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Foreword

The text of the International Standard IEC 61512-1:1997, prepared by SC 65A, System
aspects, of IEC TC 65, Industrial-process measurement and control, was submitted to the
formal vote and was approved by CENELEC as EN 61512-1 on 1999-05-01 without any
modification.

The following dates were fixed:

- latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2000-08-01

- latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2002-08-01

Annexes designated "normative" are part of the body of the standard.
Annexes designated "informative" are given for information only.

In this standard, annexes A and ZA are normative and annex B is informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61512-1:1997 was approved by CENELEC as a
European Standard without any modification.
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INTRODUCTION

The models and terminology defined in this part of IEC 61512

— emphasize good practices for the design and operation of batch manufacturing plants;

— can be used to improve control of batch manufacturing plants; and

— can be applied regardless of the degree of automation.
Specifically, this standard provides a standard terminology and a consistent set of concepts
and models for batch manufacturing plants and batch control that will improve communications
between all parties involved; and that will

— reduce the user's time to reach full production levels for new products;

— enable vendors to supply appropriate tools for implementing batch control;

— enable users to better identify their needs;

— make recipe development straightforward enough to be accomplished without the
services of a control systems engineer;

— reduce the cost of automating batch processes; and
— reduce life-cycle engineering efforts.

It is not the intent of this standard to

— suggest that there is only one way to implement or apply batch control;

— force users to abandon their current way of dealing with their batch processes; or

— restrict development in the area of batch control.
The models presented in this standard are presumed to be compiete as indicated. However,
they may be collapsed and expanded as described below. The unit and the control module
levels may not be omitted from the physical model. The master recipe and the control recipe

may not be omitted from the recipe-type model. Specific rules for collapsing and expanding
these models are not covered in this standard.

— Collapsing: elements in the models may be omitted as long as the model remains
consistent, and the functions of the element removed are taken into account.

— Expanding: elements may be added to the modules. When they are added between
related elements, the integrity of the original relationship should be maintained.
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BATCH CONTROL -
Part 1: Models and terminology

1 Scope

This part of IEC 61512 on batch control defines reference models for batch control as used
in the process industries and terminology that helps explain the relationships between these
models and terms. This standard may not apply to all batch control applications.

2 Normative references

The following normative documents contain provisions, which through reference in this text,
constitute provisions of this part of IEC 61512. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this part of IEC 61512 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.

IEC 60848: 1988, Preparation of function charts for control systems

NOTE - Structures defined in IEC 60848 may be useful in the definition of procedural control and, in particular,
in the definition of a phase.

IEC 60902: 1987, Industrial-process measurement and control — Terms and definitions

3 Definitions

For the purpose of this part of IEC 61512, the following definitions apply. Definitions found in
IEC 60902 were used as a basis for definitions in this part of IEC 61512. Where necessary,
the specific connotation of terms used in batch control was included.

3.1 allocation: A form of coordination control that assigns a resource to a batch or unit.

NOTE - An allocation can be for the entire resource or for portions of a resource.

3.2 arbitration: A form of coordination control that determines how a resource should be
allocated when there are more requests for the resource than can be accommodated at one
time.

3.3 area: A component of a batch manufacturing site that is identified by physical,
geographical, or logical segmentation within the site.

NOTE - An area may contain process cells, units, equipment modules, and control modules.

3.4 basic control: Control that is dedicated to establishing and maintaining a specific state
of equipment or process condition.

NOTE - Basic control may include regulatory control, interlocking, monitoring, exception handling, and discrete
or sequential control.
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3.5 batch
(1) The material that is being produced or that has been produced by a single
execution of a batch process.
(2) An entity that represents the production of a material at any point in the
process.

NOTE - Batch means both the material made by and during the process and also an entity that represents the
production of that material. Batch is used as an abstract contraction of the words "the production of a batch."

3.6 batch control: Control activities and control functions that provide a means to process
finite quantities of input materials by subjecting them to an ordered set of processing
activities over a finite period of time using one or more pieces of equipment.

3.7 batch process: A process that leads to the production of finite quantities of material by
subjecting quantities of input materials to an ordered set of processing activities over a finite
period of time using one or more pieces of equipment.

3.8 batch schedule: A list of batches to be produced in a specific process cell.

NOTE - The batch schedule typically contains such information as what to produce, how much to produce, when
or in what order the batches are needed, and what equipment to use.

3.9 common resource: A resource that can provide services to more than one requester.

NOTE - Common resources are identified as either exclusive-use resources or shared-use resources (see 3.22
and 3.54).

3.10 control module: The lowest level grouping of equipment in the physical model that
can carry out basic control.
NOTE - This term applies to both the physical equipment and the equipment entity.

3.11 control recipe: A type of recipe which, through its execution, defines the manufacture
of a single batch of a specific product.

3.12 coordination control: A type of control that directs, initiates, and/or modifies the
execution of procedural control and the utilization of equipment entities.

3.13 enterprise: An organization that coordinates the operation of one or more sites.

3.14 equipment control: The equipment-specific functionality that provides the actual
control capability for an equipment entity, including procedural, basic and coordination
control, and that is not part of the recipe.

3.15 equipment entity: A collection of physical processing and control equipment and
equipment control grouped together to perform a certain control function or set of control
functions.

3.16 equipment module: A functional group of equipment that can carry out a finite number
of specific minor processing activities.

NOTES

1 An equipment module is typically centered around a piece of process equipment (a weigh tank, a process
heater, a scrubber, etc.). This term applies to both the physical equipment and the equipment entity.

2 Examples of minor process activities are dosing and weighing.
3.17 equipment operation: An operation that is part of equipment control.
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3.18 equipment phase: A phase that is part of equipment control.
3.19 equipment procedure: A procedure that is part of equipment control.
3.20 equipment unit procedure: A unit procedure that is part of equipment control.

3.21 exception handling: Those functions that deal with plant or process contingencies
and other events which occur outside the normal or desired behaviour of batch control.

3.22 exclusive-use resource: A common resource that only one user can use at any given
time.

3.23 formula: A category of recipe information that includes process inputs, process
parameters and process outputs.

3.24 general recipe: A type of recipe that expresses equipment and site-independent
processing requirements.

3.25 header: Information about the purpose, source and version of the recipe such as
recipe and product identification, creator, and issue date.

3.26 ID: A unique identifier for batches, lots, operators, technicians, and raw materials.
3.27 line; train: See definition for train.

3.28 lot: A unique amount of material having a set of common traits.

NOTE - Some examples of common traits are material source, the master recipe used to produce the material
and distinct physical properties.

3.29 master recipe: A type of recipe that accounts for equipment capabilities and may
include process cell-specific information.

3.30 mode: The manner in which the transition of sequential functions are carried out within
a procedural element or the accessibility for manipulating the states of equipment entities
manually or by other types of control.

3.31 operation: A procedural element defining an independent processing activity
consisting of the algorithm necessary for the initiation, organization and control of phases.

3.32 path; stream: The order of equipment within a process cell that is used, or is
expected to be used, in the production of a specific batch.

3.33 personnel and environmental protection: The control activity that

— prevents events from occurring that would cause the process to react in a manner that
would jeopardize personnel safety and/or harm the environment; and/or

— takes additional measures, such as starting standby equipment, to prevent an abnormal
condition from proceeding to a more undesirable state that would jeopardize personnel
safety and/or harm the environment.
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3.34 phase: The lowest level of procedural element in the procedural control model.

3.35 procedural control: Control that directs equipment-oriented actions to take place in
an ordered sequence in order to carry out some process-oriented task.

3.36 procedural element: A building block for procedural control that is defined by the
procedural control model.
3.37 procedure: The strategy for carrying out a process.

NOTE - In general, this refers to the strategy for making a batch within a process cell. It may also refer to a
process that does not result in the production of a product, such as a clean-in-place procedure.

3.38 process: A sequence of chemical, physical, or biological activities for the conversion,
transport or storage of material or energy.

3.39 process action: Minor processing activities that are combined to make up a process
operation.

NOTE — Process actions are the lowest level of processing activity within the process model.
3.40 process cell: A logical grouping of equipment that includes the equipment required for

production of one or more batches. It defines the span of logical control of one set of
process equipment within an area.

NOTE - This term applies to both the physical equipment and the equipment entity.

3.41 process control: The control activity that includes the control functions needed to
provide sequential, regulatory and discrete control, and to gather and display data.

3.42 process input: The identification and quantity of a raw material or other resource
required to make a product.

3.43 process management: The control activity that includes the control functions needed
to manage batch production within a process cell.

3.44 process operation: A major processing activity that usually results in a chemical or
physical change in the material being processed and that is defined without consideration of
the actual target equipment configuration.

3.45 process output: An identification and quantity of material or energy expected to
result from one execution of a control recipe.

3.46 process parameter: Information that is needed to manufacture a material but does
not fall into the classification of process input or process output.

NOTE - Examples of process parameter information are temperature, pressure and time.

3.47 process stage: A part of a process that usually operates independently from other
process stages and that usually results in a planned sequence of chemical or physical
changes in the material being processed.

Documents

Document Sharing Hub

Full document details: BS EN 61512-1:1999


http://www.avadocuments.com/doc/bs-en-61512-1-1999
http://www.avadocuments.com/doc/bs-en-61512-1-1999

Page 11
EN 61512-1:1999

3.48 recipe: The necessary set of information that uniquely defines the production
requirements for a specific product.

NOTE - There are four types of recipes defined in this standard: general, site, master and control.

3.49 recipe management: The control activity that includes the control functions needed to
create, store and maintain general, site and master recipes.

3.50 recipe operation: An operation that is part of a recipe procedure in a master or
control recipe.

3.51 recipe phase: A phase that is part of a recipe procedure in a master or control
recipe.

3.52 recipe procedure: The part of a recipe that defines the strategy for producing a
batch.

3.53 recipe unit procedure: A unit procedure that is part of a recipe procedure in a
master or control recipe.

3.54 shared-use resource: A common resource that can be used by more than one user at
a time.

3.55 site: A component of a batch manufacturing enterprise that is identified by physical,
geographical, or logical segmentation within the enterprise.

NOTE - A site may contain areas, process cells, units, equipment modules and control modules.

3.56 site recipe: A type of recipe that is site-specific.

NOTE - Site recipes may be derived from general recipes recognizing local constraints, such as language and
available raw materials.

3.57 state: The condition of an equipment entity or of a procedural element at a given time.

NOTE - The number of possible states and their names vary for equipment and for procedural elements.
3.58 stream; path: See definition for path.

3.59 train; line: A collection of one or more units and associated lower level equipment
groupings that has the ability to be used to make a batch of material.

3.60 unit: A collection of associated control modules and/or equipment modules and other
process equipment in which one or more major processing activities can be conducted.

NOTES

1 Units are presumed to operate on only one batch at a time. Units operate relatively independently of one
another.

2 This term applies to both the physical equipment and the equipment entity.

3 Examples of major processing activities are react, crystallize, and make a solution.
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3.61 wunit procedure: A strategy for carrying out a contiguous process within a unit. It
consists of contiguous operations and the algorithm necessary for the initiation, organization
and control of those operations.

3.62 wunit recipe: The part of a control recipe that uniquely defines the contiguous
production requirements for a unit.

NOTE — The unit recipe contains the unit procedure and its related formula, header, equipment requirements
and other information.

3.63 unit supervision: The control activity that includes control functions needed to
supervise the unit and the unit's resources.

4 Batch processes and equipment

This clause provides an overview of batch processing and the batch manufacturing plant. The
models and terminology defined in this clause provide a foundation for understanding the
application of batch control to the batch manufacturing plant in clauses 5 and 6. Specifically,
this clause discusses batch processes, a physical model, and process cell classification.

4.1 Processes, batches and batch processes

A process is a sequence of chemical, physical or biological activities for the conversion,
transport or storage of material or energy. Industrial manufacturing processes can generally
be classified as continuous, discrete parts manufacturing or batch. How a process is
classified depends on whether the output from the process appears in a continuous flow
(continuous), in finite quantities of parts (discrete parts manufacturing), or in finite quantities
of material (batches). Although aspects of this standard may apply to discrete parts
manufacturing or continuous processes, this standard does not specifically address these
types of processes.

4.1.1 Continuous processes

In a continuous process, materials are passed in a continuous flow through processing
equipment. Once established in a steady operating state, the nature of the process is not
dependent on the length of time of operation. Start-ups, transitions and shutdowns do not
usually contribute to achieving the desired processing.

4.1.2 Discrete parts manufacturing processes

In a discrete parts manufacturing process, products are classified into production lots that
are based on common raw materials, production requirements and production histories. In a
discrete parts manufacturing process, a specified quantity of product moves as a unit (group
of parts) between workstations, and each part maintains its unique identity.

4.1.3 Batch processes

The batch processes addressed in this standard lead to the production of finite quantities of
material (batches) by subjecting quantities of input materials to a defined order of processing
actions using one or more pieces of equipment. The product produced by a batch process is
called a batch. Batch processes are discontinuous processes. Batch processes are neither
discrete nor continuous; however, they have characteristics of both. '
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The subdivisions of a batch process can be organized in a hierarchical fashion as shown in
figure 1. The example batch process used in the following subclauses is the production of
polyvinyl chloride by the polymerization of vinyl chloride monomer.

4.1.3.1 Process stages

The process consists of one or more process stages which are organized as an ordered set,
which can be serial, parallel or both. A process stage is a part of a process that usually
operates independently from other process stages. It usually results in a planned sequence
of chemical or physical changes in the material being processed. Typical process stages in
the polyvinyl chloride process might be the following:

— polymerize: polymerize vinyl chloride monomer into polyvinyl chloride;

— recover: recover residual vinyl chloride monomer;

— dry: dry polyvinyl chloride.

4.1.3.2 Process operations

Each process stage consists of an ordered set of one or more process operations. Process
operations represent major processing activities. A process operation usually results in a
chemical or physical change in the material being processed. Typical process operations for
the polymerization of vinyl chloride monomer into polyvinyl chloride process stage might be
the following:

— prepare reactor: evacuate the reactor to remove oxygen;

— charge: add demineralized water and surfactants;

— react: add vinyl chloride monomer and catalyst, heat to 55 °C — 60 °C and hold at this
temperature until the reactor pressure decreases.
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NOTE - Annex A provides an explanation of the format and general associations used in creating the diagrams
in this international standard.

Figure 1 — Process model (entity-relationship diagram)

4.1.3.3 Process actions

Each process operation can be subdivided into an ordered set of one or more process
actions that carry out the processing required by the process operation. Process actions
describe minor processing activities that are combined to make up a process operation.
Typical process actions for the react process operation might be the following:

add: add the required amount of catalyst to the reactor;

add: add the required amount of vinyl chloride monomer to the reactor;
heat: heat the reactor contents to 55 °C - 60 °C;

hold: hold the reactor contents at 55 °C — 60 °C until the reactor pressure decreases.

4.2 Physical model

The following subclauses discuss a physical model that can be used to describe the physical
assets of an enterprise in terms of enterprises, sites, areas, process cells, units, equipment
modules and control modules.
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The physical assets of an enterprise involved in batch manufacturing are usually organized in
a hierarchical fashion as described in figure 2. 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.

The model has seven levels, starting at the top with an enterprise, a site and an area. These
three levels are frequently defined by business considerations and are not modelled further in
this standard. The three higher levels are part of the model to properly identify the
relationship of the lower level equipment to the manufacturing enterprise.

Site

AN,

may contain

Area

contai
A may in

Process
cell

must contain

Unit

may contain

‘may
contain
may contain
Control p
module [ may

‘[ contain

NOTE — The boxes for the top three levels are shown with slashed lines to indicate that the criteria that are
used for configuring the boundaries of these three levels is often beyond the scope of batch control and this
standard. Therefore, criteria for configuring the boundaries of these three levels of the physical model will not be
discussed in this standard.

Figure 2 — Physical model
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The lower four levels of this model refer to specific equipment types. An equipment type in
figure 2 is a collection of physical processing and control equipment grouped together for a
specific purpose. The lower levels in the model are specific to technically defined and
bounded groupings of equipment. The four lower equipment levels (process cells, units,
equipment modules and control modules) are defined by engineering activities (see 5.2.3 and
6.1.3). During these engineering activities, the equipment at lower levels is grouped together
to form a new higher level equipment grouping. This is done to simplify operation of that
equipment by treating it as a single larger piece of equipment. Once created, the equipment
cannot be split up except by re-engineering the equipment in that level.

4.2.1 Enterprise level

An enterprise is a collection of one or more sites. It may contain sites, areas, process cells,
units, equipment modules and control modules.

The enterprise is responsible for determining what products will be manufactured, at which
sites they will be manufactured, and in general how they will be manufactured.

There are many factors other than batch control that affect the boundaries of an enterprise.
Therefore, the criteria for configuring the boundaries of an enterprise are not covered in this
standard.

4.2.2 Site level

A site is a physical, geographical, or logical grouping determined by the enterprise. It may
contain areas, process cells, units, equipment modules and control modules.

The boundaries of a site are usually based on organizational or business criteria as opposed
to technical criteria. There are many factors other than batch control that affect these
boundaries. Therefore, the criteria for configuring the boundaries of a site are not covered in
this standard.

4.2.3 Area level

An area is a physical, geographical, or logical grouping determined by the site. It may
contain process cells, units, equipment modules and control modules.

The boundaries of an area are usually based on organizational or business criteria as
opposed to technical criteria. There are many factors other than batch control that affect
these boundaries. Therefore, the criteria for configuring the boundaries of an area are not
covered in this standard.

4.2.4 Process cell level

A process cell contains all of the units, equipment modules and control modules required to
make one or more batches.

Process control activities respond to a combination of control requirements using a variety of
methods and techniques. Requirements that cause physical control actions may include
responses to process conditions or to comply with administrative requirements.
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A frequently recognized subdivision of a process cell is the train. A train is composed of all
units and other equipment that may be utilized by a specific batch. A batch does not always
use all the equipment in a train. Furthermore, more than one batch and more than one
product may use a train simultaneously. The order of equipment actually used or expected to
be used by a batch is called the path. Although a process cell may contain more than one
train, no train may contain equipment outside the boundaries of the process cell.

A process cell is a logical grouping of equipment that includes the equipment required for
production of one or more batches. It defines the span of logical control of one set of
process equipment within an area. The existence of the process cell allows for production
scheduling on a process cell basis, and also allows for process cell-wide control strategies
to be designed. These process cell-wide control strategies might be particularly useful in
emergency situations. '

4.2.5 Unit level

A unit is made up of equipment modules and control modules. The modules that make up the
unit may be configured as part of the unit or may be acquired temporarily to carry out
specific tasks.

One or more major processing activities — such as react, crystallize, and make a solution —
can be conducted in a unit. It combines all necessary physical processing and control
equipment required to perform those activities as an independent equipment grouping. It is
usually centered on a major piece of processing equipment, such as a mixing tank or reactor.
Physically, it includes or can acquire the services of all logically related equipment necessary
to complete the major processing task(s) required of it. Units operate relatively
independently of each other.

A unit frequently contains or operates on a complete batch of material at some point in the
processing sequence of that batch. However, in other circumstances, it may contain or
operate on only a portion of a batch. This standard presumes that the unit does not operate
on more than one batch at the same time.

4.2.6 Equipment module level

Physically, the equipment module may be made up of control modules and subordinate
equipment modules. An equipment module may be part of a unit or a stand-alone equipment
grouping within a process cell. If engineered as a stand-alone equipment grouping, it can be
an exclusive-use resource or a shared-use resource.

An equipment module can carry out a finite number of specific minor processing activities
such as dosing and weighing. It combines all necessary physical processing and control
equipment required to perform those activities. It is usually centered on a piece of
processing equipment, such as a filter. Functionally, the scope of the equipment module is
defined by the finite tasks it is designed to carry out.

4.2.7 Control module level

A control module is typically a collection of sensors, actuators, other control modules, and
associated processing equipment that, from the point of view of control, is operated as a
single entity. A control module can also be made up of other control modules. For example, a
header control module could be defined as a combination of several on/off automatic block
valve control modules.
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Some examples of control modules are

— a regulating device consisting of a transmitter, a controller and a control valve that is
operated via the set point of the device;

— a state-oriented device that consists of an on/off automatic block valve with position
feedback switches, that is operated via the set point of the device; or

— a header that contains several on/off automatic block valves and that coordinates the
valves to direct flow to one or several destinations based upon the set point directed to
the header control module.

4.3 Process cell classification

The following subclauses discuss the classification of process cells by the number of
different products manufactured in the process cell and by the physical structure of the
equipment used in the manufacturing.

4.3.1 Classification by number of products

A process cell is classified as single product or multi product based on the number of
products planned for production in that process cell.

A single-product process cell produces the same product in each batch. Variations in
procedures and parameters are possible. For example, variations may occur in order to
compensate for differences in equipment, to compensate for substitute raw materials, to
compensate for changes in environmental conditions or to optimize the process.

A multi-product process cell produces different products utilizing different methods of
production or control. There are two possibilities:

— all products are produced with the same procedure using different formula values
(varying materials and/or process parameters);
— the products are produced using different procedures.

4.3.2 Classification by physical structure

The basic types of physical structures discussed here are single path, multiple path and
network.

A single-path structure is a group of units through which a batch passes sequentially (see
figure 3). A single-path structure could be a single unit, such as a reactor, or several units in
sequence. Multiple input materials are typically used; muiltiple finished materials may be
generated. Several batches may be in progress at the same time.

Input
materials f———»! Unit 1 Unit 2 Finished
storage materials
storage

Figure 3 - Single-path structure
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A multiple-path structure is shown in figure 4. It consists of multiple single-path structures in
parallel with no product transfer between them. The units may share raw material sources
and product storage. Several batches may be in progress at the same time. Although units
within a multi-path structure may be physically similar, it is possible to have paths and units
within a multi-path structure that are of radically different physical design.

Unit 1
Input Finished
materials B i | Unit 3 materials
sto rage sto rage

Unit 4 1

Figure 4 — Multiple-path structure

A network structure is shown in figure 5. The paths may be either fixed or variable. When the
paths are fixed, the same units are used in the same sequence. When the path is variable,
the sequence may be determined at the beginning of the batch or it may be determined as
the batch is being produced. The path could also be totally flexible. For example, a batch
could start with any unit and take multiple paths through the process cell. The units
themselves may be portable within the process cell. In this case, verification of the process
connections may be an important part of the procedures. Note that several batches may be
in production at the same time. The units may share raw material sources and product
storage.
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Input

materials Finished

storage materials
storage

Figure 5 — Network structure

5 Batch control concepts

This clause discusses the batch control concepts needed to address the batch
processing/batch manufacturing needs presented in the preceding clause and to define a
consistent way of operating a batch manufacturing plant. A structure for batch control is
discussed that introduces three types of control needed for batch manufacturing. When these
control types are applied to equipment, the resulting equipment entities provide process
functionality and control capability.

The concept of recipes is discussed, including the four types of recipes described in this
standard and the contents of these recipes (in terms of the information categories used to
describe a recipe). A relationship is established between the procedure in a recipe and the
control associated with specific equipment entities (equipment control). The concept of
collapsibility of the recipe procedure and of equipment control is discussed. Recipe
transportability criteria are introduced for the four types of recipes.

Production plans and schedules, reference information, production information, allocation and
arbitration, modes and states, and exception handling are other batch control concepts
discussed in this clause.

Documents

Document Sharing Hub

Full document details: BS EN 61512-1:1999


http://www.avadocuments.com/doc/bs-en-61512-1-1999
http://www.avadocuments.com/doc/bs-en-61512-1-1999

Page 21
EN 61512-1:1999

The models and terminology introduced in this clause are intended to establish the necessary
batch control understanding so that the control functions that are needed to address the
diverse control requirements of batch manufacturing can be discussed in clause 6.

5.1 Structure for batch control

Clause 4 introduced a physical model that defined terms for the hierarchy of equipment
typically found in a batch manufacturing environment. The following subclauses describe the
three types of control (basic control, procedural control, and coordination control) typically
needed in batch manufacturing.

5.1.1 Basic control

Basic control comprises the control dedicated to establishing and maintaining a specific state
of equipment and process. Basic control

— includes regulatory control, interlocking, monitoring, exception handling and repetitive-
discrete or sequential control;

— may respond to process conditions that could influence the control outputs or trigger
corrective actions;

— may be activated, deactivated or modified by operator commands or by procedural or
coordination control.

Basic control in a batch environment is, in principle, no different from the control of
continuous processes. However, in the batch environment, there may be higher requirements
on the ability for basic control to receive commands and to modify its behaviour based on
these commands.

5.1.2 Procedural control

Procedural control directs equipment-oriented actions to take place in an ordered sequence
in order to carry out a process-oriented task.

Procedural control is a characteristic of batch processes. It is the control that enables
equipment to perform a batch process.

Procedural control is made up of procedural elements that are combined in a hierarchical
manner to accomplish the task of a complete process as defined by the process model. The
hierarchy of identified and named procedural elements is illustrated in figure 6 and consists
of procedures, unit procedures, operations and phases.

5.1.2.1 Procedure
The procedure is the highest level in the hierarchy and defines the strategy for carrying out a

major processing action such as making a batch. It is defined in terms of an ordered set of
unit procedures. An example of a procedure is "make PVC."
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5.1.2.2 Unit procedure

A unit procedure consists of an ordered set of operations that cause a contiguous production
sequence to take place within a unit. Only one operation is presumed to be active in a unit at
any time. An operation is carried to completion in a single unit. However, multiple unit
procedures of one procedure may run concurrently, each in different units. Examples of unit
procedures include the following:

— polymerize VCM;
— recover residual VCM;
— dry PVC.

Procedure

consists of an
ordered set of

Unit
procedure

consists of an
ordered set of

Operation

consists of an
ordered set of

Phase

Figure 6 — Procedural control model

5.1.2.3 Operation

An operation is an ordered set of phases that defines a major processing sequence that
takes the material being processed from one state to another, usually involving a chemical or
physical change. It is often desirable to locate operation boundaries at points in the
procedure where normal processing can safely be suspended.
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Examples of operations include the following:

— preparation: pull a vacuum on the reactor and coat the walls with antifoulant;
— charge: add demineralized water and surfactants;
— react: add VCM and catalyst, heat and wait for the reactor pressure to drop.

5.1.2.4 Phase

A phase is the smallest element of procedural control that can accomplish a process-oriented
task. A phase may be subdivided into smaller parts. The steps and transitions as described
in IEC 60848 document one method of defining subdivisions of a phase.

A phase can issue one or more commands Or cause one or more actions, such as
— enabling and disabling regulating and state-oriented types of basic control and
specifying their set points and initial output values;
— setting, clearing, and changing alarm and other limits;
— setting and changing controller constants, controller modes and types of algorithms;

— reading process variables, such as the gas density, gas temperature and volumetric
flow rate from a flow meter, and calculating the mass flow rate through the flow meter;

— conducting operator authorization checks.
The execution of a phase may result in

— commands to basic control,
— commands to other phases (either in the same or another equipment entity), and/or
— the collection of data.

A phase is intended to cause or define a process-oriented action, while the logic or set of
steps that make up a phase are equipment specific. Examples of phases include the
following:

— add VCM;

— add catalyst;

— heat.

5.1.3 Coordination control

Coordination control directs, initiates and/or modifies the execution of procedural control and
the utilization of equipment entities. It is time-varying in nature, like procedural control, but it
is not structured along a specific process-oriented task.

Examples of coordination control are algorithms for

— supervising availability or capacity of equipment;
— allocating equipment to batches;

— arbitrating requests for allocation;

— coordinating common resource equipment;

— selecting procedural elements to be executed;

— propagating modes.
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The control functions that are needed to implement coordination control are discussed in
more detail in 6.1.

5.2 Equipment entities

The following subclauses discuss equipment entities that are formed from the combination of
equipment control and physical equipment. This combination results in four equipment
entities: process cells, units, equipment modules and control modules. Guidelines for
structuring these equipment entities are also discussed.

When the terms process cell, unit, equipment module and control module are used, they
generally refer to the equipment and its associated equipment control. Whether equipment
control in an equipment entity is implemented manually or by way of automation, it is only
through the exercise of equipment control that the equipment can produce a batch.

The concept of equipment control being part of an equipment entity is not a statement of the
physical implementation of equipment control, but an understanding on a logical basis.
However, it is essential that equipment control is identified for a particular equipment entity.

This interaction of equipment control and physical equipment is described purposely without
any reference to language or implementation. A framework is defined within which equipment
control and physical equipment may be defined and discussed.

5.2.1 Procedural control model/physical model/process model relationship

The general relationship between the procedural control model, the physical model, and the
process model is illustrated in figure 7. This mapping of procedural control with individual
equipment provides processing functionality described in the process model.

The concept of equipment capabilities and usage of these capabilities to accomplish
processing tasks is a major point of this standard. The procedural control capability of
equipment entities is the mechanism that enables this. The procedural control may be entirely
defined as part of equipment control or it may be based on procedural information passed on
to the equipment entity from the recipe.

5.2.2 Equipment control in equipment entities
The control capability possible in the different equipment entities are important

characteristics and a main basis for classification of equipment entities. In the following
paragraphs equipment control for the individual equipment entities is discussed.
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Figure 7 - Procedural control/equipment mapping to achieve process functionality

5.2.2.1 Process cell

The process cell is capable of orchestrating all processing activities for one or more
batches. It receives recipes containing procedure, parameter, and other information and a
schedule containing operational requirements for each batch. It may also need to prepare
and monitor equipment or resources not currently involved in batch processing, such as which
units are available, what units and piping are going through a clean-in-place (CIP) routine,
and what the current inventories of raw materials are.

The complexity of control within the process cell will depend on the equipment available
within the process cell, the interconnectivity among this equipment, the degree of freedom of
movement of batches through this equipment, and the arbitration of the use of this equipment
so that the equipment can be used most effectively.
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Equipment control in the process cell may be distributed in the same manner as the physical
equipment is subdivided. For example, if the process cell is subdivided into trains, equipment
control within the process cell may be distributed among the various trains.

Equipment modules and control modules may exist as separate entities under direct control
of the process cell.

5.2.2.1.1 Basic control in process cells

The process cell may include basic control that spans several units. For example, an
interlock that shuts one unit down may need to be propagated to the upstream units that are
feeding this particular unit.

5.2.2.1.2 Procedural control in process cells

The execution of a procedure and initiation of the individual unit procedures is a process cell
responsibility. The execution may or may not be integral to the coordination control involved
with the movement of batches as described in 5.2.2.1.3.

5.2.2.1.3 Coordination control in process cells

More coordination control is needed in process cells than in the lower level equipment
entities because

— the process cell may contain multiple units and process multiple batches at the same
time. This involves coordinating the execution of a number of different procedures;

— the control of the movement of batches may involve a number of choices between
alternate paths. Although these choices may be made via links between units, actual
routing may be determined by the process cell;

— arbitration may be needed at the process cell level to optimize the use of resources,
such as shared resources and resources that should be reserved well in advance of the
time actually needed.

Examples of coordination control in a process cell include algorithms that

— manage the initialization and movement of the batches being processed within the
process cell; and

— initiate and/or associate unit procedures, parameters and other information in individual
units in the proper order to cause them to process the product described by the unique
combination of schedules and recipes.

5.2.2.2 Unit

Units coordinate the functions of the lower level entities such as equipment modules and

control modules. The primary purpose of equipment control in a unit is control of the
processing of the batch that is currently associated with the unit.

5.2.2.2.1 Basic control in units

Basic control in a unit is generally performed by regulatory control and discrete control in
equipment modules and control modules within the unit.
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5.2.2.2.2 Procedural control in units

Units may include and execute equipment phases, equipment operations and equipment unit
procedures or they may execute recipe operations and recipe unit procedures passed on to
it.

5.2.2.2.3 Coordination control in units

Equipment control in a unit will include a substantially higher level of coordination control than
any of the lower level equipment entities. This may include, for example, algorithms that
manage unit and acquired resources; arbitrate requests for services from other units or from
the process cell; acquire the services of resources from outside the unit and communicate
with other equipment entities outside unit boundaries.

5.2.2.3 Equipment module
The primary purpose of equipment control in an equipment module is coordination of the
functions of other equipment modules and lower level control modules. An equipment module

may be commanded by a process cell, a unit, an operator, or, in some cases, another
equipment module.

5.2.2.3.1 Basic control in equipment modules

Basic control in an equipment module is generally performed by regulatory control and
discrete control in control modules within the equipment module.

5.2.2.3.2 Procedural control in equipment modules

Equipment modules may execute equipment phases but they do not have the capability of
executing higher level procedural elements.

5.2.2.3.3 Coordination control in equipment modules

Coordination control in an equipment module includes coordination of its component parts and
may include algorithms for propagating modes and for arbitrating requests from units.

5.2.2.4 Control module

Equipment control normally found at this level directly manipulates actuators and other
control modules. A control module can direct commands to other control modules and to
actuators if they have been configured as part of the control module. Control of the process
is effected through the equipment-specific manipulation of control modules and actuators.

Examples of equipment control in control modules include

— opening or closing a valve, with confirmation failure alarms:

— regulating the position of a control valve based on a sensor reading and PID control
algorithm;

— setting and maintaining the state of several valves in a material header.
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