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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison v
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The maif task of technical committees is to prepare International Standards. Draft Internatienal Standa

by the f{
Standarg
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ion (IEC) on all matters of electro-technical standardization.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Rart 2.
echnical committees are circulated to the member bodies for voting. Publication as an
requires approval by at least 75 % of the member bodies casting a vote.

is drawn to the possibility that some of the elements of this document‘may be the subject of p
not be held responsible for identifying any or all such patent rights.

Subcom:[wittee SC 5, Architecture, communications and integration frameworks.

ISO 161
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DO was prepared by Technical Committee 1ISO/TC 184, Industrial automation systems and

0 consists of the following parts, under the general titleé. fndustrial automation systems and in
uring software capability profiling for interoperability:

1: Framework
2: Profiling methodology
3: Interface protocols and templates

4: Conformance test methodsycriteria and reports
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Introduction

The motivation for ISO 16100 stems from the industrial and economic environment noted by ISO/TC 184/SC5. In
particular, there is broad recognition by industry that application software and the expertise to apply that software
are assets of the enterprise. Industry feedback has noted the need for improvement and continued development of

current desi

gn and manufacturing standards to enable software interoperability.

ISO 16100

interfacing fequirements clearly expressed, standard interfaces can be more easily and quickly developed

Interface D
standard in
systems).

The Unified
the manufa
languages §

Sectors of
peripheral 1
computer-a
product dat

The software interface requirements in ISO 16100 will facilitate the development of:

specifies a manufacturing information model that characterizes software-interfacing requireme

efinition Language (IDL) or an appropriate programming language, such as Java and C+
erfaces are expected to enable the interoperability among manufacturing software, tools (m

Modelling Language (UML) is used in this International Standard for modelling these interfag
cturing information model can be used to develop commonly sharable database scher
uch as the eXtensible Markup Language (XML).

he manufacturing industry — such as automotive, aerospace, machine tool manufacturing,

nanufacturing, and mold and die manufacturing — that intengively use computer-aided desig
ded manufacturing (CAM), numerical control (NC) programiming, computer-aided engineerin
h management (PDM), and manufacturing execution systems (MES) will directly benefit from 1S

nts. With
using the
+. These
bdules or

es. Also,
ha using

Ccomputer
n (CAD),
g (CAE),
0 16100.

a) interopgrable design and manufacturing software tools leading to shortened product development time;

b) new sqftware tools that can be easily integrated with’ current technologies leading to more choicgs in the
market

c) new application software leading to reduced capital expenditures to replace legacy systems;

d) programming interfaces and database schema leading to cost savings by not having to develop proprietary
interfades for point-to-point software«integration.

The end regult will be a reduction invproduct and manufacturing information management cost and lowef product

costs.

ISO 16100 gnables manufactdring software integration by providing the following :

a) standafd interface specifications that allow information exchange among software units in industrial aytomation
systemis developed'by different vendors;

b) softwarle capability profiling, using a standardized method to enable users to select software units that meet
their fu1wctional requirements;

c) conformance tests that ensure the integrity of the software integration.

ISO 16100 consists of four parts. Part 1 specifies a framework for interoperability of a set of manufacturing software
products used in the manufacturing domain and its integration into a manufacturing application. Part 2 specifies a
methodology for constructing profiles of manufacturing software capabilities, and includes a methodology for
creating manufacturing software capability profiles as well as for using these profiles at the developing stage of
manufacturing applications. Part 3 specifies the interface protocol and templates for various manufacturing
application areas. Part 4 specifies the concepts and rules for the conformity assessment of the other parts of ISO
16100.

Vi © ISO 2002 — Al rights reserved
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Industrial automation systems and integration — Manufacturing
software capability profiling for interoperability —

Part 1:
Framework

1 Scope
Part 1 of ISO 16100 specifies a framework for the interoperability of a set of software prodlcts ysed in the
manufacfuring domain and to facilitate its integration into a manufacturing application (see Annex A for a discussion

of a manufacturing application). This framework addresses information exchange models, software object models,
interfaceg, services, protocols, capability profiles, and conformance test methods.

2 ormative references
The following referenced documents are indispensable for the application’ of this document. For dated|references,
only the gdition cited applies. For undated references, the latest edition.of the referenced document (irjcluding any
amendmgnts) applies.

ISO 15704, Industrial automation systems — Requirements for.enterprise-reference architectures and
methodologies

ISO 15745-1, Industrial automation systems and integration — Open systems application integration franework —
Part 1: Generic reference description

ISO/IEC [19501-1, Information technology — Unified Modelling Language (UML) — Part 1: Specificatiorn
IEC 62264-1, Enterprise-Control System Integration — Part 1: Models and Terminology

IEEE 1320.1-1998, Standard for Furictional Modelling Language — Syntax and Semantics for IDEF0O

W3C Retommendation Feb 1998, ‘Extensible Markup Language (XML) 1.0

3 Terms and definitions

For the gurposes.ef/this document, the following terms and definitions apply. Other relevant terms arg¢ defined in
Annex D

31
advanced planning

production planning over time horizons of months or years using constraint models that treat both materials and
capacity

NOTE In some cases, the planning system includes master production scheduling, material requirements planning, or
capacity planning.

3.2

CAD/PDM

computer systems that are used for product design and modelling, engineering, product data management, and
process data management

© 1SO 2002 — Al rights reserved 1
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3.3
capability

<software> set of functions and services with a set of criteria for evaluating the performance of a capability provider

NOTE

of being able to perform a given activity. See IEC 62264-1 for a general definition of capability.

3.4

capability profiling
selection of a set of offered services defined by a particular interface within a software interoperability framework

3.5
CAPP/CA
computer s

3.6
controller

This definition differs from that given in ISO 15531-1 and ISO/DIS 19439, where capability is defined as the quality

stems that are used for process planning and programming of numerically controlled machines

<digital sysfems> hybrid hardware/software systems that are used for controlling machines

EXAMPLES
supervisory

3.7

data colleg

Distributed control systems (DCS), programmable logic controllers (PLC);“numerical controller
ontrol and data acquisition (SCADA) systems.

tion

gathering ¢f information on workpieces, timing, personnel, lots, and/other critical entities for p

manageme

3.8

design kndg

rules and |
techniques

NOTE

3.9
design pat

N
assignment K

nt in a timely manner

wledge
bgic that a human designer brings to bear on design problems, including design and implen

flany different types of design knowledge are‘used in different design activities, such as decomposition k
nowledge, consolidation knowledge, and optimization knowledge.

ern

medium-scale patterns, smaller in scale-than architectural patterns, but are at a higher level than the prog

language-s

NOTE

1

becific idioms™)

[he application of a degign-pattern has no effect on the fundamental structure of a software system, but m

strong influepce on the architecture of a subsystem.

3.10

manufactu
type of sof
CAD/PDM)
the manufa
in a supply

3.1
manufactu

Fing software

by enabling the flow of control and information among the automation system components in
Cturing processes, between these components and other enterprise resources, and between er

p

NC), and

roduction

nentation

howledge,

ramming

ay have a

ware resource within an automation system that provides value to a manufacturing application (e.g.

volved in
terprises

chain or demand chain

ring software component

class of manufacturing software resource intended to support the execution of a particular manufacturing task

1) Taken from Pattern-oriented Software Architecture, John Wiley & Sons, June 2000.
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manufacturing software unit
class of software resource, consisting of one or more manufacturing software components, performing a definite
function or role within a manufacturing activity while supporting a common information exchange mechanism with
other units

NOTE

3.13

A software unit can be modeled using UML as a software object.

manufacturing system
system coordinated by a particular information model to support the execution and control of manufacturing

given sef

NOTE

3.15
manufad
concise 1

3.16

softward architecture

fundame
the envir

[[EEE 14

3.17

software
other m
manufac

NOTE
interfaces
relative to

3.18

supply G
usage of]
detail us
productid

NOTE
time deliv

nufacturing software functions and services against a set of criteria for evaluating ,performance under a

of manufacturing conditions

See Annex C for use cases and related scenarios involving manufacturing software.capability.

turing software capability profile
epresentation of a manufacturing software capability to meet a requirement of a manufacturing

htal organization of a software system embodied in its components, their relationships to each

bnment, and the principles guiding its design and evolation

71-2000]

environment

bnufacturing resources within the. €omputing system that affect the operational aspe

uring software unit

The software environment can.ihclude other systems that interact with the system of interest, eithe

other systems.

hain planning

information technology to address planning and logistics problems at different levels and gra
ng models for-a product line, a production plant, or a full chain of multiple demand sources
n plants, .and distribution means

Supplychain planning can be used to synchronize production, balancing constraints based on goals
bry,/minimal inventory, and maximum profit.

application

bther and to

cts of the

r directly via

or indirectly in other ways. Thé environment determines the boundaries that define the scope of the syst¢m of interest

nularities of
, suppliers,

including on-

4 Abbreviations

AGV

APT

BOM

CAD

CAM

Automatic Guided Vehicle
Automated Programmed Tool
Bill of Materials

Computer Aided Design

Computer Aided Manufacturing

© 1SO 2002 — All rights reserved
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CAPP

ERP

MES

NC

PDM

SCM

Computer Aided Process Planning
Enterprise Resource Planning
Manufacturing Execution System
Numerical Control

Product Data Management

Supply Chain Management

SCADA Sy

SQC

XML e

UML Un

5 Mai

5.1 Ref
The interop
for manufag
ISO 15745
application

An integrat
and a set

among the
devices, sq
exchanges

In this app
cooperate

each other
interoperab

pervisory Control and Data Acquisition

S;Ttistical Quality control
t

ensible Markup Language

ified Modelling Language

nufacturing application

brence application framework

erability framework for manufacturing software is baséd upon a more general interoperability fr
turing applications. Such an application interoperability framework, which is explained in furthe
1, provides a basis for integrating an automation-and control system architecture within a mant
architecture.

bd manufacturing application shall be modeled as a combination of a set of manufacturing n
pf information units whose data structure, semantics, and behaviour can be shared and e

amework
I detail in
facturing

esources
changed

manufacturing resources, as shown in' Figure 1. Manufacturing resources are communication npetworks,

ftware, equipment, material, andpersonnel necessary to support the processes and in
required by the application.

formation

ication integration model,_the various elements of the model have shared interfaces and ¢xchange
material, energy, and information in"a cooperative and coordinated manner. The manufacturing proce

vith each other if the“functions performed by the various elements of the model can interope
When software ‘units perform some of these functions, it is necessary for the software un
e with the otherelements, as well as with each other.

5ses can
rate with
its to be

© I1SO 2002 — All rights reserved
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Manufacturing
Application

Manufacturing
Process

Manufacturing
Resource

Manufacturing
Automation Device

Manufacturing
Information

*

NOTE
(things). A
closest to
“1.*isu
denotes a
For exam

Manufactdring Resources. This notation is taken from ISO/IEC 19501-1.

52 M
The mar
industrie
industry
industry
systems
discrete,
method

Even as
changing
systems.
control 4
manufac

Equipment
& Infrastructure

Manufacturing
Personnel

* *

Raw Materiah&
Manufactured
Part

Manufacturing
Software Unit

1.

*

Boxes represent classes of objects (things). Lines connecting boxes represent associations bety
n association has two roles (one in each direction). A role may optionally be hamed by a label. A role fi
B, and vice versa. Roles are one-to-one unless otherwise noted. A role can have a multiplicity, e.g. a rolg
ed to denote many as in a one-to-many or many-to-many associatior.,/A diamond at the end of an as
part-of relationship. A black diamond at the end of an association liné denotes a composition aggregatio
ple, Manufacturing Application owns (is comprised of) Manufacturing Process, Manufacturing Info

Figure 1 — Class diagram of a partial model,of a manufacturing application

anufacturing domain

ufacturing domain that includes discrete, batch, and continuous control encompasses ma
5. The automotive industry is an example of an industry employing discrete control; the pha
s an example of an industry employing batch control; the petrochemical industry is an exa
employing continuous controls, For manufacturing software, the interface between plant n
and floor control systems js.described by the same method regardless of whether control g
batch, or continuous. Similarly, the control flow inside a control system is also described b
pgardless of whether the system is discrete, batch, or continuous.

he manufacturing-derain applies to many industries, the relationship between firms in these i
rapidly due te"recent developments in IT infrastructure, as is the case in supply chain m
Therefore, 15016100 sets a target manufacturing domain to include the manufacturing op
ctivity, the 'discrete control activity, the batch control activity, the continuous control activ
uring proecess design activity, as shown in Figure 2.

© 1SO 2002 — All rights reserved
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Supply Chain
Management

Product Design Plant Management
Enterprise
Resource

Management

Manufacturing
Operation & Control

Manufacturing
Process Design

Continuous
Control

Discrete
Control

Batch
Control

Figure 2 — Target domain of ISO 16100

5.3 Manufacturing processes

A manufacturing process shall be modeled as a set of activities that follow a specific sequence. Each act
be associated with a set of functions performed.aécording to a time schedule or triggered by a set of event

The functiohs associated with a manufacturing process shall be viewed as being implemented through
manufacturlng resources. The manufacturing resources shall be considered to be selected and conf
support the| material, information, and ‘energy flows required by the specified sequence of manufacturing
associated with a process.

When a mgnufacturing process must cooperate and coordinate with another process, the respective fur
these interacting processes,are considered to be able to cooperate and coordinate with each other
situation reguires that the_eooperating and coordinating functions meet a common set of criteria and
conditions fpr interoperability. The software units that implement these functions shall meet a related set
and conditipns for inferoperability.

5.4 Manufacturing resources

vity shall

3

D.

a set of
gured to
activities

ctions of
Such a
a set of
bf criteria

The manufacturing resources required by a manufacturing application shall be organized in terms of th

e type of

flow being managed and supported among the manufacturing processes — material, control, information, or energy
flow. The set of integrated flows can be used to represent an integrated manufacturing application or manufacturing

system architecture.

The set of integrated manufacturing resources shall form a manufacturing system architecture that fulfills a set of

manufacturing application requirements. These manufacturing resources, including the manufacturing
units, shall provide the functions associated with the manufacturing processes.

software

The combined capabilities of the various software units, in an appropriate operating environment, provides the
required functionality to control and monitor the manufacturing processes according to the production plan and the

allocated resources.

6 © I1SO 2002 — All rights reserved
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An operating environment shall be distinguished by the manufacturing resources needed by the associated set of
software units. These manufacturing resources include the processing, storage, user interface, communications,
and peripheral devices, as well as other system software required for executing the software units.

5.5 Manufacturing information

A set of information structures shall provide the knowledge infrastructure to manage the various types of flows
within a manufacturing application. These information sets shall include data pertaining to the product, the process,
and the equipment.

The manufacturing software units shall be the primary means for handling, transforming. and maintaining these
informatipn structures.

6 Manufacturing software interoperability framework

6.1 Manufacturing software unit interoperability

Within a|context of a manufacturing application, a manufacturing software unit_is considered to be| capable of
performing a specific set of functions defined by a manufacturing system architecture. In performing these sets of
functions, the manufacturing software unit is cooperating and conducting ttansactions with other manufacturing
software [units.

The fungtions performed by each software unit shall be those as\described by the manufacturing| application
architectyire. The information exchanged between these software-units shall enable the coordinated gxecution of
these mgnufacturing functions.

The software interoperability of a set of manufacturing activities shall be described in terms of the intergperability of
the set of software units associated with each manufacturing activity.

A softwdre interoperability framework consists of(a set of elements and rules for describing the gapability of
software| units to support the requirements .of "a manufacturing application. The capability to $upport the
requirements shall cover the ability of the software unit to execute and to exchange data with other software units
operating in the same manufacturing system or in different manufacturing systems used in the applicatign.
A softwale interoperability framework shall be based on the following aspects:

a) syntax and semantics shared between manufacturing software units;

b) funcjional relationships between the manufacturing software units;

c) serv|ces, interfaces,-and protocols offered by the manufacturing software units;
d) abilify to prowide manufacturing software unit capability profiling.

The franjework' elements shall consist of the roles, the activities, and the artifacts associated with the software
entities Wwhen dealing with the manufacturing process, information, and resources. The framework| rules shall

address the relationships, templates, and conformance statements needed to construct a capability class (see ISO
16100-2), a profile class (see ISO 16100-2), and a component class (see ISO 16100-3).

The organization, relationships, and tasks pertaining to the software unit and its manufacturing software
components shall be expressed in terms of the framework elements and rules in ISO 16100-3.

Figure 3 shows the relationships between the aspects of the software interoperability framework and the derivation
of this framework from a generic application interoperability framework.

© 1SO 2002 — Al rights reserved 7
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Generic Application Interoperability Framework derived from Software Interoperability Framework
(Methodology and Rules for Interoperability) =
e  Software architecture and design
e  Modelling tools pattern
e  Languages for syntax and semantics . !Vlanufacturing §oftware unit
e Generic application interoperability interfaces, services, protocols
model e Interface definition methodology
(formal language)
constrains L profiled by
used td create
Software Capability Profiling
. o . . e  Classes of manufacturing activity
Domain Specgcl I\{Ip:ellhl'ng of Functional software unit capability, software
elationships g capability profjle, software
e Application model mapped to component

Software funetionalities
Manufacturing application
interoperability criteria

Information model
Environmental model

6.2

Within the

cooperate {
This is rea
manufactur
single softw
interoperate
activities ¢4
classes of g

In this fram
of the activ

Constraints from other
manufacturing resources
Non-functional properties of the
software unit

Template(s)

Figure 3 — Relationships of software.interoperability aspects

Functional relationships between the manufacturing software units

manufacturing domain shown in Figure-2, there can be one or more operational software

hrough a specific interface/protocol-to-perform a single manufacturing function required in tha
ized in the software environment-ef a specific computing system as one of the componen
ng resources, enabled by a specific software design pattern performing a specific role. Con
are unit can perform one ermore manufacturing functions. One or more manufacturing func
with each other to execute,control, monitor, or manage a particular manufacturing activity. A
n be conducted in a particular sequence to complete a manufacturing process. Figure 4 dg
software unit and its’sufroundings and associations.

bwork, the sequence and schedule of functions performed is determined by the sequence and

functions a

The interop

ities that comprise a particular process. The manufacturing software units deployed to pe
e considered to execute according to the required sequence and schedule of their associated f|

Inits that
domain.
ts of the
ersely, a
fions can
series of
picts the

schedule
form the
unctions.

rability-of the manufacturing processes shall be viewed in terms of the interoperability of the

unctions,

which in tyrn;_shall be V|ewed in terms of the mteroperablllty of the manufacturmg resources, including the

manufactur

activities are provided in Annex B
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Interface / Protocol p
Rdéle
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Figure 4 — Class diagram of a software unit and its surroundings
and associations within a.manufacturing application

uring function. Each software unit shall' be represented as a UML object.

acturing software unit shall_provide a service interface for use in its configuration, exe
nce.

hbility of a software unit‘to perform a manufacturing function shall include a description o
available at its serviee interface. The capability of a manufacturing software unit shall be cong
bility profile descfibed in XML.

ence and timing of the manufacturing activities determines the specified criteria for the intero|
tiated set/of manufacturing software units.

bn structures included or referenced in a capability profile are defined in ISO 16100-2.

re unit shall be modeled as a set ofs/software components that have been linked to perform a definite

cution, and

[ the set of
isely stated

perability of

6.3 Services, interfaces, and protocols

A manufacturing software unit shall be modeled as a set of manufacturing software components that have been

linked to

perform a definite manufacturing function.

Manufacturing software units shall interoperate with one another, in support of a manufacturing activity, when the

services

requested by the former can be provided by the latter, using the same operating environment.

The services, interfaces, and protocols are defined in ISO 16100-3.
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6.4 Manufacturing software unit capability profiling

A concise statement of the capability of a manufacturing software unit shall be expressed using a capability profile.
The capability profile shall include class of manufacturing activity, the software function performed, the
manufacturing application criteria, resource conditions or configurations (software enablers), measurement units,
name of the manufacturing software unit, data exchanged, the service interface and the associated operating
conditions.

EXAMPLE Class of Manufacturing Activity: Production Control

Software Functions: Scheduling, operation, monitoring, reporting, alarming
Manufacturing application criteria: completeness, timeliness, accuracy
Resource conditions or configurations: operating system peripherals, networks, drivers, performance monitors
Measurement units: Mean Time Between Failure, Mean Time To Repair, Number Of People To Repair|(per skill
type)

Name of manufacturing software unit: RSI Enterprise Batch

The profile ghall provide a minimum level of information and be organized in a format that is XML*based t¢ address
the use cass enumerated in Annex C.

3.

The structufe, syntax, and taxonomy of manufacturing software capability profiles are defihed in ISO 16100

7 Conformance

The conceqts and rules for conformity assessment of capability profiles are defined in ISO 16100-4.

10 © 1SO 2002 — All rights reserved
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(informative)

Manufacturing application reference model

odel of a manufacturing enterprise

ins

esses within a manufacturing enterprise can be represented as a set of activities (see-Rigur

e A.1). The

f domains and the names may differ from one enterprise model to another. In this International Standard,

hin classes defined in the manufacturing enterprise reference architecture noted in. Annex
| be referenced.

tivity domains can be organized in a hierarchical fashion, wherein the Production Control act
Lub-domains can be placed at Level 3 and below, while all the other enterprise activity dom
d at Level 4 and higher. The hierarchical arrangement of the domains will-allow more detailed

Ifacturing process requirements (see Figure A.2). Hierarchical arrangement of enterprise

prouping may result if the target domain were some activity other thanProduction Control.

bes of functions to be used in distinguishing a manufacturing seffware capability can be defineq
ing characteristics:

ric activity type;

pin category as noted in the principal domainsi\described in this clause and the sub-donm
Huction Control domain;

type supported by the associated manufacturing process.

. Order
Enterprise/Control
Boundary : /(/ Product Shippin®
Production \ Administration
Scheduling Product Cost
Accounting

Capacity Cost
Objectiv
\ Schedul Performance Product
Inventory Control

& Costs

Standards
Pro Data
QA Results

QA Resuts :
Qualit

Purchase A
Procurement er Red. Manufacturing
e Operation and

Control

Mategial and
Energy R ®quirem ents atprlal and
1 eI} nventor

B.3 of ISO

vity domain
BiNs can be
reatment of
domains. A

in terms of

ains of the

NOTE

Maintenange SS P
M aterial and / Requests . Mder Assurance
orf Report, Cost)
Energy Control iagnostic
1

CTeck REqHests

Management & Sales R&D

Figure adapted from IEC 62264-1.

Figure A.1 — Activity diagram of a partial model of a manufacturing application
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Although different enterprises use different names for the functions in these activity domains and these domains
may have varying functional boundaries, these functions can be distinguished by their input, output, and processing
operations. The functions within each sub-domain can be enumerated and these functions are referenced to
distinguish the manufacturing software capability descriptions.

Level 4

Business Planning & Logistics ™
Plant Production Scheduling,
Operational MaW

Level 3 M
anufacturing

Operations & Control
Dispatching Production, Detailed Production
Scheduling, Reliability Assurance, ...

N

W)\ (15
Ld

Batch Discrete

Control Control
Cell Line

NOTE figure adapted from IEC 62264-1.

Figure A.2 — Hierarchical arrangement of enterprise domains

A.1.2 Busjness planning and logistics level

The activityJdomains within the business planning,and logistics level can be grouped as follows:
a) Purchasing, procurement, and product cost’accounting;

b) Produgtion scheduling, product invéntory control, and quality assurance;

c) Materigl and energy flow contfol and management;

d) Marketjng and sales, order processing, product shipping management;

e) Corporpte services,.such as accounting, human resources, research and development, information technology
support, legal, standardization, and trade.

A.1.3 Customerirelationship management

The Customer Relationship Management activity domain includes functions, such as marketing, sales, partnering,
integrator support, order processing, and other coordination functions.

The Integrated e-Commerce activity sub-domain involves functions such as electronic data interchange, web
ordering, business-to-business electronic storefront, and business-to-consumer electronic storefront.

A.2 Corporate services

The Accounting activity sub-domain involve the functions, such as general ledger, bank book, accounts receivables,
accounts payable, currency management, assets depreciation, and other financial transaction support.

12 © 1SO 2002 — All rights reserved
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The Quoting and Estimating sub-domain involve functions, such as standard product routing, labor performance,
and shop floor cost control.

The Human Resource Management activity domain includes functions such as payroll, human resources support,
time and attendance, organizational chart maintenance, applicant handling, and employee training and retention.

A.3 Material and energy management

In the Material and Energy Planning and Control activity sub-domain involve functions, such as bill of material,
production order processing, master scheduling, and material requirements planning.

The Ady
advance

The Cap
standard

| distribution, serial lot management, shipping, RF data collection for distribution, and request'f

acity Requirements Planning sub-domain involves functions, such as manufacturing cost acc
product costing.

The Distfibution activity sub-domain involves functions such as inventory management order entry, pur

and rece

A4 E

ving, traffic and transportation, and packaging and labeling for distribution.

ngineering support

The Endineering Support activity domain involves functions of product design, process design ¢

installatign, and support, such as engineering change managementy/facility environmental manag
monitoring.
A.5 Manufacturing operations and control level

The Production Control domain at the manufacturing operations and control level can be further decon
set of agtivity sub-domains. These sub-domains may-be organized differently according to the mig

manufac

The spe

uring environment — make to stock, make-to order, assemble to order and mixed — mode ope

ific activity sub-domains are Operatiéns control, Operations planning, Asset management, M

management, and Process Support engineéring. These are shown in Figure A.3.

NOTE

Operations Asset
Planning Management

Operations
Control

anced Materials Management sub-domain involves functions, such as returned material alithorization,

br quotation.

bunting and

chase order

engineering,
ement and

posed as a
sion of the
rations.

laintenance

Maintenance Process

Support

Figure adapted from IEC 62264-1.

Figure A.3 — Composition of the Production Control domain
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A.6  Production control domain reference model

This clause defines a reference model for the set of functional activities in a manufacturing enterprise that will be
addressed by this interoperability framework. Other manufacturing enterprise reference models may have a
different functional decomposition; however, the reference set of functions defined in this International Standard
can be mapped to other functional decompositions.

The set of manufacturing activities that can be found in a Production Control domain include

a) Design product,

b) Engineer process,

c) Plan erEerprise resources,

d) Acquir¢ resources,

e) Execute manufacturing orders,
f)  Contro| equipment and process,
g) Perform production steps.
These actiyities, except for (g), are identified in Annex B in terms of a¢tivity diagrams. The diagrams show the
functions pgrformed within an activity and the sequence of performance{ Annex B provides details for activities (a)

through (e){ Details for activities (f) and (g) can be constructed using the same conventions for activity diagramming
(see B.1). Activity (g) will require feedback to activities (a) through (T).
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Examples of the manufacturing activity reference model

B.1 Activity diagram convention

-1:2002(E)

The figures in this annex partially conform to the IDEF0 modelling methodology specified in IEEE 1320.1-1998. The

IEEE 13!
represen
activities
composs§
increasin

The basi
decompg
subject t
and has
left side
attached
output. A
activity. A

P0.1 standard describes the modelling language that supports the IDEFO method for developit
fations of a system or subject area. The physical construction of IDEFO models represents, fu
, functional relationships, and the physical and data objects required by relationships. AnJIDE
d of a hierarchical series of diagrams with associated explanatory material that graduall
g levels of detail to describe functions and their interfaces within the context of a system

c components of the IDEF0 language are boxes and arrow segments. A box models an activity
sed into a set of sub-activities. An activity typically takes inputs and, by means of some mec
b certain controls, transforms the input into output. An activity is named(by an active verb or

B number starting with the letter "A" placed in the bottom right corner-ofthe box. An arrow attg
of a box represents input data, i.e. what will be transformed or_consumed by the activity
to the top represents control data, i.e. conditions that must be met‘before the activity can prod
n arrow attached from the bottom represents mechanism data;\i:e. the means necessary to ¢
A\n arrow attached to the right represents the output data, i.e<what is produced by the activity.

g graphical
nctions (i.e.
FO model is
y introduce

that can be
hanism and
erb phrase
ched to the

An arrow
uce correct
arry out the
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B.2 Develop Products activity

Specifications
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Regs. Design \ Design
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_ A A p, Acquire Delivery
Desipn Resources ' | Schedule
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Mfg. | 4 vy Tool, Equipment
Orders Execute P Maint. Qrder
R » SCM Manufacturing Equipment
esource Orders Operation
Regs. )
° A5 Instructions
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Charlge b Stat \ 4
Reqyest ans atus _ Control Actual
¢ v Equipment E[gd:ctlon
& Process N
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Mfg. ( >
Knowledge Process Status Mes Data Collection
L. Methods
Controllers
Machine Tools
Figure B.1 — Develop Products
Design Prgduct {(A1):
The preduct design engineering includes functional requirements, conceptual design, embodiment design,
detailwwwm—' i i ificati i '

Engineer Process (A2):
Generate a manufacturing process plan and alternative plans. The manufacturing process engineering
includes process selection, operation planning, work piece routing, and equipment/device control program
generation. This activity provides design and processing information for the downstream resource planning

and manufacturing execution.

16
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Plan Enterprise Resources (A3):
Analyze parts and perform make/buy decisions for all the parts. Develop business plan and schedule to
acquire necessary resources and/or to produce products for the market. The enterprise resources include
material, finished parts, equipment, and labor skills. The enterprise resource planning function includes
financial and order management, production and material planning, master production scheduling, capacity
requirement planning, and job definition. It also includes business process planning and resource
requirement specification.

Acquire Resources (A4):
Based on resource requirement plan, purchase resources from suppliers to meet the production schedule.
This activity is supported by supply chain management, which includes distribution, logistics, transportation

m

+ A
Ay eTTeTTG  arnmu aduvarroTUorarriTyT

Execute
Ba
prd

Manufacturing Orders (A5):
5ed on the production plan and master schedule, carry out manufacturing orders in a producti
duce finished goods. This activity includes initiate, manage, and report on production activities

=

Control
Us
act
col

Equipment and Process (A6):

ivity usually involves distributed numerical control, programmable logic~control, and factor
ection.

Actual P
An
su

roduction Steps:
actual production step is a detailed instruction to equipment-otf workers to execute produc
th as load tools to a machine, start a milling cycle, drill a hole;)check the actual dimension of a

ERP/MR
En
prd
SYS
en
su

PIl:

erprise Resource Planning (ERP) and ManufacturingzResource Planning (MRP) Il are the |
vide financial, order management, productions and ‘materials planning and related functions.
tems focus on global planning, business processes and execution across the whole enter
erprise systems), with an accrued recent importance of aspects like supply chain planning an
bply chain management aspects and extending to include the whole inter-enterprise supply cha

Equipmeént Operation Instructions:
SpEcific operation steps or recipes thatvused to control machine movement, such as machinin
asgembly, material movement, etc.

List of Purchased Resources:
A list of resources that are purchased from suppliers. For each resource item, the list contai
number, description, purchased date, quantity, cost, and other related-information that is company

Manufagturing Execution”System (MES):

broduction activity " management system that initiates, guides, responds to, and reports on
acfivities on-lineCand in real time to production management people. The system aids t
nufacturing, Orders activity.

bn facility to

ng pre-programmed instructions, control and monitor equipment motions and‘processes in real time. This

y-floor data

ion activity,
eature, etc.

ystems that

The Modern

prise (intra-
d the whole
in.

g, welding,

s resource
specifiA.

production
ne Execute

mufacturing

ifferent types

of manufacturing knowledge are used in d|fferent manufacturing activities, such as decomposition knowledge,

assignment knowledge, consolidation knowledge, and optimization knowledge which are used
planning, resource planning, production planning, and scheduling.

Manufacturing Orders:
Instructions that are sent to factories to start jobs to fulfil customer orders. The starting dates are
the manufacturing order according to the production plan and the master production schedule.

Market/Customer Requirements:

in process

specified in

A list of customer needs based on market studies, detailed evaluation of the competition, and review of all

available literature. It includes the description on product performance, appearance, delivery
price, volume, safety, and environment.

© 1SO 2002 — All rights reserved
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Planning Policies:
Rules, regulations, strategies to plan business, engineering, and production activities.

Process Change Request:
Feedback from factory-floor production requesting changes to process plan when some problems in the
process plan were found. Changes can be process parameter changes, tool changes, setup changes, etc.

Draft Process Plan:
They are the plans created by processes and their sequences for machining parts. The specifications are
subject to validation and approval. There is only one primary process sequence and can be several
alternative process sequences.

Process Status:
A repprt on the conditions of a process that is being monitored. The report includes alarms, process|changes
or shifts, workpiece throughput, etc.

Product Specification:
Specify product information such as product structure, material, dimension, toleranceyand surface fipish etc.

Product Bill of Material:
An index to illustrate the structure and detailed information of product, comporent and part, known as “as-
desighed configuration” or “Engineering BOM- EBOM”. It includes the item hiimber of letter, the parf number,
the quantity needed in the assembly, the name or description of the coniponent, the material from which the
component is made, and the source of the component.

Production Status:
A report on the state of all scheduled operations and production units. This also includes the information on
resoyrces, process setup, job schedule, and material routing.

Purchase Qrders:
A purchase order is an instruction to buy certain reséurces (such as material, parts, components, tpols, and
machiines) from a supplier.

Resource Requirements:
A list jof resources required supporting production jobs.

Specificatipns:
Sets pf description of standard engineering, manufacturing, and business practices that guide and cpntrol the
prodyct development process.

Standard Rart Library:
An information library or-database that contains standard parts. A standard part is a member of g class of
parts[that has a genéricfunction and is manufactured routinely without reference to its use in any particular
proddct. Examples/of standard parts are screws, bolts, rivets, jar tops, buttons, most beams, gears| springs,
and washers.

Supply Chain Management (SCM):
stribution

Tool, Equipment Maintenance Order:
An instruction indicating specific tools, machines, or devices that need maintenance before performing any
production activities.

Tooling Design:
Specification of the form, function, and material of a tool (e.g., cutter, fixture, and probe). There are two major
subtype of tooling design: (1) tool assembly design that specifies the assembly of a tool or fixture from
standard components, and (2) special tool design, which must be fabricated.

Tool Usage Instructions
Instructions that guide users to properly use tools in production.
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B.3 Design Products activity

Specifications

(

ISO 16100-1:2002(E)

Develop
A
reg

Develop

Market/Customer Develop
Regs. Conceptual
> Design
A11 Conceptual
A A v
Develop Product
Detailed Design Specification
N Product
A12 BOM
Design Standard
Knowledge Part
CAD/PDM Library

Conceptual Design (A11):
decision-making process that generates product concepts. A product concept includ
uirements, functions, behaviours, form;’possible materials, structure, and constraints.

Detailed Design (A12):
A fecision-making process that:generates detailed geometry, topology, dimensions, tolerang

Figure B.2 — Design Product

finishes, surface hardness, and-material specification of a product.

Concep
Th

Cco

al Design:
product concept™that includes product functions, behaviours, form, kinds of materials,

straints, and engineering requirements.

es product

es, surface

structures,
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B.4 Develop Conceptual Design activity

Specifications
- £ Product
Define Product | Functions
Market/Customer Fynctions and
Regs. —_p| Constraints
Behaviour
A111 W Generate Model Dacomposed
A A Prodl_Jct Functio?ws,
Behaviours Constraints,
and Behaviours
A112 v
A A Decompose
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Constraints Constraints, and—,
Behaviour
A113
A
v
Specify > Product
Product ~— Specification
Configuration
» Product BONI
A114|~—
L ) J
T L
Standard Design
Part Knowledge

Library

Figure B.3 = Develop Conceptual Design

Define Profuct Functions and Constraints (A111):
The Jactivity is to define product functions and constraints based on engineering requirements.

Generate Aroduct Behaviours'(A112):
The factivity is to gefierate product behaviours based on product functions and constraints.

Decomposke Functions, Constraints, and Behaviours (A113):
The [activity-is.to decompose the functions into sub-functions, the constraints into sub-constraints, and the
behavioursinto sub-behaviours, so that each part, subassembly, and assembly of a product hag its own
funclions; constraints, and behaviours.

Specify Product Configuration (A114):
The activity is to specify product form and structure based on the decomposed functions, constraints, and
behaviours. Product configuration includes its components and the relationships among these components.

Product Functions:
Product functions are the intended use or purpose of device, Function represents the transformation
relationship between input and output of, in general, energy, material, and information flow.

Product Constraints:
Constraints on product, subsystem and component designs imposed by corporate policy, such as design

styles, composition, technology used, ergonomics, and product family similarity. These may imply both layout
constraints and component constraints.
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Behaviour Model:
Behaviour model is a mathematical model of how an artifact behaves based on physical principles. It is
described by input and output variables and the relationship between them.

ISO 16100-1:2002(E)

Product behaviours are the physical actions of the artifact in a specified environment.

Decomposed Functions, Constraints, and Behaviours:
Product Functions, Constraints, and Behaviours are decomposed into sub-functions, sub-constraints, and
sub-behaviours based on physical principles.

B.5 Develop Detailed Design activity

Design Evaluation  Evaluation Soecificati Tolerance
i ideli iteri ecifications
C(on)stramts Gwd(ehr;e CZ'l irla p Standardd
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Design - Draft
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P> A121 L Results
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R System/
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System/
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A123 Optimize Drawings Drawir
A Designs
>
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JAD/PDM A —
f Finalize =
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Component |
. P
Design P Design N
Features
A125 »
Spe
Design ( > . (> .
Knowledae Evaluation Optimization
g Knowledge Knowledge
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BOM

roduct
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Figure B.4 — Develop Detailed design

Design System/Component (A121):
Each component (or device) is detailed in geometry and materials (with all the tolerance information) so that
the product can be manufactured. In some cases, this involves identification of the group technology — the
features of the component that are used to perform a design classification — so that similar designs can be
identified in the firm’s knowledge base of previous designs. This is an iterative process, modified by the
results of analysis and evaluation, layout and interface changes, and changes requests from the
manufacturing engineering activities.
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Analyze System/Component (A122):
Perform engineering analysis of the characteristics and behaviour of components and subsystems.
Determine and quantity the response of the designed system to both external and internal signals (e.g.,
forces). Both mathematical and visual simulations may be used.

Evaluate System/Component Design (A123):
Determine whether and how well the design meets functional and performance specifications and satisfies
other qualitative constraints, including cost. Rapid prototypes may be developed in order to perform
mechanical and aesthetic evaluations. Downstream producibility feedback becomes a part of this evaluation.

Optimize Designs (A124):
Create—arigorou

stem/Component Design (A125):
and approve for release a product version consisting of a detailed set of design drawings and
component specifications such as function, geometry, material, finish, processing netes, assemhlies, and
assembly notes. Note that as change requests are processed, alterations to the designoccur in many places,
and the finalization produces a successor version. What is important here‘-is that an engineering
mangdgement process intervenes in the technical design process to define~a consistent archival design
docuinent set for release to manufacturing engineering, production, or mainténance.

Develop Assembly Drawings (A126):
Develop the set of drawings showing how the components are assembled into subassemblies| and the
subagsemblies are assembled and connected to create the final'product. In some cases, this is g detailed
enhancement of the layout drawings; in other cases, it is an.entirely different set of views of thg¢ product
components.

Analysis Result:
Results of engineering analysis (such as structural behaviour, thermal behaviour, electrical behavioyr, effects
of vibration, performance of specific functions) of theldraft component or subsystem design:.

Assembly Prawings:

The ket of drawings showing how the .components fit together into assemblies and specifying the

chargcteristics of each fit and connection."In some cases, this is a detailed enhancement of the layout

drawings; in other cases, it is an entirely-different set of views of the product components.

Design Feature:
Identification of features of a preduct or component, which are important to the designer in makirjg design
decis|ons and identifying similarities with previous designs. This may includes some kind of group technology
coding scheme for automated identification of similarities.

Design features and{codes are distinguished from manufacturing features and codes in that the |atter are
intengled to support manufacturing process decisions and may therefore emphasize different aspe¢ts of the
part. For example; two parts which have very similar shape and materials but different tolerances may share
comnpon desigh’ features but have significantly different processing requirements, and therefore| different
manufactufing features.

Design Evaluations-
Interpretations of the engineering analysis and other evaluations to determine how well the design meets

functional specifications, performance specifications, standards, and other criteria.

Draft Subsystem Design:
All the elements of the product model for a system or component that are needed to perform various
engineering analyses and evaluations: typically materials (or components) and geometry for all analyses, and
topology, tolerances, surface finish, and mating specifications for some analyses.

Evaluation Criteria:

Criteria and metrics developed for estimation of design quality during product planning, as a means of
determining the probability of successful market for the design.
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Evaluation Guideline:
Design for availability, reliability, maintainability, disposability, and usability (quality concerns). This may also
include producibility and ease of assembly, to the extent that process knowledge is incorporated directly in
the design function. (Process constraints may also be reflected in feedback from manufacturing engineering
functions.)

Evaluation Knowledge:
Knowledge of how to judge design quality: judgement techniques, valuations and confidence factors in the
conformance of a design to various desirable goals. This also includes prioritization of the goals themselves.

Optimized Designs:

D

Optimiz
Kn
im

Product
A
for

a

~

b)

c)

tion Knowledge (Design Knowledge):
bwledge of how to refactor a design based on functional decomposition in- order
blementation, by recognizing and improving inter-functional and non-functional relationships.
model:
fomputer-interpretable representation of the product and subassembly layouts, and all the sf
each component, including

for parts to be fabricated:
1) Material of which the component is made (may be either comiposition or stick material);
) Component dimensions, geometry and topology;
3) Surface finish (roughness, hardness, coating);
1) Notes on special processing procedures;

for sub-assemblies:
1) The (partial) bill of materials: the list'of component parts;
?) The assembly configuration:*how the components fit together;
3) Fit specifications: tightness requirements for fits, bindings and seals;

and in general:
1) Quantitative-quality controls: tolerances, datum’s, limits and fits;
?) Design \features: features of the part, which are important to the designer in making de

identifying similarities. Features may be codified based on some classification system
determine similar parts (group technology codes for product design);

-1:2002(E)

to improve

ecifications

cisions and
Hesigned to

3)Y_)Design intent: statements of the relationships between specific design choices a

nd specific

constraints, specifications and guidelines, which govern the product or design process. Also
statements of the interrelationships of the design choices themselves, including the use of off-the-

shelf components;
4) Notes on special handling procedures;

5) Notes on special quality control procedures.

© 1SO 2002 — All rights reserved
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B.6 Engineer Process activity

Planning Policies

Product Develop
Specification» Cg’:ﬁfgﬂal ey
Plan Manufacturing
A21 Processes
A A
\ 4 Tool Usage
Develop ——p Instructions
Detailed Todlirg
Process [P Design
Plan
—P A22 > Draft
i Process
K ? Plans
[ Mfg.
CAPP/CAM KnoWledge
Figure B.5 — Engine€r-Process
Conceptuadl process planning (A21):
Concgptual Process Planning is an activity to select manufacturing processes and resources, and to| estimate
manufacturing cost and time in the early design stage.

Detailed Priocess Planning (A22):
Detail process planning is an activity, to- specify operations, determine operation sequences, select machines
and tpols, depict setups, define-process parameters, and estimate process time and manufactyring cost
based on a detailed design.

Selected Manufacturing Processes:
The manufacturing progesses that are selected based on conceptual process plan.

Draft Procéss Plans:
They|are the plans created by process planners based on design specifications and available resources.
The glans are-subject to validation and approval.
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B.7 Conceptual Process Planning activity

Planning Policies

Select
Manufacturing
Product
Specification > Process Selected
| Manufacturing
A211 Processes
A A
v
Select
Manufacturing > Selected
Resources Mandfacturing
Resources
A212
A A A v
Estimate
Manufacturing Estimated
; > stimate
\ostTime Z Cost/Time
A213
- T j
|
Manufaeturing ( >
CAPP/CAM Resource Mfg. Cost
Model Knowledge Model

Figure B.6 — Conceptual Process Planning

Select Manufacturing Processes (A211):
Select primary manufacturing processes, such as casting, forging, molding, and machining] based on
conceptual design.

Select Manufacturing Resources (A212):
Chpose appropriate miandfacturing resources including both physical resources and human| resources.
Physical resources include machines, tools, fixtures, and gages. Human resources include labor dKkills.

Estimatg Manufacturing Cost/Time (A213):
Esfimate cost/time based on selected manufacturing processes and resources. Manufacturing |cost covers
ma3terial, purchased parts, labor, tooling, machine usage, and overhead.

Selected Manufacturing Resources

include machlnes tooIs flxtures and gages. Human resources mclude Iabor Skl||S

Manufacturing Resources Model:
Manufacturing Resources Model represents the type, attributes, and capability of manufacturing resource.
The model is used for selecting manufacturing resources.

Cost Model:
Cost model is a model to represent manufacturing cost structure of product based on manufacturing activity.

Estimated Cost/Time:

Estimated Cost/Time is the manufacturing cost and time of product to be estimated based on manufacturing
activities.
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B.8 Select Manufacturing Resources activity

Planning Policies

Select
Machines Selected
Selected P Machine——
Manufgcturing —P ~ Tools
Processes A2121
AA A
4
Select
Tools/Fixtures
Selected
> > Tools/Fixtures
A2122
v
A A A Select .~ Selected
' electe
Lat.)or ~—~ Labor skills
Skills
A2123
\
” |
Manufacturing Mfg.
CAPP/CAM Resource KnOWIedge
Model
Figure B.7 — Select Manufacturing Resources
Select Madhines (A2121):
Seledt Machines iscan~activity to select manufacturing machine or equipment based on manyfacturing
procdgss, product inférmation.
Select Too|s/Fixtures/(A2122):
Seledt Tools/Fixture is an activity to select manufacturing tools/fixtures based on manufacturing processes,
prodyct.information, and selected machines.

Select Labor Skills (A2123):
Select Labor Skills is an activity to select proper labor skills based on manufacturing processes.

Selected Machine Tools:
Selected Machine Tools are the machine tools to be used in manufacturing activities.

Selected Tools/Fixtures:
Selected Tools/Fixtures are the tools/fixtures to be used in manufacturing activities.

Selected Labor skills:

Selected Labor is the labor to be selected to be selected based on selected machining processes, and labor
skills.
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Selected

ISO 16100-1:2002(E)

. p| Generate
I;A%réléfsa;;grmg Process Draft Process
Sequences Sequences
Product”™
Model — i AAZAZ
Generate Draft
Operations | Procersas
Draft Plans
o ___Process
A222 Plans
A AA
Define
Manufacturing
»  Parameters P Manufacturing
Parpmeters
A223
A Generate Draft Control
Control » pr grams
Programs
A224
Generate
Shop Floor
Routing E:Draft
Routing
> A225 Plans
Material
Stock
Descriptions Y ( )
Standard Mfg Machining <> o
Process Knowledae Résource Machinability
Models 9 Descriptions Data
Figure B.8 — Develop Detailed Process Plan
Generat¢ Process Sequences (A221):
The activity is to select@nd sequence a set of processes to transform material stocks to finished parts.

Alternative sets of sequenced processes may be produced.

Generat¢ Operations (A222):

The activity is.to, develop detailed machining instructions for each operation in the process routing. The
infprmation ased in an operation includes machining surfaces/features, workpiece setups, madhines, tools
andl fixtures:sélected, machining dimensions and tolerances, etc.

Define
The-A

anufacturing Parameters (A223):

Generate Control Programs (A224):
The activity is to create computer programs that control machine tools and workpiece handling and
transportation machines on the shop floor. The computer code includes programs such as the numerical
control (NC) programs for the machining centres, robot programs, and automatic guided vehicle (AGV)
programs.

Generate Shop Floor Routings (A225):
The activity is to determine the shop floor configuration and means of workpiece transportation. Shop floor
specifications include work centres in which workpieces are machined and corresponding workpiece travel
itineraries.

© 1SO 2002 — All rights reserved
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Draft Control Programs:
The programs created by process planners based on the draft process and routing plans. The programs are
subject to validation and approval. See the definition of control programs for detail.

Draft Process Sequences:
The specifications of processes and their sequences for machining parts. The specifications are subject to
validation and approval. There is only one primary process sequence and can be several alternative process
sequences.

Draft Routing Plans:
The plans created by process planners based on draft process sequences and available resources. The
plans X Vo L , .

Machinability Data:
The feference data that specify machining conditions for using specific cutters and machining centres to
machiine specific materials. The machinability data are usually found in handbooks or provided by|machine
tool vendors.

Machining|Resource Descriptions:
The form and functional description of available machine and tooling equipment. The form description
includes dimensions and the shape of the equipment. The function description includes the capapilities of
the epguipment, such as dimensional variation distributions of machined.features, machine speeds versus
powefs, work volume, fixture rigidity and versatility, machine controller descriptions, cutter descriptlons, and
adapfer descriptions.

Material Stpck Descriptions:
The fprm and material properties of the stock material available from the market or specially prodyiced in a
factoty.

Standard RArocess Models:
A prefdefined set of operations and related specifications that are used to machine different types of parts.

28 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=14b752bca7b5fe6e5c79de9beac115d9

B.10 Generate Operations activity
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Determine Intermediate
Draft Process __,| Intermediate Machining
Sequences Machining Features
Features ﬂ,/\/
Product — -
Model > A2221 Specify Part
Setups and Machining
. Machining Resources
Toolln.g/ Resources and Part
Material IN Setups
Inyentory.
A2222
A Calculate
Intermediate
> Machining Machining
Tolerances Tolerance
| g Specificatiens
A2223
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Machining
Instructions | P _ [Praft
Prqcess
Plans
A2224
Machining ?
Resource
Descriptions Machinability
Data
Figure B.9 — Generate Operations

Determine Intermediate Machining Features (A2221):
The activity is to determine intermediate machining surfaces and features in each operation of th¢ generated
prqcess sequences.

Specify Part Setups and Machining‘Resources (A2222):
The activity is to choose the type or a specific machining centre, determine the position and orientation of the
stgck relative to the machine-coordinates, and select appropriate cutters, adapters, types of coolant, jigs and
fixtures for one or more‘of the machining processes from the defined process sequence. The part setup
defermination and machining resources selection are interrelated and are performed in one agtivity. The
mdchines, tools, andfixtures can be specified by their capabilities or the identifications of specific machines,
todls, and fixtures.

Calculatp Machining Tolerances (A2223):
The actiyityis to compute tolerance allocations for the machining steps in each operation based|on process
capabilities. The intermediate tolerances should guarantee the realization of the design requirements of the

part:

Develop Machining Instructions (A2224):
The activity is to specify step-by-step instructions of machining operations. When necessary, special
machine, tooling, and setup requirements are specified in the instructions. A machining operation is the
material removal work performed by a machine with a tool on a feature.

Intermediate Machining Features:
The features and geometries that define the intermediate shapes at stages of machining processes.
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Machining Resource Descriptions:

The form and functional description of available machine and tooling equipment. The form description

includes dimensions and the shape of the equipment. The function description includes the capa

bilities of

the equipment, such as dimensional variation distributions of machined features, machine speeds versus
powers, work volume, fixture rigidity and versatility, machine controller descriptions, cutter descriptions, and

adapter descriptions.

Machining Resources and Part Setups:
The machining resources include the specifications of all machines, tooling, materials, labor skills, and
machining tasks necessary to carry out the plans and execute control programs. Examples are

tool lists,

Machining|Tolerance Specifications:
Thes¢ are tolerances defined in process planning for the intermediate features. These are deri
target tolerances for the part features by the process planners.

Tooling/M3terial Inventory:
The data that describe those tools and stock materials that are in the inventory‘and accessible
prodyction. The inventory data include the quantity on-hand and on-order, order status, and type
and stock materials. The tools include cutter, adapters, machining centre-holders, jigs, clamps
indexjng tables, and types of coolant.

Select Maghining Centres (A22221):
The activity is to choose the most appropriate machine tools forsmachining parts based on th
requitements and machining features.

Specify Setups (A22222):
The activity, based on the selected machining centres and the derived machining features, deterr
orienfations and locations of the workpiece on the machine table relative to the machine coordinates

Specify Topl Assemblies and Fixtures (A22223):
The activity is to select appropriate cutters and-adapters with respect to machine holders, group
adapfers into tool assemblies, and identify~machine holders in which the individual tools or

ved from

for parts
5 of tools
fixtures,

e design

hines the

ools and
the tool

assemblies fit. Furthermore, specify thelfixture and clamping locations for the machining procg¢ss. For

unavailable fixtures, place orders to acquire them.

Tooling anf Fixtures:
Toolipg is the cutting tools that,ds used in manufacturing processes. Fixture is the fixture tools
manyfacturing processes.

Machining|Centre:
Identification of the{ machines, with proper tooling, on which a sequence of machining oper
perfomed. A machining centre provides a tool magazine with a set of tools, drive mechanisms,
controller, and a-spindle.

Setups:
A spgcification of locations and orientations of the part relative to the machine coordinates and the

used in

ations is
a motion

means of

fixing the part on the machine table during the mnr‘hining process
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B.11 Generate Control Programs activity
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-1:2002(E)
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Figure B.10 — Generate Control Programs

Generat¢ Tool Paths (A2241):

The activity is to create cutter routes for machining-a part based on the derived machining featu

mddel, setups, the selected machining centres_and tools.

spline interpretations along the routes should-also be specified. The cutter path is an input to N

generation.

Specify Process Control Parameters (A2242):
The activity is to specify parameters that define the machining, routing, and workpiece handl
conditions, such as cutting speeds, feedrates, moving speeds, maximum depths of cut, tool chan
onfoff, AGV speed, and robot speed.

Generat¢ Machine Control Program (A2243):
The activity is to develop’ programs such as NC (numerical control) programs, APT (automated p
todl) programs, robot-programs, and AGV programs for the direct control of machining centres|

hapdling machinesyand workpiece moving machines.

Cutter Lpcation Files:
The files.specify cutter paths and machine controls for machining. The files are used to create A

prdgrams.

Linear interpretations, circular interp

res, product
etations, or
NC program

ng process
jes, coolant

rogrammed
. workpiece

PT and NC

Tool Paths and Routing paths:
Tool paths are the route that cutters follow during the machining processes. The routing paths are the route
that workpieces follow in moving from one workstation to another.

Draft Control Programs:

The programs created by process planners based on the draft process and routing plans. The programs are
subject to validation and approval. See the definition of control programs for detail.
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B.12 Generate Shop Floor Routing activity
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Figure B.11 — Generate Shop Floor Routing

Shop Floor Configuration (A2251):
ctivity is to specify the locations of machining centresyworkpiece handling machines (e.g. rob
iece transportation machines (e.g. automatically guided vehicles) on the shop floor.

eans of Transportation (A2252):
hetivity is to specify types of machines and the operations to handle workpieces into ar
ining centres and transport the workpieces:from one machining centre to another.

hing (A2253):
ctivity is to specify total time that a“workpiece is in a machining centre and the time moving

ots), and

d out of

from one

centr¢ to another. Time in a machining centre includes loading/unloading time, setup time, and machining
time.

Shop Floof Layout:
A spdcification of locations-and orientations of all the machines (including robots) and the areas th

tool ¢

Material H

The gpecifications of all the needed material handling and transportation machines, as well as fix
holders. Material handling machines include, for example, robots and actuators. Transportation
include, foriexample, automatic guided vehicles.

32

ribs, AGV routes,@naterial storage places, and other facilities needed in the machining process

ndling and. Tfansportation Resource Requirements:

h

By cover,
eS.

res and
achines
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B.13 Execute Manufacturing Orders activity

List of Planning Policies Master Tool Usage
Purchased Production Instructions Specifications
Resources Schedule
Delivery
Schedule J‘ Production Detailed
Process Status — Unit Routing Schedule
Develop
Mfg. BOM —  |N—J» Operation %
P Sequence & v
Process ——Pp Detalled .
Plan - » sch Q
= chedule ‘
Mfg. Operation
Orders > Sequence
Resource t \ YYVY Released Unit
Regs. P A51 [ )9 Dispatch Equipment
A ) Production > Opleration
Units Ingtructions
Personnel
Assignment || > _
b Ut Status
nit Status
Production (A
Resource _¢ |Orders ( ) VVVYVYVYY Tool. Haui t
Schedule > Track ool, Bquipmen
. Maint. Order
p Production
P\ Uhits & | Cost
P ) Resources /Report
> v
< Manage Product
)
/;t A53 Factory- = Genealogy
A floor ~
Q »  Data/
Document
> Hroduction
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Resource Availability AL Resource Status A A Process
f Change
Resource Data ~ Request
d ad
§' Data Collection
Updated Document MES Personnel Data Methods
Figure B.12 — Execute Manufacturing Orders
Develop|Operation Sequence & Detailed Schedule (A51):
Ba ard _on ‘33--“ nlan ndl ha m a .v'_v 1 SeqHeRGcs; d Schedule

operations locally on the levels of work cell, workstation, and machine in order to optimize productivity, such
as minimize setup time, maximize throughput, minimize idle time, minimize queue time, and adjust shift
pattern when new priority is in effect.

Dispatch Production Units (A52):

Determine which production unit in the queue is best processed next. The objective is to minimize the lead
time and lateness.
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Track Production Units & Resources (A53):
Provide the information on where any production unit is at all times and its disposition. Also provide the
product genealogical information, such as who worked on it, current production information, component
materials by supplier, lot number, serial number, any rework, measured data, or other exceptions related to
the product. In the same time, provide the status information on specified resources, such as tools, devices,
machines, and stock materials, at all times.

Manage Factory-floor Data/Document (A54):
Provide hardware/software interface links to obtain mission-critical data pertinent to production activities.
Collect the data from the factory and analyze them for multiple purposes, such as product throughput, quality,
dellvery, and eqmpment maintenance. Manage documents such as cost reports malntenance orders,
of the data
rograms,

policies,

al, labor,

n area in

cal area,

Personnel |JAssignment:
A list| of workers who are assigned to perform spegeific operations in the production plan. Each worker is
assighed to perform or monitor one or more operations, usually, with due dates.

Personnel Data:
A reqord of personnel assigned to perform-production activities. It includes data such as work hpurs, on-
station time, skills, and certificates.

Process Change Request:
Feedback from factory-floor production requesting changes to process plan when some problems in the
procgss plan were found.-€hanges can include process parameter changes, tool changes ahd setup
changes.

Process Plan:
A plap that specifiés-operation sequences, equipment, and process parameters for manufacturing a product.

Process Status:
A refort ofthe conditions of a process being monitored. The report includes alarms, process changes or
shifts| andwworkpiece throughput.

Product Genealogy:
One of the components in MES system, which provides the visibility to where work is at all times and its
disposition. Product genealogy information may include who worked on the product, components materials
by supplier, lot, serial number, current production conditions, and any alarms, rework, or other exceptions
related to the product. This information provides traceability of each part and component.

Production Orders:

Instructions that are sent to a local area of a factory to start processing a production unit with the starting
date and time and the ending date and time.
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on Status:

A report on the state of all scheduled operations and production units. This also includes the information on
resources, process setup, job schedule, and material routing.

Producti

on Unit Routing:

A plan that specifies the traveling route of a production unit in a manufacturing facility. The plan also specifies

sto

Producti

ps for processing and queuing.

on Unit Status:

A snapshot of a product unit being processed. The status includes the quantity of finished product, scrap rate,
rework rate, product measurements analyses, and a check of the status with the master production schedule.

Resourcle Availability:

A

Resourcie Data:

Th

Resource Requirements:

Al

Resourcie Schedule:
i

A
as
reg

Resourd|
A 9
ref

Update [
Do

eport on whether needed resources are available for production during specified time pefiods.

e data that indicate the condition of a resource based on inspection or measurementanalysis.

st of resources required to support production jobs.

an of control resource availability and allocation. It specifies a group of resources that each
bigned to which operation or transferred from one place te~another in a specific time p
ources that are used/shared by multiple work cells or workstations are on the resource schedu

e Status:
napshot of a resource used in production. The conditions, location, and service time of the r

Document:
cument that is modified to include new information.

orted. If it needs maintenance, replacement, or disposition, the resource is marked accordingly/.

resource is
eriod. Only
e.

psource are
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B.14 Develop Operation Sequence and Detailed Schedule activity

List of Master

” Planning Policies Specifications  Tool Usage
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A YYVVVYY
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p- Resgurce
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egs.
q A 4
i Allocate
»
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(' —® > Persopnel
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Component Component Component j
Y
MES
Figure B.13 — Develop Operation Sequence and Detailed Schedule
Develop Production Activity (A511):
Sequgnce productlon operatlons based on prlorlty, characterlstlcs setup changes/tlme master production

changes,

such as prlorlty changes machlne downtlme etc

Define Production Unit (A512):

Identify a lot or batch by decomposing or aggregating manufacturing orders. Each lot or batch is scheduled,
processed, monitored, and tracked by the system as a unit.

Schedule Production Unit (A513):

Add start and finish time information to a lot or batch dictated by the operation sequences. The goal is to
optimize productivity and quality and to conform to the master production schedule.

Schedule Resource (A514):
Add start and finish time information on each resource that is used by operation(s) in the production.
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Allocate Resource (A515):

Assign and make resource available to operations that need the resource before they start. Equipment must
be properly setup. This activity issues an assignment that associates a type of resource and quantity of it to

specific operation(s) that need(s) the resource for a specific time period.

Production Unit Definition:

Definition of a lot or a batch. It includes an ID, number of workpieces, and the descriptions of the workpieces.
Each workpiece may have a serial number. In the product record, workpiece ID and production unit ID are

associated.

Production Unit Scheduling Component:

£i i MO L1 n | - L (] L (] e e 1 1
A pUTLWAIT  CUITIPUTNICTIU T VILo Ulal diUsS USTTS U SUNTCUUIT proudutuurt Ul U Ve ProtltsstUu
mgnufacturing facility.

Production Activity Planning Component:
A goftware component in MES that aids users to plan production activities.

Resource Scheduling Component:
A poftware component in MES that aids users to schedule the releasehof resources to
workstations, and/or machines.

© 1SO 2002 — All rights reserved
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B.15 Dispatch Production Units activity
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Figure B.14'— Dispatch Production Units
Release Rgsources (A521):

Basefl on resource allocation, -release resource for the production activity in a timely manner. Th

resul

—p» Released Unifs

Equipment

n

Instruétions

s activity

in physical materials; tools, etc., being moved from inventory or a storage to production cells or
workgtations.

Direct Pergonnel (A522):

Assi

workers-with adequate skills to perform specific operations according to the detailed schedulg.

Release Prpduction Units (A523):

Basedl on the detailed schedule, release production units to work cells or workstations and initiate p

the p duction-units.

llocessing

Resource Release Orders:
A resource release order is an instruction that requests to release resources from storage or from current
user to a new user.

Task Assignments:
Records of assigning tasks with due dates to workers.

Released Units:
Production units that are released for processing in the manufacturing facility.

38
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B.16 Track Production Units and Resources activity
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Figure B.15 — Track Production Units and Resources
Track Re¢sources (A531):
Follow ,up~and monitor the status of resources. On-line track resource usability and consumption. Create a
redord of ‘history of resources that are necessary to be traced.

Monitor Personnel (A532):

Follow up personnel status and report the status. The report includes attendance, labor skill changes, job
assignments, time performed on each assignment, and material/tool preparation time.

Manage Process (A533):

Monitor a production process and timely make decisions to adjust detailed schedule and process plan when
unexpected situations occur. These activities should be coordinated with the process and equipment control
functions. Process management includes alarm management to make sure factory person(s) are aware of
process changes that are outside acceptable tolerances. It also includes process setup and tool preparation
before production units are dispatched for processing. It maintains a history of past events or problems to

aide in diagnosing problems.
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Manage Quality (A534):
Provide timely analysis of measurements collected from products and processes to control product quality.
Check the current production rate with the detailed production schedule. Identify problems in production

requir
produ

Track Prod

ing attention.
cts and processes visible to production/business management personnel.

ucts (A535):

Recommend proper actions to correct the problems. Make the statistics and status of

Monitor the progress of production and provide up-to-minute report on the production status, such as the

quant

ity of a product made, scrap rate, rework rate, and the comparison to the production schedule.

Labor Records:

A Iab U1 IUL’UIUI ;D d picbc Uf Uldtd ti Idt IUL;UIUID ii 1< tiIIIG, t;IU dttUllUldllbc, tdblr\b pGIfUIIIIGd, tdbi’\b dbb;& ned, Sk|”
level,jand certificates of a worker.
Personnel [Tracking Component:
A soffware component in MES that aids users to track workers in a manufacturing facility.
Personnel Reassignments:
RequEsts to reassign workers to new tasks.
Process Adjustments:
Requsts from operators to process planners to modify the process plan*or to adjust certain predefined
parameters to improve process performance.
Process Management Component:
A soffware component in MES that aids users to manage processes.
Process Pé¢rformance:
Measures of how good parts, components, and products are produced by a process. Process performance
include production rate, product quality, and process capability.
Product & Process Statistics:
Measjurements and statistical analyses of process performance and quantities and the quality of proglucts.
Product Tracking Component:
A soffware component in MES that aids USers to track resources used in a manufacturing facility.
Resource Records:
A respurce record is a piece ofiinformation that indicates where the resource is located and who is using it for
which operations on which production unit for how long. If it is a piece of equipment, the record shpuld also
show|whether it is functiopal.
SQC (Statistical Quality-Control) :
SQC |is a software ‘component in MES that aids users to analyze and control product quality and tp monitor
procgss capability: and shift.
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B.17 Manage Factory Floor Data and Documents activity

Specifications

Workpiece > Product
Measurements Genealogy
Mfg. Tool & Tool, Equipment
—p  Collect g 00
Orders i Maint. Order
Resomef; Procucton E?u*lpment > Cost
Regs Data » Report
Product
Mfg BOM 4’ A541 Status Production
Qﬁ) A \ 4 > Status
Analyze ] PpResource Availability
Qata Collection D —
ata ) Process
Methods N
L1 P Change
N Request
Production
Unit Status > P Resoyrrce Data
Resource Status »
542 Y, P Personnel Data
A
v
>
j‘ Manage
Data » Document | p» Updated Document
Collector /f* >
Data —— P
Analyzer — P A543
;\J\ Docunient
Contro|ler
MES
Figure B.16 — Manage Factory-floor Data/Document
Collect Production/Data (A541):
Us|ng data collection devices, acquire data by measuring and sampling workpieces, products, and production
prgcesses to support the management of product, quality, and process.

Analyze Data (A542):
Using collected data and adequate algorithms, analyze the data and generate record and reports, and make
them available for decision making and product tracking.

Manage Document (A543):
Collect (or generate), maintain, and distribute production-related documents and records to support the
production, factory-floor decision making, and product traceability.

Data Collector:

A collection of devices with control software that are linked to factory-flow production equipment to gather
data either manually or automatically from the manufacturing facility in an up-to-minute time frame.
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Data Analyzer:
A software component that provides up-to-minute report of actual manufacturing operations results along
with the comparison to past history and business expectations. The results include such measurements as
resource utilization, resource availability, product cycle time, conformance to schedule, and performance to
standards.

Document Controller:
A mechanism, usually software, that controls records and forms that support product life-cycle activities, such
as manuals, drawings, computer models, procedures, recipes, programs, engineering change orders (ECO),
shift-to-shift communication records, etc.

Product Status:
Currgnt conditions of a product, including the quantity of the product made, check it against the $chedule,
meagurement and test results, and any exceptional process conditions occurred.

Tool & Eqyipment Status:
The gondition of all tools and equipment. Condition includes the usage load, wear and-tear, brokgn status,
and the forecasted life span.

Workpiece|Measurements:
The Bssessment and comparison of workpiece geometry, dimension, télerance, and functiong for the
confgrmance to the design attributes.
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