condition>

</
<sf

</

<sf

</

<sf

</
<sf

!-— CONDITION: PCA board id is different from the previous production -->
transition condition operator="!=">

<param name="operation:pca_ id" />

<param name="operation:pca id old" />

/transition condition>

from state id="s2"/>

to _state id="s3"/>

tate transition>

ate transition id="t4" name="metal mask ready">
!-— CONDITION: metal mask change time is elapsed -->
transition condition operator="==">

<param name="operation:metal mask change time" />
<param name="elapsed time" />

/transition condition>

from state id="s3"/>

to_state id="s5"/>

tate transition>

ate transition id="t5" name="new board in">

!-- CONDITION: new PCB input time reached =%
transition condition operator="==">

<param name="operation:product time" /X

<param name="system time" />

/transition condition>

from state id="s2"/>

to_state id="s5"/>

tate transition>

ate transition id="t6" namef"dirty">

!-— CONDITION: count of printing is reached to the cleaning required point --
transition condition opgrator="==">

<param name="operatiomitotal processing quantity" />
<param name="operatdgon<cleaning count" />
/transition conditdon

from state id="s5W/.>

to _state id="s4W/>

tate transition>

ate transitden id="t7" name="clear">

!-— CONDLIION: cleaning time is elapsed -->
transitdien condition operator="==">
<paral\ame="property set:cleaning time" />
<param name="elapsed time" />

/thansition condition>

from_state id="s4"/>

TO state 1d="50

</state transition>

<state transition id="t8" name="completed board out">
<!-— CONDITION: number of producing product is achieved -->
<transition condition operator="==">

<param name="operation:total processing quantity" />
<param name="operation:plan quantity" />

</transition condition>
<transition condition operator="==">

<param name="operation:solder paste printing time" />
<param name="elapsed time" />

</transition condition>

<from state id="s5"/>

<to state id="s2"/>
</state transition>
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<state transition id="t9" name="metal mask set">
<!-- CONDITION: when production is uncompleted -->
<transition condition operator="&gt;">
<param name="operation:processing quantity" />
<param name="operation:plan quantity" />
</transition condition>
<from state id="s5"/>
<to_state id="s5-1"/>
</state_transition>
<state transition id="t1l0" name="mask set finish">
<!—— CONDITION: metal mask set time is elapsed -->
<transition condition operator="==">
<param name="opeartion:metal mask set time" />
<param name="elapsed time" />
</transition condition>

from state id="s5-1"/>
to _state id="s5-2"/>
</¢tate transition>
<sfate transition id="tl1ll" name="squeegee moving finish">
!-— CONDITION: squeegee moving time is elapsed -->
transition condition operator="==">
<param name="opeartion:squeege moving time" />
<param name="elapsed time" />
/transition condition>
from state id="s5-2"/>
to state id="s5-3"/>
</¢tate transition>
<state transition i1d="t12" name="metal mask release finisK'>
!-— CONDITION: metal mask release time is elapsed —-=%
transition condition operator="==">
<param name="opeartion:metal mask relase time" /¥
<param name="elapsed time" />
/transition condition>
from state id="s5-3"/>
to_state id="s5"/>

</$tate transition>

</stgte transition list>
</behayiour>

</ebc>

B.3 Bujlding an EBC template of an electronic part mounter

An electyjonic part mounter is anfequipment used for picking and placing surface-mount

blectronic

componeits, such as capacitors, vesistors and integrated circuits onto the PCBs. An electronic parf mounter
takes the|second position on the PCA production line. Usually, several part mounters are in the production

line. The

ehaviour of an electrenic part mounter is modelled as an activity flow as shown in Figuie B.3.

After power on of the equipment, a part mounter is in "idling" state. A part mounter moves to "sfop" state

during a breakdown ér-when the power is off. When a PCB is input to the part mounter, the par
starts thq operation 'séquences. As preparation before mounting, the required electronic parts a
replenishgd. Thefirst operation is placing of the PCB. The second is PCB position recognition and c

mounter
e set and
brrection.

is nozzle selection. The fourth is electronic part picking. The fifth is electronic parf position

recognitipn-and correction. The sixth is electronic part mounting. The seventh and the last is outjput of the
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Figure B.3 — Activity diagram for an electronic part mounter

The buildjng procedure of an EBC template is applied to an electronicgart mounter as follows:
a) Listinjg of states

— sfop;

— idlling;

— plarts/chips setting;

— plarts/chips mounting on a board;

(sequience of the following three substates)

NOTE This sequence is repeatedwntil completion of mounting all parts for a board.

—  nozzle selection;
—  part picking;

— mourtting;

b) Listingof state transitions

— from stop into idling (when power on);
— from idling into stop (when power off);

— from idling into parts/chips setting (when PCB input time is reached and when PCA board id is
different from the previous production);

— from parts/chips setting into parts/chips mounting on a board (when parts/chips setting time is
elapsed);

— from idling into parts/chips mounting on a board (when PCB input time is reached);
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— from parts/chips mounting on a board into parts/chips mounting on a board (when production is

uncompleted);

— from parts/chips mounting on a board into idling (when number of producing product is achieved);

¢) Listing of static parameters (except common items, e.g. equipment ID, equipment type, model name,
equipment weight)

d) Listing of variables (providing by calculation formula)

e) Listigg of variables which arednput values when construction of virtual system or whg
operdtion

starting-up time of equipment [sec];
shutdown time of equipment [sec];

electric power of idling [kW];

(¢)

lectric power of parts/chips setting [kW];

(¢}

ectric power of parts/chips mounting on a board [kW];

[}

lapsed time of idling [sec];

)

lapsed time of metal mask parts/chips setting [sec];

(¢}

Japsed time of parts/chips mounting on a board [sec];

- elapsed time of nozzle selection [sec];

- elapsed time of part picking [sec];

- elapsed time of mounting [sec];

—t

btal energy consumption of idling [kWh];

—

ptal energy consumption of parts/chips setting [kWh];

—

btal energy consumption of parts/chips mounting on a board [kWh];

—

btal processing quantity;

PICA board id;

revious processedPCA board id;

roduction’starting time;

p
planned production quantity;
p
p

arts/chips setting time;

mounting time per chip;
— nozzle selection time per chip [sec];
— part picking time per chip [sec];

— mounting time per chip [sec].

Finally, the EBC template for an electronic part mounter is described using XML as follows:

<?xml version="1.0" standalone="yes"?>

<ebc

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

<header>
<template name>ELECTRONIC PART MOUNTER</template name>
<template id>xxxx</template id>

</header>

<property set>

<l--

default value setting -->

<equipment id>1</equipment id>

<equipment type>XXX</equipment type>

<organization>XYZ Corporation</organization>

<model name>YYY</model name>

<external size unit="cm">H=100,W=250,D=100</external size>
<equipment weight unit="kg">200</equipment weight>

<stal
<shuf
<ele
<ele
<ele
mounting|
</prop4

<l=-= e3
<extert

<behav
<!--
<staf
<sf
<sf

Ftup time unit="sec">20</startup time>

down_time unit="sec">20</shutdown time>

tricpower idling unit="kW">30</electricpower idling>
tricpower parts chips setting unit="kW">40</electricpower parts chips_serting
tricpower parts chips mounting on a board unit="kW">60</electricpower jparts g
on a board>

brty set>
xternal interaction no definition -->
pal interaction list />

our>

state list -->

e list>

ate id="sl1l" name="stop" state="on" />

ate id="s2" name="idling">
state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total energycoisumption>
/state data>
calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</nfimi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>tofd) energyconsumption</m:mi>
<m:mo>=¥/m:mo>
<m:mrow>
<m¥mi>elapsed time</m:mi>
J:mo>&times;</m:mo>
<m:mi>property set:electricpower idling</m:mi>
</m:mrow>
</m:mrow>

hips

m:math

</calculation formula>

</state>

<state id="s3" name="parts chips setting">
<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>&times;</m:mo>

<m:mi>property set:electricpower parts chips setting</m:mi>
</m:mrow>

</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>operation:pca id old</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>operation:pca id</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>
<state id="s4" name="parts chips mounting on a board">
state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
<chips quantity>0</chips quantity>
/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>
<m:math>
<m:mrow>
<m:mi>total energyconsumption</m:mi>
<m:mo>=<MfiImo>
<m:mrowx
<m:mi>elapsed time</m:mi>
<mymo>&times; </m:mo>

<m:mi>pr¢perty.set:electricpower parts chips mounting on a board</m:mi>
</m:mrow>
</m:mrow>

m:machn
</calculation formula>
<calculation formula repeat="no">
<m:math>
<m:mrow>
<m:mi>operation:total processing quantity</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>operation:total processing quantity</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
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<!-- substates -->
<state list>
<!-- substate:nozzle selection -->

<state i1d="s4-1" name="nozzle selection">
<state data>
<elapsed time>0</elapsed time>
</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>
</calculation formula>
</state>
<!-- substate:part picking -->
<state 1d="s4-2" name="part picking">
<state data>
<elapsed time>0</elapsed time>
</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>
</calculation formula>
</state>
<!-- substate:mounting -->
<state id="s4-3" name="mougtiwng">
<state data>
<elapsed time>0</eldpséd time>
</state_data>
<calculation_ formgla>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:moFF</m:mo>
<m<mpow>
<m:mi>elapsed time</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>

M macn
<m:mrow>
<m:mi>chips quantity</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>chips quantity</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
</state list>

</state>
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</state list>

<!-- state transition list -->
<state transition list>
<state_transition id="tl" name="power_on">
<!-- CONDITION: power on —->
<!-- CONDITION: start-up time is elapsed -->
<transition condition operator="==">
<param name="operation:power" />
<param>on</param>
</transition condition>
<transition condition operator="==">
<param name="property set:startup time" />
<param name="elapsed time" />
</transition condition>

from state id="s1"/>
to_state id="s2"/>
</¢tate transition>

<state transition id="t2" name="power off">
!-— CONDITION: power off -->

!-- CONDITION: shutdown time is elapsed -->
transition condition operator="==">

<param name="operation:power" />
<param>off</param>

/transition condition>

transition condition operator="==">

<param name="property set:shutdown time" />
<param name="elapsed time" />

/transition condition>

from state id="s2"/>
to state id="sl1"/>
</$tate transition>

<state transition i1d="t3" name="pca id input®>
!-— CONDITION: product input time reached -->
transition condition operator="==">

<param name="operation:product timel V>
<param name="system time" />

/transition condition>

!-— CONDITION: PCA ID is diffeXent from the previous production -->
transition condition operatgrs'"!=">

<param name="operation:pca Td" />

<param name="operation:pea’id old" />
/transition conditionX

from state id="s2"/>

to_state id="s3"/>

</$tate transition>

<state transition71d="t4" name="mounted parts/chips ready">

!-- CONDITLON; electrical-parts(chips) changing time is elapsed -->
transitioncondition operator="==">
<parampymndme="operation:chips change time" />

<paralm\ame="elapsed time" />

/transition condition>

from ‘state id="s3"/>

tg)state id="s4"/>

</State_transition

<state transition i1d="t5" name="new board in">
<!-- CONDITION: PCB input time reached -->
<transition condition operator="==">
<param name="opeartion:product time" />
<param name="system time" />
</transition condition>
<from state id="s2"/>
<to state id="s4"/>
</state transition>

<state transition i1d="t6" name="completed board out">
<!-- CONDITION: number of producing product is achieved -->
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<!-— CONDITION: chip mounting time for one board is elapsed -->
<transition condition operator="==">
<param name="operation:total processing quantity" />
<param name="operation:plan quantity" />
</transition condition>
<from state id="s5"/>
<to state id="s2"/>
</state transition>
<state_transition id="t7" name="next chips _mounting">
<transition condition operator="&gt;">
<param name="operation:total processing quantity" />
<param name="operation:plan quantity" />
</transition condition>
<from state id="s4"/>
<to state id="s4-1"/>
</$tate transition>
<state transition id="t8" name="nozzle selection finish">
!-- CONDITION: nozzle selection time is elapsed -->
transition condition operator="==">
<param name="opeartion:nozzle selection time" />
<param name="elapsed time" />
/transition condition>
from state id="s4-1"/>
to state id="s4-2"/>
</$tate transition>
<state transition i1d="t9" name="part picking finish">
!-- CONDITION: part picking time is elapsed -->
transition condition operator="==">
<param name="opeartion:part picking time" />
<param name="elapsed time" />
/transition condition>
from state id="s4-2"/>
to _state id="s4-3"/>
</¢tate transition>
<state transition id="10" name="mouting finish new chips">
!-— CONDITION: mouting time is elapsed +=>
transition condition operator="==">
<param name="opeartion:mouting timel V>
<param name="elapsed time" />
/transition condition>
transition condition operator=Y&gt;">
<param name="chips quantity™ V>
<param name="opeartion:plan~Thips quantity" />
/transition condition>
from state id="s4-3"/>
to state id="s4-1"/>
</¢tate transition>
<state transition id=!11" name="mounting finish">
!-— CONDITION: mouting time is elapsed -->
transition condition operator="==">
<param nampexlopeartion:mouting time" />
<param name="elapsed time" />
/transifzidn condition>
transitien condition operator="==">
<pawsam name="chips quantity" />
<Param name="opeartion:plan chips quantity" />
Mpansition condition>
Trom state 1d="54-3
<to state id="s4"/>
</state transition>
</state transition list>
</behaviour>
</ebc>

B.4 Building an EBC template of a reflow soldering oven

A reflow soldering oven is an equipment used for reflow soldering of surface mount electronic components
to PCBs. The behaviour of a reflow soldering oven is modelled as an activity flow shown in Figure B.4. After
power on and start-up heating, temperature controls and conveyer are started. When a PCB with mounted
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electronic parts is input to the reflow oven, a PCB is moved into the reflow oven by conveyer for reflow
soldering. Temperature controls and reflow soldering proceed in parallel. A reflow oven is constructed from
board pre-heating zones, board soldering zones and board cooling zones. Each zone controls its temperature.
Heating and cooling procedures of each zone are controlled followed by the temperature profiles. A reflow
oven moves to the shutdown cooling state when the power is off.

temperature
profile

L 0
[ temperature controlling (at each zone) I

(stop) .

power on \_ %

shutdewn
toolin

~

startup
heatin

e reflow soldering (zone conveying)

(board pre-heating\ finish ( board solderingw

\ J L J

finish
( board cooling (stop)
g finish Y
new board in completed boardwout

Figure B.4 — Activity diagram forareflow soldering oven
The buildjng procedure of an EBC template is applied-to a reflow soldering oven as follows. In thig example,
the reflow soldering oven has three zones.
a) Listirg of states

— stop;

— sfart-up heating;

emperature control (for zones1 to 3);

—t

eflow soldering (Zene conveying);

—

A PCB is carried through the following zones by conveyer:

| board pre-heating;

- board soldering;

—  board cooling;
— shutdown cooling;
b) Listing of state transitions
— from stop into start-up heating (when power on);

— from start-up heating into temperature controls and reflow soldering (when start-up heating is
completed);

— from temperature controls and reflow soldering into shutdown cooling (when power off);
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— from shutdown cooling into stop (when shutdown cooling is completed);

Listing of static parameters (except common items, e.g. equipment ID, equipment type, model name,

equipment weight)

— electric power of start-up heating [kW];

— electric power of shutdown cooling [kW];

— electric power of temperature control zone 1 [kW];

— electric power of temperature control zone 2 [KW];

— ejectricpowerof temperaturecontrolzone 3-HcW;
Listing of variables (providing by calculation formula)
— e]apsed time of start-up heating [sec];

— e]apsed time of shutdown cooling [sec];

— elapsed time of temperature control zone 1 [sec];

— e]apsed time of temperature control zone 2 [sec];

lapsed time of temperature control zone 3 [sec];

|
o

ot

ptal energy consumption of start-up heating [kWh];

—

btal energy consumption of shutdown cooling [kWh];

—

ptal energy consumption of temperature controlzone 1 [kWh];

—

btal energy consumption of temperature control zone 2 [kWh];

—

btal energy consumption of temperaturé control zone 3 [kWh];

Listing of variables which are input.values when construction of virtual system or whg

operdtion
— start-up heating time;

— shutdown cooling time,

Finally, tHe EBC template for-areflow soldering oven is described using XML as follows:

<?xml veysion="1.0" standalone="yes"?>

<ebc

xmlng:opeartiQ="product-operation.xml"
xmlng:m="htspg://www.w3.0rg/1998/Math/MathML">

<headey>
<templabe name>REFLOW SOLDERING OVEN</template name>
<temptate T tempiate _1a

</header>

<property set>
<!-- default value setting -->
<equipment id>1</equipment id>
<equipment type>XXX</equipment type>
<organization>XYZ Corporation</organization>
<model name>YYY</model name>
<external size unit="cm">H=100,W=250,D=100</external size>
<equipment weight unit="kg">200</equipment weight>
<electricpower startup heating unit="kW">100</electricpower startup heating>
<electricpower shutdown cooling unit="kW">40</electricpower shutdown cooling>

n virtual

<electricpower temperature controlling zonel unit:"kW">70</glectricpgwer_temperature_
controlling zonel>
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<electricpower temperature controlling zone2 unit="kW">80</electricpower temperature
controlling zone2>

<electricpower temperature controlling zone3 unit="kW">60</electricpower temperature
controlling zone3>
</property set>

<!-- external interaction no definition -->
<external interaction list />

<behaviour>
<!-- state list -->
<state list>
<state 1d="sl" name="stop" state="on" />
<state 1d="s2" name="startup 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>
<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>&times;</m:mo>
<m:mi>property set:electricpower startup heating</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>

<state id="s3 1" name="temperature controlling(zonel)">
state data>
<elapsed time>0</elapsed time>
<total energycomsumption>0</total energyconsumption>
/state data>
calculation fofmula>
<m:math>
<m:mrowX
<mrmi>elapsed time</m:mi>
<mawio>=</m:mo>
M :Mrow>
<m:mi>elapsed time</m:mi>
<m:mo>+</m:mo>
M mn> L/ M s M
</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>&times;</m:mo>

<m:mi>property set:electricpower temperature controlling zonel</m:mi>
</m:mrow>
</m:mrow>
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</m:math>
</calculation formula>
</state>

<state id="s3 2" name="temperature controlling(zone2)">
<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>
<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>&times;</m:mo>

<m:mi>pr¢perty set:electricpower temperature controlling zehel2</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</g$tate>

<state id="s3 3" name="temperature contro¥iing(zone3)">
state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</totgl”energyconsumption>
/state data>
calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time<Ym:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>+<Ymsmo>
<m:mn>I</m:mn>
</m:mpew>
</m:mrowe
</m:mathX
<m:mabh
<mmrow>
<m:mi>total energyconsumption</m:mi>
<m:mo>=</m:mo>

M: ML oW
<m:mi>elapsed time</m:mi>
<m:mo>&times;</m:mo>

<m:mi>property set:electricpower temperature controlling zone3</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>

<state id="s4" name="reflow soldering(zone converying) ">
<state data>

<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption>
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</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>
<m:math>
<m:mrow>

<m:mi>total energyconsumption</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>&times;</m:mo>
<m:mi>property set:electricpower reflow soldering</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>

<state i1d="s5" name="shutdown cooling">
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>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>total enerdyconsumption</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>eTapsed time</m:mi>
<m:mex&times;</m:mo>
<mumi>property set:electricpower shutdown cooling</m:mi>
</prsfirow>
</mNnrow>
</mgath>
/calculation formula>
</ $tahe>

</state Iist

<!-- state transition list -->
<state_transition_ list>
<state transition id="tl1l" name="power on">
<!-— CONDITION: power on —-—>
<transition condition operator="==">
<param name="operation:power" />
<param>on</param>
</transition condition>
<from state id="sl1"/>
<to_state id="s2"/>
</state transition>
<state transition i1d="t2" name="heating completed">
<!-- CONDITION: heating-up completed -->
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<transition_condition operator="==">
<param name="operation:startup heating time" />
<param name="elapsed time" />
</transition condition>
<from state id="s2"/>
<to_state id="s3 1,s3 2,s3 3,s4" option="async"/>
</state transition>
<state transition id="t3" name="power off">
<!-- CONDITION: power off -->
<transition condition operator="==">
<param name="operation:power" />
<param>off</param>
</transition condition>
<from state id="s3 1,s3 2,s3 3,s4" option="async wait"/>
<to state id="s5"/>

</$tate transition>
<state transition id="t4" name="cooling completed">
!-- CONDITION: cooling-down completed -->
transition condition operator="&lt;">
<param name="operation:shutdown cooling time" />
<param name="elapsed time" />
/transition condition>
from state id="s5"/>
to_state id="sl1"/>
</$tate transition>
</stgte transition list>
</behayiour>

</ebc>
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Annex C
(informative)

Example building of EBC templates for an injection molding line

C.1 Equipment on an injection molding line

A struct

injection molding machine including mold, a molding extraction robot and a mold temperature,c6
mold is mjounted on an injection molding machine. A mold temperature controller and a molding 4
robot arefconnected with an injection molding machine. An injection molding machine controls stg

stopping

raw material of the injection molded part, are put into an injection molding machine,

he actions of a mold temperature controller and a molding extraction robot. Pelléts, whi

ists of an
ntroller. A
xtraction
rting and
ch are the

Pellets arg put into an injection molding machine. A mold is set on an injection molding machine. Affter these

preparatipns, the injection molding process cycle starts. An injection molding machine, a molding g

robot and

a mold temperature controller have complicated interaction in the injection molding pro
Pellets

| R Injection R Injection

"| molding ”[.-Molding molded

machine extraction part
Mold robot
temperature Mold
controller

Injection molding line

Figure C.1 — Structure of an injection molding line

xtraction
fess cycle.

According to the building procedure-for an EBC template, templates for an injection molding npachine, a

molding e

In this e3

electric epergy consumption. Other focusing points which are related to the equipment’s behavig

added in t

C.2 Bujlding an EBC template of an injection molding machine

The behayieur of an injection molding machine is modelled as an activity flow shown in Figure

receiving

xtraction robot and a mold‘temperature controller are prepared.

ample, EBC templates’ are simplified by omitting sub-activity descriptions and by fo

he same way,

Cusing on
ur can be

[.2. When

an injprfinn mn]ding order in "irﬂing" state the "injpr‘finn mnlding" state starts BRefo

e this, an

adequate mold is prepared and changed. The injection molding process cycle is repeated until completion
of the ordered amount. There are four processes in the process cycle: injection molding, opening of a mold,
ejection by ejector pins and restoration of the ejector pins. At the beginning of the injection molding process,
the starting of the mold temperature control is requested. At the end of the injection molding process, the
stopping of the temperature control is requested for cooling of the mold. After cooling the mold, it is opened
and a request to the molding extraction robot is sent out. Then the molded part is ejected by the ejector pins.
After receiving acknowledgement of the completed extraction from the robot, the ejector pins are restored.
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cleaning

[ injection molding }

v

Opening of a mold

[send to robot]

[ open a mold ]——» i
extraction reques

p

v

Ejection by ejector pins

receive from robot]
complete notice

Restoration of ejector pins

order not completed

order completed

Listing of states

— stop;

— i

old change;

old cleaning;
linder cleaning;
injectiennmolding;

ening of a mold;

Figure C.2 — Activity diagram for'an injection molding machine

ng procedure of the EBC template is applied to an injection molding machine as follows:

— ejection by ejector-pins;
— restoration of ejector-pins;

Listing of state transitions

— from stop into idling (when power on);

— from idling into stop (when power off);

— from idling into mold change (when mold ID is different from the previous production);

— from mold change into idling (when mold change completed);
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from idling into mold cleaning (when cleaning time is reached);

from mold cleaning into idling (when mold cleaning completed);

from idling into cylinder cleaning (when cleaning time is reached);

from cylinder cleaning into idling (when cylinder cleaning completed);

from idling into injection molding (when product input time reached);

from injection molding into mold opening (when injection molding completed);

from mold opening into ejection (when opening time completed);

from ejection into restoration (when extraction-complete notice received);
from restoration into injection molding (production is uncompleted);

from restoration into idling (when number of producing product is achieved);

Listirjg of static parameters (except common items, e.g. equipment ID, equipment type, mo
equigment weight)

%]

farting-up time of equipment [sec];

wn

hutdown time of equipment [sec];

)

lectric power of idling [kW];

(¢}

lectric power of mold change [kW];

(¢}

ectric power of mold cleaning [kW];

(¢}

ectric power of cylinder cleaning [kW];

[}

ectric power of injection molding [kW,;

[¢)

lectric power of mold opening [KW{;

(¢}

lectric power of ejection [kW];

(¢}

ectric power of restoration[kW];

Listing of variables (providing by calculation formula)

elapsed time of idling [sec];

)

lapsed time_ of mold change [sec];
elapsed.time of mold cleaning [sec];

elapsed time of cylinder cleaning [sec];

del name,

elapsed time of injection molding [sec];

elapsed time of mold opening [sec];

elapsed time of ejection [sec];

elapsed time of restoration [sec];

total energy consumption of idling [kWh];

total energy consumption of mold change [kWh];

total energy consumption of mold cleaning [kWh];
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— total energy consumption of cylinder cleaning [kWh];
— total energy consumption of injection molding [kWh];
— total energy consumption of mold opening [kWh];

— total energy consumption of ejection [kWh];

— total energy consumption of restoration [kWh];

— total processing quantity;

e) Listing of variables which are input values when construction of virtual system or when virtual
opergtion

— old ID;

— evious used mold ID;

— pllanned production quantity;
— oduction starting time;

— mold cleaning instruction;

— clylinder cleaning instruction;
— nmold changing time;

— old cleaning time;

I
(@}

ylinder cleaning time;

—n

jection molding time;
rIold open time;

— efector-pins ejection time;

— efector-pins restoration time;

f) Listing of relationships with other equipment

— e[traction request (from injection molding machine to molding extraction robot);

%
e

— eftraction complétion notice (from molding extraction robot to injection molding machin

Finally, tHe EBC templat€ for an injection molding machine is described using XML as follows:

<?xml vefrsion="1hN0" standalone="yes"?>
<ebc
xmlng:opeartion="product-operation.xml"
xmlng 5" https://www.w3.0rg/1998/Math/MathML">

<header>
<template name>INJECTION MOLDING MACHINE</template name>
<template id>xxxx</template id>

</header>

<property set>
<!-- default value setting -->
<equipment id>1</equipment id>
<equipment type>XXX</equipment type>
<organization>XYZ Corporation</organization>
<model name>YYY</model name>
<external size unit="cm">H=100,W=250,D=100</external size>
<equipment weight unit="kg">200</equipment weight>
<startup time unit="sec">20</startup time>
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<shutdown time unit="sec">20</shutdown time>
<electricpower idling unit="kW">30</electricpower idling>
<electricpower mold change unit="kW">30</electricpower mold change>
<electricpower mold cleanig unit="kW">30</electricpower mold cleanig>
<electricpower cylinder cleaning unit="kW">30</electricpower cylinder cleaning>
<electricpower injection molding unit="kW">30</electricpower injection molding>
<electricpower opening of a mold unit="kW">30</electricpower opening of a mold>
<electricpower ejection by ejector pins unit="kW">30</electricpower ejection by ejector
pins>
<electricpower restorationof ejector pins unit="kW">30</electricpower restorationof
ejector pins>
</property set>

<external interaction list>
<external interaction id="el" name="robot extraction">
<s¢nd to equipment id="" />
<r¢ceive from equipment id="" />
</external interaction>
<exté¢rnal interaction id="e2" name="robot completed notice">
<s¢nd to equipment id="" />
<r¢ceive from equipment id="" />
</external interaction>
</extefnal interaction list>

<behavjour>
<!--|state list -->
<state list>
<state id="sl1" name="stop" state="on" />
<state id="s2" name="idling">
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>
<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>=</msmne>
<m:mrow>
<m:mpixglapsed time</m:mi>
<memo>&times; </m:mo>
<m¥mi>property set:electricpower idling</m:mi>
<Awmrow>
<l mrow>
</ dmath>
fealculation formula>
</state
<state 1d="s3" name="mold change">
<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>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
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</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>&times;</m:mo>
<m:mi>property set:electricpower mold change</m:mi>
</m:mrow>
</m:mrow>
</m:math>
<m:math>

<m:mrow>
<m:mi>operation:pca_ id old</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>operation:pca id</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>
<state i1d="s4" name="mold cleanig">
state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total energyconsumption
/state data>
calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
<m:math>
<m:mrow>
<m:mi>total energyeensumption</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>&times; </m:mo>
<m:mi>pfoperty set:electricpower mold cleanig</m:mi>
</m:mpew>
</m:mrowe
</m:mathX
/calcula¥ion formula>
</$tatep
<stat@®\ 1d="s5" name="cylinder cleaning">
state data>

€lapsed _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>&times;</m:mo>
<m:mi>property set:electricpower cylinder cleaning</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
<state 1d="s6" name="injection molding">
<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>
<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>&times;</m:mo>
<m:mi>property set:electricpower injection molding</m:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>
<state i1d="s7" name="openinghof a mold">
state data>
<elapsed time>0</elgpsed time>
<total energyconsumption>0</total energyconsumption>
/state_data>
calculation formula>
<m:math>
<m:mrow>
<m:miXeTapsed time</m:mi>
<memE>=</m:mo>
<indwirow>
<m:mi>elapsed time</m:mi>
<m:mo>+</m:mo>
<m:mn>1</m:mn>

T Mr oW
</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>&times;</m:mo>
<m:mi>property set:electricpower opening of a mold</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
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<external interaction id="el" seg="post">
<param>true</param>
</external interaction>
</state>
<state id="s8" name="ejection by ejector pins">
<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>
<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>&times;</m:mo>

<m:mi>pr¢perty set:electricpower ejection by ejector pins<Am:mi>
</m:mrow>
</m:mrow>
</m:math>
/calculation formula>
</$tate>
<state 1d="s9" name="restorationof ejector_wpins">
state data>
<elapsed time>0</elapsed time>
<total energyconsumption>0</total(é&nergyconsumption>
/state_data>
calculation formula>
<m:math>
<m:mrow>
<m:mi>elapsed timeg</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>elapsed time</m:mi>
<m:mo>+</mNnoe>
<m:mn>1<Ymsmn>
</m:mrow>
</m:mrows
</m:math>
<m:matirx
<m:mrew>
<m:mi>total energyconsumption</m:mi>
<m:mo>=</m:mo>
<m:mrow>

mM:mi>elapsed Cime</m:mL
<m:mo>&times;</m:mo>

<m:mi>property set:electricpower restorationof ejector pins</m:mi>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
<calculation formula repeat="no">
<m:math>
<m:mrow>
<m:mi>operation:total processing quantity</m:mi>
<m:mo>=</m:mo>
<m:mrow>
<m:mi>operation:total processing quantity</m:mi>
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<m:mo>+</m:mo>
<m:mn>1</m:mn>
</m:mrow>
</m:mrow>
</m:math>
</calculation formula>
</state>
</state list>

<!-- state transition list -->
<state transition list>
<state transition id="tl1l" name="energy on">

<!-- CONDITION: energy on —-->
<!-- CONDITION: start-up time is elapsed -->
<transition condition operator="==">

<param name="operation:energy" />
<param>on</param>

/transition condition>
transition condition operator="==">

<param name="property set:startup time" />
<param name="elapsed time" />

/transition condition>

from state id="sl1"/>
to_state id="s2"/>

</$tate transition>
<state transition id="t2" name="power off">

!-— CONDITION: power off -->

!-- CONDITION: shutdown time is elapsed -->
transition condition operator="==">

<param name="operation:power" />
<param>off</param>

/transition condition>

transition condition operator="==">

<param name="property set:shutdown time" /X%
<param name="elapsed time" />

/transition condition>

from state id="s2"/>

to_state id="sl1l"/>
</¢tate transition>
<state transition id="t3" name="mold Cchange">
!-— CONDITION: product input time reached -->
transition condition operatgrs!'==">

<param name="opeartion:product time" />
<param name="system timel />

/transition conditionX

!-— CONDITION: the mela”ID is different from the previous production -->
transition conditien ‘Wperator="!=">

<param name="operation:mold id" />

<param name="gpération:mold id old" />
/transition cordition>

from state Ad="s2"/>

to_state dd€"s3"/>

</$tate tramgition>
<state trangition id="t4" name="mold change completed">
!-— ©ONDITION: mold change time is elapsed -->
transition condition operator="==">

<Param name="operation:mold change time" />

param name-'elapsed time
</transition condition>
<from state id="s3"/>
<to_state id="s2"/>
</state transition>
<state transition i1d="t5" name="mold cleaning">
<!-- CONDITION: product input time reached -->
<transition_condition operator="==">
<param name="operation:product time" />
<param name="system time" />
</transition condition>
<!-— CONDITION: mold cleaning instruction -->
<transition condition operation="==">
<param name="operation:mold cleaning instruction" />
<param>true</param>
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