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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENTERPRISE-CONTROL SYSTEM INTEGRATION —

Part 1: Models and terminology

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all nagi f f f f - ] f promote
internfitional co-operation on all questions concerning standardization in the electrical and electrohig|fields. To
this ehd and in addition to other activities, the IEC publishes International Standards. Thejr \prepgration is
entrudted to technical committees; any IEC National Committee interested in the subjeect)‘dealt |with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with fhe IEC also participate in this preparation. The IEC collaborates closely .with* the International
Organfization for Standardization (ISO) in accordance with conditions determined by-agreement befween the
two ofganizations.

2) The fprmal decisions or agreements of the IEC on technical matters express, lds nearly as posgsible, an
interngtional consensus of opinion on the relevant subjects since each technjeal committee has reprg¢sentation
from gll interested National Committees.

3) The dpcuments produced have the form of recommendations for international use and are published in the form
of stgndards, technical specifications, technical reports or guides and*they are accepted by thg National
Comnjittees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standprds transparently to the maximum extent possible.in{ their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicafed in the latter.

5) The IEC provides no marking procedure to indicate its.approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its'standards.

6) Attentjon is drawn to the possibility that some of(the elements of this International Standard may be the subject
of patgnt rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62264-1Chas been developed by subcommittee 65A: System pspects,
of IEC]| technical committee (65: Industrial-process measurement and control, |and by
ISO technical committee 184/SC5: Architecture, communication and integration frameworks.

This standard is based-upon ANSI/ISA-95.00.01-2000, Enterprise-Control System Intggration,
Part 1:|Models andwTerminology. It is used with permission of the copyright holfer, the
Instrumentation, Systems and Automation Society (ISA)*. ISA encourages the Use and
applicatjon of itsindustry standards on a global basis.

This standard was submitted to the National Committees for voting under the Fast Track
Procedure as the following documents:

FDIS Report on voting

65A/369/FDIS 65A/373/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table. In 1SO, the standard has been approved by 10 P members
out of 10 having cast a vote.

*  For information on ISA standards, contact ISA at: ISA — The Instrumentation, Systems and Automation Society,

PO Box 12277, Research Triangle Park, NC 27709, USA, Tel. 1+919.549.8411, URL: standards.isa.org.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 62264 consists of the following parts under the general title Enterprise-control system
integration:

— Part 1: Models and terminology

— Part 2: Object models and attributes

— Part 3: Models of manufacturing operations

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

« reconfirmed;
¢ withgrawn;
e replaced by a revised edition, or

¢ amehded.

A bilingpal version of this standard may be issued at a later date
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INTRODUCTION

IEC 62264 is a multi-part standard that defines the interfaces between enterprise activities
and control activities. This standard provides standard models and terminology for describing
the interfaces between the business systems of an entreprise and its manufacturing-control
systems. The models and terminology presented in this standard

a) emphasize good integration practices of control systems with enterprise systems during
the entire life cycle of the systems;

b) can be used to improve existing integration capabilities of manufacturing control systems
with enterprise systems; and

c) can

Specifidally, this standard provides a standard terminology and a consistent set\ef doncepts
and madels for integrating control systems with enterprise systems that|will jmprove
commuinications between all parties involved. Some of the benefits produced Will
a) reddce users' times to reach full production levels for new products;

b) enalle vendors to supply appropriate tools for implementing intedgration of control systems
to efpterprise systems;

c) enalle users to better identify their needs;

d) reddce the costs of automating manufacturing processes;
e) optimize supply chains; and

f) reddce life-cycle engineering efforts.

It is not|the intent of this standard to

— suggest that there is only one way, efSimplementing integration of control systems to
entgrprise systems;

— forcg users to abandon their current'methods of handling integration; or
— restfict development in the area’of integration of control systems to enterprise systems.

This stgndard discusses the interface content between manufacturing-control functipns and
other enterprise functions,"based upon the Purdue Reference Model for CIM (hierfarchical
form) ap published by ISA. This standard presents a partial model or reference njodel as
defined|in ISO 157Q4;

The scgpe of this/standard is limited to describing the relevant functions in the enterpfise and
the controlcdomain and which objects are normally exchanged between these domains.
Subsequent parts will address how these objects can be exchanged in a robust, seclire, and

cost-effestivvemannerpreserving-the-integritvy of the complete system
S Gthre-aherpreseRgttHeHte gHyothe-comprete-Ssyste-

The intent of Clause 4 is to describe the context of the models in Clause 5 and Clause 6. It
gives the criteria used to determine the scope of the manufacturing control system domain.
Clause 4 does not contain the formal definitions of the models and terminology but describes
the context to understand the other clauses.

The intent of Clause 5 is to describe hierarchy models of the activities involved in
manufacturing-control enterprises. It presents in general terms the activities that are
associated with manufacturing control and the activities that occur at the business logistics
level. It also gives an equipment hierarchy model of equipment associated with manufacturing
control.
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The intent of Clause 6 is to describe a general model of the functions within an enterprise
which are concerned with the integration of business and control. It presents, in detail, an
abstract model of control functions and, in less detail, the business functions that interface to
control. The purpose is to establish a common terminology for functions involved in
information exchange.

The intent of Clause 7 is to state in detail the objects that make up the information streams
defined in Clause 6. The purpose is to establish a common terminology for the elements of
information exchanged.

Annex A defines the relationship of this standard with other related standardization work in
the manufacturing area.

The intgnt of Annex B is to present the business reasons for the informatien)exchange
between business and control functions. The purpose is to establish a common-terminology
for the eason for information exchange.

Annex ¢ discusses the rationale for multiple models.

Annex D contains selected elements from the Purdue Reference ‘Model that may be|used to
place the functions described in Clauses 5 and 6 in context with\thé entire model.

Annex K is informative. It correlates the Purdue Referenceé Model to the MESA Intennational
Model.

This standard is intended for those who are

— invo|ved in designing, building, or operating.manufacturing facilities;

— resppnsible for specifying interfaces between manufacturing and process control fystems
and other systems of the business enterprise; or

— invojved in designing, creating,, marketing, and integrating automation products Jused to
intefface manufacturing operations and business systems.

Annex K is a discussion of systems, resources, capability, capacity, and time as usefl in this
standargl.
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ENTERPRISE-CONTROL SYSTEM INTEGRATION —

Part 1. Models and terminology

1 Scope

This standard describes the interface content between manufacturing control functions and
other enterprise functions. The interfaces considered are the interfaces between Levels 3 and

4 of the

errors associated with implementing these interfaces.

The standard can be used to reduce the effort associated with implementing” new

offering
easily in

The sco

a) apr
b) a d
man
c) a lig
entg

d) a dg
fung

hierarchiicat modet defimed by this standard. The goar 1S to reduce the 115k, ¢

tegrate.

pe of this standard is limited to

psentation of the scope of the manufacturing operations and control domain;

iscussion of the organization of physical assets~of an enterprise invg
ufacturing;

rprise functions; and

scription of the information that is shared between control functions and ern
tions.

st, and

product

5. The goal is to have enterprise systems and control systems that.inter-opelfate and

lved in

ting of the functions associated with the intérface between control functigns and

terprise

2 Nofmative references

The follpwing referenced documents are indispensable for the application of this document.
For datgd references, only the ‘edition cited applies. For undated references, the lates} edition
of the referenced documenty(including any amendments) applies.

IEC 61512-1:1997, Batch control — Part 1. Models and terminology

ISO/IEQ 19501-1< Information technology — Unified Modeling Language (UML) —|Part 1:
Specification 1

ISO 10303-1:1994, Industrial automation systems and integration - Produ¢t data
representation and exchange — Part 1: Overview and fundamental principles

ISO 15531-1, Industrial automation systems and integration — Industrial manufacturing
management data — Part 1: General overview 2

ISO 15704:2000, Industrial automation systems — Requirements for enterprise-reference

architec

tures and methodologies

1 To be published.

2 To be published.
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ms and definitions

purposes of this document, the following definitions apply.

physical, geographical or logical grouping determined by the site

NOTE It

3.2

can contain process cells, production units, and production lines.

2003(E)

availab
portion
future p

3.3

€ capacity
of the production capacity that can be attained but is not committed to~cy
roduction

bill of lading

BOL

contract
to deliv
stated t

3.4

or receipt for goods that a carrier agrees to transport from one place to anof
br to a designated person or that it assigns for compegnsation upon the cog
herein

bill of mpaterial

BOM
listing d
a produ

3.5

bill of r
listing d
a produ

NOTE It
productio

supply of

3.6

capabil
ability t
as capa
NOTE S

f all the subassemblies, parts, and/or materials that are used in the produ
ct including the quantity of each material.kequired to make a product

psources

f all resources and when in(the production process they are needed to
Ct

is also a listing of the key~resources required to manufacture a product, organized as se

h and is often used to predict/the impact of activity changes in the master production schedd
resources.

ty
b perform¢actions, including attributes on qualifications and measures of th
city

e Apnex F for additional background on this concept.

rrent or

her and
nditions

ction of

produce

ments of
le on the

b ability

3.7

capacity
measure of the ability to take action, a subset of a capability

NOTE See Annex F for additional background on this concept.

EXAMPLE Measures of the production rates, flow rates, mass or volume.

3.8

certificate of analysis

COA

certification of conformance to quality standards or specifications for products or materials

NOTE It can include a list or reference of analysis results and process information. It is often required for custody
transfer of materials.
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3.9
committed capacity
portion of the production capacity that is currently in use or is scheduled for use

3.10

consumables

resources that are not normally included in bills of material or are not individually accounted
for in specific production requests

3.11
control domain

in this standard, control domain is synonymous with the manufacturing operations and control
domain

3.12
enterprjse
one or more organizations sharing a definite mission, goals and objectives,to offer ap output
such as|a product or service

3.13
equipmient class
means [to describe a grouping of equipment with similar &haracteristics for purposes of
scheduljng and planning

3.14
finished goods
final majterials on which all processing and production is completed

3.15
finishej good waivers
approvdls for deviation from normal product specifications

3.16
in-procgess waiver requests
requests for waivers on normal production procedures due to deviations in mterials,
equipment, or quality metries; where normal product specifications are maintained

3.17
manufacturing operations and control domain
MO&C
domain [that ineludes all the activities in Level 3 and information flows to and from levgls 0, 1,
and 2 agross_the boundary to Level 4

3.18

material class

means to describe a grouping of materials with similar characteristics for purposes of
scheduling and planning

3.19
material lot
uniquely identifiable amount of a material

NOTE It describes the actual total quantity or amount of material available, its current state, and its specific
property values.

3.20
material definition
definition of the properties and characteristics for a substance


https://iecnorm.com/api/?name=51a809911e7a6bbd0de013787fba901d

—12 - 62264-1 0 IEC:2003(E)

3.21
material sublot
uniquely identifiable subset of a material lot, containing quantity and location

NOTE This may be a single item.

3.22

personnel class

means to describe a grouping of persons with similar characteristics for purposes of
scheduling and planning

3.23

process segment
view olea collection of resources needed for a segment of production, independerr:l‘ of any
particular product at the level of detail required to support business processes thatmay also
be independent of any particular product

NOTE This may include material, energy, personnel, or equipment.

3.24
production capacity
ability of resources to perform production in the enterprise. The jroduction capacity ncludes
the capacity of those resources and represents

a) he collection of personnel, equipment, material, and process segment capabilifies;

b) he total of the current committed, availableg~and unattainable capacity| of the
broduction facility;

c) he highest sustainable output rate that could\be achieved for a given product mix, raw
materials, worker effort, plant, and equipment

3.25
production control
collectign of functions that manages all-production within a site or area

3.26
production line
series df pieces of equipment dedicated to the manufacture of a specific number of products
or familles

3.27
production rules
information used to instruct a manufacturing operation how to produce a product

3.28
produc o unit
set of production equipment that converts, separates, or reacts one or more feedstocks to
produce intermediate or final products

3.29
product segments
shared information between a bill of resources and a production rule for a specific product

NOTE A logical grouping of personnel resources, equipment resources, and material specifications required to
carry out the production step.

3.30

resource

enterprise entity that provides some or all of the capabilities required by the execution of
an enterprise activity and/or business process (in the context of this standard, a collection
of personnel, equipment, and/or material)
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unattainable capacity
portion of the production capacity that cannot be attained

NOTE Typically due to factors such as equipment unavailability, sub-optimal scheduling, or resource limitations.

3.32

work cell
dissimilar machines grouped together to produce a family of parts having similar manu-
facturing requirements

4 Ent

erprise-control system integration overview

4.1

I

Succesy

the boupdary between the enterprise and the manufacturing operations and ‘eontrol
. The boundary is identified using relevant models that represent \functions, physical
bmains.

(MO&C

equipment, information within the MO&C domain, and information flows between the d

Multiple

systemg.

a) Hier
with
The
Fun

NOTH
NOTH

troduction

models show the functions and integration associated, with control and er

archy models that describe the levels of functionssand domains of control as

Purdue Reference Model for CIM, referenced”as PRM; the MESA Inter
ctional Model; and the equipment hierarchy model from IEC 61512-1.

F 1 Selected elements of the Purdue Reference Madel for CIM are included in Annex D.
F 2 See the Bibliography for reference to the MESA white paper defining MES functionality.

fully addressing the issue of enterprise-control system integration requires identifying
lomains

terprise

bociated

n manufacturing organizations are presented in Clause 5. These models are based on

national

b) A dpta flow model that describes the,functional and data flows within manufacturing
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Figure 1 — Outline of models in the standard
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This standard provides models and information in multiple levels of detail and abstraction.
These levels are illustrated in Figure 1, which serves as a map to the rest of the document.
Each model and diagram increases the level of detail presented in the previous model.

The models start with a description of the domain of control systems and the domain of
enterprise systems. The domain discussion is contained in Clause 5.

Functions within the domains are presented in Clauses 5 and 6. Functions of interest that are
relevant to the standard are also given a detailed description in Clause 6. The information
flows of interest between the relevant functions are listed in 6.5.

The categories of information are given in 7.2. The formal object model of the information of
interest|is presented in 7.5, 7.6, 7.7, and 7.8.

4.2 Criteria for inclusion in manufacturing operations and control domain

The hiefrarchy and data flow models describe most of the functions withim a manufgcturing
enterprise. Only some of those functions are associated with manufacturing confrol and
manufagturing control systems. The following list shows the criteriaused to determine which
functionjs and which information flows are included in this standard:

a) Thelfunction is critical to maintaining regulatory compliance.“This includes such factors as
safgty, and compliance to environmental and current good_manufacturing practiceq.
b) Thelfunction is critical to plant reliability

c) Thellife impacts the operation phase of the lifesofva facility, as opposed to the|design,
construction, and disposal phases of the life ofca facility.

d) Thelinformation is needed by facility operators’in order to perform their jobs.

The infprmation that flows between functiohs identified as being within the control{domain
and those outside the control domain (describe the enterprise-control system bgundary.
Information exchanged between fupctions within the control domain and infgrmation
exchanged between functions outside the control domain are outside the scope| of this
document. Figure 2 illustrates the @nterprise-control system interface, as depicted in the data
flow mogel, between control and,non-control functions; the blue circles indicate functipns that
exchange information and are described in the data flow model. Functions depicted as white
circles and data flows depicted as dashed lines are those considered as outside the scope
of this standard.

Functions outside
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(for example, production ™ Information flows of interest

7/

schelding) \ (for example, production schedule
\ and production results)
Mo /

_ - Enterprise-control system boundary

O Functions detailed
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Q Functions not detailed \ 1
\

/Data flows detailed RS A Functions within the control domain
(for example, equipment monitoring)

-~ Data flows not detailed IEC 326/03

Figure 2 — Enterprise-control system interface
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5 Hierarchy models

5.1 Hierarchy model introduction

Clause 5 presents the hierarchy models associated with manufacturing control systems and
other business systems.

5.2  Scheduling and control hierarchy
5.2.1 Hierarchy levels

Figure 3 depicts the different levels of a functional hierarchy model: business planning and
logistics, manufacturing operations and control, and batch, continuous, or discrete control.
The madel shows the hierarchical levels at which decisions are made. Then.ipterface
addressed in this standard is between Level 4 and Level 3 of the hierarchy model| This is
generally the interface between plant production scheduling and operation managenient and
plant flgor coordination.

NOTE The figure is a simplified version of the Purdue Hierarchy Model, as shown.in)Figures D.1,| D.2, D.3
and D.4 of Annex D.

Level 4

Business planning and logistics

Plant production scheduling,
operational management, etc.

Interface addressed
in this standard

Level 3

Manufacturing operations and’control

Dispatching production, detailed production
scheduling, reliability-assurance, etc.

Levels 2,1, 0

Discrete
control

Batch
control

Continuous
control

IEC 327/03
Figure 3 — Functional hierarchy
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of levels is based on a historical description, further described in Annex D. Level O indicates
the process, usually the manufacturing or production process. Level 1 indicates manual
sensing, sensors, and actuators used to monitor and manipulate the process. Level 2
indicates the control activities, either manual or automated, that keeps the process stable or
under control. There are several different models for the functions at these levels based on
the actual production strategy used.

5.2.2 Level 4 activities
Level 4 activities typically include

a) collecting and maintaining raw material and spare parts usage and available inventory,
and providing data for purchase of raw material and spare parts;

b) collecting and maintaining overall energy use and available inventory and providing data
for purchase of energy source;
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collecting and maintaining overall goods in process and production inventory files;
collecting and maintaining quality control files as they relate to customer requirements;

collecting and maintaining machinery and equipment use and life history files necessary
for preventive and predictive maintenance planning;

collecting and maintaining manpower use data for transmittal to personnel and
accounting;

establishing the basic plant production schedule;

modifying the basic plant production schedule for orders received, based on resource
availability changes, energy sources available, power demand levels, and maintenance
requirements;

devéloping optimum preveniive maintenance and equipment renovafion schedules in
coofdination with the basic plant production schedule;

detgrmining the optimum inventory levels of raw materials, energy sources) spale parts,
and|goods in process at each storage point. These functions also include npaterials
regyirements planning (MRP) and spare parts procurement;

modifying the basic plant production schedule as necessary wheneyver major production
intefruptions occur;

capacity planning, based on all of the above activities.

repdrting on area production including variable manufacturing costs;

collgcting and maintaining area data. ofi“production, inventory, manpower, raw mgterials,
spafle parts and energy usage;

the |performance of data collection and off-line analysis as required by engjneering
fungtions. This may include statistical quality analysis and related control functionsg;

carrying out needed personnel functions such as: work period statistics (for exampje, time,
task]), vacation schedule, work force schedules, union line of progression, and ipn-house
trairling and personneliqualification;

establishing the immediate detailed production schedule for its own area ipcluding
maintenance, transportation and other production-related needs;

locally optimizing the costs for its individual production area while carrying [out the
production’schedule established by the Level 4 functions;

modjifieation of production schedules to compensate for plant production interruptipns that
may| Oceur in its area of responsibility.

Descriptions of the major functionalities associated with these various activities are given in
5.2.3.2 through 5.2.3.12. The standard assumes all activities not explicitly presented as part
of the Level 3 control domain to be part of the enterprise domain. See Annex E for a
correlation of the activities to the MESA International Model.

5.2.3.2 Resource allocation and control

The control domain includes the functionality of managing resources directly associated with
control and manufacturing. The resources include machines, tools, labour skills, materials,
other equipment, documents, and other entities that are required for work to start and to be
completed. The management of these resources may include local resource reservation to
meet production-scheduling objectives.
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The control domain also ensures that equipment is properly set up for processing, including
any allocation needed for set-up. The control domain is also responsible for providing real-
time statuses of the resources and a detailed history of resource use.

5.2.3.3 Dispatching production

The control domain includes the functionality of managing the flow of production in the form of
jobs, orders, batches, lots, and work orders, by dispatching production to specific equipment
and personnel. Dispatch information is typically presented in the sequence in which the work
needs to be done and may change in real time as events occur on the factory floor.

The control domain may alter the prescribed schedules, within agreed limits, based on local
availabiffty anmd current conditions. Dispatcihing of production mctudes the abifity to coptrol the
amount|of work in process at any point through buffer management and managément of
rework and salvage processes.

5.2.3.4 Data collection and acquisition

The comtrol domain includes the functionality of obtaining the operational production and
paramefric data that are associated with the production equipment and production progesses.

The coItrol domain also is responsible for providing real-time_statuses of the production
equipment and production processes and a history of production and parametric data.

5.2.3.5 Quality management

The control domain includes the functionality of providing real-time measurements dollected
from manufacturing and analysis in order to assure proper product quality controll and to
identify | problems requiring attention. It may recommend actions to correct the problem,
includinp correlating the symptoms, actions and.results to determine the cause.

It inclufles statistical process control/statistical quality control (SPC/SQC), track|ng and
management of off-line inspection operations, and analysis in laboratory information manage-
ment systems.

5.2.3.6 Process management

The cqgntrol domain inCludes the functionality of monitoring production and either
automatically corrects joerprovides decision support to operators for correcting and inmpproving
in-procgss functions, Fhese functions may be intra-operational and focus specifitally on
machings or equipment being monitored and controlled, as well as inter-operational, [tracking
the progess from~0One operation to the next.

It may |inelude alarm management to make sure factory persons are aware of |process
changeg thdt are outside acceptable tolerances.

5.2.3.7 Production tracking

The control domain includes the functionality of providing the status of production and the
disposition of work. Status information may include personnel assigned to the work;
component materials used in production; current production conditions; and any alarms,
rework, or other exceptions related to the product. The functionality includes the capability
of recording the production information to allow forward and backward traceability of
components and their use within each end product.

5.2.3.8 Performance analysis

The control domain includes the functionality of providing up-to-the-minute reporting of actual
manufacturing operations results along with comparisons to past history and expected results.
Performance results include such measurements as resource utilization, resource availability,
product unit cycle time, conformance to schedule, and performance to standards.
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Performance analysis may include SPC/SQC analysis and may draw from information
gathered by different control functions that measure operating parameters.

5.2.3.9 Operations and detailed scheduling

The control domain includes the functionality of providing sequencing based on priorities,
attributes, characteristics, and production rules associated with specific production equipment
and specific product characteristics, such as shape, colour sequencing or other charac-
teristics that, when scheduled in sequence properly, minimize set-up. Operations and detailed
scheduling takes into account finite capacity of resources and recognizes alternative and
overlapping/parallel operations in order to calculate in detail the exact time of equipment
loading and adjustment to shift patterns.

5.2.3.1 Document control

The control domain includes some of the functionality of controlling records and ferms|that are
maintaiped with the production unit. The records and forms include work instructions, fecipes,
drawingp, standard operation procedures, part programmes, batch records, engjneering
change |notices, shift-to-shift communication, as well as the ability to edit/*as planned”(and “as
built” information. It sends instructions down to the operations, in¢lyding providing|data to
operatofs or recipes to device controls. It would also include, the control and integrity of
regulatqry documentation, environmental, health and safety reglifations, and SOP infgrmation
such as|corrective action procedures.

5.2.3.11 Labour management

up-to-the minute time frame. The functions include time and attendance reporting, cerfification
trackingl, as well as the ability to track indirectdunctions such as material preparatiof or tool
room work as a basis for activity-based costing. Labour management may interact with
resource allocation to determine optimal assignments.

The cornjtrol domain includes some of the functionahty of providing status of personrlel in an

5.2.3.12 Maintenance management

The control domain includes someé.of the functionality of maintaining equipment and topls. The
functions ensure the equipment and tools availability for manufacturing. They also may
include scheduling for perjodic’ or preventive maintenance as well as responding to immediate
problems. Maintenance nranagement maintains a history of past events or problems fo aid in
diagnosjng problems.
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5.3 Equipment hierarchy
5.3.1 Equipment model

The physical assets of an enterprise involved in manufacturing are usually organized in a
hierarchical fashion as described in Figure 4. This is an expansion of the model described in
IEC 61512-1 and includes the definition of assets for discrete and continuous manufacturing.
Lower-level groupings are combined to form higher levels in the hierarchy. In some cases,
a grouping within one level may be incorporated into another grouping at that same level.

This model shows the areas of responsibility for the different function levels defined in the
scheduling and control hierarchical model of Figure 3. The equipment hierarchy model

additiongity gives some of the objects utitized I imformation exchange between fgnctions.
This cdrresponds to a resource model for equipment, as defined in ISO 45704 and
ISO 154931-1.
\
ENTERPRISE
May contain 1 or more Level 4 activitigs
> typically deal wjth
these objects
SITE
May contain 1 or more Y,
AREA A
May contain 1 May contain 1 or more 1 May contain 1
Lowdst levels of or more or more Level 3 activitigs
equigment typically PROCESS PRODUCTION PRODUCTION >typically deal wjth
schedluled by CELL UNIT LINE ' these objects
Levels 3 or 4 May contain 1 May contain 1
or more, or more
UNIT WORK CELL )
AN A, QU J N J
v v
Lower level Lower level Lower level
equipment-used equipment used equipment used
in batch in continuous in repetitive or
operations operations discrete operations IEC B28/03
Figure 4 — Equipment hierarchy
5.3.2 Enterprise
An entdrprise_is-a collection of one or more sites and may contain sites and arefas. The
enterprige is responsible for determining what products will be manufactured, at which sites
they wil| be’manufactured, and in general how they will be manufactured.

Level 4 functions are generally concerned with the enterprise and site levels. However,
enterprise planning and scheduling may involve areas, cells, lines, or units within an area.

5.3.3 Site

A site is a physical, geographical, or logical grouping determined by the enterprise. It may
contain areas, production lines, process cells, and production units. The Level 4 functions at a
site are involved in local site management and optimization. Site planning and scheduling may
involve cells, lines, or units within the areas.

A geographical location and main production capability usually identifies a site. Sites
generally have well-defined manufacturing capabilities.

NOTE For example, site identifiers from various industries are Dallas Expressway Plant, Deer Park Olefins Plant
and Johnson City Manufacturing Facility. Sites are often used for rough-cut planning and scheduling.
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5.3.4 Area

An area is a physical, geographical, or logical grouping determined by the site. It may contain
process cells, production units, and production lines. Most Level 3 functions occur within the
area. The main production capability and geographical location within a site usually identify
areas.

NOTE For example, area identifiers from various industries are CMOS Facility, North End Tank Farm and Building
2 Electronic Assembly.

Areas generally have well-defined manufacturing capabilities and capacities. The capabilities
and capacities are used for Level 3 and Level 4 planning and scheduling.

An ared 1S made up of lower-level elements that periorm the manutactaring functiony. There
are thrge types of elements defined that correspond to continuous manufacturing’|models,
discretel (repetitive and non-repetitive) manufacturing models, and batch smanufgcturing
models.| An area may have one or more of any of the lower-level elements,depending upon
the manufacturing requirements. Many areas will have a combination of preduction |ines for
the disdrete operations, production units for the continuous processes, and process fells for
batch pfocesses. For example, a beverage manufacturer may have an area with coptinuous
mixing in a production unit, which feeds a batch process cell for batch”processing, fgeding a
bottling |line for a discrete bottling process.

Dependjng on the planning and scheduling strategy selected;)the Level 4 functions nmay stop
at the grea level, or they may schedule the functions of the lower-level elements within the
areas.

5.35 Production unit

Productjon units are the lowest level of equipment typically scheduled by the Level 4 pr Level
3 functipns for continuous manufacturing precesses. Production units are composed pf lower
level el¢gments, such as equipment modules, sensors, and actuators, but definitions pf these
are outside the scope of this standard. A production unit generally encompasses all of the
equipment required for a segment of continuous production that operates in a rglatively
autonomous manner. It generally converts, separates, or reacts one or more feed stocks to
produceg intermediate or final products.

The major processing actiVity or product generated often identifies the production unit.

NOTE For example, production unit identifiers from various industries are Catalytic Cracker #1, Stearh Cracker
#59 and Alkylation Unit2,

Productjon units )have well-defined processing capabilities and throughput capacifies and
these afe uséd-for Level 3 functions. The capacities and capabilities are also often used as
input to| Level 4 scheduling, even if the production units are not scheduled by the |Level 4
functions.

5.3.6 Production line and work cell

Production lines and work cells are the lowest levels of equipment typically scheduled by the
Level 4 or Level 3 functions for discrete manufacturing processes. Work cells are usually only
identified when there is flexibility in the routing of work within a production line. Production
lines and work cells may be composed of lower-level elements, but definitions of these are
outside the scope of this document.

The major processing activity often identifies the production line.

NOTE For example, production line identifiers from various industries are Bottling Line #1, Capping Line #15,
CMOS Line #2 and Water Pump Assembly Line #4.

Production line and work cells have well-defined manufacturing capabilities and throughput
capacities and these are used for Level 3 functions. The capacities and capabilities are also


https://iecnorm.com/api/?name=51a809911e7a6bbd0de013787fba901d

62264-1 0 IEC:2003(E) —21-

often used as input to Level 4 scheduling, even if the production lines and work cells are not
scheduled by the Level 4 functions.

5.3.7 Process cell and unit

Process cells and units are the lowest level of equipment typically scheduled by the Level 4
and Level 3 functions for batch manufacturing processes. Units are usually only identified at
Level 3 and 4 if there is flexibility in the routing of the product within a process cell. The
definitions for process cells and units are contained in IEC 61512-1.

The major processing capability or family of products produced often identifies the process
cell.

NOTE Fpr example, process cell identifiers from various industries are Mixing Line #5, West Side Glug Line and
Detergen{ Line 13.

Procesq cells and units have well-defined manufacturing capabilities and batch capacities and
these afe used for Level 3 functions. The capacities and capabilities may.”also be used as
input dgta for Level 4 scheduling, even if the process cells or units are-not scheduledl by the
Level 4 ffunctions.

5.4  Decision hierarchy
54.1 Introduction

In addifion to the hierarchy of activities, there is also"a hierarchy of decision-making and
associafed scheduling involved in enterprise-to-controltintegration. The following suljclauses
cover the rationale for such a hierarchy, and the)'categories and time horizons jof such
decisions. This hierarchy of decision-making and>a mapping to manufacturing operatfons will
be discUssed in a later part of this standard.

5.4.2 Integrated decision making

An entefprise is organized by functions and in levels, and decisions are made within |multiple
functionjs and multiple levels. Integrated decision-making means that the (different caIegories
t

of) decisions made within varigus-functions are consistent in the sense that they contfibute to
the achjevement of the global objectives of the enterprise. This also means that the time
horizon$ in which various«decisions are made are coordinated. In relationship to production,
this meqns that the correct raw materials and products are available at the correct {ime, on
the corfect machine and processed by the correct personnel. Decisions to exequte the
production are made-in multiple time horizons.

5.4.3 Categories of decision-making

Decisi0||1-making activities deal with products, resources and time. The different combinations
of theseteadtoacategorizatiominto three basic types of decisions:

— Manage products: This is concerned with the management of products and time without
regard to resources. Major decisions are concerned with what products, what quantity, and
when those products are to be produced or procured.

— Manage resources: This is concerned with the management of resources and time. Major
decisions of this category are concerned with the management of capacity of the
resources.

— Plan production: This is concerned with the production planning that synchronizes the flow
of products, resources, and time.

5.4.4 Time horizons

Decisions can be classified into three general basic time horizons.
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- Long term and broad scope: These are long-term decisions that are concerned with the
presentation of the objectives consistent with the global objectives of the enterprise.

— Medium term and intermediate scope: These are medium-term decisions that deal with
the allocation of resources to meet the objectives defined in the long-term time horizon.

— Short term and limited scope: This is a short-term time horizon associated with the
planning and execution of actions, using the means presented at the medium-term time
horizon, to reach the objectives of the long-term time horizon.

6 Functional data flow model

6.1 Functional data flow model contents

This cIaLse presents

a) the functions of an enterprise involved with manufacturing;

b) the {nformation flows between the functions that cross the enterprise-control interface.

6.2

T

unctional data flow model notation

The enterprise-control interface is described using a data flowwmodel. The model yses the
Yourdon-DeMarco notational methodology (see Bibliography),

Table 1|shows the Yourdon notation used in the functional)model.

Table 1 — Yourdon netation used

bymbol Definition

. A function is representédias a labelled ellipse. A function is a group of tasks fthat are
Function classified as having aicommon objective. Functions are organized in a hierarghical
(#.0) manner and are identified with a name and a number. The number represent$ an
identification of the data model hierarchy level.

External An external entity is represented as a labelled rectangle. An external entity i a
. component outside the model boundaries that sends data to, and/or receives|data from,
ntity theSfunctions.

D

A solid line with an arrow represents a grouping of data that flows between fynctions,
data stores, or external entities. The data are defined in the enterprise-contr
integration model. All solid lines have a name for the data flows.

DLaﬂDW nanke A data flow at one level of the functional hierarchy may be represented by orje or more
flows at the lower level of the hierarchy.

A dashed line with an arrow represents a grouping of data that flows between functions,

data stores, orextermatentities. T e dataare ot pertiment to-theemnterprise-control

_________________ » integration model but are shown to illustrate the context of functions. Dashed-line data
flows without names are not identified in this model but are defined in Annex D.

A persistent data storage is represented as the name of the data store with a line above
and a line below the name. A persistent data store maintains information defined in a
data flow, so that it is usable in a potentially non-synchronous manner with the original
data source.

Data Store
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6.3 Functional enterprise-control model

The functional model is depicted in Figure 5. The wide dotted line illustrates the boundary of
the enterprise-control interface. The line is equivalent to the Level 3/Level 4 interface
presented in 5.1. The manufacturing control side of the interface includes most of the
functions in production control and some of the activities in the other major functions. The
labelled lines indicate information flows of importance to manufacturing control. The wide
dotted line intersects functions that have sub-functions that may fall into the control domain or
the enterprise domain depending on organizational policies. This is a combination of a
function view and an information view of the enterprise, as defined in ISO 15704.

The model structure does not reflect an organizational structure within a company but an
organizational structure of functions—Different companieswill place the functionsindifferent

organizati

The detpiled information in the information flows is presented in Clause 7.

Order
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Figure 5 — Functional enterprise/control model

6.4  Functions
6.4.1 Order processing (1.0)
The general functions of order processing typically include

a) customer order handling, acceptance and confirmation;
b) sales forecasting;

c) waiver and reservation handling;

d) gross margin reporting;

e) determining production orders.
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There is generally no direct interface between the functions of order processing and the
manufacturing control functions.

6.4.2 Production scheduling (2.0)

Production scheduling functions interface to the manufacturing control system functions
through a production schedule, actual production information, and production capability
information. This information exchange is presented in the production control functions.

Detailed scheduling, within an area, is considered to be a control function.

The general functions of production scheduling typically include

a) the fletermination of production schedule;

b) the [dentification of long-term raw material requirements;

¢) the fletermination of the pack-out schedule for end-products;
d) the getermination of the available product for sales.

The infgrmation generated or modified by the production scheduling functions includes

1) the production schedule;

2) the actual production versus the planned production;
3) the production capacity and resource availability;

4) the current order status.

6.4.3 Production control (3.0)
6.4.3.1 Production control main functioens

The prpduction control functions _encompass most of the functions associated with
manufagturing control. The functions of production control typically include

a) confrolling the transformationh,'of raw materials into the end-product in accordance |with the
production schedule and production standards;

b) perfprming plant engineering activities and updating of process plans;

c) issujng requirements/for raw materials;

d) producing reperts*of performance and costs;

e) evaluating constraints to capacity and quality;

f) self{testing'and diagnosis of production and control equipment;

g) credting production standards and instructions for SOPs (standard operating procgdures),
recipes, and equipment handling for specific processing equipment.

The main functions in production control include process support engineering, operations
control, and operations planning.

6.4.3.2 Process support engineering
The functions of process support engineering typically include

a) issuing requests for modification or maintenance;

b) coordinating maintenance and engineering functions;

c) providing technical standards and methods to operations and maintenance functions;
d) following up on equipment and process performance;

e) providing technical support to operators;
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f)

follo

wing up on technological developments.

The functions of process support engineering generate or modify the following information for
use in other control functions.

1) Minor equipment and process modifications; this may include new design drawings.

2) Instructions on how to handle equipment; this may include standard operating
procedures.

3) Instructions on how to make products; this includes production rules and the standard
materials, equipment, and other resources used.

maifptenance;

balancing and optimizing production within the site or area;

4) Material safety data sheets (MSDS).

nvironmental and safety operating limits and constraints.

ngineering standards for process equipment design techniques. land
bperational methods, and online operating instructions.

Operations control

bns control is the collection of functions that manages all-production within &

ctions of production control typically include

ucing the product according to the schedule and specifications;
rting production, process, and resource information;

itoring equipment, validating operational measurements, and determining the

aring equipment for maintenance. and returning it to service after maintenance
brming diagnostics and self-check of production and control equipment;

ible local site or area labeur management and document management.

process

L site or

heed for

ctions of productignycontrol typically generate or modify the following information for

ther control functions.

Status of production requests.

Selected production data, such as data to calculate production cost and performance.

Selected process data, such as equipment performance feedback.
Status of resources.

5) 1
6)
7)
6.4.3.3
Operati
area.
The fun
a) prod
b) repd
c) mon
d) preq
e) perf
f)
g) pPOSS
The fun
use in o
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
6.4.3.4

Status of maintenance wWork order requests.
Requests for maintenance.

Diagnostic and self-test results.

Process history.

Requests for process support engineering support.
Requests for analysis of material.

Operations planning

The functions of operations planning typically include

a) setting up a short-term production plan based on the production schedule;

b) checking the schedule against raw material availability and product storage capacity;

c) checking the schedule against equipment and personnel availability;
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rmining the per cent of capacity status;

e) modifying the production plan hourly to account for equipment outage, manpower and raw
materials availability.

The functions of operations planning typically generate or modify the following information for

use in o

ther control functions.

1) Material and energy inventory report.

2) Material and energy requirements required to meet the production plan.

3) Site or area production plan for operations control.

4) Available capability of the production resources.

6.4.4
The fun

a) man

b) gen
reqy

c) calc

utili
d) recs
e) notil

The fun
informa

1) WMaterial and energy order requests,

2) |
3)

4) WManual and automated transfer instructions for operations control.

Some o
based

materia
system

6.4.5

The fun

Material and energy control (4.0)
Ctions of materials and energy control typically include

aging inventory, transfers, and quality of material and energy;

brating requests for purchasing of materials and energy based-on short- and Ig
irements;

ulating and reporting inventory balance and losses “of/raw material and
ation;

iving incoming material and energy supplies and_requesting quality assurance
ying purchasing of accepted material and energy supplies.

ctions of materials and energy control typically generate or modify the f
ion for use in other control functions.

ncoming confirmation of received-materials and energy.

aterial and energy inventory report.

the functions within ‘'material and energy control may be inside the control
n local organizational structures. Therefore, selected data flows into andg
and energy control are presented because they may cross the enterprise
boundary.

Procurement (5.0)

ctions/of procuring resources typically include

ng-term
energy

tests;

bllowing

domain,
out of
-control

a) placing orders with suppliers for raw materials, Supplies, spare parts, tools, equipment

and

b) mon

other required materials;
itoring progress of purchases and reporting to requisitioners;

¢) releasing incoming invoices for payment after arrival and approval of goods;

d) collecting and processing of unit requests for raw materials, spare parts, etc., for order

plac

ement to vendors.

The functions of procurement typically generate or modify the expected material and energy

delivery

6.4.6

schedules for use in other control functions.

Quality assurance (6.0)

The functions of quality assurance typically include

a) testi

ng and classification of materials;
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b)
c)

d)
e)
f)
9)

h)

setting standards for material quality;

issuing standards to manufacturing and testing laboratories in accordance with
requirements from technology, marketing and customer services;

collecting and maintaining material quality data;
releasing material for further use (delivery or further processing);
certifying that the product was produced according to standard process conditions;

checking of product data versus customer's requirements and statistical quality control
routines to assure adequate quality before shipment.

relaying material deviations to process engineering for re-evaluation to upgrade
processes.

The functions of quality assurance typically generate or modify the following informjition for

use in other control functions.

1) uality assurance test results.
2) pproval to release materials or waivers on compliance.

3) pplicable standards and customer requirements for material guality.

Some of the functions within quality assurance may be inside the-control domain, based on
local organizational structures; for example, quality assurance requests. Therefore, gelected
data flogws into and out of quality assurance are addresséd because they may cioss the

enterprise-control system boundary.

6.4.7 Product inventory control (7.0)

The fungtions of product inventory control typically include

a)
b)
c)
d)
e)

f)

managing the inventory of finished products;
makling reservations for specific product in accordance with product selling directives;
generating the pack-out end prodact in accordance with delivery schedule;
repdrting on inventory to production scheduling;

repqrting on balance and losses to product cost accounting;

arrapging physical loading/shipment of goods in coordination with product $hipping

adn']:nistration.
The fumpctions of-product inventory control typically generate or modify the fpllowing

information for usé&.in other control functions.

1) FRinished goods inventory.

2) Ipventory balances.

3) Pack-out schedule.
4) Release to ship.

5) Confirm to ship.

6) Requirements.

Some of the functions within product inventory control may be inside the control domain,
based on local organizational structures. Therefore, selected data flows into and out of
product inventory control are used because they may cross the enterprise-control system
boundary.

6.4.8 Product cost accounting (8.0)

The functions of cost accounting typically include
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d)
e)

f)

calc
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ulating and reporting on total product cost;

reporting cost results to production for adjustment;

setti

ng cost objectives for production;

collecting raw material, labour, energy and other costs for transmission to accounting;

calculating and reporting on total production cost, reporting cost results to production for

adju

setti

stment;

ng cost objectives for materials and energy supply and distribution.

The functions of cost accounting typically generate or modify the following information for use
in other control functions.

6.4.9

The fun

a)

b)
c)
d)
e)

f)

6.4.10

The fun

a)
b)
c)

d)
e)

f)

1) (
2) ¥
3) H

orgg
reqy

neg
acce
preg

Lost objectives to production.
erformance and costs from production.

Parts and energy incoming to accounting from material and energy controf.

Product shipping administration (9.0)
ctions of product shipping administration typically include
nizing transport for product shipment in accordance with accepted
irements;
ptiating and placing orders with transport companies;
pting freight items on site and releasing matecial for shipment;
aring accompanying documents for shipment'(BOL, customs clearance);

confirming shipment and releasing for invoi€ing to general accounting;

repd

proy
proy

prov
prog

plac
devg

rting on shipping costs to product cest accounting.

Maintenance management 10.0)
Ctions of maintenance management typically include
iding maintenance for existing installations;

iding a preventative maintenance programme;

rammes;

ng purchase order requests for materials and spare parts;

proy

iding status and technical feedback on performance and reliability to process

bloping*maintenance cost reports, and coordinating outside contract work efforf;

engi

neering.

orders

iding equipment’ monitoring to anticipate failure, including self-check and diggnostic

support

The functions of maintenance management typically generate or modify the following
information for use in other control functions.

1) Maintenance schedules that specify the plan for future work orders.

2) Maintenance work orders that specify specific equipment to be taken out of service and
made available for maintenance functions.

3) Diagnostic and self-test requests to be performed on the equipment.
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Some of the functions within maintenance management may be inside the control domain,
based on local organizational structures. Therefore, selected data flows into and out of
maintenance management are shown because they may cross the enterprise-control system
boundary.

6.4.11 Research, development, and engineering
The general functions of research, development and engineering typically include

a) development of new products;

b) definition of process requirements;

£ 4l <l
T
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6.4.12 | Marketing and sales
The gerjeral functions of marketing and sales typically include

a) genegrating sales plans;

b) gengrating marketing plans;

c) detdrmining customer requirements for products;

d) detdrmining requirements and standards for products;
e) intefacting with customers.

6.5

nformation flows
6.5.1 Information flow descriptions

The infgrmation flows between the functions;that are labelled in Figure 5 are listed belpw.

6.5.2 Schedule

The schedule information flowsxfrom the production scheduling (2.0) functions| to the
productijon control (3.0) functions.

This typically contains_the ‘information, to production, on what product is to be mage, how
much ig to be made, and when it is to be made. Elements of the schedule information are
presented in 7.8 and.are shown in Figure 22.

6.5.3 Produetion from plan

The production-from-plan information flows from the production control (3.0) functions to the
productifonrscheduting<2-0)functions:

This contains information about the current and completed production results from execution
of the plan. It typically contains what was made, how much was made, how it was made, and
when it was made. Elements of the production-from-plan information are presented in 7.8
and shown in Figure 23.

6.5.4 Production capability

The production capability information flows from the production control (3.0) functions to the
production scheduling (2.0) functions.

Production capability information is the current committed, available, and unattainable
capacity of the production facility. This typically includes materials, equipment, labour, and
energy. Elements of the production capability information are listed in 7.6 and shown in
Figure 18.
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The material and energy order requirement information flows from the material and energy
control (4.0) functions to the procurement (5.0) functions.

Material and energy order requirements define future requirements for materials and energy
required to meet short-term and long-term requirements based on the current availability.

There are no object models for the material and energy order requirements, but the
information may use the definitions relating to material and energy detailed in the Clause 7
object model.

6.5.6

Incoming order confirmation

The incpming order confirmation information flows from the material and energy.cont

functio

Incomin

to the procurement (5.0) functions.

order confirmations are the notification that the material cor’ energy hd

received.

This inf
interfac

6.5.7

The lor
schedul

The lon
materia

There 3
informa

brmation is not detailed in the Clause 7 object model because it does not ¢
b between the enterprise and control domains.

Long-term material and energy requirements

fol (4.0)

s been

oss the

g-term material and energy requirements<information flows from the prgduction

ng (2.0) functions to the material and energy control (4.0) functions.

g-term material and energy requirenients are typically time-sequenced defin
and energy resources that will be meeded for planned production.

re no object models for the“long-term material and energy requirements,
ion may use the definitions relating to material and energy detailed in the Q

object model.

6.5.8

The sh
control

Short-term material and energy requirements

tions of

but the
lause 7

brt-term material and energy requirements information flows from the prgduction

3.0) functigns to the material and energy control (4.0) functions.

The short-term=material and energy requirements are requirements for resources

needed

for currently scheduled or executing production. These typically include

hat are

a) requ

ests 1or materials that may Iinclude deadlines;

b) reservations for materials;

c) indications of actual consumption;

d) release of reservations;

e) adju

stments to consumption.

Material is represented in Figure 16 in 7.5 and the material and energy requirements are
represented in Figure 22 in 7.8.

6.5.9

Material and energy inventory

The material and energy inventory information flows from the material and energy control
(4.0) functions to the production control (3.0) functions.
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The material and energy inventory information flows are the currently available material and
energy that is used for short-term planning and for production. This information typically deals
with raw materials. Material and energy inventory information is given in 7.5.

6.5.10 Production cost objectives

The production cost objectives information flows from the product cost accounting (8.0)
functions to the production control (3.0) functions.

Production cost objectives are the production performance targets in terms of resources. This
could be related to a product or to a process. This typically includes materials, labour hours,
energy, equipment usage, or actual costs. Elements of the production cost objectives are
presentgdin 7.7 and siown i Figure 21.

6.5.11 | Production performance and costs

The prqgduction performance and costs information flows from the production contfol (3.0)
functionls to the product cost accounting (8.0) functions.

Productjon performance and costs are the actual use and results ‘associated with [specific
productijon activities. This typically includes materials, labour hours, energy, and equipment
usage. Results are typically identified by products, by-products,\co-products, and scrpp. This
information would be in sufficient detail to identify all costs by product, co-produ¢ts, and
scrap.

6.5.12 | Incoming material and energy receipt

The incoming material and energy receipt infofmation flows from the material and| energy
control {4.0) functions to the product cost accounting (8.0) functions.

Incominjg material and energy receipt is-the notification that the material or energy hps been
received and additional information n€eded for cost accounting. This may include the BOL,
material safety data sheet (MSDS), and COA. This information is coordinated With the
incoming order confirmation (6.5.6)-information flow.

This infprmation is not detailed in the Clause 7 object model because it generally does not
cross thle interface between-the enterprise and control domains.

6.5.13 | Quality assurance results

The quplity assurance (QA) results information flows from the quality assurange (6.0)
functions tothe product inventory control (7.0) functions, material and energy contfol (4.0)
functionls,&and the production control, operations control (3.2) functions.

Quality assurance results are typically the results from QA tests performed on raw materials,
in-process materials, or products. Quality assurance results may concern tests performed in
the product or in-process tests performed in a particular segment of production. Quality
assurance results may include granting of in-process waivers.

A positive QA result may be required before product inventory management may ship a
product. A positive QA result may be required before production control transfers product-
to-product inventory control.

6.5.14 Standards and customer requirements

The standards and customer requirements information flows from the marketing and sales
functions to the quality assurance (6.0) functions, and from quality assurance to production
control (3.0).
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Standards and customer requirements are the specific values for attributes of the product that
satisfy the customer needs. This typically includes specific processing specifications as well
as material properties. This information may result in changes in or additions to material,
equipment, and personnel properties and associated tests (see 7.7).

6.5.15 Product and process requirements

The product and process requirements information flows from the research, development and
engineering (RD&E) functions to the production control (3.0) functions and the quality
assurance (6.0) functions.

The product and process requirements define how to make a product. This typically
i T i ' i ipns and
cturing.
Information about specific equipment, personnel, and material requirements may. be gpecified
accordimng to the models in 7.7.

6.5.16 | Finished goods waiver

FinisheI goods waiver information flows from the order processin@ (1.0) functiong to the
quality assurance (6.0) functions.

Finishe$ goods waivers are approvals for deviation from(Cnormal product specifications.
Finished goods waivers may be negotiated customer deviations from specifications defined in
the standards and customer requirements (6.5.14).

6.5.17 | In-process waiver request

In-procgss waiver request information flows“from production control (3.0) to the| quality
assurance (6.0) functions.

In-procgss waiver requests are requests for waivers on normal production procedure$ due to
deviations in materials, equipment,sor quality metrics, where normal product specificatjons are
maintaimed. The response to thesrequest is in the quality assurance results.

6.5.18 | Finished goods_ihventory

The fin|shed goods inventory information flows from the product inventory contiqol (7.0)
functionls to the production scheduling (2.0) functions.

The finished goods inventory is information on the current inventory of finished goods that is
maintaiped py product inventory control. This typically includes quantity, quality, and |location
informatiofy that is used for the scheduling of new production, and as feedback on prgviously
schedul i is | ini i istributi ipment.
This information is described in 7.8.

6.5.19 Process data

The process data information flows from the production control (3.0) functions to the product
inventory control (7.0) functions and the quality assurance (6.0) functions.

Process data is information about production processes, as related to specific products and
production requests, and is described in 7.8. Typical uses of process data are by quality
assurance as part of the QA functions, and by product inventory control where this information
is needed as part of the finished product deliverables.
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6.5.20 Pack-out schedule

The pack-out schedule information flows from the production scheduling (2.0) functions to the
product inventory control (7.0) functions.

A pack-out schedule is the consolidation of produced items of one or more stock-keeping unit
for delivery to customers, inventory, or others.

6.5.21 Product and process know-how

The product and process know-how information flows from the research, development and
engineering (RD&E) functions to the production control (3.0) functions.

Product| and process know-how typically includes standard operating procedur€s;/frecipes,
critical gafety limits, and analytical methods. This may be generated in responsg,to opgrations
requests or originated by RD&E for new products and processes.

Elements of the product and process know-how information are presented’in 7.6 and|7.7 and
in Figures 20 and 21.

6.5.22 | Product and process information request

The profduct and process information request flows from the production control (3.0) functions
to the RID&E functions.

A product and process information request is a request for new or modified product dgfinitions
and profess definitions.

6.5.23 | Maintenance requests

The ma|ntenance request information flows from the production control (3.0) functions to the
maintenance management (10.0) funetions.

Maintenfance requests are requests for a maintenance function. This may be a [planned
request|or an unplanned request due to an unplanned event, such as a lightning strike on
a transfprmer.

6.5.24 | Maintenance-responses

The maintenance{response information flows from the maintenance management (10.0)
functionls to the production control (3.0) functions.

Maintenance responses are the logged status or completion of routine, sched{led, or
unplannéd mainienance.

6.5.25 Maintenance standards and methods

Maintenance standards and methods information flows from the production control (3.0)
functions to the maintenance management (10.0) functions.

Maintenance standards and methods are typically accepted practices and procedures that
maintenance uses in performing its functions.

6.5.26 Maintenance technical feedback

Maintenance technical feedback information flows from the maintenance management (10.0)
functions to the production control (3.0) functions.
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Maintenance technical feedback is typically information about the performance and reliability
of production equipment and may include reporting on performed maintenance. Reports on
maintenance may include scheduled, preventive, or predictive.

6.5.27 Product and process technical feedback

Product and process technical feedback information flows from the production control (3.0)
functions to the RD&E functions.

Product and process technical feedback is information about the performance of production
equipment and product. This information generally results from performance tests and study
requests to operations control.

6.5.28 | Maintenance purchase order requirements

Maintenance purchase order requirements information flows from the.“maintenance
managgment (10.0) functions to the procurement (5.0) functions.

Maintenance purchase order requirements are information about-materials and supplies
required to perform maintenance tasks.

6.5.29 Production order

Productjon order information flows from order processing (1.0) functions to pr¢duction
scheduljng (2.0) functions.

Productjon order is information about accepted _customer orders that defines work]| for the
plant.

6.5.30 | Availability

Availabiity information flows from the production scheduling (2.0) functions to the order
processjng (1.0) functions.

Availabifity is information about'the plant's ability to fulfil the order.

6.5.31 | Release to ship

Releasq to ship infermation flows from the product shipping administration (9.0) fungtions to
the product inventory control (7.0) functions.

Releasq to ship is information about the permission to ship the product.

6.5.32 Confirm to ship

Confirm to ship information flows from the product inventory control (7.0) functions to the
product shipping administration (9.0).

Confirm to ship is information about the actual shipment of product.

7 Object model

7.1 Model explanation

Subclause 7.2.1 is an overview of the information contained in the object model and provides
a context for the object models. It includes the general categories of information given in extra
detail in 7.2.2, 7.2.3, and 7.2.4.
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7.2 Categories of information
7.2.1 Information areas

Most of the information described in the Clause 6 model falls into the following three main
areas.

a) Information about the capability to produce a product.

b) Information required to produce a product.

c) Information about actual production of the product.

Some information in each of these three areas is shared between the manufacturing control
systemg and the other business systems, as illustrated in Figure 6. Venn diagrams,dre used
to illustfate the overlap of information. This standard is only concerned with the (Oyveflapping

information in the Venn diagrams, and with presenting a model and common terminglogy for
that infdrmation.

Business planning and logistics information

Plant production scheduling,
operational management, etc

Product

pduction

capability _ definition Informatio

information information (What to

(What is (How to make and
make a

availabl
lable) product)

Manufacturing operations and control information

Area supervision, production,
scheduling, reliability, assurance, etc.

IEC 330/03

Figure 6 — Areas of information exchange

7.2.2 Production capability information
7.2.2.1 Production capability information categories

There are three main areas of information about the production capability that have significant
overlap. The three areas of information are production capability information, maintenance
information, and capacity scheduling information. Figure 7 illustrates the overlapping
information.
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Figure 7 — Production capabilityinformation

Production capability information
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h site, area, and element within the area there is a presentation of the prgduction

Iy of the personnel, equipment, and materials.

duction capability information_includes the current state of what is avail
by the production capability medel in Figure 18.

Maintenance information

h site, area, and element within the area there is a listing of the equipment as
tenance. This includes maintenance records and other information that is no
uction capabhilitymodel.

able as

equired
part of

The malintenange,information includes the current maintenance state of the equipnment, as

shown [

y infopmation in the production capability model shown in Figure 18.

7.2.2.4

Capacity scheduling information

The capacity scheduling information contains the process segments available for the product
unit, process cell, or production line.

For each site, area, and equipment element within the area there is a presentation of the
production capacity of the personnel, equipment, and materials needed for scheduling of
production.

7.2.2.5

Production equipment status

Production equipment status is information shared between the capability model of the
equipment and the maintenance model. This includes the listing of the equipment, the current

status o

f the equipment, and the usage history of the equipment.
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7.2.2.6 Production capacity

Production capacity is defined as the information shared between the production capability
model and the capacity scheduling model. This includes the listing of the capacity and current
status of the personnel, equipment, and materials.

7.2.2.7 Scheduled production equipment availability

Scheduled production equipment availability is a dynamic interaction of production capability
information, maintenance information, and capacity scheduling information that allows
forecasting of scheduled production equipment availability.

D o L PN - + 4+ + £ i
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Preventjve/predictive maintenance information is the correlation of equipment\health and
maintenance requirements with capacity scheduling information so as to align,,maintenance
processes and adjust the capacity scheduling information during the maintenance prodesses.

7.2.2.9 Process segment capability

A capability may be given in terms of a process segment. Progcess segments show the
businesg view of a part of the manufacturing process. The capabilities may specify|specific
capabilifies or the class of capability (such as class of equipment) needed for the [process
segmenit. Figure 8 illustrates how capabilities relate to progess segments.

— A mfanual process segment may define the class/of materials and class of pgrsonnel
needed for production.

— A se¢mi-automated process segment may define the class of materials, personfel, and
equipment needed.

— A ngn-material process segment, such as an equipment set-up segment, may dgfine the
clasy of equipment and personnel used;

— An putomated process segmentximay only define the material and equipment |classes
neegled.

All material available for production

Manual process segments, such as repack

All available personnel capabilities

Personnel
capabhility

Material

capnabilityv
™ T

Semi-automated process segments

Non-material segments such as equipment set-up

Equipment

capability All available equipment capabilities

Automated
process
segments IEC 332/03

Figure 8 — Process segment capabilities
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7.2.3 Product definition information
7.2.3.1 Product definition information categories

There are three main areas of information required for the production of a specific product
that have significant overlap. The three areas are information for scheduling, material
information, and production rules. Figure 9 illustrates the overlapping information.

Production information on a specific product with
the detall required for actual production

Product Product segment

production
rules

Material information on a specifi¢ product, including
information not related to production (for exanple,
shipping materials)

Scheduling information on a specific product,
including information that is not related to prodluction
(for example, material order )

material

Bill of
resources

E[C 333/03

Figure 9 — Production information definition

7.2.3.2 Product production-rules

Product| production rules are_the information used to instruct a manufacturing operation how
to prodlice a product. Fhis' may be called a general site or master recipe (IEC p1512-1
definitions), product data” AP (application protocol) as defined in ISO 10303-1, gtandard
operating procedure \(SOP), standard operating conditions (SOC), routing, or assembly steps
based gn the production strategy used.

7.2.3.3 Bilhof material

The billlofsmaterial is a list of all materials required tao produce a product showing the lquantity
of each required. These may be raw materials, intermediate materials, subassemblies, parts,
and consumables. This list does not contain the breakdown of where the materials are used
or when they are needed, but it may be organized in a hierarchical manner that maps to some
of the production steps. The bill of material often includes material that is not related to
production of the product, such as shipping materials or included documentation. The bill of
material is a subset of the bill of resources.

The manufacturing bill is the subset of the bill of material that is related to production.

7.2.3.4 Bill of resources

The bill of resources is the list of all resources required to produce a product. Resources may
include materials, personnel, equipment, energy, and consumables. The bill of resources
does not contain the specific production steps, but it may be organized in a hierarchical
manner that maps to some of the production steps.


https://iecnorm.com/api/?name=51a809911e7a6bbd0de013787fba901d

62264-1 0 IEC:2003(E)

— 39 —
7.2.3.5 Product segment

Product segment is the overlap of information between product production rules and the bill of
resources. It describes a job or task consisting of one of more work elements, usually carried
out essentially in one location. A product segment is the most detailed process view for the
business system to control material, labour, resource usage, cost, and quality in order to
control the production.

Product segments may correspond to

a) IEC 61512-1 process stages, process operations, unit procedures, or operations for batch
manufacturing;

b) pro

UcCtion unit operations for continuous manufacturing;
C) assq

embly steps and assembly actions for discrete manufacturing;
d) othg

r types of identifiable time spans for other types of manufacturing.
The exd
horizont

mple in Figure 10 illustrates product segments in a Gantt-type chart with tim
al axis and each box corresponding to a different product segmént:

e on the
Productjon routing is the overlap of information between the )product productijon rule
information and bill of resources information without the bilkof material information. It
represents all of the non-material aspects of production sdeh as equipment, labqur, and
energy.|Production routings include an ordered sequence @f product segments.
Material routing is the overlap of information between_the production rule information|and the
bill of material information. It represents both the¢production material inputs and where they
are used in product segments.
Product segments
~22\
Process cell#1  “\=---~
Procedure premix<<:
| unitss 4
Unit procedure fill

A
Unitws
Unit'procedure mix »
Unit #5 |
Unit procedure drain

\

/ Step A23 |

\

\

Work cell #15 \
ThStraction pour

\
\

h |
Work cell #20 |
Instruction cap

>
Time line

Figure 10 — Example of process segments
7.2.3.6

IEC 334/03
Overlapping areas

Figure 9 illustrates the overlap of information between different areas but is not meant to
represent the amount or importance of the information. Different manufacturing and business
strategies will have different amounts of information shared between the different areas.
Figure 11 illustrates the amount of information in two examples. The left side of the figure
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shows an example where the manufacturing systems maintain most of the information
required for a product. The right side of the figure shows an example where the business
systems maintain most of the information.

Product Bill of

resources

IEC 335/03

Figure 11 — Possible information overlaps

7.2.4 Production information

7.2.4.1 Production information categories
There are three main areas of information about<actual production that have siinificant
overlap] These three areas are production information, inventory information, @nd the
productijon scheduling information. Figure 12 (shows the overlap between the dreas of
information.

Production history information about actual production of products

Production material information

Information on all inventoried material
and equipment

Production
inventory
information

Production
history:
information

Production schedule and performance

Production
scheduling
information

Scheduling information on production
Production

segment

information IEC 336/03

Figure 12 — Production information

7.2.4.2 Production history information

Production history information is all of the information recorded about production of a product.
This may be called by many names, such as the batch journal, product log, or traveller.
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7.2.4.3 Production inventory information

Production inventory information is all of the information about inventoried materials, including
the current status of the materials. Typically all consumed and produced materials
are maintained in the production inventory information, and sometimes intermediates are
maintained if they are needed for financial evaluation. In some industries this may include
energy information.

7.2.4.4 Production scheduling information

The scheduling model contains all of the information about the execution of scheduled
production runs.

7.2.45 Production segment information

The prqduction segment information is the part of the production history informatjon that
containg information on the segments of production and is used for scheduling:

7.2.4.6 Production material information

The pragduction material information is the part of the production history informatjon that
containg information on material that is used by inventory.

7.2.4.7 Production schedule and performance

Productjon schedule and performance information is shared among production infofmation,
inventony information, and scheduling information\~"This includes the listing of the raw
materials consumed, materials produced, and._ materials scrapped. It also inclufles the
discusslon of how long segments of productign~actually took and how much matefial was
producgd and consumed by specific segments of production. This information is g'l‘enerally
used toltrack actual production against production requests and as feedback to the scheduling
cycle.

7.2.5 Process segment

Given the previous definitions, a“process segment is the collection of capabilities needed for a
segment of production, independent of any particular product. This may include material,
energy,|personnel, or equipment capabilities as presented in 7.6.1.

There is a relationship among the collection of process segments, the product $egment
listings ffor each-pfoduct, and the segment requirements for any specific production fequest.
This copcept_is~illustrated in Figure 13. A product segment references a process $egment
known tp production, and a segment requirement references a known product segment of the
product|b&ing manufactured.
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Segment requirements for
a specific production request
(for example, Lot 123

of product YYY)

B
References C A E Reference C A E
D —,_C Product ] Segment
segment reg.
A

Process Product parameters Production parameters

segment Equment sp.elcm?atlons Equipment requirement
Material specifications Material requirement

—— Parameters Personnel specifications Personnel requirement

—Fetipment

— Material

[— Personnel IE

Figure 13 — Segment relationships

7.3 (Qbject model structure

The obJect models are depicted using the unified modelling language (UML) nq
methodology, as defined in ISO/IEC 19501-1. The diagrams have\been kept simple 3

result alsingle object may appear on multiple diagrams.

Table 2|defines the UML notations used in the object diagrams.

337/03

tational
nd as a
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Table 2 — UML notation used

Symbol Definition

_I Defines a package, a collection of object models, state models, use
classes, and other UML models. In this document a package is used to
specify an external model, such as a production rule model or a reference

PACKAGE
to another part of the model.
Defines a class of objects, each with the same types of attributes. Each
Class object is uniquely identifiable or enumerable. No operations or methods are

listed for the classes. Attributes with a “ - ” before their name indicate
attributes that are generally optional in any use of the class.

An association between elements of a class and elements of andthgr or the
same class. Each association is identified. May have the expected number
Role 1.1 or range of members of the subclass, when ‘n’ indicates an¢indeterminate
number. For example, 0,n means that zero or more membhers/of the
subclass may exist.

o.n Association name Role

Generalization (arrow points to the super class).shows that an elemgnt of
Is a type of the class is a specialized type of the super class:

Dependence (tightly bound relationship between the items) shows that an
Depends on element of the class depends on an element of another class.

Aggregation (made up of) shows that an element of the class is made up of

Is anjaggregation of elements of other classes.
‘ Composite shows a strong form of aggregation, which requires that fa part
Is a fomposite of instance be included\in at most one composite at a time and that th¢

composite objecthas sole responsibility for disposition of its parts.

7.4 (bject model extensibility

The geperal model for allowing.(extensibility to the information exchange is throjgh the
addition| of properties to the Objects. There may be sets of extensions that are Husiness
specific| for example, the food and beverage business may have commonly understood
extensigns that relate to n@itkitional content and caloric content.

7.5 Resources and views
7.5.1 Personnel information

7.5.1.1 Personnel model

The persohfretrmodetcontainsthe-information—about-specific persormet—<tassesof personnel,
and qualifications of personnel. Figure 14 illustrates the personnel model. This corresponds to
a resource model for personnel, as given in ISO 15704 and ISO 15531-1.
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7.5.1.2

A repre
schedul
of zero

NOTE E
operator,

7.5.1.3

Personnel 0..n
- Person
class 0..n Defined by
Has Has
properties values for >
of >
0..n 0..n
Personnel A Mapsto | Person
class property property
Istested | 1..n 0..n
by a > Qualification
ificaton | . |TTITTTTTTTTT test
0..n Qualification 0..n Records the
test . result
oo ) execution of >
specification Defines a
procedure for
obtaining a >

IEC 338/03

Figure 14 — Personnel model

Personnel class

sentation of a grouping of persons with sjmilar characteristics for purp
ng and planning shall be known as a personnel class. Any person may be a
Dr more personnel classes.

kamples of personnel classes are cook machine” mechanics, slicing machine operators, c
land zipper line inspectors.

Personnel class property

pses of
member

ht-cracker

Propertijes of a personnel class shall be shown as personnel class properties. Each pgrsonnel

class sHhall have zero or more recoghized properties.

NOTE Ejamples of personnel class“pfoperties for the personnel class operators are class 1 certifie
certified, pight shift, and exposureshours.

Productjon requests may-specify required personnel class property requirements for a
segmentt.

7.5.1.4 Person

A repregentation of a specifically identified individual shall be presented as a persor

, class 2

product

. A per-

son may

be‘a member of zero or more personnel classes.

Person shall include a unigue identification of the individual

7.5.1.5

Person property

Properties of a person shall be listed as person properties. Each person shall have zero or
more person properties. These specify the current property values of the person for the
associated personnel property.

NOTE For example, a person property may be night shift and its value would be available, and a person property
may be exposure hours available and its value would be 4.

Person properties may include the current availability of a person and other current
information, such as location and assigned activity, and the unit of measure of the
current information.
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7.5.1.6

Qualification test specification

A representation of a qualification test shall be presented as a qualification test specification.
A qualification test specification may be associated with either or both a personnel class
property or person property. This is typically used where a qualification test is required to
ensure that a person has the correct training and/or experience for specific operations.
A qualification test specification may test for one or more properties.

A gualification test specification shall include

a) an identification of the test;

b) a version of the test;
c) a ddgscription of the test.
7.5.1.7 Qualification test result
The resplts from a qualification test for a specific person shall be given asya’qualificafion test
result.
A qualif|cation test result shall include
d) the gate of the test;
e) the fesult of the test (for example, passed or failed);
f) the expiration date of the qualification.
7.5.2 Equipment information
75.2.1 Equipment model
The equipment model contains the information about specific equipment, the clgsses of
equipmeént, equipment capability tests; and maintenance information associated with
equipment. Figure 15 illustrates the équipment model. This corresponds to a resource model
for equipment, as given in ISO 15704 and 1SO 15531-1.
Mai
<(;\/|iy be made up of 2 Is against ?zéﬁggtnce
- 1.1 0..n
) 0.n| Mayresultin >
Fauipment 9-n Equipment
class 0..n Defined by < quip 0.1
1.1
‘ ‘ m Maintenance
Has Has Is made work order
propeities values for > against <
of >
1.1
oun o.n o.n | May be generated for >
Equipment Maps to Equipment Maintenance
quip o mmm e ] quip response
class property property
Istested | 1..n 0..n
by a > Equipment
0..n Equ!pment 0..n Records the capability test
capability test - execution of > result
specification Defines a
procedure for
obtaining a > IEC 339/03

Figure 15 — Equipment model
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7.5.2.2 Equipment class

A representation of a grouping of equipment with similar characteristics for purposes of
scheduling and planning shall be used as an equipment class. Any piece of equipment may be
a member of zero or more equipment classes.

NOTE Examples of equipment classes are reactor unit, bottling line and horizontal drill press.

7.5.2.3 Equipment class property

Properties of an equipment class shall be listed as equipment class properties. Each may
have zero or more recognized properties.

NOTE Ejkamples of equipment class properties for the equipment class reactor unit may be lining material, BTU
extraction| rate and volume.

Productjon requests may specify equipment property requirements for a product segment.

7.5.2.4 Equipment

A repregentation of the elements of the equipment hierarchy modeh'shown in 5.3 ghall be
known as equipment. Equipment may be a listing of sites, areas, production units, pr¢duction
lines, wprk cells, process cells, or units.

Equipment may be made up of other equipment, as presented in the equipment hjerarchy
model. For example, a production line may be made up-0f work cells.

NOTE Egkamples of equipment are reactor unit #1, bottling line #1*and horizontal drill press #4.
7.5.2.5 Equipment property

Propertijes of equipment shall be listed aslequipment properties. An equipment shall have
zero orfl more equipment properties. These specify the current property values| of the
equipment for the associated equipment class property. Equipment properties may|include
a unit of measure.

NOTE 1 |For example, an equipment,class property may be volume with a value of 50 000 with a unit of measure
of litres, gn equipment property may be-lining material with a value of glass.

NOTE 2 |Examples of equipment properties are

— the cprrent availability of equipment;

- otherfcurrent information,)such as when calibration is needed;
- mainfenance status;

-  the cprrent state©f.the equipment;

- perfdrmance values.

7.5.2.6 Equipment capability test specification

A representation of a capability test shall be presented as an equipment capability test
specification. An equipment capability test specification may be associated with an equipment
property. This is typically used where a test is required to ensure that the equipment has the
rated capability. An equipment capability test specification may test for one or more
equipment properties.

An equipment capability test specification shall include

a) an identification of the test;
b) a version of the test;
c) a description of the test.
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7.5.2.7

Equipment capability test result

The results from a qualification test for a specific piece of equipment shall be shown as an
equipment capability test result.

An equipment capability test result shall include

a) the date of the test;

b) the result of the test (passed-failed or quantitative result);

c) the expiration date of the test.

7.5.2.8 Marrtemanceformration

The overlap of information between manufacturing control and maintenance“is| in the
equipmznt area. This is represented as maintenance requests, maintenance responges, and
work org@lers associated to specific equipment.

7.5.2.9 Maintenance request

A requgst for maintenance shall be presented as a maintenance) request. A maintenance
request| shall be made against specific equipment. There’may be many outstanding

maintenance requests against a piece of equipment.

Maintenfance requests shall include

a) the
b) the
c) the
d) the
e) adsg
f) apr

7.5.2.10

berson who made the request;

Jate and time of the request;

data and time of resolution needed,;
bquipment associated with the requést;
scription of the request;

ority.

Maintenance work.order

Work done against a maintenance request shall be presented as a maintenance wo

Zero or

Maintenfance wark orders shall include

a) the

hssociated person or personnel class assigned;

b) the

ssigned priority of the work order:

more maintepnance work orders may be generated from a maintenance request.

k order.

c) the status of the work order (for example, pending, in process).

7.5.2.11

Maintenance response.

A response to a maintenance request shall be presented as a maintenance response. A main-

tenance

Mainten

response shall be made against a maintenance work order.

ance responses shall include

a) the date and time of the response;

b) the person who responded to the work order;

c) a description of the response;

d) the result of the work order.
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7.5.3 Material information

7.5.3.1 Material model

The material model lists the actual materials, material definitions, and information about
classes of material definitions. Material information includes the inventory of raw, finished,
and intermediate materials. The current material information is contained in the material lot
and material sublot information. Material classes are used to organize materials. Figure 16
illustrates the material model. This corresponds to a resource model for material, as defined
in ISO 10303-1.

Defines

Material a grouping > Material 0..n Made up of Material
class o5 o5 definition 11 Befifred Material lot o-n sublot
by
+ 0..n
Has Has Has |
properfies properties values for > |
qf > of > | May'be madq up

: of sublots

0.0 0.0 on] TR

aterial Material Mas to Material | |
class <——M —————— definition <———E ———————— S:g;zn ot I Is associated

ay y )
T t
broperty map to property I with a
. . . |
Is E)eys eg 1.n Is Leys;eg 1.n 0.n Records the
_execution of _ | QA Test
0..n QA test 0..n result
specification Defines a
0..n procedure for
obtaining a > IEQ 340/03
Figure 16 — Material model
7.5.3.2 Material definition

A repregentation of goods with similar eharacteristics for scheduling and planning plurposes
shall belshown as a material definition!

NOTE Egkamples of these may be city water, hydrochloric acid and grade B aluminium.

The mgterials may be identified as raw, intermediate, or final and may have othpr state
information, such as availability of safety information.

Any material lot shalhb& associated with one material definition.

Material definitions may also be related to a production request. The same material mjay have
different representations for different production requests, depending on specific customer
requirements:

7.5.3.3 Material definition property

Properties of a material definition shall be defined as material definition properties. A material
definition shall be further characterized through zero or more material definition properties.

NOTE Examples of material definition property include density, pH factor or material strength.

Properties may present the nominal or standard values for the material.

7.5.3.4 Material class

A representation of groupings of material definitions for use in production scheduling or
processing shall be defined as a material class.

NOTE An example of a material class may be sweetener, with members of fructose, corn syrup and sugar cane
syrup. Another example of a material class may be water, with members of city water, recycled water and spring
water.
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A material definition shall belong to zero or more material classes.

7.5.3.5 Material class property

Properties of a material class shall be presented as material class properties. A material class
shall be further characterized through zero or more material class properties.

NOTE Examples of material class properties include density, pH factor, and material strength.

The material class properties often list the nominal, or standard, values for the material. A
material property does not have to match a material class property.

7.5.3.6 Material lot

A reprelsentation of a uniquely identified specific amount of material, either counfable or
weighable shall be named as a material lot. A material lot describes the actualjtetal [quantity
or amoynt of material available, its current state, and its specific property valles.

Materials may be made up of other materials but that association is‘ hot described in this
model.

A materjal lot shall include

a) a unique identification of the lot;

b) the amount of material (count or weight);

c) the pnit of measure of the material (for example, parts, kg, tons);
d) a log¢ation for the material;

e) any|status of the lot.

A matetffial lot may be made up of materialésublots. Material lots and material sublots|imay be
used fol traceability when they contain.unique identifications.

7.5.3.7 Material lot property.

Each naterial can have unique values for zero or more material lot properties, such as
a speciffc pH value for thesspecific lot of material, or a specific density for the lot of mdterial.

7.5.3.8 Material sublot

A mateffial lot may-be stored in separately identifiable quantities. Each separately identifiable
quantity] of the.ssame material lot shall be presented as a material sublot. All material
sublots contain the same material lot, so they use the material lot element’s property] values.
A materjalsublot may be just a single item.

Each material sublot shall contain the location of the sublot and the quantity or amount of
material available in the sublot.

Material sublots may contain other sublots.

NOTE For example, a sublot may be a pallet, each box on the pallet may also be a sublot, and each material
blister pack in the box may also be a sublot.

A material sublot shall include

a) a unique identification of the sublot;

b) the location of the sublot;

c) the unit of measure of the material (for example, parts, kg, tons);
d) any status of the sublot.
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QA test specification

A representation of a quality assurance (QA) test shall be shown as a QA test specification. A
QA test specification shall be associated with one or more material definition properties. This
is typically used where a test is required to ensure that the material has the required property
value. A QA test specification may identify a test for one or more material definition
properties. Not all properties need to have a defined QA test specification.

QA test specifications may also be related to a production request. The same material may
have different specifications for different production requests, depending on specific customer
requirements.

A QA te

a)
b)
c)

7.5.3.10

A repre
present
specific

a)
b)
c)
d)
e)
f)
9)

h)

QA test

7.5.4
7.5.4.1

The pr

an i
ave
a ddg

The
The
The
The
The
The

The
requ

The

S5t specification shall include

lentification of the test;
rsion of the test;
scription of the test.

QA test results

sentation of the results from the execution of a quality assurance test
bd as a QA test result. A QA test result records, the results from a QA teg
material lot. The following are some characteristies(of QA test results.
y shall be related to a material lot.

y may be related to a production request.

y may be associated with a specific preduction response.

/ may be related to a specific process'segment.

y may include a pass/fail status ofithe test.

y may include quantitative information of the tests.

y may include the granting or refusing of an in-process or finished goodg
est.

y may be related te.a\product characteristic.

results may b€ associated with a specific production response.

Process;segment information

Process segment model

$hall be

st for a

waiver

hceSs segment model contains information about the commonly used

process

segments. Figure 17 illustrates the process segment model.
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Figure 17 —Process segment model
7.5.4.2 Process segment
A process segment lists the classes of personnel, equipment, and material needed, @and/or it

may prg

list the quantity of the resource needed.

A proce
present
or more

products:

Process

segment may identify

sent specific resources, such as specific equipment needed. A process segm

nt may

ss segmentiis related to a product segment that can occur during produdtion, as
bd in thewproduct information model in 7.7. A process segment may relatg

to one

a) the time duration associated with the capability;
NOTE Five hours or 5 hours/100 kg.

b) constraint rules associated with ordering or sequencing of segments.

A process segment may be made up of other process segments, in a hierarchy of definitions.
Figure 17 illustrates the elements of a process segment.

Process segments may contain specifications of specific resources required by the process
segment. Process segments may contain parameters that can be listed in specific production
requests.
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7.5.4.3 Process segment parameter

Specific parameters required for a segment shall be shown as process segment parameters.

NOTE Examples of parameters are product colours, quality requirements, assembly options and packaging
options.

7.5.4.4 Personnel segment specification

Personnel resources that are required for a process segment shall be presented as personnel
segment specifications.

NOTE Examples include the requirement for three lathe machine operators or a certified inspector.

Specifiq properties that are required are specified in personnel segment spedification
propertips.
7.5.4.5 Equipment segment specification

Equipment resources that are required for a process segment.shall be presepted as
equipment segment specifications.

NOTE Ejamples include the requirement for three lathe machines or a certified.test chamber.
Specifiq properties that are required are specified in/equipment segment spedification
propertips.

7.5.4.6 Material segment specification

Materia|l resources that are required for a process segment shall be listed as material
segmenft specifications.

NOTE Ej)amples include the requirement for distiled water or hydrochloric acid.
Specifiq properties that are required are specified in material segment spedification
propertips.

7.5.4.7 Process segment dependency

Procesq segment dependencies can be used to describe process dependencies that are
independent of any particular product.

NOTE Fpr example,xa-process segment dependency may define that an inspection segment must |follow an
assembly|segment.

7.6  Praoduction capability information

7.6.1 Production capability model

The production capability information is the collection of information about all resources for
production for selected times. This information corresponds to the overlap of information
depicted in Figure 7. This is made up of information about equipment, material, personnel,
and process segments. It describes the names, terms, statuses, and quantities of which the
manufacturing control system has knowledge. The production capability information contains
the vocabulary for capacity scheduling and maintenance information.

Figure 18 illustrates the model for production capability. A production capability is the
collection of personnel capabilities, equipment capabilities, material capabilities, and process
segment capabilities, for a given segment of time (current or future), and listed as committed,
available, and unattainable.
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Figure 18 — Production capability model

sentation of the capability of persons or personnel classes that is co
b, or unattainable for“a defined time shall be known as a personnel cgpability.
el capability may contain references to either persons or personnel classes.
sonnel classes areyshown in the personnel model in 7.5.1.

hvailability (available, unattainable, committed);
imelassociated with the availability (for example, third shift on a specific date)

hmitted,

Persons

Specific

! [ 1 [T 4 [ ! loilid o
PEISUTIIICT Lapadullitics  STidil U Prestineu 1 PgersuliieT Lapdullity prupert

personnel capability property may include the quantity of the resource referenced.

NOTE For example, 3 horizontal drill press operators available for the third shift on 2000-02-29.

7.6.3

Equipment capability

s. The

A representation of the capability of equipment or equipment classes that is committed,
available, or unattainable for a specific time shall be used as an equipment capability.
Equipment capability may contain references to either equipment or equipment classes.
Equipment and equipment classes are presented in the equipment model given in 7.5.2.
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Equipment capability shall identify

a) the availability (available, unattainable, committed);

2003(E)

b) the time associated with the availability (for example, third shift on a specific date).

Specific

equipment capabilities shall be used in equipment capability properties. The
equipment capability properties may include the quantity of the resource referenced.

NOTE For example, 3 horizontal drill presses currently available.

7.6.4

Material capability

A repre
specific
or subl
and eng
committ
currentl

Materia
a) the
b) the

Specifid
capabili

NOTE H

7.6.5

A repre
materia
time (se

A procg
product
capabili

Process

a) the
b) the

bts. This includes information that is associated with the functiops. of
rgy control (4.0) and product inventory control (7.0). The currently .avail
ed material capability is the inventory. WIP (work in progress) is anmaterial ¢
y under the control of production.

capability shall identify

hvailability (available, unattainable, committed);
ime associated with the availability (for example, third-shift on a specific date)

material capabilities shall be listed in materialMcapability properties. The
y properties may include the quantity of the material referenced.

or example, 3 sublots in building 3 of material starch lot #12345 committed to production for 20

Process segment capability

sentation of a logical grouping of personnel resources, equipment resourd
that is committed, available, of unavailable for a given process segment for a
e Figure 19) shall be used(@s a process segment capability.

bss segment capability is related to a product segment that can occu
on, as presented-in the product definition model given in 7.7. A process {
y may relate tg~one or more products.

segment<{capability shall identify

Capability type (available, unattainable, committed);
ime associated with the capability (for example, third shift on a specific date).

bentation of the capability of material that is committed, available, or unattainable for a
time shall be used as a material capability. Material capability is used for matgrial lots

aterial
le and
hpability

Mmaterial

0-02-29.

es, and
specific

during
egment

Process segment capabilities shall be made up of

a) personnel segment capabilities, which lists specific properties required in personnel
segment capability properties;

b) equipment segment capabilities, which lists specific properties required in equipment
capability properties;

c) material segment capabilities, which lists specific properties required in material segment
capability properties.
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Figure 19 — Process segment capability model

Production capacity types

ection of available capacity, committed capacity, and unattainable capacity

shall be

hs production capacity, as depicted in Figure 20. The production capacity is the
cal maximum capability available for use in production.

mitted capacity defines resources that are committed to future production,| usually
to existing'schedules and/or materials in production.

condlition-(such as equipment out of service for maintenance), equipment utilizatign (such
as 159% of a vessel filled and the other 25 % not available for other products) personnel

b) Un:}

tainable capacity defines resources that are not attainable given the ecg.lipment

availability (such as vacations), and material availability.

c) Available capacity defines the resources that are available for additional production and
not committed to production.

d) A capacity may be identified as current, or may be identified for future times, as depicted
in Figure 20.

e) Production capacity may change over time as equipment, material, and personnel
capability is added, modified, or removed.

f) The capability includes the capacity of the resource.
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roduct definition information

Product definition model

duct definition information is information shaped between production ruleg
, and bill of resources. These three externalimodels are represented by pack
1; their definitions are outside the scope @f-this document. The model in this
5 the information shown in the shaded are€as of Figure 9.

y
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Figure 21 — Product definition model

7.7.2 Productaefinition

A prodyct definition contains a listing of the exchanged information about a proddct. The
information lis)used in a set of product segments. A product definition has a reference|to a bill
of matefials/ a product production rule, and a bill of resources.

7.7.3 Product segment

The values needed to quantify a segment for a specific product shall be used as a product
segment. A product segment identifies, references, or corresponds to a process segment. A
product segment is related to a specific product, while a process segment is product
independent.

NOTE Examples include the requirement of a specific number of operators with specific qualifications.

The collection of product segments for a product gives the sequence and ordering of
segments required to manufacture a product in sufficient detail for production planning and
scheduling. The corresponding production rule presents the additional detail required for
actual production.
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A product segment shall use zero or more resources, which correspond to an equipment
specification, a personnel specification or a material specification. A product segment may
have parameter values for parameters specified in the corresponding process segment.

7.7.4 Product parameter

The production rule definition is outside the scope of this document, but a production rule may
have an associated set of zero or more product parameters per product segment for each
product presented. The product parameters present the names and types of the values that
may be sent to the control system to parameterize the product.

NOTE Examples of product parameter specifications are pH of 3,5, pressure limit of 35 psi, and flange colour =
orange.

Product|parameters shall include

a) an i@lentification of the parameter;

b) the units of measure of the parameter value.
Product|parameters should include

1) a ddfault value for the parameter;
2) possible ranges of the parameter value — may include alarm or quality ranges;
3) tolefances for acceptable parameter values.

7.7.5 Personnel specification

An identification, reference, or correspondence to a personnel capability shall be presented
as a pefsonnel specification. A personnel spegification usually specifies personnel class but
may spe¢cify a person. This identifies the specific personnel capability that is associated with
the identified product segment.

A persopnel specification shall include

a) an iglentification of the personnel capability needed;
b) the quantity of the persannel capability needed;
c) the pnit of measure afthe quantity.

Specifi) elements associated with a personnel specification may be included in one jor more
personnel specifigation properties.

NOTE Ejamples—of personnel specification properties are training level required, specific skill reqyired, and
exposure [availability.

7.7.6 Equipment specification

An identification, reference, or correspondence to an equipment capability shall be used as an
equipment specification. An equipment specification may specify either an equipment class or
a piece of equipment. This identifies the specific equipment capability that is associated with
the identified product segment.

An equipment specification shall include

a) an identification of the equipment capability needed either as the equipment class needed
or specific equipment;

b) the quantity of the equipment capability needed;

c) the unit of measure of the quantity.
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Specific elements associated with an equipment specification may be included in one or more
equipment specification properties.

NOTE Examples of equipment specification properties are material of construction, maximum material capacity,
and minimum heat extraction amount.

7.7.7 Material specification

An identification or correspondence to a material capability shall be presented as a material
specification. A material specification specifies a material or a material class. This identifies
the specific material specification that is associated with the identified product segment.

A material specification shall include

a) an iglentification of the material needed,;
b) the quantity of the material needed,;

c) the pnit of measure of the quantity.

Specifig elements associated with a material specification may be included in one pr more
material specification properties.

NOTE Ekamples of material specification properties are colour range, density~tolerance, and maximum scrap
content.

7.7.8 Manufacturing bill

The idegntification of the material or material classes that are needed for productiop of the
product|shall be known as a manufacturing bill.

The mahufacturing bill includes all uses of the“material in production of the product, while the
product|segment material specification gives3yjust the amount used in a segment of production.

NOTE Fpr example, a manufacturing bill may identify 55 Type C left-threaded screws, where 20 are ugded in one
product segment, 20 in another product segment; and 15 in a third product segment.

7.7.9 Product segment degenrdency

Product| segment dependenecies can be used to describe dependencies that are |product
specific

NOTE Fpr example, aproduct segment dependency may define that a wheel assembly and a frame assembly are
able to rup in parallelg

7.8 Production information

7.8.1 Production information maodels

Production information is presented in two models, shown in Figure 22 and Figure 23. These
correspond to requests for production and responses to the requests, a request for production
becomes the schedule and the response becomes the production performance.

7.8.2 Production schedule information
7.8.2.1 Production schedule model

The production schedule shown in Figure 22 represents the hashed information shown in
Figure 12.


https://iecnorm.com/api/?name=51a809911e7a6bbd0de013787fba901d

~- 60 — 62264-1 O IEC:2003(E)
Production
schedule
Is made up of
1.n
Corresponds
Eﬁ?;gn <____________£0_ﬁ_\_<_ Production
p request
rule
Is made up of ’
. . |l..n 0..n
Process or °”es‘t’§';§ Seament Requested
product S ettt 9 t segment
segment requiremen response
‘ May contain
0..n 0..n 0..n 0..n 0..n 0..n
. . Material Material
Production Per_sonnel Equ_lpment produced consup&d Consunpable
parameter requirement requirement A : expecfed
requirement requijrement
i Is associated
| toeither>
1
________i_ 1.n 1..n 1..n 1.n 1..n
i | Personnel Equipment Material produced | [Material consumed Consunpable
i i requirement requirement requirement requirement expecfed
: ! property property propeftty property propejty
Prodlct Process i Corresponds to i Corresponds to i Corresponds to i Corresponds to
pararreter parameter ! element in | elementin | elementin | elementin
i i ! !
: ! ! :
1 | 1 1
Y Vi Vi !
1
Personnel Equipment Material PN i
model mogdel model
IEQ 346/03
Figure22 — Production schedule model
7.8.2.2 Production schedule
A requeyst for production)shall be listed as a production schedule. A production schedule shall
be mad¢ up of one@nmore production requests.
7.8.2.3 Production request
A requestifor production for a single product identified by a production rule shall be shown as
a productton—regtest—A—protuction—reguest—eontains—the—nformation—regtired—by manu-

facturing to fulfil scheduled production. This may be a subset of the business production order
information, or it may contain additional information not normally used by the business
system.

A production request may identify or reference the associated production rule. A production
request shall contain at least one segment requirement, even if it spans all production of the
product. If not uniquely given by the production rule, then a segment requirement shall
contain at least one material produced requirement with the identification, quantity, and units
of measure of the material to be produced.

A production request may include

a) when to start production, typically used if a scheduling system controls the schedule;

b) when the production is to be finished, typically used if the manufacturing system controls
its internal schedule to meet deadlines;
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c) the priority of the request, typically used if exact ordering of production is not externally
scheduled;

d) a pack-out schedule;

e) a pre-assigned lot identification for the produced material.

A production request may be reported on by one or more production responses. In some
situations, the material identification, production rule identification, and material quantity may
be all that is needed for the manufacturing. Other situations may require additional

information. The additional information may be described in the production parameters,
personnel requirements, equipment requirements, and material requirements.

7.8.2.4 Segment requirement

A production request shall be made up of one or more segment requirements. Each“segment
requirement shall correspond to, or reference, an identified process segment{)The $egment
requirement identifies or references the segment capability to which the assoc¢iated pefsonnel,
equipment, materials, and production parameters correspond.

The pernsonnel requirement property, equipment requirement property.and product pgdrameter
shall align with the personnel property, equipment property, and product parameters|sent as
part of|a production request. If the scheduling function sends information thaf is not
understpod by the receiving control function, then that information cannot be used wj|thin the
control [function. Likewise the scheduling function has te’ be able to determire what
information can be accepted by the control function.

7.8.2.5 Personnel requirement

The ideptification of the number, type, duratiop;s@nd scheduling of specific certificatipns and
job clagsifications needed to support the current production request shall be identified as a
personnel requirement. Properties of the>personnel requirement shall be ident|fied as
personnel requirement properties.

NOTE 1 |Examples of job classification types include mechanics, operators, health and protection, and ingpectors.

NOTE 2 |For example, there may be a{eguirement for one operator with a specified level of certification| available
2 h after production starts. There would pe one personnel requirement for the requirement for the operatqr and two
personnel requirement properties, one for the certification level and one for the time requirement.

A persohnel requirement’shall include

a) the [dentification ‘of-the personnel needed, such as milling machine operator;
b) the quantity ef{personnel needed.

Specifiq elements associated with each personnel requirement may be included in| one or
more pgrsonrel requirement properties.

NOTE Examples of personnel requirement property elements are training and certification, specific skill, physical
location, seniority level, exposure level, training certification, security level, experience level, physical
requirements, and overtime limitations and restrictions.

7.8.2.6 Equipment requirement

The identification of the number, type, duration, and scheduling of specific equipment and
equipment classifications or equipment constraints needed to support the current production
request shall be used as an equipment requirement. Properties of the equipment requirement
shall be identified as equipment requirement properties. The production request may include
one or more equipment requirements. Requirements can be as generic as materials of
construction, or as specific as a particular piece of equipment. Each of these requirements
shall be an instance of the equipment requirement class.

Each equipment requirement identifies a general class of equipment (such as reactor
vessels), a specific class of equipment (such as isothermal reactors), or a specific piece or
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set of equipment (such as isothermal reactor #7). The specific requirements on the
equipment, or equipment class are listed as equipment requirement property objects.

An equipment requirement shall include

a) the identification of the equipment needed, such as milling machine;

b) the quantity of equipment needed.

Specific elements associated with each equipment requirement may be included in one or
more equipment requirement properties.

NOTE Examples of equipment requirement properties are material of construction and minimum equipment
capacity.

7.8.2.7 Material produced requirement

An identification of a material to be produced from the production request shall be presented
as a majterial produced requirement.

A materjal produced requirement shall include

a) the total quantity of the material to be produced;
b) the unit of measure of the quantity, such as 5 000 |bs.

Propertijes of the material produced requirement shall\be identified as material pfoduced
requirement properties. Specific elements associated ‘with each material produced |require-
ment may be included in one or more material produced requirement properties.
NOTE Ekamples of material produced requirement properties are

- fat coptent;

- octang rating;

— delively locations;

— materfal lot identification (such as starch lot#45663) to be assigned to the material;
— identification of sublots.

7.8.2.8 Material consumed reguirement

An identification of a material'to be used in the production request shall be listed as a material
consumgd requirement.

A materjal consumedyrequirement shall include

a) the fotal quantity of the material to be used;
b) the unit of measure of the quantity, such as 5 000 kg;

c) an dcceptable range of the quantity of the material.

Properties of the material consumed requirement shall be identified as material consumed
requirement properties. Specific elements associated with each material consumed require-
ment may be included in one or more material consumed requirement properties.

NOTE Examples of material produced requirement properties include

- material lot (such as starch lot #45663);

— a list of possible material lots that can be used in production, where the production system or operators may
select the lot from the list;

- a material definition, such as starch, where the actual lot of material is not specified;
- a material class, such as starch alternates, so that any material lot of that class can be used for production.

7.8.2.9 Consumable expected
An identification of resources that are not normally included in bills of material or are not

individually accounted for in specific production requests shall be listed as consumable
expected. Depending on the industry these may include water, catalysts, common chemicals,
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and utilities, such as electricity and steam. These items will often result in direct charges that
will usually be considered in costing the product segment. Consumables are often materials
that do have an inventory balance.

In some industries consumable expected are not used and the information is included in
material consumed requirement.

Consumables do not have lot identifications. Consumables with lot identifications are typically
treated as material consumed requirements.

Consumable expected shall include the following information.

a) Thepdentficatonofthereseurceexpectedtobe-consumed:
b) Theltotal quantity of the resource expected to be consumed.
c) Thelunit of measure of the quantity.

Properties of the consumable expected shall be identified as consumable expected

propertips. Specific elements associated with each consumable expected-may be incjuded in
one or more consumable expected properties.

NOTE Examples of consumable expected properties include

— aunipue identification of the consumable, such as river water 01-01-20041;
- adeffjnition of the consumable, such as rubber gloves or cotton balls.

7.8.2.10 Production parameter

Information contained in the enterprise system that'is required by the operation system for
correct production shall be known as production~parameters.

A produgction parameter shall include

a) an identification of the parameter'.that matches the product parameter of the pfroduct’s
production rule, such as target agidity;

b) a value for the parameter, such as 3,4;

c) the unit of measure of the parameter, such as pH.

A proddction parameter should include a set of limits that apply to any change to thg value,
such as|quality limitssand safety limits.

Productjon parameters may be either product parameters that show some characterjstics of
the product (Such as paint colour), or process parameters that present some charagteristics
of the pfoduetion process (such as bake time).

NOTE Examples of production parameters are

- quality limits;

- set points;

- targets;

- specific customer requirements (such as purity = 99,95%);
- final disposition of the produced product;

- transportation information;

— other information not directly related to control (such as a customer order number required for labelling or
language for labels).

7.8.2.11 Requested segment response
The identification of the information that shall be sent back as a result of the production

request shall be used as a requested segment response. This information is of the same form
as a segment response, but without actual values.
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A requested segment response may include required information, which presents information
that shall be reported on from production, such as the actual amount of material consumed.

A requested segment response may include optional information, which presents information
that may be reported on from production, such as operator-entered comments.

7.8.3 Production performance information

7.8.3.1 Production performance model

Production performance shown in Figure 23 shows the hashed information shown in Figure 12.
Information about production performance is presented in the production performance model

(see Figure23):
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Figure 23 — Production performance model
7.8.3.2 Production performance

The performance of the requested manufacturing requests shall be listed as production
performance. Production performance shall be a collection of production responses.

7.8.3.3 Production response

The responses from manufacturing that are associated with a production request shall be
used as production responses. There may be one or more production responses for a single
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production request if the production facility needs to split the production request into smaller
elements of work.

NOTE For example, a single production request for the production of 200 gears may be reported on by 10
production response objects of 20 gears each because of manufacturing restrictions.

A production result may include the status of the request, such as the percentage complete, a
finished status, or an aborted status.

Production responses contain the items reported back to the business system, at the end of
production or during production. The business system may need to know intermediate
production response statuses, rather than waiting for the final production response status,
because of cost accounting of material produced or intermediate materials.

7.8.3.4 Segment response

Information on a segment of production for a production response shall be used-'as a $egment
responge. A segment response shall be made up of zero or more sets\of information on
productjon data, personnel actual, equipment actual, materials consumed actual, materials
producqgd actual, and consumables actual.

A segment response shall include

a) an iglentification of the associated process segment;
b) the actual starting time of the segment;
c) the actual stopping time of the segment.

The regponse actuals may contain attributes that define if the response was reqpired or
optional.

7.8.3.5 Production data

Information related to the actual prodtcts made shall be presented as production data

NOTE Ejamples of production data are

- acudtomer order number associated with the production request;

- speclfic commercial notes«ftém operations related to the customer order, such as order complé¢te, order
incomplete, or an anticipdted ‘completion date and time;

- quality information;

- certifjcation of analysis;
- procedural deviations, such as an identification of an event used in another system and alarm informétion;
-  procgss behavieur, such as temperature profiles;

- operator Wehaviour, such as interventions, actions, and comments.

7.8.3.6 Personnel actual

An identification of a personnel capability used during a specified segment of production shall
be used as personnel actual. Production functions often require people as a resource to carry
out tasks.

Personnel actuals shall include the identification of each resource used, usually identifying a
specific personnel capability or personnel class, such as end-point transmission assembly
operators, or personnel IDs such as Jean Smith or SS# 999-123-4567.

Specific information about personnel actuals shall be listed in personnel actual properties.

NOTE Examples of personnel actual properties are

— the actual duration of use of the personnel during the product segment, such as 2 h; this information is often
needed for actual costing analysis;

- actual monitored exposure times by the personnel during the product segment;
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- the location of the personnel after use in the product segment, such as area 51; this information is often used
for short-term scheduling of personnel resources.

7.8.3.7

Equipment actual

An identification of an equipment capability used during a specified segment of production
shall be identified as an equipment actual. Production functions often require equipment as a
resource to carry out tasks.

Equipment actual shall include the identification of the equipment used, usually identifying a

specific

piece of equipment.
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| costing analysis;

quipment condition, after use in the product segment, such as a status of available, out-of-g
ing; this information is often used for short-term scheduling of equipment resources;

quipment set-up procedures used for the product segment; this informatien is often needed
ng analysis and scheduling feedback;

equipment attributes, such as percentage of available capability used.

Material produced actual

ification of a material produced during a defined segment of production shall
terial produced actual. The material may be\the final product, an intermediate
entified for costing or scheduling purposes, or a scrapped product or material,

produced actual shall include

dentification of the material preduced, usually identifying the material,
F Examples include resin-89-B, moetherboard MP667a.

juantity of the material preduced,;

Init of measure of the quantity produced.

information about material produced actuals shall be listed in material p
roperties.
kamples of-material produced actual properties are

entification of the material lot or material sublot produced;
bf material, such as final, intermediate, or co-product.

rties.

eeded for
ervice, or

for actual

be used
product

roduced

7.8.3.9

Material consumed actual

An identification of a material used during a specified segment of production shall be listed as
a material consumed actual. This material may be identified in the bill of material and can be

araw m

aterial or purchased material.

Material consumed shall include

a) the identification of the material consumed,;

b) the quantity of the material consumed,;

c) the unit of measure of the quantity;

Specific information about material consumed actuals shall be listed in material consumed

actual p

roperties.
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NOTE Examples of material consumed actual properties are

- the material lot or material sublot consumed,;

- comments about the use from operations.

7.8.3.10

Consumable actual

An identification of resources that are not normally included in bills of material or are not
individually accounted for in specific production requests shall be used as consumable actual.
These include water, catalysts, common chemicals, and utilities, such as electricity and
steam. These items will often result in direct charges that will usually be considered in costing
the product segment. Consumables are often materials that do have an inventory balance.

Consur

d) the
e) the
f) the

Specifid
properti

79 M

Figure

product
to infor
product
what is
informa
product

The sla
materia

able actual shall include

dentification of the resource consumed,;
juantity of the resource consumed;

init of measure of the quantity.

information about consumable actuals shall be listed\Cih consumablg
ES.

odel cross-reference

P4 provides an informative illustration of how,\the object models inter-rels
on information presents what was made and.what was used. Its elements cor
mation in production scheduling that listedy,*what to make and what to u
on scheduling elements correspond to information in the product definition thg
specified to make a product. The{product definition elements corres
ion in the process segment descriptions that present what can be done
on resources.

) or properties.

actual

te. The
Fespond
5e. The
t shows
bond  to
vith the

hted rectangles in Figure 24 represent any of the resources (personnel, equipent, or
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Table 3 provides a cross-reference between the elements of the information flows in the data
flow model and the corresponding clause describing the object model.

Table 3 — Model cross-reference

Data flow model

. ) From function To function Object model clause
information
6.5.2 Schedule Production scheduling Production control (3.0) 7.8.2
(2.0
6.5.3 Production from Production control (3.0) Production scheduling 7.8.3
plan (2.0)
6.5.4 Prqduction Production control (3.0) Production scheduling 7.6

capabilit

(2.0)

6.5.5 Magerial and energy
order requirements

Production control (3.0)

Described,in terins of the
material ‘model, [7.5.3

6.5.6 Incoming order
confirmagion

Material and energy
control (4.0)

Procurement (5.0)

Described in terins of the
material model, [/.5.3

6.5.7 Lofpg-term material
and enerngy requirements

Production scheduling
(2.0

Material and energy
control (4.0)

Described in terpns of the
material model, [7.5.3

6.5.8 Shoprt-term material
and enerngy requirements

Production control (3.0)

Material and enérgy
control (4.0)

Described in terins of the
material model, [.5.3

6.5.9 Makerial and energy Material and energy Production ¢ontrol (3.0) 7.5.3
inventory control (4.0)

6.5.10 Pfoduction cost Product cost accounting Production control (3.0) 7.7
objectivgs (8.0)

6.5.11 Pfoduction Production control (3.0) Product cost accounting 7.8.3

performgnce and costs

(8.0)

6.5.12 Incoming material
and energy receipt

Material and energy.
control (4.0)

Product inventory control
(7.0)

<Not detailed in|object
model>

6.5.13 Qpality assurance
results

Quality assurance (6.0)

Production control (3.0)

7.5.3and 7.8.3

6.5.14 Sjandards and Marketing and sales Quality assurance (6.0) 7.5.3and 7.7
customef requirements - -

Quality assurance (6.0) Production control (3.0)
6.5.15 Pfoduct and Research, development, Quality assurance (6.0) 7.7

process [equirements

and engineering

6.5.16 Finished goods
waiver

Functions

Order processing (1.0)

Quality assurance (6.0)

<Not detailed in|object
model>

Typically unstru¢tured
information handled on

an ad hoc basis

6.5.17 In-process waiver
request

Production control (3.0)

Quality assurance (6.0)

Described in terms of the
material model, 7.5.3

6.5.18 Finished goods
inventory

Product inventory control
(7.0)

Production scheduling
(2.0)

7.5.3and 7.8.3

6.5.19 Process data

Production control (3.0)

Quality assurance (6.0)

7.8.3

6.5.20 Pack-out schedule

Production scheduling
(2.0)

Product inventory control
(7.0)

7.8.2
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Table 3 — Model cross-reference (continued)

Data flow model
information

From function

To function

Object model clause

6.5.21 Product and process

Research, development,

Production control (3.0)

7.5.4 and 7.7

know-how and engineering
6.5.22 Product and process Production control (3.0) Research, development, <Not detailed in object
information request and engineering model>
6.5.23 Maintenance Production control (3.0) Maintenance 7.5.2
requests management (10.0)
6.5.24 Maintenance Maintenance Production control (3.0) 7.5.2
responges management (10.0)
6.5.25 Maintenance Production control (3.0) Maintenance <Not detailed|in object
standands and methods management (10.0) modeél>
6.5.26 Maintenance Maintenance Production control (3.0) {.5.2
technicpl feedback management (10.0)
6.5.27 Product and process Production control (3.0) Research, development, <Not detailed|in object
technicpl feedback and engineering model>
6.5.28 Maintenance Maintenance Procurement (5¢0) <Not detailed|in object
purchage order management (10.0) model>
requirements
6.5.29 Production order Functions Productioh scheduling <Not detailed|in object
) (2.0 model>
Order processing (1.0)
6.5.30 Availability Production scheduling Functions order <Not detailed|in object
(2.0) processing (1.0) model>
6.5.31 Release to ship Product shipping Product inventory control <Not detailed|in object
administration (9.0) (7.0) model>
6.5.32 Confirm to ship Product inventory control Product shipping <Not detailed|in object
(7.0) administration (9.0) model>
8 Coinpleteness, compliance and conformance
8.1 (Jompleteness
The number of objéct models and objects supported, as defined in Clause 7, shall dgtermine
the degtee of comfleteness of a specification or application.
8.2 (Jompliance
Any assessment or the dedree or compliance O a SpeclHication snall be dqualltie by the

following.

a) The use of the terminology defined in Clause 7.

b) A statement of the degree to which they then conform partially or totally to definitions.

In the event of partial compliance, areas of non-compliance shall be explicitly identified.

8.3 Conformance

Any assessment of the degree of conformance of an application shall be qualified by the
documentation to which the object models and objects conform.

In the event of partial conformance, areas of non-conformance shall be explicitly identified.
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Annex A
(informative)

IEC 62264 relationship with some other standardization work
in the manufacturing related area

A.1 Introduction

Very important standardization eiforis are being made In various insttutional standandization

commit
standar

It is the
the sim

possiblg overlaps, the differences in context and purpose, and then to

e avoi

« determine the needs in term of interfaces for further developments; and

e improve consistency and interoperability between standardization efforts in this are

NOTE F

- 1SO
- 1SO
- 1SO

Most of]

es or consortia in the area of manufacturing integration or areas related-to
s and standardization efforts are strongly related to IEC 62264.

refore essential to identify the relationship between these standardization wqg
ilar entities and features they address, in order to review thése similarit

d duplication of work, as well as redundancy (unnecessary ‘overlap);

br example, data modelling of a drill:

0303 model of a drill is a product model (designer or veqdor point of view);
5531 model of a drill is a resource model (user or manufacturer point of view);
3584 model of a drill is an item belonging to a.library (vendor or purchaser point of view).

the features, entities or attributes’of a drill are different in these three st

t. Many

rks and
es, the

a.

ndards.

Some dre similar or even the same. Fhé same manufacturing application may make use of

the thre

sharpening application and then _become a resource when it is used to make a ho

overlap
interfac

Differen

interopgrable as possible); at least the similar features and concepts, differenc

relation

That is
provide
closely

A2 M

e representations (for example, in a shop-floor a drill may first be a prod

between these three Stahdards (identical or similar feature) is needed to
bs between them.

It standards that‘address the same area have to be consistent (as compat

Ehips between them have to be clearly identified and treated.

why-this annex, after a short presentation of manufacturing integration cq
5 some rough indication of the relationships between IEC 62264 and a selg

ict in a
e). The
provide

ble and
bs, and

ncerns,
ction of

elated standards developed in ISO TC184, ISO/IEC JTC1, and IEC TC65.

anufacturing, modelling and integration

Various approaches, principles, methodologies and tools may be used to achieve integration.
Depending on the level, integration may be at one of the following levels (see Bibliography):

e physical;

« appl
¢ busi

ication; or

ness.
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Depending on the approaches, the integration may be

« top

down; or

e bottom up.

Depending on the principles, the integration may be

« full integration (like proprietary software); in that case, the standard is the software or
system itself;

e integration by unification (like Windows or Office); in that case, possible standards are
methods, architecture, constructs, partial models, and even commercial products; or

« integration by federation (like specific software built around various products);
casqg, standards may be the interfaces.

Dependjng on the tools, integration may be

« datgl integration (through data modelling);

e organization integration (through enterprise, systems and processes modeling); or

e communication integration (through network and communicatioh modeling and tool

NOTE

For example, the ISO seven-layer model.

e integration through interfaces and translations.

in that

or

Other approaches may also be noted such as integration through enterprise modglling or
integratljon through enterprise-wide decision-making. (see Bibliography) that both
envisiorjed as part of organization integration. Aayway, all these principles, metho
and tools are complementary and very often resgarch or standardization workbelongs
then on¢ type of integration even though one 6f:them is more important.

Accordipg to the above, current manufacturing related standardization efforts or stan
ISO and IEC might roughly be classified as follows.

a) Ordanization integration (entetprises, systems and processes modelling)

1)

2)

SO 15705;
SO 14258;
SO 19439;
IO 19440;
IO 10314
IEC 62264;
IEC(61512;

may be
lologies
to more

Hards in

ISO/IEC 10746 and ISO/IEC 15414;
Data modelling

— 1S0O 10303-1;

— 1S0O 15531;

— 1SO 13584;

— 1SO 14649;

— 1S0O 13399.

Communications and exchanges

— ISO/IEC 9506;

— 1SO 15745;

— Most of the standardization effort of IEC TC65 and ISO TC184/SC5 WG2 and WG5.
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3) Translation and interoperability tools
— 1SO 16668;
— 1S0O 16100;
— 1S0O 18629;
— 1SO 13281.

A.3 IEC 62264 relationship with European and
TC184 SC5 WG1 standardization work

The European Standardization Committee, CEN TC310/WG1, has elaborated three
Europein Standards: ENV 40003, ENV 12204 and ENV 13550 with respect to ENV.40003 (or

ISO 19439), IEC 62264 can be considered as a reference model situated at partialtevel of the
framewgrk for modelling. Within this framework, IEC 62264 provides not only,\funct{ion and
information but also resource descriptions of production planning and control.'system. With
regard fo ENV 12204 (or ISO 19440), the modelling languages used torepresent fthe IEC
62264 models are different from the modelling constructs defined in ENV 12204 |(or 1SO
19440).|There is no direct link between IEC 62264 and ENV 13550, because the IEC 62264
models |are not required to be computer executable; they are cofceptual descriptions of
functionls, information (including resource information) of the producétion planning and control
system.

Concerning the standards developed in ISO TC184 SC&/WG1, the relationship with 1SO
19440 gnd I1SO are the same as those of IEC 62264 with'ENV 40003 and ENV 12264.

IEC 62264 makes use of ISO 15704 as one of its main references and may, as a partial model
of 1SO [19439, be considered as included in~@n ISO 15704 partial model at thel design
specificption phase of the modelling phase dimension (life cycle dimension) of ISOl 15704,
ISO 19439 and ISO 14258.

Furthermore, time does not seem to betreated in the same way in IEC 62264 and other ISO
TC184 ptandards. No modelling view is clearly identified in IEC 62264, according| to ISO
15704, |SO 14258 and ISO 19439.requests.

The copstructs identified.in. ISO 10314 are very near to the IDEFO approach, |[but are
completely different from those identified by IEC 62264 (ISO 10314 was not designed for job
scheduljng).

Some interfaces-and translation tools may have to be developed to ensure compatibjlity and
interopgrability»of IEC 62264 and these standards, especially for view modelling, and possibly
with mofels(developed at the requirement phase and implementation phase of ISO 15[704 and
ISO 19439

A.4 |EC 62264 relationship with ISO TC184 SC5 WG4 standard

There is no direct link between IEC 62264 and ISO 13281 (MAPLE) because MAPLE is an
interoperability tool that gathers software in a MAPLE compliant database after development
of appropriate interfaces. There is thus no MAPLE specific model, no MAPLE constructs.

ISO 16100-1 provides a very generic manufacturing model that makes use of ISO 15704
and IEC 62264 as normative references. In its Annex A, ISO 16100-1 provides a summary
of IEC 62264. There is no consistency problem between these two standards, because
they address two different areas of manufacturing integration (ISO 16100 is more an inter-
operability tool).
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A.5 |EC 62264 relationship with ISO TC184 SC4 standard

Relations between ISO TC184/SC4 standards and IEC 62264 are numerous and important.
First of all, IEC 62264 identifies features such as material, equipment, consumables, and
finished goods, products that are very near to those described by 1ISO 10303 and ISO 13584
(and ISO 13399 from TC29/WG34), or features such as resources and capability that are very
near to those of ISO 15531. In addition IEC 62264 address a scope (scheduling, process
planning), which is very near to that of ISO 15531 and some application protocols of STEP
(for example, 1ISO 10303-214 used in the automotive industry and ISO 10303-212 used in the
electrotechnical industry) with a different approach (and probably a different usage) from
these standards.

equipment, product, and finished goods identified in IEC 62264. The purpose of 1IS©-10303 is
mainly product design; however, some applications of 10303 model inputs~or outputs of
manufag¢turing systems (for example, 10303-214). For ISO 13584, products are“descfibed as
componjents in a parts library (catalogue) with a sale or purchasing purpose.

In 1SO |10303 any kind of product is modelled; these may include some of the ![\aterial,

ISO 13399 models cutting tool data as machine resources with the suppert of ISO 135B4.

ISO 15%31 addresses modelling of resource usage management,data with a manuflacturing
management purpose (including scheduling) at the shop-floor or plant level. For IS® 15531
resources modelled are part of the manufacturing system, thus they cannot include inputs (for
example, raw material, consumables) or outputs (for example, product, components, [finished
goods) pf the system. The resource model of ISO 15531 is very generic, including mumans,
devices| software and data sets that may contribute to the transformation of inpyts (raw
material component) into outputs (new components, products, finished goods). It gxcludes
time, which is modelled independently in anothergart of ISO 15531; it also excludes fhacilities.
ISO 155831 also identifies capability and capacity as two different features (see also Annex F).

ISO 18629 is a translation tool between-applications. It is based on a manufacturing ¢ntology
and may help the translation between<l/EC 62264 applications and other applications based on
ISO TC]184 standards (for example)STEP, MANDATE, etc.).

Even where there are time-related entities in the STEP integrated resources they afe more
related fo events than to time itself, which is modelled separately (in a scheduling purpose) in
ISO 155931-42.

Most of[the ISO TC184/SC4 standards make use of EXPRESS (ISO 10303-11) in tHeir data
modelling. That-mfay not be a major concern due to the fact that OMG and ISO TC184/SC4
are working together on a mapping between UML and EXPRESS and the result Imay be
integrated in the next version of UML. In addition, ISO TC184/SC4 is working on the mapping
between <EXPRESS and XML. A mapping between PSL and XML is also schedu]gd in a

specific partof PSt:

A.6 |IEC 62264 relationship with ISO/IEC 10746 and ISO/IEC 15414

The purpose of IEC 62264 is clearly different from the purpose and approach of ISO/IEC
10746 and ISO/IEC 15414. IEC 62264 addresses industrial processes, while the ODP
Reference Model (RM-ODP) enables a modeller to specify any information system with 5
separate points of view to obtain rigorous and complete specification. RM-ODP addresses
processes as one concept of the model of the enterprise view. RM-ODP identifies four levels
of model. From that point of view, if the level MO addresses the real-world, M1 the model of
the real word and M2 a meta-model, IEC 62264 appears at the M1 level, while RM-ODP is at
the M2 level.
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In addition, while IEC 62264 makes use of model classes for its concepts and makes use of
UML notation, RM-ODP uses models only to illustrate its purpose and the use of UML notation
is only implicit.

A.7 IEC 62264 relationship with ISO 16668

The Basic Semantics Register (BSR) is a tool to capture the semantics of concepts
independently of any naming using rules and guidelines gathered in ISO 16668. This standard
is being developed in ISO TC154 WG1 (ISO TC154 is in charge of EDI standards such as
TDED). The tool that gathers the Basic Semantic Concepts (BSCs) and Basic Semantic Units
(BSUs) and records them is now operational and includes concepts definitions coming from
various sewrces-such-a DIEACT TC184/SC4 and-otherstandardization-committees.

This togl is helpful in interoperability by identifying semantic similarities (not based|only on
keyword matching) between basic concepts.

There i$ no compatibility or interoperability concern with ISO 16668. Nevertheless, if will be
useful tp check IEC 62264 concepts with those already collected in the, BSR and to populate
BSR with some key concepts of IEC 62264.

A.8 IHC 62264 relationship with IEC 61512

The IEL 61512 batch control standard includes a~definition of product manufpcturing
instructijons, as defined in recipes. The recipes innIEC 61512 are the equivalent of the
production rules in ISO/IEC 62254. The IEC 61512)standard also discusses an interface to
productjon scheduling, but only in general and not to the level of detail defined in IEG 62264.
The corcepts in IEC 62264 are consistent with'the concepts in IEC 61512. In fact IEC 62264
builds ¢n the definitions in IEC 61512 t0 include non-batch manufacturing anld other
productjon areas.

A.9 Rgference documents

IEC 61912 (all parts), Batch control

IEC 62264 (all parts), Enterprise-control system integration
ISO 9506 (all parts),~Industrial automation systems — Manufacturing Message Specification

ISO 10304 (all parts), Water quality — Determination of dissolved fluoride, chloride,| nitrate,
orthophpsphate, bromide, nitrate and sulfate ions, using liquid chromatography of ions

ISO 13281 (all parts), Industrial automation systems — Manufacturing Automation Pro-
gramming Environment (MAPLE) — Functional architecture

ISO 13399 (all parts), Cutting tool data representation and exchange
ISO 13584 (all parts), Industrial automation systems and integration — Parts library

ISO 14258 (all parts), Industrial automation systems — Concepts and rules for enterprise
models

ISO 14649 (all parts), Industrial automation systems and integration — Physical device control —
Data model for computerized numerical controllers
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ISO 15531 (all parts), Industrial automation systems and integration — Industrial manu-
facturing management data

ISO 15705, Water quality — Determination of the chemical oxygen demand index (ST-COD) —
Small-scale sealed tube method3

ISO 15745 (all parts), Industrial automation systems and integration — Open systems
application integration framework

ISO 16100 (all parts), Industrial automation systems and integration — Manufacturing software
capability profiling

ISO/TS[16668 (2000), Basic Semantics Register (BSR)

ISO 18629 (all parts), Industrial automation systems and integration — Process”spedification
language

ISO 19439, CIM systems architecture — Framework for enterprise mode|ling4
ISO 19440, CIM systems architecture — Constructs for enterprisegimodelling®

ISO/IEQ 10746 (all parts), Information technology — Open Bistribution Processing — Rgference
model

ISO/IEQ 15414, Information technology — Open Distribution Processing — Reference model —
Enterprise language 6

3 To be published.
4 To be published.
5 To be published.
6 To be published.
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Annex B
(informative)

Business drivers and key performance indicators

B.1 Purpose

This an
that hay
the use
used to

commuiications model adequately addressed the business issue associated with integ

These business drivers are identified as being critical to the success “of the operg

manufa
validate]
the bas
and infg

B.2 H

Key bug
SUCCESS

goal sefting. Key business drivers refer to principal organization-level requirements (s

Mission
strategi
requirer
alliance
busines
(see Bili

B.3 D

Busines
betweel
these b
subsequ

EX contains a collection of business drivers and Key performance indicators. o
e been defined, and used as the potential touch points into the business procy
s of the standard. These are also called Critical Success Factors. The\drive
test the informational content included within the standards. They determine

Cturing companies across a variety of industries. The driversthave been clari
d with operating companies and vendors companies. The-drivers provide us
s from which to determine the usage of the standard based on their particular
rmation system needs.

story

iness drivers are the areas of performange that are most critical to an organ
. Key business driver is a term used in_connection with strategic planning ang

Essential Task List, or METL, in<tactical units), derived from short- and Ig
L planning. They include customer-driven quality requirements and op¢
nents such as productivity, “eycle time, deployment of new technology, {

5 drivers are those things-'the organization has to do well for its strategy to
liography).

rivers and isSues

s drivers,<{ih a manufacturing facility, generate the need for information
the executive offices and the process or manufacturing floor. Enterprises f
ISineéss drivers to meet competitive requirements in the marketplace. Businesy
ehtly influence information sent to the production floor or are influern

r issues
psses of
rs were
d if the
ration.

tions of
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prs with
industry

zation's
related
milar to
ng-term
rational
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5, supplier development, cand research and development. In simplest terms, key

succeed

to flow
DCus on
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informa
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ormyaurecicu o e pgrouutctaulT mouT

Business drivers and some information demands have been identified. Additional research
and work may be required to clarify the scope and definition of the drivers and information

demand

s for particular users requirements.

There is always some business process that needs information from production, or needs to
exercise control of production that drives the need for integration. Integration requires that the

producti

on information can be mapped back to the business information.
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B.4 Value of standard to business

Manufacturing enterprises are typically dynamic entities. There are continual changes in
business processes to meet changing business and legal environments. There are also
usually continual changes in production processes, as new technologies and advances in
production capabilities emerge. The purpose of this standard is to aid in the separation of the
business processes from the production processes. The standard describes information in a
way that is business-process independent and production-process independent. Figure B.1
illustrates this concept of a common model that bridges the different business and production
processes.

Alternate 10gISstics strategies

Make to Make to Engineer Configure
order stock to order to order _{

SV

.
IEC 62264-1
PDXI
NAMUR |IEC 61542 SME
Continuous Batch Discrete
manufacturing manufacturing manufacturing
models models models

Alterhate Manufacturing Strategies
IEC 349/03

Figure B71 — Multiple business and production processes

B.5 Vendor-independent exchange

Another| value of the standard to business is the separation of exchanged information from
specificLimplementations of manufacturing control systems and specific imglementgtions of
business management systems. Manufacturing control systems change when the production
processes change, when factories are bought or sold, or when control equipment is updated
or replaced. Likewise, business management systems change due to corporate mergers, sell-

offs, technology changes, or business or legal changes.

This standard provides vendor-independent methods of describing the information exchanged
that can be consistent across changes to manufacturing systems and IT business systems.
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B.6 Business drivers

Some terms or labels that describe such business drivers include the following.

B.6.1 Available to promise

Automated available-to-promise is achieved by giving order takers access to inventory and
capacity information, and in some cases even vendor information, so that they are able to

commit

to reliable delivery dates while the customer is still on the telephone.

Information needed for automated available-to-promise:

— curr
— curr
— reali
- raw

- raw

B.6.2

Cycle ti
placed.

Cycle ti

bnt finished goods inventory;

bnt production plan for that product;

stic capacities of the production facility of that product;
material inventories; or

material purchasing capability.

Reduced cycle time

Ime is defined as the time it takes to produce a{product from the time the

me refers to responsiveness and completion:time measures — the time requireq

commitments or to complete tasks (see Bibliography).

The regson that businesses concentrate @A minimizing the total cycle time is gens
increas¢ inventory turns. This has the net'result of increasing a business's ROA (rg

assets).

To redu

ce cycle time a business\identifies areas where most of the delay and waiting

and addiresses them appropriately. In most cases, the time needed to plan and
changes is much longer than the time to build. Response time improvement req

aspects
to plan

B.6.3

Asset e
product
to an e

of the planning, seheduling and execution to be taken into account. Reducing
hllows more frequent analysis of forecasts and less dependence on forecasting

\sset effietency

ficiency'is a focus on maximizing the effective and cost-effective use of asse

order is

to fulfil

brally to
eturn on

occurs
Feact to
ires all
the time
data.

s in the

on’0fproducts. The information obtained from the production environment wil

deliver
in, unit,

work cell, etc. Asset efficiency is the desire to better utilize the assets of a company. It usually
involves all assets of a company, production, service, administration, support, sales, and
marketing. Asset efficiency improves a company's ROA.

Asset efficiency may imply

a) operating to capacity, with timely maintenance;

b) operating equipment efficiently in terms of its operating parameters and its maintenance;

¢) measurements such as counter readings per operating hours;

d) time, temperature, pressure/vibration, status or other detailed data;

e) maintenance schedules, operating/maintenance specifications, procedure times.
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B.6.4 Agile manufacturing

Agile manufacturing is the ability to reconfigure production assets to meet market demand
quickly. This requires the ability to change production using existing plants and equipment.

Agility in manufacturing is the ability to thrive in a manufacturing environment of continuous
and often unanticipated change and to be fast to market with customized products. Agile
manufacturing uses concepts geared toward making everything reconfigurable.

Agile enterprises may be supported by a networked infrastructure that can link multi-company
teams into an integrated virtual corporation.

Agile mlanufacturing requires that production can quickly respond to changes in [product
definitioh and sometimes even change product production processes in mid-stream.

B.6.5 Bupply chain optimization

The ain] of supply chain management (SCM) is for each player in the supply chain to|conduct
businesp with the latest and best information from everyone else in the,Chain, guiding supply
and demand into a more perfect balance. The purpose is to move product from the [point of
origin td that of consumption in the least amount of time and at thie 'smallest cost.

Supply phain management helps managers do such things as integrate retail channlels with
manufagturing, drive demand from the point of sale, or eliminate inventory buffer$ in the
distribuﬂion chain. SCM extends beyond the walls{/of the enterprise to suppliegrs and
distribufors.

Supply chain management moves to supply chain’optimization when the supply chain|is used
to maximize the effectiveness of the whole,nas well as maximizing the effectivenesg of the
individupl parts.

Supply £hain optimization involves making complex tradeoffs to satisfy business obje¢tives of
reducing operational costs and inventory, improving delivery reliability and response time, and
service o the customer.

B.6.6 Quality and traceabhility

Quality pnd traceability.can be a business driver in some businesses. This may be required by
factors puch as regulatory compliance, service cost measurement per product improvement,
reliabiliy to custemers, and human resources tracking of exposure to hazardous items).

Quality jand\traceability requires that information that is typically kept within a manufpacturing
system |be{made available to other parts of an enterprise. This often requires integfation of
production control and quality assurance, with a corporate guality system.

B.6.7 Operator empowerment

Moving more decision-making to operations sometimes provides a competitive advantage,
where operator decisions can have directly measurable financial impacts. The operations floor
thus requires a significant increase in information that was accessible only from business
offices in the past.

Empowerment: A condition whereby employees have the authority to make decisions and take
action in their work areas without prior approval. The act of vesting appropriate authority in
the hands of the people nearest the problems needs to be solved.
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B.6.8 Improved planning

Improved planning is a key business driver for companies with expensive inventory, time-
consuming production but fast customer changes, and variable demand. Improved planning
requires access and use of information from throughout the corporation to move planning
output from production requests and closer to production schedules.

Improved planning requires continual feedback on actual production and material consump-
tion, as well as continual feedback on demand and inventories.

B.6.9 Summary

The bugt = : —gapacity,
compliapce, time, or analysis could be added to the list. Additionally, infonmational
components of one business driver will also often be required when addressing other

businesk drivers. The example in Clause B.6 is a basic situation that may provide a|starting
point fof various business drivers.

B.7 Ekample business driver and information flow

An example of how business drivers and associated production<unctions generate the need
for information flow throughout the business enterprise is desgcribed as follows.

The firgt business driver, available to promise, is abasic business driver. We agsume a
manufagturing business. In this business, there are certain functional steps that denerate
information flow between the business enterprise-(office) and the production floor |(control
systemg).

We will|consider this business to be a general manufacturing facility. In a typical Qusiness
day, we| have customers who are requestitg to buy our product. Armed with informatfon from
our salgs personnel, we progress tothe manufacturing floor. Here, information geperation
may be joutlined in the following steps:

a) Curtent state: Where are we right now? Every business requires knowledge of itq current
manufacturing and businesssituation. This information is defined as production frpm plan
and|production performance and costs in the standard's data flow model.

b) Target state: Wherg doe we want to go? In the normal course of business, new orders may
be rpceived, legal requirements change, and even the weather may have an informational
impact through,the business. So, there is information that flows between the Husiness
pradtices andymanufacturing practices. This information is defined as schedule and pack-
out $chedule’in the standard's data flow model.

c) Transition state: Prior to a change, there is a significant amount of information ggnerated
ici i hings actua hange,lthere is
history gathering of how the changes actually occur. This information is defined as
production performance in the standard's object model.

d) Planning/Scheduling: For this business, the need for information regarding current state,
target state and transition environment may occur may times per week, day or operations
shift. The frequency of schedule update and the frequency of information uploads will
depend on industry needs. A grouping or series of steps A, B, and C may be described as
a schedule for the manufacturing floor. Or, the business offices may regard this as a plan.
Either way, there is information that has to flow between the two to reconcile issues. This
information is defined as production schedule in the standard's object model.

e) Planned versus actual: At certain times, a typical business has to review the actions in
steps A through C to see if the business requires adjustments.

This is one method of describing steps that generate information flow between the business
offices and the production floor in an available-to-promise enterprise.
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Regardless of the specific business driver and associated functions identified, some of the
steps described in the make-to-order example above are required to meet all business
drivers. For example, many business drivers require the business to know what the current
state of its business is.

B.8 Definitions
This clause presents terms sometimes used in describing key business drivers.

B.8.1 Current state reporting

Currentysta epottingis—a—t ettor Aformation-that-characte e eft-activity and
conditiops that exist in the manufacturing environment. This information is collected for the
purposg of decision support. This information allows you to understand whereyyou are in
relation|to current commitments. This information is described in the standard in thel current
productjon capability information. Some other terms often used in current “state rgpporting
include

a) production request: information on the current production schedule with respedt to the
actual product that has been requested for production;

b) prodquction quantity: how much of the current production“request has been completed
(cumulative versus request)?;

c) current rate: what is the instantaneous rate of production of the product requested?;

d) quality: measure of the effectiveness of production* this measurement of product| quality,
yields data, waste, loss, yield, material, and energy balance);

e) physical equipment status: information on.the’ maintenance state of the equipmept, work
cellg, trains, etc., to determine the current and future availability of that equipment for the
production of the next product;

f) predictive maintenance: a predictive determination of when equipment will need
maiptenance, and a mechanism te:perform maintenance on the equipment at or bgefore its
expected error or failure time;

g) preVentative maintenance: (performing maintenance before an error or failure occyrs, and
a mechanism to perform maintenance, usually on a fixed-time or run-time schedulgq;

h) invejntory status: data“on materials that will impact the decision to proceed with the next
product’s production,

B.8.2 Turnaround time

Turnaround(time is the time required to change a production mechanism for the pufpose of
producing a different product or the same product with different characteristits. The
informationthat-wittdeterminme—theturmaround-time-nctudes

a) the current state of all items and current state of the production facility;
b) historical transition times, given the current state of the production facility;
¢) standard operating procedures required for switchover;

d) resource requirements versus available (labour, material, equipment).

B.8.3 Campaigning

Campaigning is the planning of the execution of production based on the existing capacity,
raw material, resources and production request. A campaign is usually a limited run of product
through the production process. Campaigns can last from days to months depending on the
products, processes, and production requirements. Control strategy and physical process
changes may accompany campaigns.
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One important aspect of campaigning is letting production know the sequence of events or

schedul

ed runs ahead of time.

Campaigns generally deal with a single product, or a set of products with compatible
processing or product requirements. Campaign planning has to also address previous product
characteristics to maximize the agility of the change.

Campaigning is addressed in the standard through production schedules and production
requests.

B.8.4 New targets

New tar
informa
New tar
request

The typ

gets are handled in the standard through the production parameters in“a pr

gets describe what to make in the next time sequence and when to start —-mjainly an
ion demand that the control system places on the enterprise for a production order.

duction

b of information required for new targets depends on the industry. New targetg can be

fixed nimbers in a discrete environment and can be variable vatues, such as tables or

function

New tar

B.9 D

Data re
valid to
measur
for the

the con
such as
For exa
measur

System
product
product

S, in continuous environments.

pets may include the product quality characteristics.

hta reconciliation

conciliation is a serious issue for enterprise-control integration. The data ha
be useful for the enterprise system.\Fhe data are often determined from

enterprise system. This conversionzmay require manual or intelligent reconcil
volume, is used to calculate information based on a related value, such as

bs by volume, then uses.inference to calculate density and weight.

5 have to be set up\to ensure that accurate data are sent to production a
on. Inadvertent gperator or clerical errors may result in too much production,
on, the wrong production, incorrect inventory, or missing inventory.

e to be
bhysical

bments that have associated error factors. This is usually converted into exacft values

ation of

verted values. Additional problems occur when the type of physical measyrement,

weight.

Mple, in the refining industry-the operations floor changes the density of prodycts, but

hd from
foo little
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Annex C
(informative)

Discussion on models

C.1 Introduction

It has long been the goal of the mdustrlal systems englneer to mtegrate the operatmg units of
a plant in . and at
maximum overall proflt for the company mvolved Early work in this field was based bn plant
design fechniques that

a) closgely coupled production units;
b) minimized in-process inventories and work in progress; and

¢) made maximum use of in-plant energy sources to supply plant enérgy needs.

While excellent in initial concept, these techniques floundered bgeause of lack of

— unit coordination;
— dynamic response; and
— market sensitivity.

Lack of|unit coordination is exemplified by the presence of unpredictable plant interfuptions
and brepkdowns in plant production processes‘that occur randomly in time and locatipn, thus
wreaking havoc with the productivity of such«a close-coupled, low-inventory plant. Unfpreseen
changes in customer requirements, often:making obsolete an inflexible manufacturing [system,
characterize the lack of dynamic response. A lack of market sensitivity is exhibited [through
limited flexibility in responding to changes in competition, in production cost items (such as
energy pnd raw materials), and in-regulatory requirements, any of which can invaligate the
initial optimization criteria of a plant’s design.

More regcently, the trend in-Systems integration has been toward the use of automatig control
in its boadest sense (including dynamic control, scheduling and the closure of infgrmation
loops) tp integrate all aspects of the plant’s operations including closing the informati¢n loops
within the plant. -Fhis latter trend then allowed a plant to compensate for unfpreseen
interruptions and.breakdowns in its production processes and also allowed it to mpdify its
product|mix and-its production rate as its customer’s needs and desires changed. All ¢f this is

design proced i e ' oncept,
and therefore to still accompllsh the ongmal goals

It is well known which tasks such a system has to be able to carry out to accomplish these
goals. Only since the advent of advanced computer technology has it been possible to handle
the enormous computational load involved in carrying out these functions in real time and thus
hoping to compensate for all of the factors affecting plant productivity and economic return.

Current technology is providing the technical capability to greatly facilitate the development of
integrated automated systems. These trends include: (1) distributed, digital, microcomputer-
based, first-level dynamic control systems; (2) standard real-time programming languages and
configurable programming systems; (3) standard high-speed communications; and (4)
corresponding major developments in database management techniques. These have
resulted in computer systems that are able to integrate plant management, plant production
scheduling, inventory management, individual process optimization, and unit process control
for all of a plant’s operating units treated as a whole.
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However, to accomplish the design and development of such large-scale systems, the aid of
overall design and operational standards and accompanying models of such systems are
vitally necessary.

C.2 Requirements for the models

It is necessary in such a model to be able to show clearly all of the major operational
characteristics of the relationships of the functions involved in a plant management and
control system. These include the following, among others.

1) Subordination and aggregation: Which of the functions (a) are dependent upon others for
direction (instructions) in carrying out their assigned tasks; and which of them (b) have the
majgr function of supplying information necessary for other functions to help carry| out the
othelr’s assigned tasks?

Prime examples of subordination in item 1) are those of
a) ¢ustomer order processing;

b) pverall production scheduling;

¢) ¢etailed production scheduling;

d) production planning;

e) process control of production unit.

A ptime example of aggregation in item 1) is the_eontinued collection, averaging and
smopthing of process control operational data to achieve the information that management
needs for overall operational management of the plant and the company.

2) Conpectivity and progression: How does data_flew in the plant production system? Where
doeg each item of data originate; through.what intermediate functions does it flpw; and
whefe does the resulting information have, its ultimate use?

3) Autgmatability and innovation: Can the function be automated or mechanized [through
electronic devices; that is, can the_function be mathematically described? Or, does the
function require innovation by a htmman for its ultimate successful completion?

4) Gengricity: To the extent passible, the model developed to explain the scheduling and
control system necessary far)enterprise integration studies should be generic — that is, it
shoyld be able to be used to model the control system of any factory or plant| in any
induptry, anywhere, if-at-all possible. Each of the models presented here will be ggneric to
the ¢xtent possible;

5) Semantics: It is.also extremely important that the semantics or meaning of the|various
terms used in‘describing the concepts of the model(s) used be interpreted by all repders in
exadtly the.'same way. A powerful way to accomplish this is to use an object model to
accgmplish. the required concept definition. Clause 7 of this standard presents|such a
capability:

A popular and effective way of illustrating item 1) above in a model is through the use of a
hierarchical layered model, with each of the items of item 1) being subordinate, or below that
above it in the list, in the model. At the same time, the aggregation occurs naturally, going
upward in the same-layered fashion.

Unfortunately, it has not been possible to date to show all of the required capabilities listed
above in one graphical representation of the system. Particularly difficult has been the
representation of subordination and aggregation (hierarchical layers) and connectivity and
progression (data flow) together. Thus, two separate representations are necessary and the
coordination of the resulting two forms has been difficult.

Annex D presents a major table (Table D.12) that points out the coordination between both
models in the PRM. Such a procedure appears to be necessary whenever a system is
modeled from widely different aspects or views as occurs here.
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The concepts of automatability versus innovation (that is, human input required) were handled
in the PRM by the concept of external entities. External entities are those functions that are
not included in the automated scheduling and control system, but for which a complete data
transfer interface is provided. Thus, there are enterprise functions that require human input
but cannot be part of the model since the functions involved cannot be modelled. However,
they can take part in the plant integration since all needed communications are established.

Figure C.1 illustrates the concept for the PRM. Those functions above the dashed line in this
diagram require human involvement. Hence, they are considered external, but contributing,
entities in the PRM. Functions below the dashed line are part of the management and control
system that can be automated.

All part$ of the Purdue Reference Model for CIM that are concerned with the scopé of this
standargl are presented in Annex D.
EXTERNAL ENTITIES
CORPORATE FINANCE
MANAGEMENT POLICY FINANCE BUDGET
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Figure C.1 — Scope for Purdue Reference Model (PRM) for manufacturing
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Annex D
(informative)

Selected elements of the Purdue Reference Model
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ure D.3 — Assumed hierarghical computer control structure for an industyial
company to shew Level 5 and its relationship to Level 4

D.3 Ope form of generic tasks in a plant-wide hierarchy

Overall Jautomatichcontrol of any large modern industrial plant, regardless of the |industry
concerned, invalves each of the requirements listed in Table D.1.

Thus the<c automation of any such industrial plant becomes the managing of thg plant's
information’systems to assure that the necessary information is collected and used wherever
it can enhance the plant's operations — true information systems technology in its broadest
sense.

Another major factor should also be called to our attention here. It has been repeatedly shown
that one of the major benefits of the use of digital computer control systems in the automation
of industrial plants has been in the role of a control systems enforcer. In this mode, one of the
control computer's main tasks is to continually assure that the control system equipment is
actually carrying out the job that it was designed to do in keeping the units of the plant
production system operating at some best (near optimal) level. That is, to be sure that in the
continuous process plant, for instance, the controllers have not been set on manual, that the
optimal set points are being maintained, etc. Likewise, it is the task of dynamic control to
assure that the plant's production schedule is carried out, i.e., to enforce the task set by the
production scheduling function.
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Often the tasks carried out by these control systems have been ones that a skilled and
attentive operator could have readily done. The difference is the degree of attentiveness to

the task

at hand that can be achieved over the long run.

As stated earlier, all of this is to be factored into the design and operation of the control
system that will operate the plant, including the requirements for maximum productivity and
minimum raw material and energy usage. As the overall requirements, both energy and
productivity based, become more complex, more sophisticated and capable control systems
are necessary.

While the above tasking list is truly generic for any manufacturing plant — continuous or
discrete — it is necessary to rearrange it in order to come up with a more compact set of tasks

for furthler discussion.
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e, what is needed is an overall system for any manufacturing plant ‘which
lies shown in Table D.2.

of Item 2 of Table D.2, Table D.3 presents some observations|of the differe
improvement technologies (i.e., near optimization) for cofitinuous versus
ition.

b of the ever-widening scope of authority of each of\the first three requiren
by effectively become the distinct and separate{levels of a superimposed
b, one on top of the other. Also in view of the amount of information which is
d forth among the above four “tasks” of control{ a distributed computational c
bd in a hierarchical fashion would seem to‘be the logical structure for the
Eystem. This is true of any plant regardless of the industry involved.

noted, a hierarchical arrangement ofithe elements of a distributed, computg

5t described. Figures D.1, D.2_and D.3 lay out one possible form of this dis
ical computer control system for overall plant automation.

ontext of large industfial* plants or of a complete industrial company baseg
the detailed tasks, that would be carried out at each level of the hierarchy

ng, control enfercement, systems coordination and reporting, and reliability as
D.4).
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Eystem seems an ideal arrangement for carrying out the automation of the ipdustrial

ributed,
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described. Thesestasks are easily subdivided into those related to production

surance
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Table D.1 — Generic list of duties of all integrated information and automation systems

An extensive system for the automatic monitoring of a large number of different plant variables
operating over a very wide range of process operations and of process dynamic behaviour. Such
monitoring will detect and compensate for current or impending plant emergencies or production
problems.

The development of a large number of quite complex, usually non-linear, relationships for the
translation of some of the above plant variable values into control correction commands.

The transmission of these control correction commands to another very large set of widely scattered
actuation mechanisms of various types.

Improvement of all aspects of the manufacturing operations of the plant by guiding them toward likely
optima of the appropriate economic or operational criteria. Results may be applied to the control

' &l £ 1t a =N &L + +h 1 + badcil: £ £ £ 1+ Q Lol
cofreetioreommantsofHem2-above-andtor-te-theplant-sehedutingfanetonsof-Hem-S-belgw.

Reconfiguration of the plant production system and/or of the control system as necessary,amgd possible
to assure the applicable production and/or control system for the manufacturing situation at |hand.

Keeping plant personnel, both operating and management, aware of the current status of thg¢ plant and
of each of its processes and their products including suggestions for alternatetactions wherg
necessary.

Reduction of plant operational and production data and product quality data’to form a histor|cal
database for reference by plant engineering, other staff functions and marketing.

Adjusting the plant's production schedule and product mix to match its customers' needs, aq expressed
by the new order stream being continually received, while maintaining a high plant producti\ity and the
lowest practical production costs. This function is also provided\for appropriate plant preventive or

corrective maintenance functions.

Determination of and provision for appropriate inventorysand use levels for raw materials, enpergy,
spares, goods in process and products to maintain desired production and economics for th¢ plant.

10

Assuring the overall availability of the control system for carrying out its assigned tasks thrdugh the
appropriate combination of fault detection andAfault tolerance, redundancy, and fail-safe techniques.

11

Maintaining interfaces with the external entities which interact with the plant production system such as
corporate management; marketing; accqunting; corporate research, development and engingering;
external transportation; suppliers and vendors; purchasing; customers; and contractors.

Table D.2 — An<everall plant automation system provides

An effective dynamig, control of each operating unit of the plant to assure that it is operating|at its
maximum efficiency-of production capability, product quality and/or of energy and materials Jutilization
based upon the ‘production level set by the scheduling and supervisory functions listed beloy. This thus
becomes the tontrol enforcement component of the system. This control reacts directly to cpmpensate
for any emergencies which may occur in its own unit.

A supetvisory and coordinating system, which determines and sets the local production levdl of all units
working/together between inventory locations in order to continually improve (i.e., optimize) [their
operation. This system assures that no unit is exceeding the general area level of productiop and thus
using excess raw materials or energy. This system also responds to the existence of emerggncies or
upsets in any of the units under its control in cooperation with those units' dynamic control dystems to

shtrt-cowof ayatclllaﬁba“y rectecethe uutput tthese—andretatedunits—as frecessaty to—€o pensate
for the emergency. In addition, this system is responsible for the efficient reduction of plant operational
data from the dynamic control units, described just above, to assure its availability for use by any plant
entity requiring access to it as well as its use for the historical database of the plant.

An overall production control system capable of carrying out the scheduling functions for the plant from
customer orders or management decisions so as to produce the required products for these orders at
the best (near optimum) combination of customer service and of the use of time, energy, inventory,
manpower and raw materials suitably expressed as cost functions.

A method of assuring the overall reliability and availability of the total control system through fault
detection, fault tolerance, redundancy, uninterruptible power supplies, maintenance planning, and other
applicable techniques built into the system's specification and operation.
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Table D.3 — Notes regarding optimization (improvement) of manufacturing efficiency

In discrete manufacturing optimization (improvement) is generally carried out in scheduling.

In continuous manufacturing optimization (improvement) is generally carried out both in control and scheduling.

Table D.4 — Summary of duties of control computer systems

. Production scheduling
Il.  Control enforcement
1. Plar

nt ralination
t eHatet

V. Sy
Item 1o
Item 11 g

Items Il
coordin
Item 3 d

stem reliability and availability assurance
the above list (production scheduling) corresponds to Item 3 of the list of Table D.2.
f the above list corresponds to much of Items 1 and 2 of the list of Table D.2.

and IV of the above list require the cooperative operation of all items of the list-efiTable D.2. The plant
htion part comprises the detailed interpretation and expansion of the overallyproduction schédule of
f Table D.2.

It is oun
plant, p
actually|
nature (
never Id
remain

Thus it
the maj
dynamig
used fo

The dif
individu
support
manage
both sy
and prd

contention that such lists can outline the tasks that are‘Carried out in any industrial
articularly at the upper levels of the hierarchy. Details of how these operations are
carried out may vary drastically, particularly at<the lowest levels, becaus¢ of the
f the actual process being controlled. We all reeognize that a distillation colpmn will
ok like or respond like an automobile produgtion line. But the operations themselves
he same in concept, particularly at the upperlevels of the hierarchy.

s our further contention that despite the ‘'different nomenclature in different industries
pr differences in the control systems involved is concentrated in the detailg of the
control technologies used at Levél 1 and the details of the mathematical| models
optimization at Level 2.

erences are thus concentrated in the details of the control and operation of the
Al production units (the yapplication entities) of the factory. Commonality i$ in the
functional entities ((computational services, communications, database technology,
ment structure, ett)v"Sensing and communication techniques are exactly the same in
ttems. The same.optimization algorithms can be used. Computer systems tedhnology
gramming techniques should be the same and production scheduling teghnology

should be identicakto*hame only a few.

Thus th
D.4 ang

b duties*of the hierarchical computer system can be established as outlined |n Table
im, Eigure D.4. Therefore Levels 1 and 2 will concentrate on performing T4sk Il of

Table O

4.VLevels 3 and 4 will carry out Task | and all will be involved in assufing the

implementation of Task Ill and the integrity of Task IV, overall reliability and availability.

Possibil

ities of major reduction in the costs, development manpower effort, and time required

to produce an integrated industrial control system then devolves upon the factors listed in

Table D

5.
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Table D.5 — Potential factors for facilitating integrated
control system development and use

Potential commonality of control system structure in terms of the:

A. Computer systems

B. Communications systems

C. Database organization

D. Relationship to plant management and operational structure (personnel)

Commonality of the techniques of application of:
Software engineering and programming
Communications

Data base management

Control systems engineering

Production scheduling

Operations research and optimization

nTmoow»

Table D.6 — Required tasks of the intra-company management inforfmation sygtem

(Level 4B of Figure D.1 or Figure D.2 or Level 5 of Figure D.3)

V.

Syistem coordination and reporting

1. Maintain interfaces with:

A) Plant and company management

B) Sales and shipping personnel

C) Accounting, personnel and purchasing departments
D) Production scheduling level (Level 4A)

2. Supply production and status information as needed'to:
A) Plant and company management

B) Sales and shipping personnel

C) Accounting, personnel and purchasing-departments
D) This information will be supplied ihthe form of:

1) Regular production and\status reports

2) On-line inquiries
3. Supply order status information as needed to sales personnel
Rdliability assurance
4. Perform self-check and(diagnostic checks on itself

NOTE 1 There are no production 'scheduling or control actions required at this level. This level is splely for
use as an upper management.and staff level interface.

NOTE 2 Roman numeralssubdivisions of Tables D.6 to D.10 correspond to the same headings in Table|D.4.

Table D.7=Duties of the production scheduling and operational management Jevel

(Levels 4A or 5A)

Production scheduling

1. Establish basic production schedule.

2. Modify the production scheduling for all units per order stream received, energy constraints, power
demand levels, and maintenance requirements.

3. In coordination with required production schedule develop optimum preventive maintenance and
production unit renovation schedule.

4. Determine the optimum inventory levels of raw materials, energy sources, spare parts, etc., and of

goods in process at each storage point. The criteria to be used will be the trade-off between
customer service (i.e., short delivery time) versus the capital cost of the inventory itself, as well as
the trade-offs in operating costs versus costs of carrying the inventory level. This function will also
include the necessary material requirements planning (MRP) and spare parts procurement to satisfy
the production schedule planned. (This is an off-line function.)

5. Modify production schedule as necessary whenever major production interruptions occur in
downstream units, where such interruptions will affect prior or succeeding units.
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Ill.  Plant coordination and operational data reporting
Collect and maintain raw material and spare parts use and available inventory and provide data for

6.

8.
9.

10.

11.
12.

purchasing for raw material and spare parts order entry and for transfer to accounting.

Collect and maintain overall energy use and available inventory and provide data for purchasing for

energy source order entry and for transfer to accounting.
Collect and maintain overall goods in process and production inventory files.
Collect and maintain the quality control file.

Collect and maintain machinery and equipment use and life history files necessary for preventive

and predictive maintenance planning.

Collect and maintain manpower use data for transmittal to personnel and accounting departments.

Maintain interfaces with management interface level function and with area level systems.

IV. Reliability assurance

13,

Run self-check and diagnostic routines on self and lower-level machines.

NOTE
and ove

There are no control functions as such required at this level. This level is for the productien_s
rall plant data functions

cheduling

Table D.8 — Duties of the area level (Level 3)

. Prpduction scheduling

1. Establish the immediate production schedule for its own area ingluding maintenance, trangportation
and other production-related needs.

2. Locally optimize the costs for its individual production area while carrying out the pgroduction
schedule established by the production control computer system (Level 4A) (i.e., minimige energy
usage or maximize production for example).

3. Along with Level 4A modify production schedules t@_¢ompensate for plant production intgrruptions,
which may occur in its area of responsibility.

Ill.  System coordination and operational data reporting

4. Make area production reports including variable manufacturing costs.

5. Use and maintain area practice files.

6. Collect and maintain area data queues™“for production, inventory, and manpower, raw materials,
spare parts and energy usage.

7. Maintain communications with higher and lower levels of the hierarchy.

8. Operations data collection and.off-line analysis as required by engineering functions|including
statistical quality analysis apd:eontrol functions.

9. Service the man/machine‘interface for the area.

10| Carry out needed personnel functions such as:

A)  Work period statistics (time, task, etc.)
B) Vacation schedule
C) Work fofce'schedules
D) Unioniline of progression
E) In‘house training and personnel qualification

IV. Rdliability assurance

13 Diagnostics of self and lower-level functions
NOTE |N6/control actions are required here. This level handles detailed production scheduling [and area

coordin

htion for the m:ujnr r\lnnt subdivisions
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Table D.9 — Duties of the supervisory level (Level 2)

1. Control enforcement

1.
2.

Respond to any emergency condition, which may exist in its region of plant cognizance.

Optimize the operation of units under its control within limits of established production schedule.
Carry out all established process operational schemes or operating practices in connection with these
processes.

II. System coordination and operational data reporting

3. Collect and maintain data queues of production, inventory, and raw material, spare parts and energy
usage for the units under its control.

4. Maintain communications with higher and lower levels.

5. Service the man/machine interfaces for the units involved.
v Refiability assurance

6. Perform diagnostics on itself and lower-level machines.

7. Update all standby systems.
NOTE [his level and those below it carry out the necessary control and optimization functions.for the |individual
productiop units to enforce the production schedule set by levels 4A and 3.

Table D.10 — Duties of the control level (Level:1)

. Colntrol enforcement

1. Maintain direct control of the plant units under its cognizance.

2 Detect and respond to any emergency condition, which may eXist in these plant units.
II. Syptem coordination and reporting

3. Collect information on unit production, raw material apd‘energy use and transmit to higher lgqvels.

4. Service the operator's man/machine interface.
v Refiability assurance

5 Perform diagnostics on itself.

Update any standby systems.

NOTE 1 | It has repeatedly been shown that one (of 'the major benefits of the use of digital computer control
systems ih the automation of industrial plants has.been in the role of a control systems enforcer. In this mode, one
of the control computer's main tasks is to continually assure that the control system equipment is actually carrying
out the jop that it was designed to do in keeping the units of the plant production system operating at Jome best
(near optimal) level.
NOTE 2 |That is, to be sure that in thé continuous process plant, for instance, the controllers have not bgen set on
manual, that the optimal set points are being maintained, etc. Likewise, it is the task of dynamic control|to assure
that the plant's production schedule is carried out, i.e., to enforce the task set by the production qcheduling
function.
NOTE 3 |[In the Purdue Reference Model definition there are no informational transformations at Level 0.
NOTE 4 | Sensors determine the state of the physical equipment or the material being transformefl therein.
All operatjons on the €esulting data are informational. Sensor outputs are considered part of Level 1.
NOTE 5 [Actuators are considered part of Level 0 — commands to them are considered Level 1.
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D.4 Tasks of each level of the hierarchy

In the context of any large industrial plant, or of a complete industrial company based in one
location, the tasks that would be carried out at each level of the hierarchy are as described in
Tables D.6 to D.10. Note that these tasks are subdivided within each table into those related
to production scheduling, control enforcement, systems coordination and reporting, and
reliability assurance (Table D.4). As was mentioned above, these tables outline the tasks
which are carried out in any industrial plant, particularly at the upper levels of the hierarchy.

Figures D.5 to D.10 show the application of the scheduling and hierarchy view to a variety of
industries showing also that the computer control system discussed here is pyramidal as well
as hierircmcal. Figure D.I0 1s an entirely different appearing diagram as originally developed

by the Cincinnati-Milacron Company. However, with the current CIM hierarchy levels-inposed,
it can b¢ readily seen that this diagram converts direct to the others.

Figures|D.5 to D.10 also bring out an important aspect of this model .ih.relation :I‘o those
proposgd by some other developers, that is, inventories and associated material handling
equipment in relation to the manufacturing processes themselves are, ‘treated just |ike any
other process. Thus they are considered to have process control inputs and outputs gnd their
dynami¢ behaviour can be modelled mathematically in order/te” develop the apgropriate
overall fontrol system for the functions served by the inventory“and its associated material
handling equipment.

D.5 Tihe data flow graph, a functional network View of the CIM reference model

There ig need in the reference architecture to have a mechanism to show the intercopnection
and prepedence of the several tasks assigned<to the overall mill-wide control system Wwhich is
not shoyn by the scheduling and control hierarchy view. An excellent method for showing this
is the go-called data flow graph or infefmation flow graph using a technique known as
structurgd analysis (see Bibliography),also known as the Yourdon-DeMarco techniqugd.

This clause will develop such a representation as derived from the CIM reference mogel. The
basis for this work will be a dataflow model, contributed to the Purdue Reference Model for
CIM propject by The Foxboro. Company in August 1986 (see Bibliography). The |original
document has been considerably modified by the Workshop CIM Committee to match the
nomenc|ature, etc., of pther parts of the model's documentation.

As notefl above, this- method diagrams the interconnection of the several tasks carriefl out by
the confrol system and allows the potential for an ever greater detailing of these tasKs in the
form of [sub-tasks and the resulting interconnections of these sub-tasks with each other and
the majln tasks. These diagrams are restricted to the model as defined in the|Purdue
Reference.“Model for CIM (i.e., the definable scheduling and control system |[for the
manufacturing facility and including only interfaces to the external influences), i.e., the
integrated information management and control system of Figure D.1 and the information
systems architecture of this text.

The set of diagrams begins with the interconnection of the influencing external entities on the
factory itself (Figure D.12). In the present model, one very important external influence on the
factory is the company management itself. As noted in Figure D.13 management interfaces
through the staff departments which provide services to the factory itself or express
management's policies in sets of requirements to be fulfilled by the factory.

It will be immediately noticed by the reader that the two lists of tasks and functions we are
developing here look entirely different even though each is a complete listing within itself.
This is because these two different models of the information architecture show different ones
of the task and function relationships. The scheduling and control hierarchy shows
subordination, precedence, time horizon and span of control, while the data flow diagram
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shows connectivity and precedence. Thus, since there is no layering in the data flow diagram
(subordination) and no connectivity in the scheduling and control hierarchy, their views of the
tasks and functions are greatly different. This results in a different definition of each task in
many cases particularly because of a difference in span of concern. Therefore, the description
and labels may be (and are) different between the two models.

Table D.11 presents the functions and tasks listed on the diagrams of Figures D.16 to D.28.
Table D.12 makes a comparison of the tasks listed in Tables D.6 to D.10 versus those on
Figures D.16 to D.28 as discussed just above.

(4A,B) OVERALL

(3)

(2)

(1)

LEVEL

LEVEL
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Figure D.5 — Hierarchy arrangement of the steel plant control
to show relationship of hierarchy to plant structure
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Figure D.6 — Hierarchy arrangement of the steel plant control system
as studied for energy optimization
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Figure D.8 — The hierarchy control scheme as applied to a petrochemical plant
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Figlire D.9 — The hierarchy control scheme as appliéd to a pharmaceuticals pjant
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Figure D.10 — Computer-integrated manufacturing system (CIMS)

(Cincinnati-Milicron proposal)
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Table D.11 — Information flow model of generic production facility mini-specs
(definition of functions)

FIRST ORDER ENTITY DIVISIONS

0. FACILITY MODEL CONTEXT - Figure D.16
External entities
Marketing and sales
Corporate R. D. and E.
Supplier
Vendor
Customer
Transport company
Accounting
Purchasing

1. ORDER PROCESSING — Bubble 1 of Figure D.16 and Figure D.17
Customer order handling, acceptance and confirmation
Saleg forecasting
Waiver and reservation handling
Grosp margin reporting
Detefmine production orders

2. PROPUCTION SCHEDULING - Bubble 2 and Figure D.18
Detefmine production schedule
Identjfy long-term raw material requirements
Detefmine pack-out schedule for end-products
Detefmine available product for sales

3. PROPUCTION CONTROL — Bubble 3 and Figure D.19
Contfol of transformation of raw materials into end product-inyaccordance with production sche¢dule and
proddiction standards
Maintenance of processing equipment
Plant engineering and updating of process plans, etc.

Issuq requirements for raw materials

Prodtice reports of performance and costs

Evalyate constraints to capacity and quality

Self-fest and diagnostics of production and contrel*equipment

4. MATERIALS AND ENERGY CONTROL - Bubble 4 and Figure D.23
Keep| stock of raw materials
Reorfler raw materials according to production requirements
Accept delivery of raw materials, request QA tests and release for utilization after approval
Repdrting on RM and energy utilization
Repdrting on RM inventory to_production

5. PROfUREMENT - Bubble™5'and Figure D.24
Placg¢ orders with suppliers-for RM supplies, spare parts, tools, equipment and other required materigls
Monifor progress of purchiases and report to requisitioners
Release incoming.ifvoices for payment after arrival and approval of goods

6. QUALITY ASSURANCE — Bubble 6 and Figure D.25
Testing and*classification of incoming material and end products
Set gtandard for production QA in accordance with market and technology requirements
Assiqt«production with exceptional and effective QA tests

7. PRODUCT INVENTORY - Bubble 7 and Figure D.26
Keep stock of produced end-products
Make reservation for specific product on list in accordance with product selling directives
Pack-out end-product in accordance with schedule
Report on inventory to production scheduling
Report on balance and losses to product cost accounting
Arrange physical loading/shipment of goods in coordination with product shipping administration
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Table D.11 — Information flow model of generic production facility mini-specs

(definition of functions)(continued)

(10.0 MAI

SECOND

1.1

1.2

1.3

1.4

1.5

2.1

2.2

2.3

COST ACCOUNTING - Bubble 8 and Figure D.27
Calculate and report on total product cost

Rep
Set

ort cost results to production for adjustment
cost objectives for production

PRODUCT SHIPPING ADMINISTRATION — Bubble 9 and Figure D.28
Organize transport for product shipment in accordance with accepted orders requirements

Neg

otiate and place orders with transport companies

Accept freight items on site and release material for shipment
Prepare accompanying documents for shipment (BOL, customs clearance)

Con
Rej

firm shipment and release for invoicing to general accounting
rt on thpping costs to prndllr‘t cast ;xr‘r‘mlnting

PR(
The|
The|
For

The|
Mar|
insi

HIS
Cre

ORI
Mai
Sup|
Han
Givi

PR
Bas|

ORI
Han
Acc
In g
part

PR
Pro
Hig
Pro

BAL
Ider]
Iden]
Hig

NTENANCE (defined as a FIRST ORDER ENTITY in the ISA-95.00.01-2000 model))
ORDER ENTITY SUBDIVISIONS

DUCTION FORECASTING (LONG RANGE) — Bubble 1.1, Figure D.17

orders expected within the next period of time are predicted

prediction is based on the sales history and function of the market expectation

casting makes use of the traditional statistical techniques (smoothing, seaSenal indices, etc.)
forecasting period is set by the confidence of market expectations

ket expectations are influenced by outside factors, for example, ecohomical or political situat
le factors, for example, long-term contracts, production problems

TORIAN — Bubble 1.2 , Figure D.17
hte and update a sales history file with clarification of produgt;€ustomer, shipping method

DER ENTRY — Bubble 1.3, Figure D.17
h interface with customer for inquiries and orders
ply product price and availability
dle order entry and amendments
confirmation and progress of entered orders

DUCTION ORDER — Bubble 1.4, Figure D7
pd on active and forecasted orders deterntine the required production

DER ACCEPTANCE - Bubble 1.5, Figure D.17
dle the acceptance for delivery of‘entered orders
Eptance is based on ability to_m@anufacture and availability of product customer credibility is cheg
pecific cases the product specifications can be waived in accordance with marketing policies
cular customer or market need

CESS PRODUCTION"ORDERS — Bubble 2.1, Figure D.18

luce detailed proddction requirements from sales production orders

light specificatign ‘réquirements for non-standard requests

luce productign-order entry in scheduling file and append shipment requirements

ANCE INIPROCESS AND PRODUCTION INVENTORY - Bubble 2.2, Figure D.18

tify ordered quantities against produced products and initiate pack-out of specific shipments
tify, availability of on-hand product

light variance in production schedule

Mai

htain capacity estimates for production facility in terms of products

PRODUCTION FORECASTING (SHORT TERM) — Bubble 2.3, Figure D.18
From existing production orders and known capacity, produce specific schedule entries for production rates

and
Set

specifications
long-term raw material order rates to meet production schedule

Produce a long-term forecast report

on, or by

ked
o ratify a
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Table D.11 — Information flow model of generic production facility mini-specs

(definition of functions)(continued)

2.4

3.1

3.2

3.3

3.4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

PRODUCTION SCHEDULING — Bubble 2.4, Figure D.18

Produce formal production schedule

Modify production schedule to account for production variances and interruptions
Modify production schedule to account for inventory and shipments

PROCESS SUPPORT ENGINEERING — Bubble 3.1, Figure D.19; Figure D.20

Issu
Coo

e request for modification or maintenance
rdinate maintenance and engineering activities

Provide technical standards and methods to maintenance function
Follow-up on equipment and process performance

Provide technical support to operators

Folln\/\l-llp an tpr‘hnnlngir‘:\l dn\/plnlnmnntc

Pro

Inte
Dia

OPH
Set
Ch¢
Det
Mod

MAT
Det
ma

Set
Issy
Not

OP7
Con

INC
Red|
Tra
Not

RA
Set

ide specifications for purchase order requests

rvise the operations of production process

track and report on production costs and performance

pret the production plan in terms of the set points to individualtunits
nostics and self-check of production and control equipment

ERATIONS PLANNING — Bubble 3.4, Figure D.19

up a daily production plan as function of the productien’schedule

ck schedule against raw material availability and product storage capacity

Ermine percent of capacity status

ify production plan hourly to account for equipment outage, manpower and raw materials availaly

[ERIAL AND ENERGY REQUIREMENT CONTROL — Bubble 4.1, Figure D.23

brmine supplier of new materials based on short- and/or long-term requirements from pl
ufacturing taking existing inventory into account

up transfers of materials and energy to manufacturing

e purchase request for new material and energy supplies

fy incoming material and enérgy control on expected incoming orders

IMUM MATERIAL ANR_.ENERGY INVENTORY LEVELS — Bubble 4.2, Figure D.23
tinuously calculate afnd, report inventory balance and losses of RM and energy utilization

OMING RAW MATERIAL AND ENERGY CONTROL — Bubble 4.3, Figure D.23
eive incoming“material and energy supplies and request QA tests

sfer material'and energy to storage and/or classify for use after QA approval
fy purchasing of accepted material and energy supplies to release payment

MATERIAL AND ENERGY ROUTING — Bubble 4.4, Figure D.23
upsand monitor the movement of material and energy in storage

liagnostic

ility

hnning or

Updaterinventory of all movements and changes

RAW MATERIAL AND ENERGY INVENTORY REPORTING — Bubble 4.5, Figure D.23

Rep

orting of inventory to production

RAW MATERIAL AND ENERGY MOVEMENT CONTROL — Bubble 4.6, Figure D.23

Con

trol and monitor transfer of materials

DRAW MATERIALS AND ENERGY MEASUREMENT VALIDATION — Bubble 4.7, Figure D.23

See

3.3.4
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Table D.11 — Information flow model of generic production facility mini-specs
(definition of functions)(continued)

5.1

5.2

5.3

6.1

6.2

6.3

6.4

6.5

6.6

6.7

7.1

7.2

7.3

ORDER PLACEMENT - Bubble 5.1, Figure D.24

Order preparation for raw materials, spare parts, etc., for presentation to the vendors based on procurement
contracts negotiated by company purchasing

Updating of vendor library and purchasing files of vendor’s performance on orders

PROCESS REQUESTS - Bubble 5.2, Figure D.24
Collection and processing of unit requests for raw materials, spare parts, etc., for order placement to vendors
Checking of requests for those materials versus historical files and budgets to assure correctness of requests

COST CONTROL - Bubble 5.3, Figure D.24
Certification of invoices on raw materials and spare parts based on satisfactory receipt of requested materials
orp is

SET STANDARDS AND METHODS - Bubble 6.1, Figure D.25
Issug standards to manufacturing and testing laboratories in accordance with requirements-ftom tgchnology,
marketing and customer services

RAW|MATERIALS EVALUATION — Bubble 6.2, Figure D.25
Testipg of incoming raw materials and approval for use if in accordance with set standards
Colleet and maintain quality control file for data for quality control analysis

EVAILJUATION OF PRODUCT - Bubble 6.3, Figure D.25
Test pf final product and report results to classification
Collect and maintain quality control file for data for quality control analysis

CLA$SIFICATION AND CERTIFICATION — Bubble 6.4, Figure D.25

Clasgify quality and properties of end-product in accordance withsset marketing standards
Waivgr classification on exceptional basis according to the request/from product selling
Repdrt QA results and classification to finished product inventory control

Certify that product was produced according to standard process conditions

Repdrt process data and certification to finished product inventory control

QA MEASUREMENT VALIDATION — Bubble 6.5, Figure'D.25
Chedking of product data versus customer's requirements and statistical quality control routines [to assure
adegpate quality before shipment

Maintenance of quality statistics on each item‘checked for continuing quality control studies.

LABORATORY AND AUTOMATIC ANALYSIS — Bubble 6.6, Figure D.25
Conduct of metric, chemical and physical tests on sample product items to obtain data for on-goipg quality
contrpl tests
Trangmission of this data to analysis facilities and quality control systems to assure future quality of groduct

ANALYSE PROCESS CAPABILITY — Bubble 6.7, Figure D.25
Use |SQC methodology (to,"examine product data to determine process capability of meeting product
specffications

Relay process deviations’to process engineering for re-evaluation to upgrade process
Relay methods deviation to standards and methods group for corrective action

INVENTORY SURERVISION — Bubble 7.1, Figure D.26
Coorflinate_at-activities in product inventory control

Set Up transfers of material to packing unit in accordance to pack-out schedule
Reqyestdeplenishment of packing materials

Handle_reservations and ||pr|atp inventory arr‘nrdingl\/

LOSS CONTROL — Bubble 7.2, Figure D.26
Continuously calculate and report on inventory balance and losses

INVENTORY REPORTING - Bubble 7.3, Figure D.26
Generate daily, weekly ... reports on actual amounts of materials in storage
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Table D.11 — Information flow model of generic production facility mini-specs
(definition of functions)(continued)

7.4

7.5

7.6

7.7

8.1

8.2

8.3

8.4

9.1

9.2

9.3

9.4

9.5

9.6

PRODUCT SHIPPING — Bubble 7.4, Figure D.26

Set up and monitor transfers of products to customer in accordance with requirements from shipping
administration

Report confirmation of shipment for release of invoicing

PRODUCT ROUTING - Bubble 7.5, Figure D.26
Set-up and monitor the routes of product transfer and update inventory on changes

PHYSICAL PRODUCT MOVEMENT CONTROL - Bubble 7.6, Figure D.26
See 4.6

NVENTORY MEASUREMENT VALIDATION — Bubble 7 7 _Figure D 26
bee 3.3.4

COSTS BALANCING AND BUDGET - Bubble 8.1, Figure D.27
Fstablishment of criteria and tests to assure that operational budget is being followed
Collection of raw material, labour, energy and other costs for transmission to accounting

RAW MATERIAL AND PARTS COSTS (ACCOUNTS PAYABLE) — Bubble 8.2, Figare D.27
Collection of cost data on all raw materials and spare parts in inventory or procured for the plant

PRODUCT INCOME (ACCOUNTS RECEIVED) — Bubble 8.3, Figure D.27
Collection of data of product shipped or in inventory
Release invoice data to cost accounting at standard cost

PRODUCTION COSTS — Bubble 8.4, Figure D.27
Collection of data on costs of production in the plant — labour~€nergy, raw material usage, spare| parts
Isage, etc.

SEHIPMENT SCHEDULING — Bubble 9.1, Figure D.28
Classify accepted order and produce shipping schedule

BEHIPPING COSTS — Bubble 9.2, Figure D.28
Calculate and report cost of shipping

SEHIPMENT CONFIRMATION — Bubble 9,8\Figure D.28
Update shipping schedule to indicate that shipping has been done and configuration of shipmentp

RELEASE FOR INVOICING — Bupbte 9.4, Figure D.28
Notify accounting of shipment_ ignorder to release invoice

RELEASE SHIPMENT — Bubble 9.5, Figure D.28
Bend information for shipment to product shipping

PREPARE SHIPPING-DOCUMENTS — Bubble 9.6, Figure D.28
ssue bill of lading, eustomer clearance, documents that are required with shipment
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(definition of functions)(continued)

Table D.11 — Information flow model of generic production facility mini-specs

THIRD-ORDER ENTITY SUBDIVISIONS

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.1.6

3.1.7

3.1.8

3.2.1

3.2.2

PROJECT MANAGEMENT - Bubble 3.1.1, Figure D.20
Management of engineering function

Coordination of equipment and process modification
Cost and progress reporting

Project planning

Design follow-up with corrective action

EQUIPMENT AND PROCESS DESIGN MODIFICATION — Bubble 3.1.2, Figure D.20
Establish design basis of new project
Qllpply necessary information to allow cost nctimating

Report and coordinate specialists' assistance
Provide Technical Information to Operators

ENGINEERING SPECIALISTS — Bubble 3.1.3, Figure D.20

Provide support and advice in special area

Follow-up on state of the art in technology

\ssess plant process and equipment performance

\djust standards and methods to needs and progress

Monitor the interpretation of design basis during detailed engineering

ETANDARDS AND METHODS - Bubble 3.1.4, Figure D.20
Fstablish standards for process equipment, design techniques and, proeess operational methods
files)

Promulgate such standards within the process support engingering functions and within the o
roups of the factory

PROJECT COST CONTROL — Bubble 3.1.5, Figure D.20
Provide cost estimates of planned projects
Follow-up and report on costs of projects in execution

PROCESS ANALYSIS AND PROJECT DETAILED.ENGINEERING — Bubble 3.1.6, Figure D.20
Conduct plant performance studies

Provide details for the construction of equipment or process modification project in accordance
basis

ssue report for ordering of new equipment

ssue specifications to vendor

Report on engineering and committed equipment costs

FQUIPMENT MODIFICATION GONSTRUCTION — Bubble 3.1.7, Figure D.20
Provide for construction of project
Report on cost and labeut

DRAFTING DOCUMENTATION — Bubble 3.1.8, Figure D.20

Maintain masterqcopies of all plant drawings for units under its cognizance

Responsible for-updating drawings and associated documentation as units are modified
Supply copiés“as needed

MAINTENANCE PLANNING — Bubble 3.2.1, Figure D.21
Drganization and supervision of requested maintenance
Reporting on performed maintenance

(practice

berational

to design

Coordinate planned work with operators and plant supervision

Monitor and update maintenance history file

MAINTENANCE COST CONTROL - Bubble 3.2.2, Figure D.21
Follow-up on used spare parts, report maintenance labour and report on maintenance costs
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Table D.11 — Information flow model of generic production facility mini-specs
(definition of functions)(continued)

3.2.3 SPARE PARTS - Bubble 3.2.3, Figure D.21
Supervise spare parts warehouse
Supply necessary parts to maintenance crews
Report on inventory to planning for reordering
Report to cost control on used parts
Accept and control new delivered parts from vendors

3.2.4 MAINTENANCE CREW SUPERVISION - Bubble 3.2.4, Figure D.21
Perform requested maintenance work
Supervise and coordinate with outside contractors
Report on technical activities to files

annrt an installation and Pf‘IIIIiIhmF\I"IT Imarfnrmnnr‘n ta pnginaaring

3.2.5 DOCUMENTATION — Bubble 3.2.5, Figure D.21
bee Item 3.1.8

3.3.1 DPERATIONS SUPERVISION — Bubble 3.3.1, Figure D.22
et objectives for process operation

Bupervise people in operation of the process and equipment
Deal directly in the resolution of exception conditions

ssue modification or maintenance requests

Bet and report production capacity limits

Monitor and report on production cost and performance

3.3.2 DPERATIONS COST CONTROL — Bubble 3.3.2, Figure D.22
Calculate total operating costs

Maintain short-term economic balances of energy and materjals
Capture maintenance and engineering costs chargeable toreperations

3.3.3 PHYSICAL PROCESS CONTROL — Bubble 3.3.3, Figure\D.22
Btabilize process variables to defined operating set points
\larming of operating variables for exceptional conditions
Maintain operation against constraints or at specifications
Response to operators and process engineers\requests
Response to emergencies

3.3.4 DPERATIONAL MEASUREMENT VALIDATION — Bubble 3.3.4, Figure D.22
\ssess the validity of the measurements for further use within their limits of confidence
fag measurement data with qualityrand time

3.3.5 FQUIPMENT MONITORING + Bubble 3.3.5, Figure D.22

\ssess the operating performance and limits of process equipment
\larming of equipment status variables against constraints

ndicate performance against expected equipment life cycles

3.3.6 PRODUCTION BALANCING AND OPTIMIZATION — Bubble 3.3.6, Figure D.22
Dptimization ofiproduction process to set objectives within equipment constraints
Maintain material and energy balance to indicate exceptional conditions

Perform performance tests where necessary to determine capacity
Monitorepreduct quality against specifications and standards
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Figure D.12 — Major external influences as used in the data flow model
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Figure D.13 — Requirements interfacing of corporate management
and staff functional entities to the factery

[ In succeeding diagrams, personnel Corporate
equirements are all pervasive and management
Can not be specifically shown. They are
o i A
Collectively addressed here Corporate
performance reporting
1 A A A Y A
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Figure D.14 — Report interfacing to corporate management
and staff functional entities from the factory
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Figure D.15 — Interface of government regulations, etc., to the factory
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Figure D.16 — 0.0 facility model
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Figure D.17 — 1.0 order processing
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Figure D.18 — 2.0 production scheduling
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Figure D.19 — 3.0 production control
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Figure D.20 — 3.1 process support engineering
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