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1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYSTEM CONTROL DIAGRAM

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by

agreement betweenthe two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international

consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independentcertification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
membersof its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

A PASis a technical specification not fulfilling the requirements for a standard, but made
available to the public.

IEC PAS 63131 has been processed by IEC technical committee 65: Industrial-process
measurement, control and automation.

Norsok 1-005:2013/AC:2016 has served as a basis for the elaboration of this PAS. The
structure and editorial rules used in this PAS reflect the practice of the organization which
submittedit.

The text of this PAS is based on This PAS was approvedfor publication by
the following document: the P-members of the committee concerned

as indicated in the following document
 

Draft PAS Report on voting

65/669/DPAS 65/672/RVDPAS
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Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned maytransform it into an International Standard.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of
3 years, at the end of whichit shall be published as another type of normative document, or
shall be withdrawn.

 

 

IMPORTANT- The ‘colour inside’ logo on the cover pageof this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.   
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INTRODUCTION

This PAS is based on Norsok |-005:2013/AC:2016. Edition 1 of Norsok |-005:2013/AC:2016
was issued in 1995 and it has been widely used in the Norwegian Oil and Gas industry since
then together with some international use on FPSOsandotherfixed Oil and Gasinstallations.

The main objective for this PAS is to define a limited set of complete operational control
functions (objects) and an explanatory condensed logical diagram, suitable for use in the
continuous control process industry — e.g. Oil and Gas processes.

The main drivers for establishing this as a standard are the advantage of efficient
engineering, implementation, and commissioning, as well as reuse of the control application
across different suppliers of control systems. The diagrams give an unambiguouslogical
representation that is suited for data transfer.

This PAS also includes a method of documenting sequences (ref. IEC 60848) and their
interaction with the control objects.

This PAS will provide the means to fill the gap between the P&ID’s and the Functional
requirement diagrams. (Ref IEC 61804.) The control functions definitions include required
behavior descriptions of control modes, interlocking (Safeguarding), blocking and other
operator commands.It gives a standardized operator interface on a functional level.

The logic diagrams carry a simplified process sketch as background, inherited from
PFD/P&ID’s, which enables reviews of the control applications in a multi-discipline
environment.

This PAS can also be used as basis for defining a companion standard to OPC-UA
(IEC 62541).

NORSOKI-005:2013 Rev. 3 was adopted as NORSOKStandard in February 2013.

Annex A, B, D and F are normative. Annex C, E and G areinformative.

The success of a plant development project depends on good and efficient means of
communication between the involved parties, during all phases of the project.

Present extensive use of computerized systems and 3D modeling provide efficient tools for
specifying and handling of physical equipment in a standardized manner. However, the
development of methods and tools to specify functional relationships has not reached a
correspondinglevel.

During the plant development the process engineers specify the process through the
development of the P&lDs. Throughout this work process the process engineers acquire a
thorough understanding of the total plant behaviour. However, the P&lDs provide limited
facilities for documentation of the overall functionality as well as operational aspects of the
plant.

It is the control system engineer's task to design the control system so asto fulfill the process
functionality required to achieve product specifications as well as the requirements imposed
by the overall operating and control philosophy and manning levels. To conserve the
functional relationships implicitly specified by the P&IDs, the control system engineers have to
transform the process engineers understanding of plant behaviour into the control system
design and implementation.
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The operator's evaluation of the operational efficiency of the plant is a difficult task without
any proper documentation of the overall control and monitoring functions available. Often,
operational problems within the different systems cannot be identified until the system is in
operation, leading to major modifications in late project phases in the worst case.

The logic and arithmetic functions available for implementing the required control system
functionality are accurate, but vendor specific. In-depth system knowledge is required to
understand both the available functions as well as their interconnections. There is no intuitive
link between the control system functions and their interconnections, and the process flow
itself. The interactions between the process and the control functions are identified through
single tags only.

Due to the missing link between the functions implemented in the control system and the
P&IDs defining the process flow, the process engineer’s possibility to verify that all process
aspects have been properly catered for in the implementation of the control system is very
limited.

The SCD approach has been introduced in order to eliminate this missing link. The SCD
approach represents a structured methodology based on the developmentof the SCD.

This PAS consists of the definition of two elements:

e the function templates;

e the diagram.

The functional requirements are defined through Annex A "SCD Function Standard” while the
drawing requirements are defined through Annex B "SCD drawing standard" and Annex D
"SCD legend”.

This PAS will also establish a general framework for implementation of the SCD approach in
terms of Annex C "Project execution guidelines" and Annex E "Application guidelines”.

Annex C "Project execution guidelines" defines a strategy for project execution and is
intended for project responsible engineers. Annex E "Application guidelines" provides a basis
for application design and is intended for application engineers responsible for developing
SCDs.

Annex G "Readers manual" contains a simplified introduction for engineers and operators
using SCDsfor verification and documentation of control functionality.

Annex F "SCD Control function template behaviour" defines the functions in an unambiguous
manner.

The main updated items in the 2012 edition of NORSOK |-005 standard areas follows:

e 7 new function templates have been defined;

a) HA —- analogue input command

b) HB — binary input command

c) KB — sequencelogicinterface

d) MAS — analogue measurementacquisition from subsystems

e) OA — analogue output

f) SBB —- breaker control

g) SBC — coordinator for SBE

e 2 existing function templates have been deleted;

a) CB — binary control (replaced by recommended useof MA,ref Figure E.19)
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b) YA —- process input calculation (replaced by recommended use of # function, ref
Figure E.3)

e CA function has been expanded with a terminal for feed forward (XFF), position high
feedback XGH and confirmed high/low (BCH/BCL);

e for CS function terminal name BG has been corrected to YG;

e SB function have been expanded with a terminal for external fault and OS command for
suppress;

e SBE function terminals have been aligned to fit the new SBC function, following input
terminals have been removed XP1H, XP2H, XP1L, XP2L, BP1, BP2, BP1F, BP2F and

expanded with terminals for safeguarding high;(LSH/FSH)

e further elementary functions have been defined, NOR, NAND, XORand Analogueselect;

e Annex function standard have been rewritten to a new format;

e Annex B drawing standard have been morefirm defined and expanded by

a) size for all symbols have been defined,

b) layer and colour use have been defined,

c) "dot" introduced as alternative for S split symbol,

d) "wall" introduced for multiple |/O connections,

e) sequence symbols are defined.

e generally this PAS has been rephrased whereit has been found unclear;

e application guideline is redone in accordance with the updatesin this edition;

e function template behaviour figures redone where they have been unclear or erroneous;

e for the general appearanceof this PAS the IEC IECSTD format has been adapted;

e Appendix E is updated to reflect the changes in Appendix A and B.

e Appendix F is updated to include the changes in Appendix A and errors corrected.
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SYSTEM CONTROL DIAGRAM

1 Scope

This PAS is intended to cover functional as well as drawing related requirements for use of
SCDs.

2 Normative references

The following documents are referred to in the text in such a way that someorall of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document(including
any amendments) applies.

IEC 61131-3, Programmable controllers — Part 3: Programming languages

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic
safety-related systems

ISO 128-20, Technical drawings — General principles of presentation — Part 20: Basic
conventionsforlines

ISO 3511 (all parts), Process measurement control functions and instrumentation — Symbolic
representation

ISO 5457, Technical product documentation — Sizes and layout of drawing sheets

ANSI/ISA-5.1, Instrumentation Symbols and Identification

Norsk olje og gass 070, Guidelines for the Application of IEC 61508 and IEC 61511 in the
petroleum activities on the continental shelf

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposesof this PAS, the following terms, definitions and abbreviations apply.

3.1.1
action alarm
alarm associated with an automatic action, both the alarm and action caused by one common
discrete change of state

3.1.2
actual position
feedback-position of a flow element, independentof the state of the control output

3.1.3
alarm
HMI annunciation requiring operator response, caused by a discrete change ofstate
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3.1.4
alarm categories
following categories are defined, not reflecting priority or criticality of the alarm:

Action alarm: see definition
Warning alarm: see definition
Fault alarm: see definition

3.1.5
alarm hysteresis
degree of normalization required to reset an active alarm state, measured from the alarm
activation limit

Note 1 to entry: Normally expressed in terms of a fraction (%) of the operating range

3.1.6
alarm suppression
see definition of suppression 3.1.46

3.1.7
auto mode
operation of process objects automatically performed by the control logic

3.1.8
blocked mode
function is in blocked mode whenblockingis active

3.1.9
blocking
For input functions: alarm status signals from process variable limit checking are blocked
within the function, giving annunciation, but not allowing all related automatic safeguarding
actions. Associated safeguarding function disabled. Related alarm annunciation not disabled,
i.e. no external signal outputs are blocked

For output functions: disabling of a safeguarding action, but allowing associated alarm
annunciation as well as manual/automatic control. Blocking applies to both individual action
alarms andinput signals effecting safeguarding and disable functions

3.1.10
can
expression in the content of a document conveying expected or conceivable material, physical
or causal outcome

3.1.11
confirmed position
confirmative comparison between actual position and control output

Note 1 to entry: True if no mismatch, and false if there is a mismatch.

3.1.12
conflict

requested safeguarding action being prevented because blockingis active

3.1.13
control options
pre-defined properties of the function template defined during the configuration of the system
reflecting the specific control requirements
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3.1.14
deviation warning
state calculated in a modulating controller by subtracting the measured value from the set
point value

Note 1 to entry: A warning will be announcedif deviation is outside working area.

3.1.15
disabled mode

function not available for control commands

3.1.16
disable transition mode
transition high/low function not available

Note 1 to entry: Safeguarding commandswill not be affected in this mode.

3.1.17
duty/standby mode
intended for automatic supervision of flow element operating in parallel to increase the system
availability

Note 1 to entry: One flow element will be assigned duty (priority 1) and will thus normally be in operation. The
other is assigned standby (priority 2) and will automatically be put in operation if duty fails. All flow elements will

have to be selected auto to obtain automatic duty/standby function.

3.1.18
dynamic information
information displayed on the VDUsreflecting the state of the process or system

3.1.19
enabled mode

function available for external/remote control commands

3.1.20
event
HMI indication caused by a discrete changeof state

Note 1 to entry: Events may be associated with automatic actions.

3.1.21
external setpoint mode
sub-modeto auto mode usedfor controllers

Note 1 to entry: The setpoint is from external functions in the control logic. Typically use in cascading PID
controllers.

3.1.22
fault alarm

alarm associatedto fault or failure in the instrument and/or control device

3.1.23
flow element
device used to control/shut down or manipulate a flow offluid or electric energy

Note 1 to entry: E.g. valve, pump. Where the flow device only has twopositions,it is referred to as a binary flow
device, High position: flow/Low position: no flow (motor — on/off, valve — open/close, electrical breaker —
connected/disconnected).

3.1.24
force command
action overruling any other signal
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Note 1 to entry: The modeis resetto its original state when signal is no longer true.

3.1.25
function blocks
a function block is a configured package of defined logic functionality, with input terminals
(receiving actions from other parts of the SAS logic or from the physical field interface) and
output terminals (initiating actions toward other parts of the SAS logic or to the physical field
interface).

Note 1 to entry: Function blocks are generally capable of being manipulated by the operator, via the SAS HMI.

3.1.26
function template

function assembly including detailed requirements for operation and control

Note 1 to entry: The general definition of any function block type is called a "function template", or just "template".

A template is brought into practical use as a function block when a copyof the template is inserted into the SAS
software configuration as a tagged object and given parameter values and logical connections

3.1.27
internal setpoint mode

sub-modeto auto mode usedfor PID controllers

Note 1 to entry: The setpoint to be entered by the operator.

3.1.28
lock command
action overruling any other signal while being true

Note 1 to entry: The new modeis maintained when lock signal is no longertrue.

3.1.29
manual mode
flow element manually controlled by a operator

3.1.30
may
expression in the content of a document conveying consentor liberty (or opportunity) to do
something

Note 1 to entry: Permissions are expressed using the verbal forms specified in ISO/IEC Directives Part 2:2016,
7.4, Table 5.

3.1.31
motor control centre
electrical relay assembly for control and protection of electrical equipment

3.1.32
mode

state of operation selected by the operator or resulting from an external event

Note 1 to entry: The following operation modesare defined:

Auto: see definition

Outside: see definition
Manual: see definition

Duty/Standby: see. definition
Blocked: see definition
Suppress:see definition
Internal setpoint mode:see definition
External setpoint mode:see definition
Track: see definition
Safeguarding: see definition
Disabled: see definition
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3.1.33
"output" track mode
normal function output follows another external signal

3.1.34
outside mode
flow element operated from a external device, i.e. local panel

3.1.35
process
sequence of chemical, physical, or biological activities for the conversion, transport, or
storage of material or energy

3.1.36
position
state of flow element resulting from an external event

Note 1 to entry: The following positions are defined:

Actual position: see definition
Confirmed position: see definition

3.1.37
safeguarding mode
flow device is in safe state

Note 1 to entry: The term safe is related to the protection of equipment, environment and humanbeings.

3.1.38
safeguardingfailure
safeguarding action not confirmed

3.1.39
set command

memoryvariable set to true state on being true

Note 1 to entry: Signal latch included in the commonsignal path between a group ofinitiators and a groupof flow
elements.

3.1.40
"setpoint" tracking
setpoint tracks normal function input (measured value), in manual mode

3.1.41
shall
expression in the content of a document conveying objectively verifiable criteria to be fulfilled
and from which no deviation is permitted if compliance with the documentis to be claimed

Note 1 to entry: Requirements are expressed using the verbal forms specified in ISO/IEC Directives, Part 2:2016,
7.2, Table 3.

3.1.42
should
expression in the content of a document conveying a suggested possible choice or course of
action deemedto be particularly suitable without necessarily mentioning or excluding others d

Note 1 to entry: Recommendations are expressed using the verbal forms specified in
ISO/IEC Directives, Part 2:2016, 7.3, Table 4.

Note 2 to entry: In the negative form, a recommendation is the expression that a suggested possible choice or
course of action is not preferred butit is not prohibited. N
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3.1.43
shutdown
signal to set an element to safeguarding mode

3.1.44
shutdownlevel
signal latch included in the commonsignal path between a group ofinitiators and a group of
flow elements

3.1.45
status
binary state

3.1.46
suppression
disable alarm annunciation as well as any associated automatic actions

Note 1 to entry: For input objects like MA and MB templates suppression disables state alarm annunciation as
well as actions.

Note 2 to entry: For output objects like CA, CS, SB, SBE and SBV templates suppression disables fault alarm
annunciation and feedbackfailure monitoring. External output is however maintained.

Note 3 to entry: Alarm suppression according to YA-711 is not covered by this PAS. Suppression according to this
PAS is the sum of YA-711's alarm filtering and blocking/inhibit). Suppression according to YA-711 is often called
"hiding" in environments that use the NORSOKdefinition of suppression.

3.1.47
warning alarm
alarm not associated with any automatic action

Note 1 to entry: A warning alarm may be used as a precursorto an action alarm.

3.2. Abbreviated terms

BPCS basic process control system

C&E cause and effect

CCR central control room

CPU central processing unit

D&ID duct and instrument diagram

EFB elementary function block

ESD emergency shutdown system

F&G fire and gas

FAT factory acceptancetest

H/P hydraulic/pneumatic

HIPPS high integrity pressure protection system

HMI human machineinterface

HVAC heating, ventilation and air condition

1/0 input/output (signals, cards, etc)

McC motor control center

NDE normally deenergised

NE normally energised

Os operator station

PSA Petroleum Safety Authority

P&ID piping and instrument diagram
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PCS process control system

PFD process flow diagram

PID proportional integral derivative (controller)

PSD process shutdown system

SAS safety and automation system

SCD system control diagram

SD shutdown

SFC sequential function chart

SIF safety instrumented function

SIL safety integrity level

SIS safety instrumented system

UPS uninterruptable power supply

USD unit shutdown

VDU visual display unit

4 The system control diagram (SCD) approach

4.1. Conceptual definition

The SCD concept returns to the basis of the P&ID, the process schematic. Information not
required for the design of the control system is removed. The SCDshall focus on representing
systems andfunctional relationships, not individual physical equipment.

The SCD combinesall functional design requirements into a common unambiguous document
and represents a top-down approachto the design of the system.

The process schematic includes a simplified representation of process lines and equipment.
Instrumentation and control objects are represented by simplified symbols only.

The automation functions are represented by a limited number of high-level function
templates. Each template represents a specific control philosophy selected for a class of
objects. The control philosophy is defined/limited by a general range of attributes made
available for the specific application. The application level is defined by using the applicable
attributes.

Complex control and interlocking strategies are developed by inter-connecting templates.
Additional logic and arithmetic functions may be used.

A functional description of the process objectives should follow the SCD.

The SCD function templates are vendor independent, thus a set of SCDs may Serve as a
functional SAS specification, even before the system vendor is selected. The vendor on his
side has an unambiguous basis for system bid and eventually implementation. Functional
monitoring and control solutions may be reused from one plant development to the other,
even if different control systems are used to implementthe functions.

Because the SCDs can be developed in parallel with the P&lDs, introduction of the SCD
approach facilitate a parallel development of both the physical and functional relationships
visualised on dedicated documents. This approach encourages team work between different
disciplines during the process development phasesandthe traditional artificial split between
the development of physical and functional relationships may be eliminated. Thus enhanced
overall quality is achievable.
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4,2 Framework

This PAS represents an open standard in terms of operation and control philosophy. The
standard is based on a basic core made up by function elements and terminology. The
function elements are further combined into functional templates. These templates represent
a level of standardisation intended for the system application design. Templates may be
adapted and combineddifferently in order to represent various control strategies.

This PAS is neither based on norlimited to any specific control system. A reduced numberof
attributes may thus be implementedin order to accomplish an optimized implementation for a
specific control system. However, suppliers should consider an initial effort in order to
implement the complete rangeof attributes for the templates defined within this PAS.

The SCD approach has been developed with a view to industrial processes controlled by
state-of-the-art process control systems, but as it provides a general process oriented
approach for developmentof the documents, nofield of application are explicitly excluded.

However, global safeguarding functions as well as fire and gas functions are less suitable for
the SCD representation as such, see Figure 1.

 

Figure 1 — SCD framework

Typical applications proven suitable for the SCD representation are as follows:

e control of process andutility systems;

e process shutdown applications;

e package control:

e HVAC.

A shutdown hierarchy should be made to provide a complementary overview of ESD and PSD
levels.

A C&Erepresentation will typically be used for F&G and ESD. C&Es may additionally be used
for high level PSD levels in order to provide a complementary overview. However, the SCD
should be defined master to ensure system consistency.

4.3. Life cycle concept

This PASis intended to cover the complete life cycle of a process plant.
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The SCD will form the single source of documentation for the SAS control and shutdown
functionsforall life cycle phases as follows:

e engineering;

e implementation;

e commissioning;

e operations;

e modifications.

The objectives will be different within each phase. Annex C provides an introductory overview

of what the SCD approachimplies for the differentlife cycle phases.

Annex is only intended to provide an overview of this PAS as well as an initial starting point
for inexperienced users.

4.4 Basic design (informative)

4.4.1 General

The basic system design is closely related to the overall engineering strategy for the SAS
system focusing on the following main design activities:

e basic system design;

e basic function design;

e basic application design.

See Figure 2 for an introductory overview.

 

 

    
 

      

 

     
 

 

Regulations (PAS; API, PES) BASIC ; i—<—=—os"essc0ke>eEee— distr.SYSTEM (Funct.distr. diagram, SAS Topology)

Oper. & contr. philosophy DESIGN

SCDstandard , BASIC (SCDlegend)

FUNCTION
Vendor standard _.| DESIGN

VY

Instr, Ele, HVAC typicals APPIGATION ( SCDtypicals)

DESIGN

y y

P&ID's, D&ID’setc. ,| APPLICATION |‘ SCO)
DESIGN (C&E’s)

   

Figure 2 — Basic design

4.4.2 Basic system design

The basic system design is a general control system design activity, but is closely allied to the
SCD functional template development. Based on authority regulations as well as company
operational and control philosophies the actual system distribution is developed. The system
distribution defines the interface between the different types of field components and the
control system in terms of sub-system connection, see Figure 3.
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   AREA

DISTRIBUTION    
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PHILOSOPHIES SAS TOPOLOGY

NPD SAFETY FUNCTIONAL > FUNCT, DISTR.

REGULATIONS

= DISTRIBUTION DIAGRAM

/ PLANT LAYOUT

Figure 3 — Basic system design

 

   

4.4.3 Basic function design

The basic function design should be based on joint effort between the involved parties in
order to achieve an optimized use of the supplier standard functionality. Each functional
element should be referred to the corresponding supplier standard functions and combined
into an optimal set of templates.It is important that the resulting templates are consistent with
the general standard, see Figure 4.

 
OP, & CONTROL FUNCTION COMPANY! SUPPLIER

TEMPLATES SCD MANUAL
{Level 2)

SCD STANDARD FUNCTION ELEMENTS |

{Level 1)

/ SUPPLIER SOFTWARE TYPICALS \
STANDARDS

Figure 4 — Basic function design

   

 

4.4.4 Basic application design

The basic application design focuses on developing typical solutions that will form the basis
for the developmentof the actual SCDs. The typical is developed on the following two levels:

e object typical;

e SCD applications.

See Figure 5. N
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$scD
FUNCT,DISTR. >
DIAGRAM APPLICATIONS SCD TYPICALS

(Level 2) i  

OBJECT TYPICALS

(Level1)

INSTRUMENT
P&iD, MCC, HVAC TYPICALS

Figure 5 — Basic application design, application typical

 

 

The purpose of the object typical is to reflect a typical signal interface for a specific control
object as well as the functional operator interface. The main objectives are as follows:

verify the completeness of the function templates;

reduce the numberof typical solutions;

e improve the quality of the SCD development;

standardised solutions.

See Figure 6.

OPERATOR

CONTROL OPTIONS

(FUNCTION INTERFACE)

F
OBJECT TYPICALS

(SIGNAL INTERFACE)

 

CONTROL OBJECT CATEGORY
 

Figure 6 — Object typical

The purpose of the application typical is to reflect comprehensive application in order to
reduce the numberof different solutions as well as verify the completeness of the object
typical.

4.4.5 Application design

The SCDs should be jointly developed by the system disciplines, driven by user requirements,
not by technology/discipline organisation. N
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The SCDs should as far as possible be developedin parallel with the P&lDs. The application
design may be represented by meansof a traditional water fall model, see Figure 7.
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Figure 7 — Object typical

Development of SCDs are madeupofthe following main steps:

1) establish process schematic and identify all control objects;

2) describe the process and control objectives;

3) define applicable function templates;

4) develop basic interlocking strategies based on an_ overall interlocking
hierarchy/philosophy;

5) develop automatic control strategies, e.g. package start/stop, duty/standby, sequencing;

6) develop alarm strategies including automatic suppression of secondary alarms.

4.5 Alarm management

The templates defined in this PAS do contain some alarm managementfunctionality as they
through the definition of the concept of suppress prevent the alarm from beinginitiated.

Any project may select to separate the actual alarm from the action if they have separate
additional functionality for alarm management. Even so they should maintain the function of
suppress defined herein.

In this PAS alarms are divided in the classic categories action, warning and fault alarms, see

3.1. The new alarm management guides EEMUA 191, NAMUR NA102 and ANSI/ISA-18.2 all
recommendthat alarms should be prioritised. A priority-setting of an alarm should be possible
to do independently of the alarm category. This PAS does not contain any recommendations
for priorities of the different alarms.

It is not defined with this PAS any symbolic or notification to reflect the priority of each alarm.
It is important to maintain the readability of the document and therefore is it not recommended
to show these details on the SCD diagram. But if the project finds it beneficial to do so this
PAS will not prevent it. In any case it is recommend to add such information on a separate
and dedicated layer.

The term "alarm" is generally used throughout this specification of functionality in this PAS.
This shall be understood as statuses that will be available for generating alarms if required by
the alarm philosophy of the actual plant. N
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Annex A
(normative)

System control diagram (SCD) function standard

A.1 Overview

A.1.1 General

This annex contains a collection of definitions, explanations and descriptions of function
templates, the main building components for the SCD approach. It defines the functional
templates and their terminal names.

In this PAS the defined logic functionality, with input terminals (receiving actions from other
functions) and output terminals (initiating actions towards other functions) is called function
templates. A template is brought in to use as a function block when a copyof the template is
inserted into to the SAS software configuration as a tagged object and given parameter values
and logical connections.

A.1.2 Compliance

There is no certification procedures defined for this PAS. It is up to each individual project to
define whether it complies or not. There may be many reasons to not limit the function
template or diagram producedto the content defined herein. It is permitted to reject terminals
or introduce additional terminals on the templates to meet special requirements. However, the
terminals that are included from this annex shall have the same functionality as described.
This allows for SAS suppliers to include for additional functionality specific to their system.

It is strongly recommendedthat the function templates are tested thoroughly upon completion
and prior to use in any project. It is assumed that the tests will follow SAS suppliers well
defined test and quality control procedure.

A.1.3 Positive logic

Only positive logic shall be used. This implies that a defined state of terminal is true whenit is
logical equal to "1", e.g. are as follows:

e for terminal ALL on MA "1" means value lower than the limit;

e for terminal Y on SBV "1" means open command;

e for terminal LSL on SBE "1" meansfunction template set to safeguarding low state.

The positive logic shall always be applied for function terminals i.e. there shall be no
parametersto invert the signals inside the functions which negate the terminal meaning.

An exception is made for input X on MB where an inverter is added to makeit possible to
adapt to normally energised or non-energised input signal.

A.1.4 Execution sequenceoflogic

The SCDs do not specify the sequence of execution. This must be defined during
implementation in SAS system.

A.1.5 Functions used in SIF

Safety application development should comply with IEC 61508/Norsk olje og gass 070. N
E
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For these applications the function template development has to obtain SIL approval. The
different vendors will have different implementations. This PAS does not define the SIL
specific requirements to the implementation.

For safety functions documented by SCD the NORSOKfunction templates shall be used.

OLF 070 specifies that any blocking and suppress shall be removed when required by a
common operation, to ensure SIL requirement is met. This functionality will not be shown on
SCDs.

A.1.6 HMI presentation

For each function template there are listed a set of elements under the heading operator
station in the function template schematic. This shall be regarded as a minimum requirement
to the HMI symbol/faceplate for that specific function template. How this information is
structured between the function template and the HMI is not the scope of this PAS.

Whenthe term "alarm" is used in the description of the function it is meant as the possibility
to generate an alarm on the actual information. It will be up to each plant alarm philosophy to
define what to alarm to the operator.

A.2. Terminal codes

A.2.1 General

Each function has defined input and output signals. Input denoted with X is acting on the
output Y and/or on operator presentation as described by the main function tag.

The general syntax for terminals code is as follows: NNNN (max 4 characters).

The codes are established from the following table. If numbers are used in the code,it shall

always be considered to be a modifier to the proceeding letter (letter + number = one code).
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Table A.1 — Terminal codes identification letters

 

Letter 1.Character Succeeding characters
 

A Action alarm Auto mode
 

Binary status Blocked mode
 

Confirmed
 

Disabled transition mode
 

Enabled status
 

Force command Fault/Failed/Forward
 

Position
 

ZI
}

Q
)
;
m
7
;
/
m
!
)
o
1
o
;
o

High
 

Internal set point mode
 

Not used
 

Not used
 

Lock command Low
 

Manual mode
 

Hold
 

Outside mode
 

Parameter Reservedasstart letter for parameter namingif required.
 

Quantity
 

Reset command Reference signal
 

Set command Safeguarding mode
 

Track mode
 

Suppressed mode
 

Variance/Deviation
 

Warning alarm Warning alarm
 

External input Multifunction see terminal description.
 

Normalfunction output Not used
 

N
[
<
]
}
x
/
S
]
/
<
/
c
/
A
;
/
o
/
a
l
o
;
v
s
l
y
o
l
z
/
z
}
r
{
a
t
e

   Not used   
A.2.2 Signal types (1.Character)

A.2.2.1 Inputs

X = normalfunction input (related to main function of template)

A.2.2.2 Commands

S = set

R = reset

F = force

L = lock

A.2.2.3 Outputs

Y = normal function output (related to main function of element)

A = action alarm

W = warning alarm

B = binary status
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A.2.2.4 Special characters

# = User defined (to be shown on SCDs). Could be used as 1™ letter on a pin not in
accordancewith this PAS.

NOTE Some SASsystems maynot support this special character.

A.2.3 Explanatory code (succeeding characters)

A.2.3.1 Modes

A = auto mode

B = blocked mode

D = disabled transition mode

| = internal set point mode

M = manual mode

O = outside mode(locally — field — operated)

S = safeguarding mode

T = track mode

U = suppressed mode

X = multifunction see terminal description external set

A.2.3.2 Signal identifiers

C = confirmed

E = enabled status

F = Fault/Failed

G = position

Q = quantity

R = reference

S = safeguarding

W = warning

X = external

A.2.3.3 Sub functions

H = high

HH = high high

L = low

LL = low low

V = variance/deviation

A.2.4 Terminal description for function templates

Index of normative terminal codes used in this annex are described in Table A.2. New
terminal codes shall be created accordingto A.2.2.
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Table A.2 — Terminal codes

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Terminal Signal type Terminal name Supplementary description
code

AHH binary output Action alarm high-high True, when X-value >AHH limit.

ALL binary output Action alarm low-low True, when X-value <ALL limit.

BA binary output Status auto/man. mode True: auto, false: manual.

BB binary output Status blocked mode The function is in blocked mode (no action
output). l.e. all safeguarding signals are blocked.

BBHH binary output Action alarm high-high is True if FBHH or OS blocking is active.

blocked

BBLL binary output Action alarm low-low is True if FBLL or OS blocking is active.
blocked

BCH binary output Output position high Output Y compared to feedback position high from
confirmed MCCorlimit switch and validated astrue.

BCL binary output Output position low Output Y compared to feedback position low from
confirmed MCCorlimit switch and validated astrue.

BCQ Analogue output Numberof SBEsrunning The amountof confirmed running SBE units.

BE Binary output Status enable mode BE = 1 if XE =1

BGT binary output Status test mode Status breakerin test position

BH binary output Output high confirmed BH = 1 if sequence is running, BH = 1 also when

sequencein hold.

BHH binary output Status alarm high-high Status Alarm annunciation (HH) unaffected by
blocking

BLL binary output Status alarm low-low Status Alarm annunciation (LL) unaffected by
blocking

BL binary output Status sequence ended BL = 1 if the sequence is completed normally (see
functional description)

BN binary output Status hold BN = 1 if sequenceis held by operator

BO binary output Status outside mode The control function is in outside mode

BS binary output Status safeguarding mode A safeguarding signal of the process function is
true

BT binary output Status tracking mode In tracking mode aslong assignalis true. Ex. Set
point tracking.

BU binary output Status suppressed mode True if the template is in suppressed mode (any
processoutput function is suppressed).

BX binary output Status external mode or True: external, false: internal or image of input.
function input

BXH binary output Status event high True, when X-value > Event high limit. No alarm
annunciation, event only.

BXHH binary output Status event high-high True, when X-value > Event high-high limit. No

alarm annunciation, event only.

BXL binary output Status event low True, when X-value < Event low limit.

No alarm annunciation, event only.

BXLL binary output Status event low-low True, when X-value < Event low-low limit.

No alarm annunciation, event only.

FB binary input Force blocked mode Logic input: alarm action is blocked as long as
input signalis true.

FBHH binary input Force blocked for alarm Logic input: AHH action is blocked as long as
high-high input signalis true.

FBLL binary input Force blocked for alarm low- Logic input: ALL action is blocked as long as input

low. signalis true.

FDH binary input Force disable transition Prevents element to be started / opened /  high.  connected whentrue. Subject to blocking.   N
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Terminal
code

Signal type Terminal name Supplementary description

 
FDL binary input Force disable transition low. Prevents element to be stopped / closed /

disconnected whentrue. Subject to blocking.
 

FN binary input Force hold FN = 1 will temporarily hold the sequencein the

current step.
 

FQ binary input Forcetotalizing Totalizing as long astrue.
 

FSH binary input Force safeguarding high Safeguarding — Signal overrules operator inputs
(forcing the template Y-output high). After signal
returns to normal, template will react to actual
terminal status again. Signal is subject to
blocking.

If in Manual modethe output remains high after
signal returns to normal.
 

FSL binary input Force safeguarding low Safeguarding — Signal overrules operator inputs
(forcing the template Y-output low). After signal
returns to normal, template will react to actual
terminal status again. Signal is subject to
blocking.

If in Manual modethe output remains low after
signal returns to normal.
 

FT binary input Force track mode Track signal: XT-value
 

FU binary input Force suppression mode. Forinput objects the alarm action and alarm
annunciation is suppressed. For output objects
the feedbackwill be neglected and hence alarm
annunciation suppressed.
 

FUHH binary input Force suppression modefor
alarm high-high.

Logic input: alarm HH action and annunciation is

suppressedas long asinput true.
 

FULL binary input Force suppression modefor
alarm low-low.

Logic input: alarm LL action and annunciation is

suppressed as long asinput true.
 

FUWH binary input Force suppression modefor
alarm WH

Logic input: alarm WH annunciation is suppressed

as long asinput true.
 

FUWL binary input Force suppression modefor
alarm WL

Logic input: alarm WL annunciation is suppressed

as long asinputtrue.
 

LA binary input Lock auto mode. Locks the control function to auto mode,
overruling the operator. After signal disappears,
template keeps in auto mode.
 

| binary input Lock internal set point
mode.

Locks the control function to internal mode,
overruling the operator. After signal disappears

the logic keepsin internal set point operation
mode.
 

LM binary input Lock manual mode. Locks the control function to manual mode,
overruling the operator. After signal disappears

the logic keeps in manual mode.
 

LO binary input Lock outside operation
mode.

Locksthe control function to outside system
operation mode, overruling the operator. After
signal disappears the logic keeps in manual
mode.
 

LSH binary input Lock safeguarding high. Safeguarding — signal overrules operator inputs
(locking the template to manual modewith Y-
output to high -open valve-). Input is subject to
blocking. After signals disappear the template
remains in manual modeandthe output high.
 

LSL binary input Lock safeguarding low. Safeguarding — signal overrules operator inputs
(locking the template to manual mode with Y-

output to low -stop motor-). Input is subject to
blocking. After signals disappear the template
remains in manual modeandthe output low.
  LX  binary input  Lock external set point

mode.  Locksthe logic function to external mode,
overruling the operator. After signal disappears

template keeps in external set point operation
mode.   N
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Terminal Signal type Terminal name Supplementary description
code

RX binary input Resetlogic function Reset latched logic output or safeguarding.

RXQ binary input Reset external totalizer Logic signalto reset.

WH binary output Warning alarm — high True, when X-value >WHlimit. This output should
not be used for downstream logic. Subject to
suppression.

WL binary output Warning alarm — low True, when X-value <WLlimit. This output should

not be used for downstream logic. Subject to
suppression.

WV binary output Warning deviation

Xx binary/analogue External function input Binary or analogue input signal from process or

input logic.

X1-X4 binary/analogue External function input 1 to 4| Binary or analogue input signal from process or
input logic.

X4H binary input Call for minimum 4 If = 1, then at least 4 SBE shall run.

X3H binary input Call for minimum 3 If = 1, then at least 3 SBE shall run.

X2H binary input Call for minimum 2 If = 1, then at least 2 SBE shall run.

X1H binary input Call for minimum 1 If = 1, then at least 1 SBE shall run.

X3L binary input Call for maximum 3 If = 1, then a maximum of 3 SBEshall run.

X2L binary input Call for maximum 2 If = 1, then a maximum of 2 SBEshall run.

X1L binary input Call for maximum 1 If = 1, then a maximum of 1 SBEshall run.

XAHH binary input External alarm HH Subsystem input: alarm HH is set as long asthis

signalis true.

XALL binary input External alarm LL Subsystem input: alarm LL is set as long asthis
signalis true.

XE binary input Function externally enabled Electrical available used for electr. equipm. only.

XEQ binary input External enable totalizing Input to logic enable/disable totalizing.

XF binary input Externalfault Fault status received from template external
source. Loopfailure, i.e. input card broken.

XFF analogue input Feed forward Signal representing a disturbance whichis
converted into a corrective action to minimize
deviations of controlled variable. The feed forward

function is only active when the controlleris in
auto mode.

XFX binary input Link fault There is a communication link fault.

XG analogue input Position read as measured Position read as measured value.
value

XGH binary input Position high feedback Signal from MCC (running) or limit switch high.

XGL binary input Position low feedback Signal from MCC (stopped)or limit switch low.

XGX binary input Breakertest position Breakertruckin test position.

XGZ binary input External earthed Breakeris earthed and connect commandshall
not be performed.

XH binary input External set high From logic or processto control template, i.e.
valve/ damperin auto mode. Set high signal (open
valve) only.

XWH binary input External warning alarm WH Subsystem input: warning alarm WHis set as long

as this signalis true.

XWL binary input External warning alarm WL Subsystem input: warning alarm WLis set as long

as this signalis true.

XL binary input External set low From logic or process to control template. , i.e.   valve/ damperin auto mode. Set low signal (close
valve) only.   N
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Terminal
code

Signal type Terminal name Supplementary description

 

XOH binary input

(positive edge)
External outside set high From processto control template, i. i.e.

valve/damperin outside mode. Set high signal
(positive edge) to open valve.
 

XOL binary input

(positive edge)

External outside set low From process to control template, i.e.
valve/damperin outside mode. Set low signal
(positive edge) to close valve.
 

XP binary input Rotatepriority. Signal goes high will execute the rotate priority
function.
 

xQ Analogue input Numberof requested SBE’s

to run

In auto. The amount of requested running SBE

units. Value.
 

XQHH analogue input Limit value of XHH Subsystem input: the value in engineering units of
the HH limit used by the subsystem.
 

XQH analogue input Limit value of XWH Subsystem input: the value in engineering units of
the WHlimit used by the subsystem.
 

XQL analogue input Limit value of XWL Subsystem input: the value in engineering units of
the WLlimit used by the subsystem.
 

XQLL analogue input Limit value of XLL Subsystem input: the value in engineering units of
the LL limit used by the subsystem.
 

 

 

XR analogue input External set point value Usedin external — auto — mode.

XS binary input External safeguarding Safeguarding signal from other shutdownlevel.

XT binary output Tracking value Used in tracking mode.
 

Y (Y1,Y2) analogue/
binary output

Normal function output Output value / status that can be usedin
downstream logic
 

 

YF binary output Function failed. YF = if XF = or if an internal error has been
detected by the template.

YH binary output Pulsed normal function Pulse open/start command. YH = 1 (one pulse).
pulsed output high
 

YL binary output
pulsed

Pulsed normal function
output low

Pulse close/stop command. YL = 1 (one pulse).

 

YG analogue output Output of valve position Position of the valve-for use in downstream logic.
 

YQ Analogue output Numberof requested SBE’s
to run

The current amount of requested running SBE
units.
 

     YR analogue output Reference set point value. Actual setpoint for use in downstream logic.

YX analogue/binary Function output Binary or analogue output signal from function
output template.  
 

A.3. SCD control function template behaviour

For a complementary specification and better visualization of the control function behaviour,
see Annex F.

A.4 Function templates

A.4.1 General

Function templates shall contain all necessary functions concerning an object with its
interfaces towards the process, other function templates or logic and operator station. An
object is considered to be a physical instrument, an equipment with its measurements or a
control function

All function templates in this specification are related to one object (one function symbol on
the SCD). It is a requirement for a function template that it covers a complete function that
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can be represented by one symbolwith its in- and out-puts to process, operator station and
other logic. The templates shall be presented in any "logic view", printed or electronically as
one single symbol. The interconnections between the function templates shall be recognizable
within the automation system. Thus, a function template can be said to represent an object as
defined above, on the SCD.

The SCDsrepresent a graphical documentation of the application software. The SCDsare the
interface for process related users (e.g. process engineers, operators, etc.) and more
instrumentation related users, é.g. instrument engineers, automation engineers, etc.

The SCDs are a precise specification for the control system application and should be
available on an electronic format allowing extraction of its detailed data for function blocks,
connections etc. These data extracted from the SCDs, could be used to automatically
generate the initial part of the control system configuration, in order to improve the quality and
efficiency related to the control system configuration work.

Additionally the SCDs can serve as a fault finding and debugging tool. The unified way of
configuring with function templates assures consistency in operation, alarm handling and
indication of variables on the operator stations over the whole plant. The SCDs shall have a
function oriented approach towards the operator.

A.4.2 Function template name convention

A.4.2.1 General

Function templates shall be given a name (abbreviation) compound by minimum two-
characters, identifying the main function of the software item.

The name syntax should be: < Primary function> [ by means of < Control type> ] of < Device>

SB_
|__ Device (Option)

Control Type

Primary function
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Table A.3 — Function template letter identification

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Letter 1.Character 2.Character Succeeding characters
(Primary function) (Control type) (Device (optional use,if

required))

A Analogue (function)

B Binary (function) Breaker

Cc Continuous control Coordination

D

E Electrically motor/heaters

F

G

H Hand

I

J

K Sequencing

L Latching

M Monitoring

N

oO Output

P

Q Totalize

R

SS) Switching control Step (automatic function) Serial communicated

T

U

Vv Valve/dampers

Ww

x

Y

Zz

# Optional ')     1) Identifies supplier/project specific function which is not in accordance with this PAS.   
A.4.2.2

C -— continuous control

H — hand

K — sequencing

L — latching

M — monitoring

O — output

Primary function

S - switching control

Q — totalize
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A.4.2.3 Control type

A — analogue (automatic function)

B — binary (automatic function)

S -— step (automatic function)

A.4.2.4 Device (optional use, if required)

B — Breaker

C -— coordination

E — electrically motor/heaters (MCC)

S — Serial communication

V — valve/dampers

A.4,2.5 Special character

# — this character is optional to use. It is recommendedto useit to identify that the function is
not in accordance with this PAS. It shall be shown on SCDs as 1.letter in template
identification code.

NOTE Some SASsystems maynot support this special character.

A.4.2.6 List of function templates

Table A.4 — List of function templates described in this annex

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primary Control Device Description

function type

c A Continuous control by means analogue control action.

Cc Ss Continuous control by meansstep control action.

H A Hand entering of an analogue value

H B Hand entering of a binary value

K B Sequence (K) control by meansofcollecting binary statuses

L B Latching of Binary signal, i.e. PSD level block.

M A Monitoring of analogue processvalue.

M A $s Monitoring of analogue process value and serial communicated alarm
limits

M B Monitoring of binary process value.

Oo A Output of analogue signal

Q A Totalizing (quantum) of analogue processvalue.

$s B Switching control be meansof binary signal for shutdown.

Ss B Breaker control by meansof binary control action of an electrical breaker

Ss B Switching control by meansof a binary action and coordination control of
multiple electrical power devices

Ss B E Switching control by meansof a binary control action of electrical power
devices.

Ss B Vv Switching control by meansof a binary control action of H/P power
devices, e.g. valves.      
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A.4.2.7 Template description

The templates descriptions included in this annex will have following chapters:

A.X.X

A.x.x.14

A.X.X.2

A.X.xX.2.1

A.x.x.2.2

A.x.x.2.3

A.X.X.3

A.x.x.3.1

A.X.X.3.2

A.X.X.3.3

A.x.x.3.4

A.x.X.3.5

A.4.2.8

A.x.x.2.1

XX — Annex A function template paragraph number

Intended use

Technical description

Functional template schematic

1/0 terminals

Template parameters with default values

Functional description

General

Operation modes

Control requirements

Safeguarding

Error handling

Function template schematic — content

"Functional template schematic" contains a schematic illustration of the

template with input and output terminals respectively on left and right side of the square
symbolising the template.

The terminals are listed underfollowing headings:

Inputs/Outputs: The terminals listed under these headings are normally those used to connect
in from and outto field instrumentation and to other function templates. (logic).

Operator stations: Here the information is listed without terminals, because they will not be
connected on the SCD diagram. How this information is communicated to the HMI is not
defined by this PAS. The information is regarded as required by the operator to be able to
operate the object in a safe manner.

 

 Outputs

Logic:

AA
Inputs
Aaaaa aaaaa aaaaa AAA AAA

Aaaaa aaaaa aaaaa AAA AAA

Aaaaa aaaaa aaaaa AAA AAA

Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa

Operatorstation:
Aaaaa aaaaa aaaaa AAA AAA

Aaaaa aaaaa aaaaa AAA AAA

Aaaaa aaaaa aaaaa AAA AAA   

Aaaaa aaaaa aaaaa

Aaaaa aaaaa aaaaa

Aaaaa aaaaa aaaaa

Aaaaa aaaaa aaaaa

Aaaaa aaaaa aaaaa

Aaaaa aaaaa aaaaa

Operator station:
Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa

Figure A.1 — Typical function template schematic N
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A.4.3 CA — PID controller

A.4.3.1 Intended use

The CA function template shall be used for continuous control, i.e. proportional, integral and
derivative control (PID control).

A.4.3.2 Technical description

 

 

A.4.3.2.1 Function template schematic

Inputs CA Outputs

Normal function input x Y Normalfunction output
Externalfault XF YF Function failed
External setpoint value XR YR Reference setpoint value
External tracking value XT YX Measured value output
Position low feedback XGL BCL | Output position low confirmed
Position high feedback XGH BCH Output position high confirmed
Feed forward XFF BS Status safeguarding
Lock safeguarding high LSH BB Status blocked
Lock safeguarding low LSL BU Status suppressed
Force safeguarding high FSH BA Status auto/man
Force safeguarding low FSL BX Status external/internal
Force tracking FT BT Status tracking
Force blocking FB WV| Deviation warning)
Force suppression FU WH Warning alarm H2)
Lock auto LA WL Warning alarm L2)
Lock manual LM
Lock external setpoint LX
Lock internal setpoint LI

Operator station:

Auto/Manual

 
Operator station:

Alarms andfaults

 Internal/External Closed
Internal setpoint Auto/Manual
Set output value Internal/External
Blocking on/off Tracking
Suppression on/off Blocked

Suppressed
Safeguarding
Conflict 

2) Shall not be used for downstreamlogic, see 3.1.

Figure A.2 — CA function template schematic

A.4.3.2.2 I/O terminals

Input terminals

 

 

 

 

    

Terminal Signal type Terminal name Supplementary description
code

Xx Analogueinput Normalfunction Analogue input signal representing the process value
input to be controlled.

XF Binary input External fault Fault indication from outside the template.

XR Analogueinput External setpoint The external setpoint value to be used when the

value controller is in auto and external mode,e.g. the
setpoint used if this controller is part of a cascade
control.   N
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Terminal
code

Signal type Terminal name Supplementary description

 

XT Analogue input External tracking

value
The output value Y equals the input value XT, when

the controller is in auto and tracking mode.
 

XGL Binary input Position low

feedback

Signal from limit switch low (optional). XGL = 1 is

closed flow element.
Enabling the closed limit switch shall be defined by a

parameter.
 

XGH Binary input Position high
feedback

Signal from limit switch high (optional). XGH = 1 is
openflow element.
Enabling the open limit switch shall be defined by a
parameter.
 

XFF Analogueinput Feed forward Signal representing a disturbance which is converted
into a corrective action to minimize deviations of
controlled variable. The feed forward function is only
active when the controller is in auto mode.
 

LSH Binary input Lock safeguarding
high.

Safeguarding — LSH = 1. Overrules operator possibility
to set Auto/Manual mode. Locks template in manual
mode,and Y goesto highest output value regardless
of failure state. Input is subject to blocking. When
signal goes low, the template remains in manual mode
and Y remains unchanged.
 

LSL Binary input Lock safeguarding
low.

Safeguarding — LSL = 1 Overrules operator possibility

to set Auto/Manual mode. Locks template to manual
mode andY to lowest output value regardless of
failure state. Input is subject to blocking. When signal
goes low, the template remains in manual mode and Y

remains unchanged.
 

FSH Binary input Force
safeguarding high

Safeguarding — FSH = 1. Sets Y to highest output
value regardless of failure state. When signalis reset,

the template will react to actual terminal statuses
again if in auto mode. In manual mode, the output (Y)
remains unchangedafter signal returns to normal.

Signal is subject to blocking.
 

FSL Binary input Force
safeguarding low

Safeguarding — FSL = 1. Sets Y to lowest output value
regardless of failure state. When signalis reset, the
template will react to actual terminal statuses againif

in auto mode. In manual mode, the output (Y) remains
unchangedafter signal returns to normal.

Signal is subject to blocking.
 
FT Binary input Force tracking The object is forced to tracking mode when FT = 1,

and the Y output starts tracking the XT input if in auto

mode.
 

FB Binary input Force blocking FB = 1. Safeguarding actions LSH, LSL, FSH and FSL

will be blocked.
 
FU Binary input Force suppression Alarm annunciation is suppressed, WH,WL,WV, YF = 0

and statuses XF, XGL and XGHare neglected as long
as FU =1.
 

LA Binary input Lock Auto LA = 1. Locks the template in auto mode. WhenLAis
reset, the template remains in auto mode.
 

LM Binary input Lock Manual LM = 1. Locks the template in manual mode. When LM

is reset, the template remains in manual mode. LM
has higher priority than LA.
 
LX Binary input Lock external

setpoint
Locksthe control function template to use external
setpoint, overruling the operator. When LXis reset,
the object remains in external mode.
 

LI  Binary input  Lockinternal
setpoint  Locksthe control function template to use internal

setpoint, overruling the operator. When LI is reset, the
object remainsin internal mode.LI has higher priority
than LX.   
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Output terminals

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Analogue output Normal function Control signal to flow element.
output Y is normally 0 % to 100 %, e.g. for a valve, 0 % is

fully closed and 100 % is fully opened, independent of
the valve’s fail open/close setting.

YF Binary output Function failed YF = if external or function fault. See error handling.

YR Analogue output Reference Actual setpoint being used.
setpoint value

YX Analogue output Measured value The controller measurement value. The YX is normally
output equalto X, exceptif the signal is faulty.

If the signal is faulty, YX is set to a predefined value.

wv Binary output Deviation alarm The absolute difference between the measured value
(warning) X and the used setpoint is above a predefinedlimit for

a predefinedtime.
The deviation warning is enabled only when the
controller is in auto internal or auto external.
WVis disabled by alarm suppression.

BCL Binary output Outputposition If the closed limit switch is enabled, the output Y is
low confirmed compared to the low limit switch feedback and

validated as true (BCL = 1) if Y within "limit confirmed
state closed" and XGL = 1.

If the closed limit switch is disabled, BCL = 1 when Y
is within "limit confirmed state closed”.

BCH Binary output Outputposition If the open limit switch is enabled, the output Y is
high confirmed compared to the high limit switch feedback and

validated as true (BCH = 1) if Y within “limit confirmed
state opened” and XGH = 1.
If the open limit switch is disabled, BCH = 1 when is
within “limit confirmed state opened”.

BS Binary output Status BS = 1 if any safeguarding input is active.
safeguarding

BB Binary output Status blocked BB = 1 whenthe template is blocked from operator
station or FB = 1.

BU Binary output Status suppressed BU = 1 when suppressed from operator station or
FU = 1.

BA Binary output Status auto/man BA = 1 when auto modeis set from operator
station or LA = 1.

BX Binary output Status internal / BX = 1 whenset in external mode from operator
external station or LX = 1.

BT Binary output Status tracking BT = 1 when FT = 1 andin auto mode.

WH Binary output Warning alarm H True, when X°)-value >WHlimit. Subjected to
suppression. Should not be used for downstream
logic.

WL Binary output Warning alarm L True, when X°)-value <WLlimit. Subjected to
suppression. Should not be used for downstream
logic.     3) The X value used for comparison with the alarm limit shall be given in measurementunit ( %, barg, bara,

Kg/h, mm, etc)   
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A.4.3.2.3 Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default

code

1) Enum Position feedback 0: No feedback
configuration 1: Only XGL

2. Only XGH
3. Both XGL and XGH

1) Analogue Deviation limit Deviation alarm limit between the 5%
measured value X and the usedsetpoint
YR.

1) Analogue Time delay Delay of deviation alarm between X and 5s
deviation alarm YR.

1) Analogue Limit confirmed When XGLis configured, XGL is used for 2%
state closed closed state monitoring.

Whennoclosedlimit switch is configured:

Closed state is calculated by comparing to
the operating range. The % valueis
calculated in relation to the full range, e.g.
if the full range is 0 % to 100 % and the

confirmed limit state is set to 2 %,
confirmed closed limit is 2 % or less.

1) Analogue Limit confirmed When XGHis configured, XGH is used for 98%
state opened open state monitoring.

Whennolimit switch is configured:

Openstate is calculated by comparing to
the operating range. The % value is
calculated in relation to the full range, e.g.
if the full range is 0 % to 100 % and the
confirmed limit open state is set to 98 %,

confirmed open limit is 98 % or higher.

1) Analogue WHlimit Alarm limit for WH -

1) Analogue WLlimit Alarm limit for WL -

1) Analogue Time delay warning Delay before alarm is raised after limit has 0

alarms been reached.

1) Analogue Hysteresis value |The hysteresis should be defined in % of 2%
display range. The hysteresis shall only
affect the return of alarms and events, not
initiation. Commonforall limits.

1) Analogue Minimum range Minimum rangevaluein. (Display range) -

input

1) Analogue Maximum range Maximum range value in. (Display range) -
input

1) Analogue Minimum setpoint Minimum allowed setpoint value. This value -

range is greater or equal to minimum rangein.

1) Analogue Maximum setpoint Maximum allowed setpoint value. This -
range value is less or equal to maximum rangein.

1) Analogue Minimum range Minimum rangevalue out. 0
output

1) Analogue Maximum range Maximum range value out. 100
output

1) Analogue Minimum operating Minimum allowed output value. This value 0

range is greater or equal to minimum range out.

1) Analogue Max. operating Maximum allowed output value. This value 100
range is less or equal to maximum rangeout.

1) Binary input Limitation by 0 = No limit for manual.
operating range in 1 = Manualoutput limited by operating

Manual mode range.

1) Analogue Ext-P Proportional parameterin PID algorithm -    from external source.    N
E
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Parameter Signal type Parameter name Supplementary description Default
code

1) Analogue Ext-l Integral time in PID algorithm from external -
source.

1) Analogue Ext-D Derivate time in PID algorithm from -

external source.

1) Binary Enable ext PID 0 = useinternal parameters 0
parameters 1 = use external parameters

1) Analogue P Proportional parameterin PID algorithm. 1.0

1) Analogue I Integral time in PID algorithm. Qs

1) Analogue D Derivate time in PID algorithm. Os

1) Analogue KFF Proportional parameterin feed forward 0.0
algorithm.

1) Binary Control direction 0: The controller is direct acting, i.e. 1
increased input comparedto setpoint shall
cause increased output.
1: The controller is reverse acting, i.e.
increased input compared to setpoint shall
cause decreased output.

1) Analogue Rampsetpoint Ramp time when switching between 0
up/down different modes, e.g. manual to auto

internal.

Engineering units/sec (value 0 disables
function)

1) Analogue Ramp output Ramp time when switching between 0

up/down different modes,e.g. into output tracking.
%!s (value 0 disables function)

1) Binary Fault options For external fault, output Y options 0
0: Freeze (to manual and keeplast value)
1: Output Y is set to substitute value.

1) Binary Restart options 0: Enter manual mode and substitute value 0
1: Enter auto mode

1) Analogue Substitute value If substitute value option is selected for 0

external fault or restart, the output Y is set
to defined substitute value.

1) Binary X outside range Reaction if X outside range see error 0
handling
0: Function disabled
1: Function enabled

1) Analogue Travel time Time value defining full travelling time in 10s   sec.  
  1) Parameter code to be defined if used on a terminal. It shall then start with the letter P.  
 

A.4.3.3

A.4,3.3.1

The CA function template shall be used for continuous control of e.g control valves, variable

General

Functional description

speed drive motors and thyristor heaters.

The function template may act e.g. as a P,PI,PD or PID controller.

The controller can be operated in either manual or auto mode. In manual mode the PID
algorithm is not active and the output is set manually from the template. In auto mode the PID
algorithm is active. The setpoint used in the PID algorithm is either the internal or external
setpoint, depending on theinternal/external setting of the template.

The controller can be switched to output tracking mode by input FT. The output value Y will
then be clampedto the input XT.
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The feed forward function may be incorporated according to system vendor standards, but
shall as a minimum include a proportional factor that is multiplied with the feed forward signal
and addedto the output signal.

The controller shall be parameterised as either direct or reverse acting.

All limit checking and alarm annunciation resides within the template.

The template includes safeguarding, together with suppress and blocking functions.

See Figure F.19 for complementary function behaviour description of the CA template.

A.4.3.3.2 Operation modes

Modesfunctions

 

Function Description
 

Auto In auto mode the CA template calculates the control signal using the PID control algorithm.
The setpoint used in this calculation may be either internal or external.
The auto mode maybeset bythe operator or bylogic.
It shall be possible to enable auto mode evenif the template is in force safeguarding mode
(FSL,FSH)or in fault state (YF = 1).
Auto mode doesnot necessarily indicate that the control algorithm is running, if e.g. the
template is in force safeguarding mode, tracking modeorin a fault state.
The auto mode works in combination with internal, external and tracking mode.
Whenin auto mode,the BA outputis set.
 

Manual In manual modethe output control signal (Y) is set by the operator, unless forced by
safeguarding.
The PID control algorithm is disabled.
 

Internal Internal mode hasonly effect in auto mode.

The PID control algorithm uses the value set by the operator as setpoint.
The internal mode shall be possible to enable when the template is in manual/auto mode,

safeguarding modeorin a fault state.
 

External External mode hasonly effect in auto mode.
The PID control algorithm uses the value from XRas setpoint.
The external mode shall be possible to enable when the template is in manual/auto mode,

safeguarding modeorin fault state.
 

Tracking Tracking modehasonly effect in auto mode.
The controller output Y is equal to the XT input.
Switching in and out of tracking should be bumpless.
The tracking modeshall be possible to set at any time.
 

 

 

Feed forward The feed forward function shall as a minimum include a proportional factor thatis
multiplied with the feed forward signal (XFF) and addedto the output value.

Block Blocking disables safeguarding mode (LSH/LSL/ FSH/FSL).

Suppression Suppresses YF, WV, WH and WL,andsets these outputsto 0.
Position feedback XGL and XGHare disregarded, and the control template will use output
Y to calculate closed and/or open position.    
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A.4.3.3.3 Control requirements

Control functions

Function Description

Set point Setpoint definition:

Operator setpoint: value available for operator manipulation
Stored setpoint: operator setpoint stored in specific mode changes (defined below)
External setpoint: value equal to XR

Actual setpoint: value used by PID algorithm (one of the above)

The operator setpointis:
In auto mode: set by operator

In manual mode: equalto X ( setpoint tracking )
Set to stored setpoint when switching from manual to auto internal by logic (LA).
Set to stored setpoint when switching from auto external to auto internal by logic (LI).

The last setpoint used is stored and displayed as the stored setpoint when:
— switching from auto internal to manual,

— switching from auto internal to auto external.
—- switching from auto internal to tracking mode.

The actual setpointis:
In manual mode: equalto X

In auto internal mode: equal to operator setpoint
In auto external mode: equal to XR

In tracking mode: not affected

Actual setpoint transitions are subject to bumplesstransfer.

Algorithm The flow element (e.g. valve, VSD motor, etc.) is operated by an analogue output signal.
Possibility for direct or reverse control action.
There shall be anti-windup protection.
Controller deviation dead band shall be available.
Remote setting of K, Td and Ti parameters shall be possible.

Bumpless There shall be bumpless switching of actual setpoint between operation modes.
There shall be bumplesstransfer of operator setpoint changes.
The setpoint shall be clamped to the measured value in manual modeto assure a
bumplesstransfer from manual to automatic mode (the setpoint tracks the measured value
while the controller is in manual mode).
Whenthe controller is forced to auto by logic, the setpoint shall automatically be ramped
back to the stored setpoint value. Whenthe controller is switched to auto by the operator,

the operator can manually adjust the set point and ramp it back to the stored setpoint
value to accomplish a bumplesstransfer to that value.

Cascade There shall be a synchronization functionality between master and slave controllers to
secure controlled interaction. This function is not shown on the SCD.

Restart After restart of the controller node, the function template will be set to a predefined state
selected by "Restart options" parameter.

A.4.3.3.4 Safeguarding

Safeguarding functions

Function Description

Lock Set the output to safeguarding position and sets the function template to manual mode

Force Set the output to safeguarding position, but the mode of function template is not changed

Conflict True if any safeguarding action is requested when the templateis in blocked state. It shall
be possible to generate an alarm on this event.

If any safeguarding action is enabled and the object is blocked    
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A.4.3.3.5 Error handling

Error functions

 

Function Description
 

External fault XF = 14):
Shall be possible to generate alarm and set YF = 1.
The template will enter manual mode. The output Y will be either substitute value or freeze
value (depending on parameter).
 

Function fault Feedbacks XGL and XGHcan be monitored and compared with the output value. If a

mismatchis detected, it shall be possible to generate an alarm and set YF = 1.
WhenY > "Limit confirmed state % closed" and XGL = 1 delayed by a predefined "travel
time".
WhenY < "Limit confirmed state % open" and XGH = 1 delayed by a predefined "travel
time".

It shall be possible to disable this function.
 

Setpointlimits High and low setpoint limits shall be available. Manual input, which exceeds theselimits,
shall not be used. The operatorshall retype a value.
Whereit is not desirable to allow switching a controller to external setpoint with setpoint
outside these limits, it shall be possible to generate an alarm and prevent the controller tao
be set in external modus.
External input, which exceedsthese limits, clamp to threshold value. Shall be possible to
generate an alarm.
 

Warning deviation WV = 1.

Shall have the possibility to generate warning when measured value passes defined
deviation alarm parameter.
 

X outside range*) Shall be possible to generate alarm and set YF = 1.
The template will enter manual mode. The output Y will be either substitute value or freeze

value (depending on parameter).
It shall be possible to disable this function.  

4) Signal quality may be transferred as system internal information.    
A.4.4 CS — Step control

A.4.4.1 Intended use

The CS function template shall be used for control and monitoring of position controlled
valves. The valves are operated by either pulsed or steady output signals. One output for
opening and onefor closing the valve.

For subsea chokevalvesit is expected to be requirement for adaption.
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A.4,4.2 Technical description

A.4.4.2.1 Functional block schematic

Inputs cs

Position reading XG YH
External fault XF YL
External setpoint value XR YF
Position low feedback XGL YG
Lock safeguarding low LSL wv
Force disable transition high FDH BCL
Force blocking FB BS
Force suppression FU BB
Lock auto LA BU
Lock manual LM BA
Lock external setpoint LX BX
Lock internal setpoint Ll

Operator station

Auto/Manual

Internal/External
Step open
Step close
Setpoint
Blocking on/off
Suppression on/off  

Normalfunction output high
Normalfunction output low
Function failed
Output valve position
Warning deviation
Output position low confirmed
Status safeguarding
Status blocked
Status suppressed
Status Auto/Man
Status external/internal

Operator station

Alarms and faults

Open/Closed
Auto/Manual
Internal/External
Blocked
Suppressed
Safeguarding
Moving transition high
Moving transition low
Conflict  

Figure A.3 — CS function template schematic

N
E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



IEC PAS 63131:2017 © IEC 2017 —49-

 

 

 

 

 

 

 

 

 

 

 

 

 

A.4.4,2.2 /O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

XG Analogue input Position reading Position read as measured value.

XF Binary input External fault Loop failure e.g. I/O card broken

XR Analogue input External setpoint value |Used in external — auto mode

XGL Binary input Position low feedback |Limit switch low

LSL Binary input Lock safeguarding low |Safeguarding — LSL = 1. Overrules operator

possibility to set Auto/Manual mode. Locks template
in manual mode, and Y goesto lowest output value

regardlessoffailure state. Input is subject to blocking.
Whensignal goes low, the template remainsin
manual mode and Y remains unchanged.

FDH Binary input Force disable transition |Permissive to open when FDH= 0 and prevents
high template from being open when FDH = 1.

FU Binary input Force suppression Alarm annunciation is suppressed, WV, YF = 0 and
statuses XF and XGLare neglected as long as
FU = 1.

FB Binary input Force blocking FB = 1. Safeguarding action LSL will be blocked.

LA Binary input Lock Auto LA = 1. Locks the template in auto mode. When LAis
reset, the template remains in auto mode.

LM Binary input Lock Manual LM = 1. Locks the template in manual mode. When

LM is reset, the template remains in manual mode. LM
has higher priority than LA.

LX Binary input Lock external setpoint {Locks the control function template to use external
setpoint, overruling the operator. When LXis reset,

the object remains in external mode.

LI Binary input Lockinternal setpoint |Locks the control function template to use internal    setpoint, overruling the operator. WhenLIis reset, the
object remainsin internal mode.LI has higherpriority
than LX.  
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Output terminals

 

 

 

 

 

 

 

 

 

 

 

  

Terminal Signal type Terminal name Supplementary description
code

YH Binary output Normalfunction Output pulse to open valve. Pulse train. Pulse defined by
output high parameters.

YL Binary output Normalfunction Output pulse to close valve. Pulse train. Pulse defined by

output low parameters.

YF Binary output Function failed For use in downstream logic. See error handling.

BCL Binary output Outputposition low |State set when XGL = 1 or XG closed position (selectable
confirmed by parameter) and compared with output setpoint below

closed position.
(Parameter defined for feedback low limit)

YG Analogue output Output valve position |Position of the valve for use in downstream logic

wv Binary output Warning deviation |The absolute difference between the measured value X
and the used setpoint is above a predefined limit for a
predefined time.
The deviation warning is enabled only when the controller

is in auto internal or auto external.
WVis disabled by alarm suppression.

BS Binary output Status safeguarding |BS = 1 if any safeguarding inputis active.

BB Binary output Status blocked BB = 1 when thetemplate is blocked from operator
station or FB = 1.

BU Binary output Status suppressed |BU = 1 when suppressedfrom operator station or FU = 1.

BA Binary output Status auto/man BA = 1 when auto modeis set from operator
station or LA = 1.

BX Binary output Status internal / BX = 1 whensetin external mode from operator station  external  or LX = 1.   
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A.4.4.2.3 Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default

code

1) Binary Steady output Specifies if the output should be a steady 0
signal or a pulse train. Parameter = 1 if

output shall be steady.

1) Analogue Length on-pulse YH Specifies the length of on-pulse for output 1s
signal YH. Given in seconds.

1) Analogue Total length pulse YH {Specifies the total length of pulse for 1s

output signal YH. Given in seconds.

1) Analogue Length on-pulse YL Specifies the length of on-pulse for output 1s
signal YL. Given in seconds.

1) Analogue Total length pulse YL |Specifies the total length of pulse for 1s
output signal YL. Given in seconds.

1) Analogue Numberof pulsesforfull |Specifies the total amount of pulses -
range required to open the valve from closed

position to open position.

1) Analogue Closed position Specifies low limit for closed position. 2%
(Used for both for XG and setpoint for
BCL)

1) Analogue Comparison value Specifies acceptable deviation between 2%
XG and output setpoint, in %.

1) Analogue Warning deviation timer |Specifies timeout for full range travel. 600s

1) Binary BCL function selection |Parameter = 1 if XGL to give BCL. 0

Parameter= 0 if XG low limit to be
compared with output setpoint.

1) Binary Fault option For externalor function fault , outputs 0
YH/YL options:
0: Freeze (manual and YH/YL = 0)

1: Continue (keep last values)      1) Parameter code to be defined if used on a terminal. It shall then start with the letter P.   
A.4.4.3 Functional description

A.4.4.3.1 General

Control and monitoring of position controlled valves. The valves are operated by either pulsed
or steady output signals. The output YH will cause the valve to step/move towards the open
position.

The output YL will cause the valve to step/move towards the closed position.

When commanded to a specific position, either in auto or external, the valve will be

commandedusing YH/YL until the position reading (XG) is within the commanded setpoint +/-
the acceptable deviation (comparison value).

See Figure F.20 for complementary function behaviour description of the CS template.
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A.4,.4.3.2 Operation modes

Modefunctions

 

 

 

 

 

 

 

 

Function Description

Auto In auto (and internal) mode, the operator can enter a setpoint for the position and the
valve will automatically travel to the setpoint position.

Manual®) In manual(and internal) mode the operator can manoeuvre the valve step by step

towards either open or closed position.

Internal In internal mode,the valve can be controlled as described for auto/manual depending
on which of these modesare selected.

External In external mode, the external setpoint value (XR) will be used.

Block Blocking disables safeguarding mode (LSL) and the disable transition mode (FDH).

Suppression Suppressionwill prevent alarms on the YF terminal from being generated and the
function template will neglect the feedback signals.

Disable transition Transition to high/low state is prevented.
mode   

5) If both LA and LM aretrue, then the LM haspriority and the block will be in manual mode.   
A.4.4.3.3 Control requirements

Control functions

 

Function Description
 

Set point The setpoint shall be either internal or external. The external setpoint is set to input
terminal XR. The operator gives the internal setpoint.
 

Controller output The valves are operated by either pulsed or steady output signals. There is one output
for opening and oneforclosing the valve.    

A.4.4.3.4 Safeguarding

Safeguarding functions

 

Function Description
 

Lock Set the output to safeguarding position and sets the function template to manual mode.

If the safeguarding signal is reset before the valve has reachedits closed position, the
valve should freeze in the current position and manual mode.

Closing of the valve in safeguarding shall not be done by commandingthe setpoint,i.e.
the last setpoint shall be available during and after a safeguarding situation.
 

Conflict If any safeguarding action is requested when blockingis true. It shall be possible to
generate an alarm on this event.    
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A.4.4,3.5 Error handling

Error functions

 

Function Description
 

External fault XF = 1:

Shall be possible to generate alarm and set YF = 1.

The template will either enter manual mode and stop, or continue as before. This
behaviour is controlled by parameter.
 

Function fault When XGL goeshigh, position feedback from flow element (XGL)will be compared

with the position read (XG< (Closed position) %). It shall be possible to generate
function failed alarm and set YF = 1, if mismatch is detected.

It shall be possible to disable this function.

The template will either enter manual mode and stop, or continue as before. This
behaviour is controlled by parameter.
 

Travel monitoring Shall be possible to generate a warning deviation alarm and set YF = 1 when the
valve does nottravel to the expected position (set point) within a calculated time. The
time shall be calculated for every commandas a percentage of the warning deviation
timer based on the commandedchangein position (setpoint).    

A.4.5 HA — Analogue input command

A.4.5.1 Intended use

The HA function template shall be used for entering an analogue value from the HMI. This
analogue value can be usedin logic, calculations etc. It is possible to follow an external value
by setting the block in auto (LA). The operator can disable this function by setting the blockin
manual (LM).

A.4.5.2 Technical description

 

 

A.4.5.2.1 Functional template schematic

Inputs HA Outputs

External value Xx Y Normal function output
Lock auto LA BA Status auto/man

Lock manual LM

Operator station Operator station

Auto/Manual Auto/Manual

Set output value    
Figure A.4 — HA function template schematic

A.4.5.2.2 I/O terminals

Input terminals

 

 

 

  

Terminal Signal type Terminal name Supplementary description
code

X Analogue input External value Analogue value tracked in auto mode.

LA Binary input Lock auto Locks the template to auto mode, overruling the
operator. After signal disappears, template keeps in
auto mode.

LM Binary input Lock manual Locks the template to man mode.After signal

disappears, template keeps in manual mode.     N
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Output terminals

 

 

      
 

 

 

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Analogue output Normal function output |Manual/ auto selected analogue output to be used in
logic.

BA Binary output Status auto/man mode |True: auto, false: manual

A.4.5.2.3 Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default

code

1) Analogue Ramp time Specifies the ramping of the external value both when 0
input external value |switched from manual to auto mode and while in auto

(EU/sec) mode. The ramp timeis specified in engineering unit per
second.

If the ramp time is set to zero, this means the rampingis
disabled.

1) Analogue Maximum input |Defining the highest allowed input value -
input value

1) Analogue Minimum input |Defining the lowest allowed input value -
input value     
  1) If parameter is defined on a terminal, it shall be coded and start with character P. 
 

A.4.5.3 Functional description

A.4.5.3.1 General

Function template for storing an analogue value from the HMI. This analogue value can be
used in logic, calculations etc. It is possible to follow an external value by setting the function
in auto (LA). The operator can disable this function by setting the function in manual (LM).

See Figure F.21 for complementary function behaviour description of the HA template.

A.4.5.3.2 Operation modes

Modefunctions

 

Function Description
 

Auto In auto mode the normal function output (Y) will follow the external set value (X)
according to a ramp rate defined by an input parameter.
 

 Manual®) In manual mode the analogue output(Y) is set directly by the operator from HMI.
  5) If both LA and LM aretrue, then the LM haspriority and the blockwill be in manual mode.  
 

A.4.5.3.3 Control requirements

Not applicable for this function template.

A.4.5.3.4 Safeguarding

Not applicable for this function template.
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A.4.5.3.5 Error handling

Not applicable for this function template.

A.4.6 HB - Binary input command

A.4.6.1 Intended use

The HB function template shall be used for entering a binary value from the HMI. This binary
value can be usedin logic, calculations etc. It is possible to follow an external value by setting
the function in auto (LA). The operator can disable this function by setting the function in
manual (LM).

 

 

A.4.6.2 Technical description

A.4.6.2.1 Functional template schematic

Inputs HB Outputs

External value Xx Y Normalfunction output
Reset latched output RX BA Status auto/man
Force’ disable transition FDH

high
Force disable transition low FDL

Lock auto LA

Lock manual LM

Operatorstation Operator station
Auto/Manual Auto/Manual

Set function
on(high)/off(low)    

Figure A.5 — HB function template schematic|

 

 

 

 

 

 

 

A.4.6.2.2 /O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

x Binary input External value Binary value tracked in auto mode

FDH Binary input Force disable Permissive to set output on when FDH = 0 and prevents
transition high transition to on when FDH = 1.

FDL Binary input Force disable Permissive to set output off when FDL = 0 and prevents

transition low transition to off when FDL = 1. FDL has noeffect when the HB
block is configured with pulsed output.

LA Binary input Lock auto Locks the template to auto mode, overruling the operator.

After signal disappears, template keeps in auto mode.

LM Binary input Lock manual Locks the template to man mode.After signal disappears,
template keeps in manual mode.

RX Binary input Resetlatched Resets the output Y when RX goeshigh.

ouput      
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Output terminals

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Binary output Normal function -lf the template is set not to latch, Y = X. Dependent on
output parameter selection, the output can be pulsed.

-If the template is set to latch, Y is set when X goes high, and
reset when RX goeshigh.
       

 

 

 

BA Binary output Status auto/man True: auto, false: manual

A.4.6.2.3 Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default
code

1) Binary Latched output If the parameteris set the Y outputis latched. 0

1) Binary Pulsed output If the parameter is set an on-pulse is generated on 0
the output Y when the inputis set high. This
parameter will have no effect when latched outputis

selected.
     1) Analogue Pulse time output Pulse length for Y when pulsed output selected 2s
  1) Parameter codeto be defined if used on a terminal. It shall then start with the letter P.   
A.4.6.3 Functional description

A.4.6.3.1 General

Function template for setting a binary from the HMI. This binary value can be used in logic,
calculations etc. It is possible to follow an external value by setting the function in auto (LA).
The operator can disable this function by setting the function in manual (LM). The output can
be pulsed, latched or merely following the input, based on parametersettings.

See Figure F.22 for complementary function behaviour description of the HB template.

A.4.6.3.2 Operation modes

Modefunctions

 

 

 

 

Function Description

Auto In auto mode the binary output (Y) is controlled from an external value (X).

Manual®) In manual mode thebinary output (Y) is controlled directly by the operator from HMI.
  5) If both LA and LM aretrue, then the LM haspriority and the function will be in manual mode.   
A.4.6.3.3 Control requirements

Not applicable for this function template.

A.4.6.3.4 Safeguarding

Not applicable for this function template.

A.4.6.3.5 Error handling

Not applicable for this function template.
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A.4.7

A.4.7.1 Intended use

—57-

KB — Sequencelogic interface template

The KB function template shall be used for sequences as an interface for controlling the
sequence from HMI and/or other control logic. The normal operations are start (continue),
hold and terminate.

 

A.4.7.2 Technical description

A.4.7,2.1 Function template schematic

Inputs KB Outputs 

External set high XH
External set low XL

Lock safeguarding low LSL
Force disable transition FDH

high
Force hold FN

Lock auto LA

Lock manual LM

Operator station

Auto/Manual

Start/Stop
Blocking on/off
Hold/Continue
Next step  

YF Function failed
BH Sequence running
BS Status safeguarding
BB Status blocked

BA Status auto/man

BN Status hold

BL Status completed

Operator station

Alarms andfaults

Running/Stopped
Completed
Auto/Manual
Blocked
Disabled
Safeguarding
Hold  

Figure A.6 — KB function template schematic

A.4.7.2.2 I/O terminals

Input terminals

 

 

 

 

 

 

 

     

Terminal Signal type Terminal name Supplementary description
code

XH Binary input External set high |From logic to function template which start the sequence.If
the sequenceis in hold, it will continue the sequence.

XL Binary input External set low |From logic to function template which stops the sequence.

The function is according to description of stop in "control
requirements".

FDH Binary input Force disable |Permissive to start when FDH = 0 and prevents template
transition high |from being started when FDH = 1.

FN Binary input Force hold FN = 1 will temporarily hold the sequencein the current step.

LA Binary input Lock auto mode |Locks the template in auto mode. When LA goeslow,the
template remains in auto mode.

LM Binary input Lock manual Locks the template in manual mode. When LM goeslow,the
mode template remains in manual mode.

LSL Binary output Lock Safeguarding — LSL = 1 terminates and resets the sequence.
safeguarding low   
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Output terminals

 

 

 

 

 

 

 

       
 

 

Terminal Signal type Terminal name Supplementary description
code

YF Binary output Function failed |YF = 1 if the total sequence has timed out or error from the
step.

BH Binary output |Sequence running|BH = 1 if sequence is running. BH = 1 also when sequenceis

in hold.

BS Binary output Status BS = 1 if any safeguarding inputis active.
safeguarding

BB Binary output Status blocked |BB = if blocked mode

BA Binary output Status auto/man |BA = 1 when in auto mode

BN Binary output Status hold BN = 1 if sequenceis in hold

BL Binary output Status completed |BL = 1 if the sequence is completed normally (see A.4.8.3)

A.4.7.2.3 Template parameters with default values

Parameters

Parameter Parameter type Parameter name Supplementary description Default
code

1) Enumeration Operation mode |Manual and auto mode Manual
options

Manual mode     
1) Parameter code to be defined if used on a terminal. It shall then start with the letter P.    
A.4.7.3 Functional description

A.4.7.3.1 General

The following control options shall be made available selected by parameter:

e manual operation + automatic control;

e manual operation only.

The template gives the minimum requirements for a sequence control template to be able to
show the interface between the logic and the sequence. It also describes how the interface
terminals shall behave to satisfy these requirements.

It shall be possible to define different actions for the different stop commands; normal stop
(XL or manual stop by operator) and safeguarding (LSL). The content of these shall be
defined during implementation of each sequence andthe realization will be dependantof the
control system and process requirements.

See Figure F.23 for complementary function behaviour description of the KB template.
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A.4.7.3.2 Operation modes

Mode functions

Function Description

Auto The input terminals XH, XL will start or stop the sequence.

Manual5) The operatoris able to start the sequence.

Disable transition See definition.
mode

Block Blocking disables FDH.   5) If both LA and LM aretrue, then the LM haspriority and the block will be in manual mode.   

 

 

 

 

 

A.4.7.3.3 Control requirements

Control functions

Function Description

Start Starts the sequence. Have no effect when sequenceis running.

Stop The sequencewill stop. When the sequenceis stopped, it will be ready for a new start.
Available for operator both in manual and auto.

Hold The sequenceis temporarily stopped in the current step. The status of the sequenceis
still running (BH = 1). If the step is a timer step the timeout timer is stopped. Available
for operator both in manual and auto.

Continue Continues the sequence whenin hold. Available for operator both in manual and auto.
 

Force next step The sequenceis forced to the next step unconditionally. Available for operator both in
manual and auto.
     Complete The complete status goes high when the sequence has gonethrough all the defined

steps. The complete status goes low when the sequenceis started again.

A.4.7.3.4 Safeguarding

Safeguarding functions

 

 

    

Function Description

Lock Terminates and resets the sequence immediately and sets the function template to
manual mode.

A.4.7.3.5 Error handling

Error functions

 

Function Description
 

 Sequenceerror  Includes errors from the steps. The YF shall be set. The sequence entershold.   

A.4.8 LB — Safeguarding shutdownlevel

A.4.8.1 Intended use

The LB function template shall be used for control of safety shutdown levels in PSD and ESD
nodesetc. requiring SIL-level. It may additionally be used for control of utility shutdown levels
located in PCS node. One LB function template shall be used per shutdown level. The
shutdown levels should form a shutdown hierarchy. The LB shall supervise the shutdown
performanceperlevel. All shutdown initiators and shutdown action elements shall have the
possibility to group alarms and status up to the LB.
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The LB function template is typically used in a safety system, where the action signals from
shutdowninitiators (e.g. ALL from MA, AHH from MA and/or Y from MB) are combined into an
OR-gate before it is connected to the X-input on the LB. For the highest level in the shutdown
hierarchy the XS-input on the LB shall not be used. The Y-output from the LB is linked to
shutdown action elements, e.g. X on SB and/or LSL on SBV.If any lower shutdown levels
exist, the YX-output from the LB on the highest level shall be linked to the XS-input on the LB
function that represents the next lowerlevel.

 

 

A.4.8.2 Technical description

A.4.8.2.1 Functional template schematic

Inputs LB Outputs

Normal function input x Y Normalfunction output
External shutdown input XS YX External shutdown output
Reset latched output RX

Operator station

Set safeguard
Reset safeguard
Blocking XS on/off
Blocking YX on/off  

Operator station

Level released

External level released
Groupfault status
Group conflict status
Group blocked status
Blocked XS
Blocked YX  

Figure A.7 — LB function template schematic

 

 

 

       
 

 

 

A.4.8.2.2 lO terminals

Input terminals

Terminal Signal Terminal name Supplementary description

code type

x Binary Normal function input Action signal from shutdowninitiators (e.g. MA or MB function

input templates) setting the block to shutdown mode(signalis latched
in function block).

XS Binary External shutdown Action signal from higher shutdown level blocks. That could be

input input another LB function template or an external shutdown signal
coming from another safety system.

RX Binary Resetlatched output Terminal is resetting the latch on Y-output terminal when no
input shutdown

Output terminals

Terminal Signal Terminal name Supplementary description

code type

Y Binary Normalfunction Connected to shutdown input on shutdown devices
output output

YX Binary External shutdown Connected to external shutdown input XS on lower shutdown
output output level blocks.      
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A.4.8.2.3 Template parameters with default values

Parameters

Parameter Parameter Parameter name Supplementary description Default

code type

1) Binary Latched output If the parameteris set the Y output is latched. This 1
parameter only affects input X.        1) Parameter code to be defined if used on a terminal. It shall then start with the letter P.
 

A.4.8.3 Functional description

A.4.8.3.1 General

This template has latched and/or unlatched inputs. The unlatched input (XS) shall be used
whenthe shutdownoriginates from a higher shutdownlevel.

The latched input (X) shall be used for causes with input to this level. This latched input (X)
can be configured as unlatched by a parameter. Latch can be reset by operator or logic (RX).
If a shutdownis initiated from operator (i.e. not from higher shutdown level), RX cannot reset
the shutdown.

Conflict and fault from the shutdown devices should be grouped into the LB. The same should
be done for status blocked from the primary shutdowninitiators. The group status can be
displayed on the LB HMI object. This is as repeated information in addition to the individual
alarms on the shutdown objects. The grouping into the LB shall not be shown on the SCD
diagram.

See Figure F.24 for complementary function behaviour description of the LB template.

A.4.8.3.2 Operation modes

Modefunctions

 

Function Description
 

OS Block Two separate blocking functions from OS.
Block XS, blocking only function input XS.
Block YX, blocking only function output YX.
Theseblocking facilities shall not affect the input X and output Y.    

A.4.8.3.3 Control requirements

Control functions

 

Function Description
 

Alarm Shutdownlevel alarm shall be possible to be generated due to the primary shutdown
actions (input X). If the external shutdown input (XS)is initiated the shutdown level
block shall not report any alarm.    
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A.4.8.3.4 Safeguarding

Safeguarding functions

 
Function Description
 

External shutdown Action signal from higher shutdown level blocks. That could be another LB function

template or an external shutdown signal coming from another safety system.    

A.4.8.3.5 Error handling

Not applicable.

A.4.9 MA — Monitoring of analogue processvariables

A.4.9.1 Intended use

The MA function template shall be used for scaling, display (indication) and monitoring
(alarming) of process variable or control variable. The template comprises handling of field
instrument and signaling faults.

A.4.9.2 Technical description

 

 

A.4.9.2.1 Function template schematic

Inputs MA Outputs

Normalfunction input Xx Y Normalfunction output
External fault XF YF Function failed
Force blocking alarm HH FBHH AHH | Action alarm HH
Force blocking alarm LL FBLL BHH | Status alarm HH
Force suppression alarm |FUHH WH Warning alarm H?)
HH
Force suppression alarm |FUWH WL| Warning alarm L2)
WH
Force suppression alarm|FUWL ALL| Action alarm LL
WL
Force suppression alarm LL FULL BLL| Status alarm LL

BBHH | Action alarm HH is blocked
BBLL| Action alarm LL is blocked
BU Status suppressed
BB Status blocked

BXHH | Status event HH
BXH| Status event H
BXL| Status event L

BXLL| Status event LL

Operator station: Operatorstation:
Blocking HH on/off Alarmsandfaults
Blocking LL on/off Alarm and eventlimits
Suppression on/off Blocked

Suppressed   
2) Shall not be used for downstream logic.

Figure A.8 — MA function template schematic
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A.4.9,2.2 /O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

x Analogue input Normalfunction input |Analogue input signal from process

XF Binary input External Fault Fault indication from outside the template.

FBHH Binary input Force blocking alarm HH |Logic input: alarm HH action is blocked as long as
input signalis true.

FBLL Binary input Force blocking alarm LL. |Logic input: alarm LL action is blocked as long as
input signalis true.

FUHH Binary input Force suppression alarm |Logic input: alarm HH action and annunciation is

HH suppressedas long asinputis true.

FUWH Binary input Force suppression alarm |Logic input: alarm WH annunciation is suppressed as
WH long as input true. This output should normally not be

used for downstream logic.

FUWL Binary input Force suppression alarm |Logic input: alarm WL annunciation is suppressed as
WL long as input true. This output should normally not be

used for downstream logic.

FULL Binary input Force suppression alarm |Logic input: alarm LL action and annunciation is   LL  suppressedas long asinputtrue.  
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Output terminals

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Terminal Signal type Terminal name Supplementary description
code

Y Normalfunction Normal function Analogue output signal from function template
output output

YF Binary output Function failed YF = if XF = or if an internal error has been detected

in the template orif an error is detected on the input X.

AHH Binary output Action alarm HH —_|True, when X*-value >AHH limit. Subjected to blocking
and suppression.

BHH Binary output Status alarm HH _|Status alarm annunciation (HH) without blocking logic.
Subjected to suppression.

WH Binary output |Warning alarm — WH.|True, when X*-value >WHlimit. Subjected to

suppression. Should not be used for downstream logic.

WL Binary output Warning alarm — WL |True, when X*-value <WLlimit. Subjected to suppression.
Should not be used for downstream logic.

ALL Binary output Action alarm LL True, when X*-value <ALL limit. Subjected to blocking

and suppression.

BLL Binary output Status alarm LL Status alarm annunciation (LL) without blocking logic.

Subjected to suppression.

BBHH Binary output Action alarm HH is |True if FBHH or OS blockingis active.

blocked

BBLL Binary output Action alarm LLis_ |True if FBLL or OS blockingis active.

blocked

BU Binary output Status suppressed |True if the template is in suppressed mode(any ofthe
processoutput function is suppressed).

BB Binary output Status blocked True if the template is in blocked mode (anyof the
processoutput functions are blocked).

BXHH Binary output Status event HH True, when X*-value > Event high-high limit
No Alarm annunciation, event only

BXH Binary output Status event H True, when X-value > Event high limit.
No Alarm annunciation, event only

BXL Binary output Status event L True, when X-value < Eventlow limit
No Alarm annunciation, event only

BXLL Binary output Status event LL True, when X-value < Event low-low limit   No alarm annunciation, event only   
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A.4.9.2.3 Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default

code

1) Analogue Limit AHH Alarm limit for AHH -

1) Analogue Limit WH Alarm limit for WH -

1) Analogue Limit WL Alarm limit for WL -

1) Analogue Limit ALL Alarm limit for ALL -

1) Analogue Limit BXHH Eventlimit for BXHH -

1) Analogue Limit BXH Event limit for BXH -

1) Analogue Limit BXL Eventlimit for BXL -

1) Analogue Limit BXLL Eventlimit for BXLL -

1) Analogue Time delay action |Delay before alarm and action is raised after Os
alarms limit has been reached.

1) Analogue Time delay warning |Delay before alarm is raised after limit has Os
alarms been reached.

1) Analogue Hysteresis value |The hysteresis should be defined in % of 0%
display range, and be commonforall limits
given by parameterinputs. The hysteresis
shall only affect the return of alarms/events

 

 

 

notinitiation.

1) Analogue Maximum range Maximum display range value -

1) Analogue Minimum range Minimum display range value -

1) Analogue Fault function 1 X = Freeze value (last good value) 1
2 X = Show current measured value

3 X = Substitute value
 

1) Analogue Fall back value Value for fall back situation. Only possible to 0
enter value within range.
 

1) Analogue Dead band Threshold value to avoid calculation when is 0%
close to zero (Worn outflow transmitters).       1) If parameter is defined on a terminal, it shall be coded and start with character P.
 

A.4.9.3 Functional description

A.4.9.3.1 General

The template includes suppress and blocking functions. Suppression from operator station
suppresses all alarm and fault outputs, whilst by logic it is possible to suppress individual
alarm outputs. Faults cannot be suppressed by logic input. All limit checking and alarm
annunciation resides within the template.

Where features for signal modification (e.g. square-root extraction and/or features for
smoothing (low passfiltering) of the analogue input is included in the MA template the input
signal (X) to the template shall be available for trending.

See Figure F.25 for complementary function behaviour description of the MA template.
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A.4,.9.3.2 Operation modes

Modefunctions

 

 

 

 

 

 

 

     

Function Description

Suppress HH Suppresses AHH action and alarm and sets the AHH output from the template to 0.

Suppress LL Suppresses ALL action and alarm and sets the ALL output from the template to 0.

Suppress WH Suppresses WHalarm and sets the WH output from the template to 0.

Suppress WL Suppresses WL alarm and sets the WL output from the template to 0.

Block HH Blocking the AHH action but not the alarm. Sets the AHH output from the template to

0.

Block LL Blocking the ALL action but not the alarm. Sets the ALL output from the template to 0.

OS Suppress Suppresses AHH, ALL, WH, WL, YF and sets these outputs from the template to 0.

A.4.9.3.3 Control requirements

Control functions

 

 

 

 

 

Function Description

Action alarm Shall have the possibility to generate action alarms when input parameter passes
defined alarm parameter according to the logic output terminals. Ref output terminal.

Warning alarm Shall have the possibility to generate warning alarms when input parameter passes

defined alarm parameter according to the logic output terminals. See output terminal.

Event Shall have the possibility to generate event output when input parameter passes
defined event parameter according to the logic output terminals. See output terminal.

Adjustable warning The parameter-values for the warning levels shall be adjustable from the operator-
level station.     

A.4.9.3.4 Safeguarding

Not applicable for this template.

A.4.9.3.5 Error handling

Error functions

 

Function Description
 

Function Fault If XF is 1 or bad signal quality*) on X, YF is 1. It shall be possible to configure for

freeze or fall back values. It shall be possible to generate an alarm.  
  4) Signal quality may be transferred as system internal information.
 

A.4.10 MAS — Analogue measurementacquisition from subsystems

A.4.10.1. Intended use

The MAS function template shall be used for analogue measurements acquired from other
control systems such as vibration monitoring, metering, analysers, etc. The subsystem
performs the alarm limit supervision and is interfaced to the main control system by a
communication link, e.g. Modbus, Profibus, etc. It serves only as an object for display
information.

It is a prerequisite that any trip signal from external system is an additional hardwired signal. N
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Outputs
 

A.4.10.2. Technical description

A.4.10.2.1 Function template schematic

Inputs MAS

Normal function input Xx
External fault XF
Externallink fault XFX
External alarm HH XAHH
External warning alarm XWH
WH
External warning alarm XWL
WL
External alarm LL XALL
Limit value of XHH XQHH
Limit value of XWH XQWH
Limit value of XWL XQWL
Limit value of XLL XQLL
Force suppression FU

Operatorstation:
Suppression on/off  

Y Normal function output
YF Function failed
BU Status suppressed

Operator station:

Alarms and faults

Suppressed
Alarm limits  

Figure A.9 — MAS function template schematic

 

 

 

 

 

 

 

 

 

 

 

 

 

A.4.10.2.2. I/O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

Xx Analogue input Normal function input The measurement value in engineering units.

XF Binary input External fault Subsystem input: the measurement has been

detected as erroneous by the subsystem

XFX Binary input Externallink fault There is a communication link fault.

XAHH Binary input External alarm HH Subsystem input: alarm HH is set as long asthis
signalis true

XWH Binary input External warning alarm Subsystem input: warning alarm WHis set as long
WH as this signalis true

XWL Binary input External warning alarm Subsystem input: warning alarm WLis set as long
WL as this signalis true

XALL Binary input External alarm LL Subsystem input: alarm LL is set as long as this

signal is true

XQHH Analogue input Limit value of XHH Subsystem input: the value in engineering units of
the HH limit used by the subsystem.

XQWH Analogue input Limit value of XWH Subsystem input: the value in engineering units of

the WH limit used by the subsystem.

XQWL Analogue input Limit value of XWL Subsystem input: the value in engineering units of
the WLlimit used by the subsystem.

XQLL Analogue input Limit value of XLL Subsystem input: the value in engineering units of
the LL limit used by the subsystem.

FU Binary input Force suppression If FU is true, YF is set to 0 and OS alarms areset to
0     
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Output terminals

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Analogue Normalfunction The measurementoutput value. Equal to the input value (X).
output output It shall be possible to generate a warning or action alarm on

this output. In these cases the letters WH, WL, AHH or ALL
shall be used as the terminal name on the SCD diagram.
 

YF Binary output Function failed YF =1 if XF1 = 1 or XF2 = 1.

Subjected to suppression.
 

BU Binary output Status suppressed /True if template is in suppress mode (FU = 1 or Suppression
set from OS).       

A.4.10.2.3 Template parameters with default values

 

 

 

 

 

 

     

Parameters

Parameter Signal type Parameter name Supplementary description Default
code

1) Analogue Maximum range Maximum display range value -

1) Analogue Minimum range Minimum display range value -

1) Analogue input |Substitue value of XQHH |If XAHH is in use, XQHH not used. -

1) Analogue input |Substitue value of XQWH [If XWHis in use, XQWHnot used. -

1) Analogue input |Substitue value of XQWL_ |If XWL is in use, XQWLnot used. -

1) Analogue input |Substitue value of XQLL  |If XALL is in use, XQLL not used. -
  1) If parameter is defined on terminal, it shall be coded and start with characterP.   
A.4.10.3. Functional description

A.4.10.3.1 General

The main function of the template is to provide operator interface with monitoring status from
the subsystem.

The MASfunction template has no alarm or event detection based on the normal function
input from the subsystem. Alarms are detected in the subsystem, which transfers the alarm
states as well as the corresponding limit settings.

No data or commandsaretransferred from the MASfunction template to the subsystem.

Suppression from operatorstation or logic suppressesall alarms and fault output.

Blocking functionality is not applied to this template as this will not have the same effect as in
a MA template.It will not affect the trip which is performed in the external system.

See Figure F.26 for complementary function behaviour description of the MAS template.

A.4.10.3.2 Operation modes

Modefunctions

 

Function Description
 

Suppress Suppresses the output YF andsetsit to 0.
Suppresses AHH, ALL, WH and WLalarms.    
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A.4.10.3.3 Control requirements

Control functions

Function Description

Action alarm Shall have the possibility to generate action alarm based on relevant input from
subsystem, preferably with time stamping from the subsystem.
 

Warning alarm   Shall have the possibility to generate warning alarm based on relevant input from
subsystem, preferably with time stamping from the subsystem.   

A.4.10.3.4 Safeguarding

Not applicable for this template.

A.4.10.3.5 Error handling

Error functions

 

Function Description
 

Function fault

 
If XFX is 1, communication link has failed and/or if XF is 1, bad signal quality2) on X is
detected in the subsystem, YFis 1.
 

 2) Signal quality may be transferred as system internal information.   
A.4.11

A.4.11.1 Intended use

MB —- Monitoring of binary (digital) process variables

The MB function template shall be used for automatic monitoring (alarming), display and
latching of binary process variable.

 
Outputs
 

A.4.11.2. Technical description

A.4.11.2.1 Function template schematic

Inputs MB

Normalfunction input Xx
External fault XF
Resetlatched output RX
Force blocking FB
Force suppression FU

Operator station:
Blocking on/off
Suppression on/off
Reset latched output  

Y
YF
BB
BU

  

Normal function output
Function failed
Status blocked
Status suppressed
Status normal function input

Operatorstation:

Alarms and faults

Latched value
Blocked
Suppressed

Figure A.10 — MB function template schematic
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Input terminals

 

 

 

 

 

       
 

 

 

 

 

       
 

 

 

 

Terminal code Signal type Terminal name Supplementary description

Xx Binary input Normalfunction input Binary input signal from process.

XF Binary input External fault Fault indication from outside the template.

RX Binary input Reset latched output Resets the output Y when RX goeshigh.

FB Binary input Force blocking If FB is true, Y is set to 0.

FU Binary input Force suppression. If FU is true, Y is set to 0, YF is set to 0 and OS

alarm is set to 0.

Output terminals

Terminal Signal type Terminal name Supplementary description
code

Y Binary output Normal function output|If the template is set not to latch, Y = X

If the template is set to latch, Y is set when X goes high, and
reset when RX goeshigh.

Subjected to blocking and suppression.

It shall be possible to generate a warning or action alarm on

this output. In these cases the letter W (warning) or A
(action) shall be used as the terminal name on the SCD
diagram.

YF Binary output Function failed YF = 1 if XF = 1 or if an internal error has been detectedin
the template.

Subjected to suppression.

BB Binary output Status blocked True if the template is in blocked mode (FB = 1 or Blocking

set from OS).

BU Binary output Status suppressed __|Trueif template is in suppress mode (FU = 1 or Suppression
sett from OS).

BX Binary output Status function input |BX = X

A.4.11.2.3. Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default

code

1) Binary Invert input If the parameteris set the X inputis inverted. 0

1) Binary Latched output {If the parameter is set the Y outputis latched. 0

1) Analogue Time delay alarm |Delay before alarm is raised and Y outputis set Os
after X input goes high.      1) If parameter is defined on a terminal, it shall start with character P.   
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A.4.11.3 Functional description

A.4.11.3.1 General

The template includes alarm suppression and blocking functions. Additionally the template
shall have the possibility to invert input, latch the normal function output and delay the output
signal via a parameter. The type of annunciation as well as the alarm priority assigned shall
be incorporated according to system vendor standards.

See Figure F.27 for complementary function behaviour description of the MB template.

A.4.11.3.2 Operation modes

Modefunctions

 

 

 

   

Function Description

Block Blocking the output Y and setsit 0. Does not reset the latched value.

Suppress Suppresses the output Y and YF and sets them to 0. Resets the latched value.
 

A.4.11.3.3 Control requirements

Not applicable for this template.

A.4.11.3.4 Safeguarding

Not applicable for this template.

A.4.11.3.5 Error handling

Error functions

 

Function Description
 

   External fault It shall be possible to generate an alarm.
 

A.4.12. OA- Analogue output

A.4.12.1. Intended use

The OA function template shall be used for analogue control of flow device of medium
(electricity, heat or fluid) where the CA block do not represent required functionality, e.g. split
range output. The controlled element is a unit such as motor, pump, heater, fan etc.
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A.4.12.2

A.4.12.2.1

Inputs

Normalfunction input
Position feedback
Position high feedback
Position low feedback
External fault
Lock safeguarding high
Lock safeguarding low
Force safeguarding high
Force safeguarding low
Force blocking
Force suppression
Lock auto
Lock manual

Operator station:

Auto/Manual

Blocking on/off
Suppression on/off
Set output value

Technical description

-72-

Function template schematic
 

OA
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Outputs
 

 

X
XG
XGH
XGL
XF
LSH
LSL
FSH
FSL
FB
FU
LA
LM

YF

BCH
BCL
BA
BS
BB
BU
wv

  

Normalfunction output
Function failed
Output valve position
Output position high confirmed
Output position low confirmed
Status auto/man
Status safeguarding
Status blocked
Status suppressed
Warning deviation

Operatorstation:

Alarms and faults

Auto/Manual
Blocked
Suppressed
Safeguarding
Conflict
Track value
Output position

Figure A.11 — OA function template schematic
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A.4.12,2.2 l/O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

XG Analogue Position
input feedback

XGH Binary input Position high Signalfrom limit switch high (optional). XGH = 1 is open flow
feedback element.

Enabling the open limit switch feedback is done by Feedback
configuration parameter.

XGL Binary input Position low Signalfrom limit switch low (optional). XGL = 1 is closed flow
feedback element.

Enabling the closed limit switch feedback is done by Feedback
configuration parameter.

x Analogue Normalfunction External value that will control the output Y by means of a ramp
input input function.

XF Binary input External fault |Loop failure, e.g. I/O card broken.

LSH Binary input Lock Safeguarding — LSH = 1 Overrule operator possibility to operate

safeguarding output value.
high
9 Locks template in manual modeandY is set to max operating

range value regardlessof failure state. Input is subject to
blocking. When signal goes low, the template remains in
manual modethe output (Y) remains unchanged.

LSL Binary input Lock Safeguarding — LSL = 1 Overrule operator possibility to operate
safeguarding low output value.

Locks template in manual mode andY is set to min operating
range value regardlessoffailure state. Input is subject to

blocking. When signal goes low, the template remains in
manual modethe output (Y) remains unchanged.

FSH Binary input Force Safeguarding — FSH = 1 Overrule operator possibility to operate
safeguarding output value. Sets Y to operating range high regardlessof

high failure state. When signalis reset, the template will react to
actual terminal statuses again. Signal is subject to blocking.

If in manual mode,the output (Y) remains unchangedafter
signal returns to normal.

FSL Binary input Force Safeguarding FSL = 1 Overrule operator possibility to operate
safeguarding low output value. Sets Y to operating range low regardlessoffailure

state. Whensignalis reset, the template will react to actual
terminal statuses again. Signal is subject to blocking.

If in manual mode,the output (Y) remains unchangedafter
signal returns to normal.

FB Binary input Force blocked |FB=1. Safeguarding action LSH, LSL, FSH and FSL will be
blocked.

FU Binary input Force FU = 1. Alarm annunciation is suppressed,

suppression YF = 0. and statuses XF, XG, XGL and XGHare neglected.

LA Binary input Lock auto Locks the template in auto mode. WhenLAisreset, the
template remains in auto mode.

LM Binary input Lock manual Locks the template in manual mode. WhenLNis reset, the    template remains in manual mode.   
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Output terminals
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Terminal Signal type Terminal name Supplementary description
code

Y Analogue Normalfunction Normal output
output output

YF Binary output Function failed YF = 1 if XF = 1.

YG Analogue Output valve YG is a output of the position feedback XG.
output position

BCH Binary output Output position Output Y value is high operating range and feedbackis
high confirmed confirmed as high based on the feedback configuration.

BCL Binary output Output position Output Y value is low operating range and feedbackis
low confirmed confirmed as low based on the feedback configuration.

BA Binary output Status auto/man BA = 1 when in auto mode

BS Binary output Status BS = 1 if any safeguarding input is active and not blocked.
safeguarding

BB Binary output Status blocked BB = 1 when blocking from operator station is true or FB = 1.

BU Binary output Status BU = 1 when suppressed from operator station is true or FU =
suppressed 1.

WV Binary output Warning WV = 1, If deviation between XG/XGL/XGHandY is larger than
deviation given limit for a time that exceed alarm delay.   If XGL and XGH appears at the same timethe deviation alarm

shall be given immediately.   
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A.4.12.2.3 Template parameters with default values

Parameters

Parameter Parameter Parameter name Supplementary description Default

code type

1) Analogue Maximum range Maximum range valuein 100
input (Xmax)

1) Analogue Minimum range Minimum range value in 0
input (Xmin)

1) Analogue Maximum range Maximum range value out 100
output (Ymax)

1) Analogue Minimum range Minimum range value out 0
output (Ymin)

1) Analogue Maximum Maximum allowed output value. This valueis less 100
operating range or equal to maximum range out.

1) Analogue Minimum Minimum allowed output value. This value is greater 0
operating range or equal to minimum rangeout.

1) Time Alarm delay Deviation alarm XG/XGL/XGH compared to Y 30s

1) Analogue Deviation limit % Deviation in % of output range between Y and XG 2%

1) Binary Fail safe position 1 = High, 0 = Low 0

1) Analogue Limit confirmed Compared to operating range high or low. The % 2%

state % value is calculated in relation to the full range
(Ymax-Ymin).

1) Binary Manual limited by 1 = Manual output limited by operating range 1

operating range. 0 = No limit for manual

1) Enumeration Feedback No feedback -
configuration Only XGL

Only XGH

XGH and XGL

Analogue feedback XG

Analogue and XGL

Analogue and XGH

Analogue , XGH and XGL

1) Time Y ramp to X. Ramp time while switch to auto. Y ramp to X.Time Os
Switch to auto to travel the whole range.

1) Time Y ramp to X. In Ramp time while in auto. Os

auto. Y ramp to X.Timeto travel the whole range.

1) Binary Substitute value |1 = Substitute value to be used asY if XF. 0

It XF 0 = Freeze (to manual and keep last valid value).

1) Analogue Substitute value Value to be used. 0

1) Binary Reaction ifX |0-No reaction ( Y = operating limit ) 0

outside range 1 - YF and reaction as XF = 1.

1) Enumeration Restart options Enter manual mode and substitute value 0   Enter manual modeandfailsafe position

Enter auto mode Y = XG    1) If parameter is defined on a terminal, it shall start with character P.   
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A.4.12.3. Functional description

A.4.12.3.1 General

This template shall be used as analogue output control. This template may be run in auto or
manual mode.In auto the value X is tracked to the output Y by means of a ramping function.
In manual the operator may enterthe Y value.

As long as X is inside the defined range, the scaling of the Y value is based on the following
equation:

Y = Ymin + ( (X-Xmin)*(¥max — Ymin)/(Xmax — Xmin) )

The resulting Y value will be limited by the maximum/minimum operating range.

The function gives out an analogue value. The function can be operated in auto or manual
mode. The function has feedback supervision. The function includes safeguarding. The
function includes suppression and blocking functions.

To be able to compare XG with Y, XG shall have same scaling as Y.

See Figure F.28 for more detailed function behaviour description of the OA template.

A.4.12.3.2 Operation modes

Modefunctions

 

 

 

 

 

    

Function Description

Auto The input X will control the output Y by means of a ramp function.

Manual The operatoris able to enter the desired Y value. When the template enter manual
modethe current value of Y will be kept.

Block Blocking disables safeguarding mode LSH/LSL/FSH/FSL.

Suppression Suppression sets YF = 0. Disables alarm annunciation. The control template will use
the output Y as feedback (XG).

Safeguarding Flow device is set to safe state.
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A.4.12.3.3 Control requirements

Control functions

Function Description

Restart After restart of the controller node the function will be set to a predefined state
selected by a parameter.

Ramping There are two rampsdefined. Oneis for the transfer from manual to auto. When the
value Y is equal to X (conditioned to the same scale), then the ramp value for normal
operation will take over and will be used while in auto mode.
 

Feedbackconfirm high
— BCH

Based on the feedback configuration this will be calculated via different algorithms.

If XGH is connected only this value will be used.

If only XG is connected, and XGis within the limit confirmed state, BCH = 1.

If there is no feedback for high the Y value is used and is within the limit confirmed
state, BCH = 1.
 

Feedback confirm low
- BCL

Based onthe feedback configuration this will be calculated via different algorithm.

If XGL is connected, only this value will be used.

If only XG is connected, and XG is within the limit confirmed state, BCL = 1.

If there is no feedback for low the Y value is used andY is within the limit confirmed

state, BCL = 1.
 

Warning deviation  Discrepancy between XG/XGL/XGHandY is larger than a given limit for a time that
exceed alarm delay.

If XGL and XGH appearsat the same time the deviation alarm shall be given
immediately.

Possibility for alarm annunciation, but no action.   
 

 

 

 

    

 

A.4.12.3.4 Safeguarding

Safeguarding functions

Function Description

Lock Set the output to safeguarding position and sets the function template to manual
made.

Force Set the output to safeguarding position, but the mode of function template is not
changed.

Conflict True if any safeguarding action is requested when the templateis in blockedstate.It
shall be possible to generate an alarm on this event.

A.4.12.3.5 Error handling

Error functions

Function Description
 

External fault

  
If XF is 1:

Shall be possible to generate alarm and set output YF.

The template will enter manual mode. The output Y will be either substitute value or
freeze value (depending on parameter).   

A.4.13

A.4.13.1

QA —- Totalizer

Intended use

The QA function template shall be used for accumulation (totalizing) of process values based
on time intervals.
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A.4.13.2. Technical description

A.4.13.2.1 Functional block schematic

Inputs QA Outputs

Normal function input Xx Y1 Previous total
External fault XF Y2 Currenttotal
External enabling totalizing XEQ YF Function failed
External reset totalizing RXQ
Forcetotalizing FQ AHH Action alarm HH
Force blocking alarm HH FBHH BHH Status alarm HH
Force suppression alarm HH FUHH WH Warning alarm H
Force suppression alarm WH FUWH BBHH Status blocked alarm HH

BU Status suppressed
BXH Status event H

Operator station

Totalizer on/off

Resettotalizer
Blocking on/off
Suppression on/off    

Operator station

Alarms andfaults

Totalizing on/off
Blocked
Suppressed

Figure A.12 — A function template schematic

 

 

 

 

 

 

 

 

 

A.4.13.2.2 lO terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

x Analogue input Normalfunction input Analogue input signal from process

XF Binary input External fault Failure in upstream function.

XEQ Binary input External enabling Input to logic enable/disable totalizing.
totalizing

True = enable.

RXQ Binary input External reset totalizing Logic signal to reset accumulation function.
Whenresetis true the current total Y2 replaces the

current previous total on Y1 and Y2 setto 0.

FQ Binary input Force totalizing Forcing totalizer to accumulate whentrue.

FBHH Binary input Force blocking alarm HH Logic input: AHH action is blocked as long as input
signalis true.

FUHH Binary input Force suppression alarm Logic input: alarm HH action and annunciation

HH suppressedas long asinput signalis true.

FUWH Binary input Force suppression alarm Logic input: alarm WH action and annunciation
WH suppressed as long asinput signalis true.      
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Output terminals

 

 

 

 

 

 

 

 

 

      
 

 

 

 

 

 

 

 

 

 

Terminal Signal type Terminal name Supplementary description
code

Y1 Analogue Previoustotal Stored value for previous total
output

Y2 Analogue Currenttotal Accumulated total value

output

YF Binary output Function failed Overflow of counter or external fault (XF) from source.

AHH Binary output Action alarm HH True when Y2 — value > AHH limit. Subjected to blocking
and suppression.

BHH Binary output Status alarm HH Status alarm annunciation (HH) not affected by blocking, but
subjected to suppression.

WH Binary output Warning alarm H True when Y2 — value > WHlimit. Subjected to suppression.

Should not be used in downstream logic.

BBHH Binary output Status blocked alarm True if FBHH or OS blockingis active.
HH

BU Binary output Status suppressed True if the template is in suppressed mode(any of the
process output function is suppressed).

BXH Binary output Status event H True when Y2 — value > Event high limit

No alarm annunciation, event only.

A.4.13.2.3 Template parameters with default values

Parameters

Parameter Signal type Parameter name Supplementary description Default

code

1) Binary Count negative If set to 1 the totalizer should allow for negative 0
counting.

1) Analogue Scaling factor Optional scaling factor to obtain required output

1) Analogue Initial value Defines the real value totalizer will start 0

counting with after reset operation.

1) Analogue Maximum value Defines the maximum real valuetotalizerwill 999999
allow (overflow). Passing this limit will result in
a fault state initiating the YF output.

1) Analogue Limit AHH Alarm limit for AHH -

1) Analogue Limit WH Alarm limit for WH -

1) Analogue Limit BXH Event limit for BXH -

1) Analogue Hysteresis value The hysteresis should be defined in % of display 0%
range, and be commonforall limits given by

parameterinputs. The hysteresis shall only
affect the return of alarms/eventsnotinitiation.
 

1) Enumeration  Fault function  1 Y2 = freeze accumulation 1
2Y2=0  
  1) If parameter is defined on a terminal, it shall start with character P.  
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A.4.13.3.1
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Functional description

General

The totalizing function can be started and stopped by the operatoror logic. The totalizing can
be enabled and disabled from logic. The template shall have display (indication) and
automatic monitoring (alarming) of totalized value.

The function includes suppression and blocking functions, but no safeguarding.

See Figure F.29 for complementary function behaviour description of the QA template

A.4.13.3.2 Operation modes

Modefunctions

 

Function Description
 

Suppress HH Suppresses AHH action and alarm and sets the AHH output from the template to 0.
 

Suppress WH Suppresses WHalarm and sets the WH output from the template to 0.
 

OS Suppress Suppresses AHH, WH, YF and sets these outputs from the template to 0.
 

Block HH  Blocking the AHH action but not the alarm. Sets the AHH output from the template to 0.   
A.4.13.3.3 Control requirements

Control functions

 

Function Description
 

Totalizer The totalizing can be enabled and disabled from logic by meansof input terminal XEQ
external enable totalizer. Start and stop oftotalizer is possible from OS. When input

terminal FQ (force totalizing) is set from the logic, the totalizer is forced to count
unless, XEQ = 0, or external fault is set (XF = 1). If totalizer should count when X
(Analogue input variable) lower than 0, is controlled by a parametersetting. (Count
negative).
 

OS Start / Stop Start and stop from HMIis possible when XEQ 1.

Stop from HMI is impossible in forced mode (FQ = 1).

Start from HMI whenin forced mode (FQ = 1) ensures that accumulation is continued
even though FQis set low.
 

Reset Totalizing is reset when RXQ goesto 1 or by OS reset command.

The current total value (Y2) will be stored in previous total value (Y1) whentotalizeris
reset.
 

Suppress and
blocking

The template includes suppress and blocking functions. Suppression from operator
station suppressesall alarm and fault outputs, whilst by logic it is possible to suppress
individual alarm outputs. Faults cannot be suppressedby logic input. All limit checking
and alarm annunciation resides within the template.
 

Action and warning
alarm

The accumulated value is subjected to limit checking on AHH action alarm HH,as well
as WH warning alarm H.
 

Event status  Status BXH output shall be provided for limit checking without alarm annunciation

(event-handling).   
A.4,13.3.4 Safeguarding

Not applicable for this template.
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A.4.13.3.5 Error handling

Error functions

 

Function Description
 

Function fault If XF is 1 or bad signal quality*) on X, YF is 1, totalization value Y2 shall be set to
freeze or null, and an alarm shall be generated.

An overflow in the accumulation should freeze the accumulation and report the
overflow as a function fault YF is set to 1.  

4) Signal quality may be transferred as system internal information.   
A.4.14 SB Single binary signal for shutdown

A.4.14.1 Intended use

The SB function template shall be used for single binary shutdown of equipment. It is used to
enable operator control of shutdown signal which has its main control template in another
node or system.

A.4.14.2. Technical description

A.4.14.2.1 Functional template schematic
 

 
Inputs $B Outputs

Normalfunction input x Y Normalfunction output
External fault XF YF Function failed
Reset latched output RX BB Status blocked

BU Status suppressed
BX Status normalfunction input

Operator station Operator station
Set safeguard Alarms andfaults
Reset safeguard Blocked
Blocking on/off Suppressed
Suppression on/off Conflict   

Figure A.13 — SB function template schematic

A.4.14.2.2 I/O terminals

Input terminals

 

 

 

 

Terminal Signal type Terminal name Supplementary description

code

Xx Binary input Normal function input Binary input signal from other logic or signal from

Shutdownlevel template LB

XF Binary input External fault Loop failure, i.e. output card broken

RX Binary input Resetlatched output Reset the output Y when RX goes high and X = 0      

N
E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



— 862 - IEC PAS 63131:2017 © IEC 2017

Output terminals

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Binary output Normal function output Y = X.If the template is set to latch, Y is set when
X is set and reset when RX goeshigh and X = 0.
Subject to blocking
 

 

 

 

YF Binary output Function failed For use in downstream logic, YF = 1 when XF = 1
and BU =0

BB Binary output Status blocked BB = 1 if blocking is enabled

BU Binary output Status suppressed BU = 1 if suppression is enabled

BX Binary output Status normal function |BX=X
inpu       

A.4.14.2.3. Template parameters with default values

 

 

 

Parameters

Parameter Signal type Parameter name Supplementary description Default
code

1) Binary Enable reset latched |If the parameteris 0, output Y is not latched. 0
output
uP If the parameteris 1, output Y is latched.

1) Analogue Output Time delay Delay before normal output is set after normal 00s
input (X) is set.        1) If parameter is defined on a terminal, it shall start with character P.
 

A.4.14.3 Functional description

A.4.14.3.1 General

Function template for single binary shutdown of equipment. It is used to enable operator
control of shutdown signal which has its main control template in another node or system, e.g.
motor controlled by SBE in PCS whereSBis used in PSDtotrip the motor.

The safeguarding output signal Y is equal to input signal X unless the signal is blocked by the
operator or the operator has set the safeguarding output directly from HMI. Additionally the
template shall have the possibility to latch the output signal Y. Typically the SB is connected
to a shutdown level hierarchy controlled by a LB function template.

Y-output from SB is repeated from the safety system to the process control system in order to
update the status of the associated SBE (motor) function template, i.e. the Y-output from SB
shall be connected to the LSL-input on SBE.

See Figure F.30 for complementary function behaviour description of the SB template.

A.4.14.3.2 Operation modes

Modefunctions

 

 

 

Function Description

OS block Blocking disables the shutdown output Y

OS suppress Suppresses YFandsets this output to 0     
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A.4.14.3.3 Control requirements

Control functions

 

 

 

   

Function Description

Set output The operator can set the output Y = 1

Alarm Function failed alarm (fault alarm) shall be generated on the operator station.
 

A.4.14.3.4 Safeguarding

Safeguarding functions

 

Function Description
 

Conflict If any safeguarding action is requested whenblockingis true. It shall be possible to

   generate an alarm on this event.
 

A.4.14.3.5 Error handling

Error functions

 

 

Function Description

Output fault If XF is 1 and suppression from operator station is not activated, the function failed
alarm shall be reflected directly on the output YF and also generated on operator
station.     

A.4.15 SBB —- Breaker control template

A.4.15.1 Intended use

Function template for binary (on/off) control of electricity to switchboards or consumers. The
function template shall be applied for all binary control of breakers both high and low voltage.
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SBB
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Outputs
 

XGH

A.4.15.2, Technical description

A.4.15.2.1 Function template schematic

Inputs

Position high feedback
(connected/closed)
Position low feedback
(disconnected/open)
External set high

External set low
External outside set high

External outside set low

External fault
Function externally enabled
External test position
External earthed
Lock safeguarding high
Lock safeguarding low
Force safeguarding high
Force safeguarding low
Force disable transition high
Force disable transition low
Force blocking
Force suppression
Lock auto
Lock manual
Lock outside

Operator station

Auto/Manual

Close (high)/ Open (low)

Blocking on/off
Suppression on/off  

XGL

XH

XL
XOH

XOL

XF
XE
XGX
XGZ
LSH
LSL
FSH
FSL
FDH
FDL
FB
FU
LA
LM
LO

YH

YL

YF
BCH

BCL

BE
BA
BO
BS
BB
BU

  

Normal function output

Pulsed normal function output
high (connect/close)
Pulsed normal function output
low (disconnect/open)
Function failed
Output position high confirmed
(connected/closed)
Output position low confirmed
(disconnected/open)
Status enabled
Status auto/man
Status outside
Status safeguarding
Status blocked
Status suppressed

Operator station

Alarms and faults

Open (disconnected) /
Closed(connected)
Suppressed
Auto/Manual/Outside
Earthed
Available
Test mode
Blocked
Disabled
Safeguarding
Conflict

Figure A.14 — SBB function template schematic
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A.4.15.2.2 I/O terminals
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Input terminals

 

Terminal

code

Signal type Terminal name Supplementary description

 

XGH Binary input Position high feedback Feedback from breaker — XGH = 1 means connected
(closed) breaker
 

XGL Binary input Position low feedback Feedback from breaker — XGL = 1 means
disconnected (open) breaker
 

XH Binary input External set high XH = 1 set Y to 1 in auto mode.
 

XL Binary input External set low XL = 1 set Y to 0 in auto mode. XL is dominant over
XH.
 

XOH Binary input External outside set

high
Set high signal (positive edge) to close breakerin
outside mode.
 

XOL Binary input External outside set low Set low signal (positive edge) to open breakerin

outside mode.
 

XF Binary input External fault Loop failure-e.g. I/O card broken.
 

XE Binary input Function externally
enabled (breaker)

XE = 1 is required for a connect command. Theeffect
on Y when XEgoes low while connectedwill be

defined by parameter.
 

XGX Binary input External test XGX = 1 meansthat the breakeris a position whereit
is possible to operate it, but without making
connectionsin the powergrid.
 

XGZ Binary input External earthed XGZ = 1 meansthat the breaker is earthed and that a

connect commandwill not be performed.
 

LSH Binary input Lock safeguarding high Safeguarding — LSH = 1 overrules operator inputs.
Locks the template in manual mode with Y = 1 and

send a pulse on YH. Input is subject to blocking.
Whensignalis reset, the template remains in manual
mode and
Y=1.
 

LSL Binary input Lock safeguarding low Safeguarding — LSL = 1 overrules operator inputs.
Locks the template in manual mode with Y = 0 and
send a pulse on YL. Input is subject to blocking.
Whensignalis reset, the template remains in manual
mode and
Y=0.
 

FSH Binary input Force safeguarding high Safeguarding — Signal overrules operator inputs.
Forces the template Y to1 and send a pulse on YH.
Whensignal goeslow, the template will react to
actual terminal status again if in auto mode. Signalis
subject to blocking.
If in Manual mode, the output (Y) remains high after
signal returns to normal.
 

FSL Binary input Force safeguarding low Safeguarding — Signal overrules operator inputs.
Forces the template Y to 0 and send a pulse on YL.
Whensignal goeslow, the template will react to
actual terminal status again if in auto mode. Signalis
subject to blocking.

If in Manual mode, the output (Y) remains low after
signal returns to normal.
 

FDH Binary input Force disables
transition high.

Permissive to activate breaker when FDH = 0 and

prevents breaker from being connected when
FDH = 1.
Signal is subject to blocking.
 

FDL Binary input Force disables
transition low.

Permissive to deactivate breaker when FDL = 0 and
prevents breaker from being disconnected when
FDL = 1.
Signalis subject to blocking.
 

FB  Binary input  Force blocking  FB = 1. Safeguarding action LSL, FSL and disable

transition function FDL and FDHwill be blocked.   N
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Terminal Signal type Terminal name Supplementary description
code

FU Binary input Force suppression. Alarm annunciation will be suppressed and YF = 0

LA Binary input Lock auto Locks the template in auto mode. When LA goeslow,

the template remains in auto mode.

LM Binary input Lock manual Locks the template in manual mode. When LM goes
low, the template remains in manual mode.

LO Binary input Lock outside Locks the template to outside mode, and sets the

template to manual mode. When LO goeslow,the
template remains in manual mode.

Output terminals

Terminal Signal type Terminal name Supplementary description

code

Y Binary output Normal function output Status of command to breaker, Y = 1 meanslast
command on YH and: Y = 0 meanslast command on

YL

YH Binary output Pulsed normal function Pulse connect command YH = 1 (one pulse)

output high.

YL Binary output Pulsed normal function Pulse disconnect command YL= 1 (one pulse).
output low.

YF Binary output Function failed See error handling

BCH Binary output Output position high Output Y compared to feedback position high signal
confirmed and validated as true (BCH = 1 if Y = 1 and

XGH = 1).

BCL Binary output Output position low Output Y compared to feedbackposition low signal
confirmed and validated as true (BCL = 1 if Y = 0 and XGL = 1)

BA Binary output Status auto/man. mode BA = if auto from operatorstation is true or LA = 1.

BE Binary output Status enabled BE = 1 if XE = 1 or XGX = 1 or BU = 1

BO Binary output Status outside BO = 1 whenset outside from operator station or
LO =1.

BS Binary output Status safeguarding BS = 1 if any safeguarding input is active.

BB Binary output Status blocked BB = 1 if block from operator station is true or
FB=1.

BU Binary output Status suppressed BU = 1 if suppressed from operator station is true or   FU = 1.  
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A.4.15.2.3
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Template parameters with default values

Parameters

 

Parameter

code

Parameter type Parameter name Supplementary description Default

 

1) Analogue Travel time open Maximum allowed time from open
commandis given to process element

(Y set to 1) to connected feedback
(XGH)is set.

10s

 

1) Analogue Travel time close Maximum allowed time from close
commandis given to process element

(Y set to 0) to disconnected feedback
(XGL)is set.

10s

 

1) Analogue Pulse time high Pulse length for YH 2s
 

1) Analogue Pulse time low Pulse length for YL 2s
 

1) Enumeration Template start up state Open

Closed

Based on feedback

Based on
feedback

 

1) Enumeration Template start up mode Manual

Auto

Manual

 

1) Enumeration Operation Mode options Possible to switch between outside,
manual and automatic mode

Possible to switch between manual
and automatic mode

Possible to switch between manual
and outside mode

Locked in manual mode

Locked in outside mode
 

1) Enumeration Outside mode type Outside: output controlled by SAS

Local: output controlled locally

Local

 

1) Enumeration Action on externalfault No action

Open breaker

No action

 

1)  Enumeration  Action on loss of XE  No action

Open breaker  No action

  1) Parameter codeto be defined if used on a terminal. It shall then start with the letter P.   
A.4.15.3

A.4.15.3.1 General

Functional description

The following control options shall be made available selected by parameter:

manual operation + automatic control + outside control;

manual operation + automatic control;

manual operation + outside control;

locked in outside control (CCR indication only);

locked in manual operation (controlled from HMI in CCR).

The function template can be configured to operate with several options according to the type
of application restricting the possibilities for changing modes. These options are fixed during
run-time, but selected when structuring the control logic and thus called control options. N
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See Figure F.31 for complementary function behaviour description of the SBB template.

A.4.15.3.2 Operation modes

Modefunctions

 

Function Description
 

Auto The flow device is automatically operated. The breaker will not be operable from the HMI

system. This shall be reflected by the indication on the operator stations. The actual
output to the breakeris controlled by the automation system based on inputs (XH/XL)
from a control function. Then the breakerwill be subject to safeguarding (shutdown) or

interlock functions overruling the control input. The error handling and statuses in the
template shall be available.
 

Manual The operatoris able to give open/close commandswhichwill change the output Y.

The flow device will additionally be subject to safeguarding (shutdown)orinterlock
functions overruling the operator input. Last output position will be maintained when
switched to manual, i.e. if it was open, it will stay open.
 

Outside Breakeris locally controlled. The breakerwill not be operable from the HMI system. This
shall be reflected by the indication on the operator stations. Outside control may be
implementedin two different ways:

Status indication only based the on position high and/or position low feedbacksignal
from breaker.

The actual output to the breakeris controlled by the automation system based on inputs
(XOH/XOL)from an outside (local) control function. Then the breakerwill be subject to
safeguarding (shutdown) or interlock functions overruling the control input. The error

handling and statuses in the template shall be available.
 

Block Blocking disables safeguarding mode (LSH/LSL/FSH/FSL) and the disable transition
mode (FDH/FDL).
 

Suppression Suppression sets YF = 0. Disables alarm annunciation.
 

Safeguarding See definition.
 

Disable transition  See definition.   
 

 

 

 

mode

A.4.15.3.3 Control requirements

Control functions

Function Description

Symbols The symbols used on VDUsshall always showtrue position (based on XGH and
XGL)/status of the breaker.

Restart After restart of the controller node the function will be set to a predefined mode and state
according to the parameters.

Test mode When XGX = 1 the function template enters test mode. In test mode the function
template can be operated as normal both form logic and operator independentof XE.It
shall be possible to indicate test position on the operator station HMI    
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A.4.15.3.4 Safeguarding

Safeguarding functions

 

Function Description
 

Lock Sets the output to safeguarding position and sets the function template to manual mode.
This is also doneif the template is in outside mode and the actual control output to the
flow elementis wired through the automation system.
 

 

Force Sets the output to safeguarding position, but the modeof function template is not
changed

Conflict True if any safeguarding action is requested when the templateis in blocked state. It    shall be possible to generate an alarm on this event.
 

A.4.15.3.5 Error handling

Error functions

 

Function Description
 

External fault If XF is 1, it will be reflected directly on the output YF. Shall be possible to generate
alarm. Action according to parameter.
 

Loss of XE Prevent operation.

Shall be possible to generate alarm. The YFshall be set.

Switch to manual modeif possible (not if LO = 1 or only outside option) and disconnect
the breaker (depending on parameter).
 

Opening timeout Shall be possible to generate alarm. The YFshall be set. A dedicated alarm shall be

possible to generateif the time has elapsed during a safeguarding action.
 

Closing timeout Shall be possible to generate alarm. The YF shall be set. A dedicated alarm shall be
possible to generateif the time has elapsed during a safeguarding action.
 

Both XGH and XGL Shall be possible to generate alarm. The YFshall be set.
set
 

Loss of XGL when Shall be possible to generate alarm. The YFshall be set.
open
 

Loss of XGH when Shall be possible to generate alarm. The YF shall be set.
closed
 

Safeguarding failure Shall be possible to generate dedicated alarm when feedbackfailure obtained and    safeguardingis set.
 

A.4.16 SBC — Coordinator for SBE

A.4.16.1 Intended use

The SBC function template shall be used for duty/standby or lead/lag control of multiple flow
elements.

Priority for the SBE units is set by assigned HMI. The current priority for each SBE is
available for monitoring on SBE HMI.
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A.4.16.2. Technical description

A.4.16.2.1 Function template schematic

Inputs SBC

Auto start requested| XH Y1—-Y6 ®
number
Auto stopall XL YF
Enable function XE YQ
Request number XQ BA
Rotate priority XP BCH

BCL
Call for 6 — increasing X6H BCQ
Call for 5 — increasing X5H
Call for 4 — increasing X4H
Call for 3 — increasing X3H
Call for 2 — increasing X2H
Call for 1 — increasing X1H
Call for 5 — decreasing X5L
Call for 4 — decreasing X4L
Call for 3 — decreasing X3L
Call for 2 — decreasing X2L
Call for 1 — decreasing X1L
Lock auto LA
Lock manual LM

Operator station:

Start requested
Stop all
Increment
Decrement
Rotate
Set priority for each SBE
Set number requested as
value
Suppression on/off

Information from SBE®”)

e Running

e Failure

e Enabled for

duty/standby

(auto mode)

e Safeguarding

e Start disabled (FDH)

e Stop disabled (FDL)    
®) Dependentof vendorsolution.

7) Will not be shown on SCD

IEC PAS 63131:2017 © IEC 2017

Outputs

Normal function output

Function failed

Number requested
Status auto/man

One or more SBEin run

All SBE in stop
Numberrunning

Operatorstation:

For each SBE:

Running/stopped
Alarms and faults
Available (SBE in auto)
Start disabled (FDH)
Stop disabled (FDL)
Safeguarding

Currentpriority
Suppressed
Information to SBE®

e Set high

e §6Set low

e Priority

8) Terminal namewill be shown as Y1...Y6 connected to X on SBE 1..6 on the SCD.

Figure A.15 — SBC function template schematic
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A.4.16.2.2. I/O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

XH Binary input Auto start requested In auto, start command. Will start the amountthat is
number. set as requested.

XL Binary input Auto stopall In auto, stop all SBE. Prior to other input.

XE Binary input Enable function XE = 1 is required for enabling the function.

XQ Analogue Request number In auto. The amount of requested SBE units. Value

XP Binary input Rotate priority. Signal goes high will execute the rotate priority
function.

X6H Binary input Call for 6- increasing If = 1, then at least 6 SBE shall run.

X5H Binary input Call for 5- increasing |If = 1, then at least 5 SBE shall run.

X4H Binary input Call for 4- increasing If = 1, then at least 4 SBE shall run.

X3H Binary input Call for 3- increasing If = 1, then at least 3 SBE shall run.

X2H Binary input Call for 2- increasing If = 1, then at least 2 SBE shall run.

X1H Binary input Call for 1- increasing |If = 1, then at least 1 SBE shall run.

X5L Binary input Call for 5- decreasing |If = 1, then a maximum of 5 SBEshall run.

X4L Binary input Call for 4- decreasing |If = 1, then a maximum of 4 SBEshall run.

X3L Binary input Call for 3- decreasing |If = 1, then a maximum of 3 SBEshall run.

X2L Binary input Call for 2- decreasing |If = 1, then a maximum of 2 SBEshall run.

X1L Binary input Call for 1- decreasing |If = 1, then a maximum of 1 SBEshall run.

LA Binary input Lock auto Locks the template in auto mode. When LA goes
low, the template remain in auto mode.

LM Binary input Lock manual Locks the template in manual mode. When LM goes
low, the template remains in manual mode.

Output terminals

Terminal Signal type Terminal name Supplementary description
code

YF Binary input Function failed Failure. Have not obtained desired numberto run.

YQ Analogue Numberrequested The current amount of requested SBE units.

BA Binary output Status auto/man Set BA = 1 whenin auto mode.

BCH Binary output One or more SBEin run One or more SBErunning.

BCL Binary output All SBEin stop All SBE in stop.

BCQ Analogue Numberrunning The amount of confirmed running SBE units.     
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Parameters

 

Parameter Parameter type Parameter name Supplementary description Default
code
 

1) Time Overlap time Overlap time used for shift operation. 5s
 

1) Time Alarm delay Time before alarm when deviation 20s
between requested numberof running

SBE andobtained.
 

1) Binary Count manual SBE 0 = Only count SBE thatis in auto 0

1 = Whencalculating the amount of
running SBEalso the units unavailable for
control by SBCis counted.
 

1) Binary Select control in auto |0 = The binary input (XnH/XnL) will 0

define the amount of requested units.

1 = Value XQ define the amountof
requested units.
 

1) Binary Priority list 0 = No message whenuserfault. 1

1 = Alarm annunciation when a faulty
priority list is tried activated.
 

1) Binary Take into account start/ 0 = Even if SBE is disabled, the SBC will 1
stop disable (FDH / commandit to start/stop.

FDL) 1 = If SBE is disabled, SBC will not try to
changestatus of this SBE. If SBE has
FDH = 1, SBC will not try to start this SBE

but select the next SBE inline.        1) If parameter is defined on a terminal, it shall start with character P.
 

A.4.16.3. Functional description

A.4.16.3.1 General

Duty/standby or lead/lag functions with up to 6 SBE units. The main purpose by the SBCis to
keep a defined amount of SBE units running. SBC can only interfere on SBE units which are
in auto mode. SBC HMI handles the priority of the SBEs. A priority rotate function will
alternate running SBEs. The SBC will monitor running SBEs and execute actionif one fail.

The connection on the SCD diagram between SBC and the assigned SBEsshall be indicated
by a single line. Terminal names on SCD on SBCwill be shown as Y1...Y6. Assigned terminal
name on the SCD on SBE will be named X.

SBC can be controlled in manual or auto. In manual the numbers of requested SBEare set by
the operator, in addition there will be possible to start and stop the group.

In SBC auto mode, control is made by input terminals on the SBC template.

See Figure F.32 for more detailed function behaviour description of the SBC template.
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A.4.16.3.2 Operation modes

Mode functions

Function Description

Manual Amount of requested SBEunits is set by the operator. Start/stop is made via HMI. Start will

start the preset requested units. Stop will stop all assigned SBE(if in auto).

Switching to Manual shall be bumpless. (From auto or return of XE).

Auto The requested amountof running SBEis selected by XQ or the input XnH/XnL.

Start of the units is made by the XH or XnH inputs (Dependent on parameter Select control in
auto). Stop of all will be executed when XL goeshigh.

Whenswitching to Auto without any active XQ/XnH/XnL any running SBE should continue to

run.

Increment and decrement of the requested running units is made based on input terminals.
 

Suppression Suppression sets YF = 0. Disables alarm annunciation.   
 

 

 

 

 

 

A.4.16.3.3 Control requirements

Control functions

Function Description

Priority The priority for each SBE is entered via the SBC HMI. The system shall make surethat priority
setting are according to the following rules:

The priority value is less or equal to the amount of connected SBE. Each priority numberis
only used once.

Priority can only be changed by operatoror by the Rotate function input.

It shall be possible to temporary remove SBEs from the SBC function. E.g. this may be
obtained bysetting priority to 0.
A temporary removed SBEis not handled or counted by the SBC.

Each SBE will have the priority value available for monitoring purpose.

Rotate Input XP goes high or command from operatorwill changethe priority in such a waythat the
function highest priority SBE will be given the lowestpriority. At the same time all other SBE will be

moved onestepupin priority. If the low priority SBE is running, this will be stopped and the
highest priority SBE that is not running will be started. Dependenton the overlap time the low

priority SBE will be stopped a delayed time after the onein line is started.

Startup of SBC generates start commandto standbyif all of the following three conditions are true:
standb

y Duty in auto mode and runningorstarting (Y = 1),

Duty fails or is stopped caused by safeguarding,

Standby shall be available and in auto.

After a start of standby has been executed, no further action is made before a command ora
changeon the input terminals. l.e. if a high priority unit stop caused by failure, a switch backto
this unit is not made immediately when the unit return to available.

Enable If the SBC is not available (XE = 0), then SBCis inactive. All SBE will show priority inactive.

Requested Selection of requested amount of running SBE based on boolean input. XnH define the

amountof minimum number(n) of running SBE. An XnH input with n higher than requested SBE (YQ)will
running SBE increment the requested amount.
based on
XnH/XnL To decrement requested SBE, an input on XnLis required. XnL define the maximum number (n) of requested SBE.Forinstance, an input on X1L will set the requested amount downto1 if

more SBEsare requested.

If both X2L and X1L = 1, X1L will be the valid control signal (smallest maximum amount).

If both X1H and X2H = 1, X2H will be the valid control signal (largest minimum amount).

If any XnH/XnL and XL = 1, XL will be the valid control signal.

XnL haspriority to XnH.   N
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A.4.16.3.4 Safeguarding

Not applicable for this template.

A.4.16.3.5 Error handling
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Error functions

 

Function Description
 

Cannotstart requested amount of SBE. YF =1

Shall be possible to generate alarm. No action.

If all SBE’s safeguarded, then no alarm.
 

Loss of XE YF = 1.

All SBE’s will show priority inactive.

Shall be possible to generate alarm. No action.

SBC to be set to Manual.
 

Priority list faulty  Operatorenters a faulty priority list. This will not be activated.

Shall be possible to generate alarm. No action.  
 

A.4.17 SBE — Control of electrical equipment

A.4.17.1 Intended use

The SBE function template shall be used for binary (on/off) control of flow element of medium
(electricity, heat or fluid). The controlled elementis a unit, e.g. motor, pump, heater, fan etc.
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SBE

A.4.17.2, Technical description

A.4.17.2.1 Function template schematic

Inputs

Pos high feedback (MCC)
External set high
External set low
External outside set high
External outside set low
External fault
Externally enabled (MCC)
Lock safeguarding high
Lock safeguarding low
Force safeguarding high
Force safeguarding low
Force disable transition
high
Force disable transition low
Force blocking
Force suppression
Lock auto
Lock manual
Lock outside

Operator station:

Auto/Manual/Outside

Set output on(high)/off(low)
Blocking on/off
Suppression on/off

Information from SBC®®)
External set high
External set low

Priority provided by SBC

6) Dependentof vendorsolution.
”) Will not be shown on SCD.

 

 
FDL

  

Outputs

Normalfunction output
Pulsed normalfunction output high
Pulsed normal function output low
Function failed
Output position high confirmed
Output position low confirmed
Status auto/man
Status outside
Status safeguarding
Status blocked
Status suppressed
Status external set high

Status external set low

Operatorstation:

Alarms andfaults

Running/Stopped
Auto/Manual/Outside
Blocked
Suppressed
Disabled
Safeguarding
Conflict
Priority

Information to SBC®)”)
Run
Fault
Available (SBE in auto)
Start disabled (FDH)
Stop disabled (FDL)
Safeguarding

8) Terminal namewill be shown as X connected to Y1....Y6 on SBC on the SCD.

Figure A.16 — SBEfunction template schematic
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A.4.17,2.2 l/O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

XGH Binary input Position high feedback| Signal from MCC, running status high (XGH = 1 is motor
running)

XH Binary input External set high XH = 1 (positive edge) set Y to 1 in auto mode.

XL Binary input External set low XL = 1 (positive edge) set Y to 0 in auto mode.XLis
dominant over XH.

XOH Binary input Extemal outside sethigh XOH = 1 set Y to 1 in outside mode.

XOL Binary input External outside set |XOL = 1 set Y to 0 in outside mode.
low

XF Binary input External Fault Loop failure, e.g. I/O card broken.

XE Binary input Externally enabled XE = 1 is required for a start. The effect on Y when XE goes
(MCC) low while running will be defined by parameter.

LSH Binary input Lock safeguarding Safeguarding — LSH = 1. Overrule operator possibility to

high. operate Start/Stop and Auto/Manual. Locks template in
manual modeand to 1 regardless offailure state. Input is

subject to blocking. When signal goes low, the template
remains in manual mode and Y = 1.

LSL Binary input Lock safeguarding Safeguarding — LSL = 1 Overrule operator possibility to
low. operate Start/Stop and Auto/Manual. Locks template to

manual modeandY to 0 regardless offailure state. Input is
subject to blocking. When signal goes low, the template
remains in manual mode and Y = 0.

FSH Binary input Force safeguarding Safeguarding — FSH = 1 Overrule operator possibility to
high operate Start/Stop. Sets Y to1 regardlessof failure state.

Whensignalis reset, the template will react to actual
terminal statuses again. Signal is subject to blocking. If in
Manual mode, the output (Y) remains 1 after signal returns
to normal.

FSL Binary input Force safeguarding Safeguarding FSH = 0 Overrule operator possibility to

low operate Start/Stop. Sets to 0 regardlessof failure state.
Whensignalis reset, the template will react to actual
terminal statuses again. Signal is subject to blocking.

If in manual mode, the output (Y) remains 0 after signal
returns to normal.

FDH Binary input Force disable Permissive to start when FDH = 0 and prevents equipment
transition high. from being started when FDH 1.

Signal is subject to blocking.

FDL Binary input Force disable Permissive to stop when FDL = 0 and prevents equipment
transition low. from being stopped when FDL = 1.

Signal is subject to blocking.

FB Binary input Force blocking FB = 1. Safeguarding action LSH, LSL, FSH, FSL and FDH
and FDL will be blocked.

FU Binary input Force suppression FU = 1. Alarm annunciation is suppressed,
YF = 0. and statuses XF, XE and XGHare neglected.

LA Binary input Lock auto Locks the template in auto mode. WhenLAisreset, the

template remains in auto mode.

LM Binary input Lock manual Locks the template in manual mode. WhenLMis reset, the
template remains in manual mode.

LO Binary input Lock outside Locks the template in outside mode. When LO goeslow the    template will be set to manual mode.   
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Output terminals

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Binary output Normal function output Command to flow element. Start Y = 1 and stop Y = 0.

YH Binary output Pulsed normal Pulse start command YH = 1 (one pulse).
function output high

YL Binary output Pulsed normal Pulse stop command YL= 1 (one pulse).
function output low

YF Binary output Function failed Set YF = 1 if XF = 1 or feedback time exceeded or changein

feedback while in run or stop or XE = 0.

BCH Binary output Output position high Output Y compared to feedbackposition high limit switch
confirmed and validated as true (set BCH = 1 if Y = 1 and XGH 1).

XF has no impact on BCH.

BCL Binary output Output position low {Output Y compared to feedbackposition low limit switch and
confirmed validated as true (set BCL = 1 if Y = 0 and XGH = Q).

XF has no impact on BCL.

BS Binary output Status safeguarding |BS = 1 if any safeguarding inputis active.

BB Binary output Status blocked BB = 1 when block from operator station is true or FB = 1.

BU Binary output Status suppressed BU = 1 when suppressedfrom operator station is true or
FU = 1.

BA Binary output Status auto/man BA = 1 when in auto mode.

BO Binary output Status outside BO = 1 when outside mode set from operator station or
LO = 1.

BXH Binary output Status external set |BXH = 1 when SBEis in auto and XH = 1 or start signal from
high SBC.

BXL Binary output Status external set |BXL = 1 when SBE isin auto and XL = 1 or stop signal from   low  SBC.   
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A.4.17.2.3 Template parameters with default values

Parameters

Paramete Parameter Parameter name Supplementary description Default

r code type

1) Analogue Feedbacktime Maximum allowed time from start/stop 25s
commandis given (Y set to 1) to flow element
running/stop feedback (XGH)is set/reset.

1) Analogue Time before action Time from XGHis lost until actions are 2s
whenloss of feedback. performed. Dependent of parameterthat select

if there shall be action on loss of XGH.

1) Analogue Pulse time high Pulse length for YH 2s

1) Analogue Pulse time low Pulse length for YL 25

1) Enumeration Template start up Manual and run Manual and
i t

settings Manualand stop stop

As previous state

1) Enumeration Operational mode Possible to switch between outside, manual Possible to

options and automatic mode switch

: : between
Possible to switch between manual and manual and
automatic mode automatic

Possible to switch between manual and mode
outside mode

Locked in manual mode

Lockedin outside mode

1) Enumeration Outside mode type Outside: Output controlled by SAS Local

Local: Output controlled locally

1) Binary Action on external fault Value: 0 Stop motor — 1 keep running 0

1) Binary Action on loss of XE Value: 0 Stop motor — 1 keep running 0
while running.

1) Binary Action on loss of run Value: 0 Stop motor - 1 keep running 0

feedback ( XGH)

1) Binary Restart controller Value: 0 Manual mode and stopped 0ti

opuons Value: 1 Auto mode and follow XH/XL —
stoppedif bothis ‘0’.      1) If parameter is defined on a terminal, it shall start with characterP.   

A.4.17.3

A.4.17,.3.1

Functional description

General

The following operation mode options shall be made available selected by parameter:

e manual operation + automatic controlt+toutside control;

e manual operation + automatic control;

e manual operation + outside control;

e locked in outside control (CCR indication only);

e locked in manual operation (controlled from HMI in CCR).

The function template can be configured to operate with several options according to the type
of application restricting the possibilities for changing modes. These options are fixed during
run-time, but selected when structuring the control logic and thus called control options.

See Figure F.33 for complementary function behaviour description of the SBE template.
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A.4.17.3.2 Operation modes

Modefunctions

 

Function Description
 

Auto The input terminals XH/XLwill change the output Y.

The flow element is automatically operated. The flow element will not be operable from
the HMI system. This shall be reflected by the indication on the operator stations. The
actual output to the flow elementis controlled by the automation system based oninputs
(XH/XL) fram a control function. The flow elementwill be subject to safeguarding
(shutdown)orinterlock functions overruling the control input. The error handling and
statuses in the template shall be available.
 

Manual The operatoris able to give open/close commandswhichwill change the output Y. The
flow element will additionally be subject to safeguarding (shutdown)orinterlock functions
overruling the operator input. Last output position will be maintained when switched to
manual, i.e. if it was running, it keeps running.
 

Outside Flow element (motor) is locally controlled. The flow element will not be operable from the
HMI system. This shall be reflected by the indication on the operator stations. Outside
control may be implementedin twodifferent ways:

status indication only based the on feedback signal (running -position high-) from the
MCC;

the actual output to the flow element is controlled by the automation system based on
inputs (XOH/XOL) from an outside (local) control function. Then the flow elementwill be
subject to safeguarding (shutdown) or interlock functions overruling the control input. The

error handling and statuses in the template shall be available.
 

Block Blocking disables safeguarding mode (LSH/LSL/FSH/FSL) and the disable transition
mode (FDH/FDL).
 

Suppression Suppression sets YF = 0. Disables alarm annunciation. The control template will use the
output Y as feedback (XGH).
 

Disable transition
mode  See definition.   

A.4.17.3.3 Control requirements

Control functions

 

 

 

 

 

Function Description

Symbols The symbols used on VDUsshall always show true status (XGH)of the electrical flow
device.

Restart After restart of the controller node the function will be set to a predefined state
selected by a parameter.

Duty/standby Intended for automatic supervision of flow elements operating in parallel to increase

operation the system availability. The priority is selected by the coordinator block (SBC) and
transferred to the template for visualisation purpose. Start/stop and status information
from/to SBE to/from SBC to perform the required duty/standby actionsis

communicated (vendor dependent).

Automatic duty/standby function is further described in the SBC template
documentation.

If SBC is connected, input on terminals XH/XL is disregarded.   
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A.4.17.3.4 Safeguarding

Safeguarding functions

 

Function Description
 

Lock Set the output to safeguarding position and sets the function template to manual
mode.This is also doneif the template is in outside mode and the actual control
output to the flow element is wired through the automation system.
 

 

Force Set the output to safeguarding position, but the mode of function template is not
changed.

Conflict True if any safeguarding action is requested when the template is in blocked state. It    shall be possible to generate an alarm onthis event.
 

A.4.17.3.5 Error handling

Error functions

 

Function Description
 

External fault If XF is 1:

Preventstart.

Shall be possible to generate alarm and set output YF.

Switch to manual modeif possible (not if LO = 1 or only outside option) and stop
motor (depending on parameter).
 

Loss of XE Preventstart.

Shall be possible to generate alarm and set output YF.

Switch to manual modeif possible (not if LO = 1 or only outside option) and stop
motor (depending on parameter).
 

Feedbackfailure Discrepancy between XGH status and Y status when feedbacktimeis elapsed.
Feedback time is active when shall changestate. If XGH is lost when Y = 1, a timer
will delay action.

Shall be possible to generate alarm and set output YF.

Switch to manual modeif possible (not if LO = 1 or only outside option).

Stop motor.
 

Safeguarding failure Shall be possible to generate dedicated alarm when feedbackfailure obtained and    safeguarding is set.
 

A.4.18 SBV - Control of pneumatic/hydraulic equipment

A.4.18.1 Intended use

The SBV function template shall be used for binary (on/off) control of a flow element by
means of changing flow of medium (heat or fluid). Typically controlled elements are valves,
dampers,etc.
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SBV

A.4.18.2. Technical description

A.4.18.2.1 Function template schematic

Inputs

Position high feedback
Position low feedback
External set high
External set low
External outside set high
External outside set low
External fault
Lock safeguarding high
Lock safeguarding low
Force safeguarding high
Force safeguarding low
Force disable transition
high
Force disable transition low
Force blocking
Force suppression
Lock auto
Lock manual
Lock outside

Operatorstation:

Auto/Manual/Outside

Set output open(high)/
close(low)

Blocking on/off
Suppression on/off

Outputs
 

 

XGH
XGL
XH
XL
XOH
XOL
XF
LSH
LSL
FSH
FSL
FDH

FDL
FB
FU
LA
LM
LO

YH

YF
BCH
BCL
BS
BB
BU
BA
BO

  

Normal function output
Pulsed normal function output high
Pulsed normal function output low
Function failed
Output position high confirmed
Output position low confirmed
Status safeguarding
Status blocked
Status suppressed
Status auto/man
Status outside

Operatorstation:

Alarms and faults

Open/Opening/Closed/Closing

Auto/Manual/Outside
Blocked

Suppressed
Disabled

Safeguarding
Conflict

Figure A.17 — SBV function template schematic
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A.4.18,2.2 l/O terminals

Input terminals

Terminal Signal type Terminal name Supplementary description

code

XGH Binary input Position high Signal from limit switch high (XGH = 1 is open flow

feedback device).

XGL Binary input Position low Signal from limit switch low (XGL = 1 is closed flow
feedback device).

XH Binary input External set high From processorlogic to function template which set
high signal (Y = 1) to flow device in auto mode.

XL Binary input External set low From processorlogic to function template which set
high signal (Y = 0) to flow device in auto mode.

XOH Binary input External outside set Set high signal (positive edge) to open flow devicein
high outside mode.

XOL Binary input External outside set Set low signal (positive edge) to close flow device in
low outside mode.

XF Binary input External fault Loop failure-e.g. I/O card broken.

LSH Binary input Lock safeguarding Safeguarding — LSH = 1 overrules operator inputs. Locks
high the template in manual mode with Y = 1. Input is subject

to blocking. Whensignalis reset, the template remains
in manual mode and Y = 1.

LSL Binary input Lock safeguarding Safeguarding — LSL = 1 overrules operator inputs. Locks
low the template in manual mode with Y = 0. Input is subject

to blocking. Whensignalis reset, the template remains
in manual mode and Y = 0.

FSH Binary input Force safeguarding Safeguarding — Signal overrules operator inputs forces
high the Y to 1. Whensignal goes low, the template will react

to actual terminal status again if in auto mode. Signalis
subject to blocking.

If in manual mode, the output (Y) remains high after
signal returns to normal.

FSL Binary input Force safeguarding Safeguarding — Signal overrules operator inputs Forces
low the template Y to 0). When signal goes low, the template

will react to actual terminal status again if in auto mode.
Signal is subject to blocking.

If in manual mode, the output (Y) remains low after
signal returns to normal.

FDH Binary input Force disable Permissive to open when FDH = 0 and prevents element
transition high from being opened when FDH 1.

Signal is subject to blocking.

FDL Binary input Force disable Permissive to close when FDL = 0 and prevents element
transition low from being closed when FDL= 1.

Signal is subject to blocking.

FB Binary input Force blocking FB = 1. Safeguarding action LSH, LSL, FSH, FSL and
disable transition function FDH, FDL will be blocked.

FU Binary input Force suppression Alarm annunciation is suppressed, YF = 0 and status
XGL, XGH and XF are neglected as long as FU = 1.

LA Binary input Lock auto Locks the template in auto mode. When LA goeslow,the
template remains in auto mode.

LM Binary input Lock manual Locks the template in manual mode. When LM goeslow,

the template remains in manual mode.

LO Binary input Lock outside Locks the template to outside mode, and sets the    template to manual mode. When LO goeslow, the
template remains in manual mode.   
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Output terminals

 

 

 

 

 

 

 

 

 

 

 

 

Terminal Signal type Terminal name Supplementary description
code

Y Binary output Normalfunction output Commandto flow device, Open Y = 1 and close
Y=0.

YH Binary output Pulsed normal function |Pulse open command YH= 1 (onepulse).

output high

YL Binary output Pulsed normal function |Pulse close command YL = 1 (onepulse).
output low

YF Binary output Function failed YF = 1 if XF = 1 ref. error handling definition.

BCH Binary output Output position high Output Y compared to feedbackposition high limit
confirmed switch and validated as true (BCH = 1 if Y = 1 and

XGH = 1).

BCL Binary output Output position low Output Y compared to feedbackposition low limit

confirmed switch and validated as true (BCL = 1 if Y = 0 and
BCL= 1).

BS Binary output Status safeguarding BS = 1 if any safeguarding inputis active.

BB Binary output Status blocked BB = 1 if blocking from operator station is true or
FB=1.

BU Binary output Status suppressed BU = 1 if suppressed from operator station is true
or FU=1.

BA Binary output Status auto/man BA = 1 when in auto mode.

BO Binary output Status outside BO = 1 whenset outside from operator station or    LO =1.   
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A.4.18.2.3 Template parameters with default values

Parameters

Parameter Parameter type Parameter name Supplementary description Default

code

1) Analogue Travel time open Maximum allowed time from open command 30s
is given to process element (Y set to 1) to

opened feedback (XGH) isset.

1) Analogue Travel time close Maximum allowed time from close 30s

commandis given to process element (Y
set to 0) to closed feedback (XGL)is set.

1) Analogue Pulse time open Pulse length for YH 2s

1) Analogue Pulse time close Pulse length for YL 2s

Enumeration Template start up Closed Closed
state Open

Based on feedback (XGH/XGL)

1) Enumeration Template start up Manual Manual
mode Auto

As previous state '°)

1) Enumeration Operation mode Possible to switch between outside, manual -

options and automatic mode.
Possible to switch between manual and
automatic mode.

Possible to switch between manual and
outside mode.
Locked in manual mode.
Locked in outside mode.

1) Enumeration Outside mode Outside: Output controlled by SAS Local
type Local: Output controlled locally

1) Enumeration Feedback type Nolimit-switch feedback. Position high

Position high limit-switch feedbackonly. and low limit
Position low limit-switch feedback only. switches
Position high andlowlimit switches feedback
feedback.

1) Enumeration Action on fault |No action No action

Close
Open      10) |f possible in the system.

1) Parameter codeto be defined if used on a terminal. It shall then start with the letter P.   
A.4.18.3

A.4.18.3.1 General

Functional description

The following control options shall be made available selected by parameter:

e manual operation + automatic control + outside control;

e manual operation + automatic control;

e manual operation + outside control;

e locked in outside control (CCR indication only);

e locked in manual operation (Controlled from HMI in CCR).

The function template can be configured to operate with several options according to the type
of application restricting the possibilities for changing modes. These options are fixed during
run-time, but selected when structuring the control logic and thus called control options.

Duty/standby configurations for valves are not used.
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See Figure F.34 for complementary function behaviour description of the SBV template.

A.4.18.3.2 Operation modes

Modefunctions

 

Function Description
 

Auto The flow device is automatically operated. The flow device will not be operable from
the HMI system. This shall be reflected by the indication on the operator stations. The
actual output to the flow device is controlled by the automation system based on
inputs (XH/XL) from a control function. Then the flow device will be subject to
safeguarding (shutdown) or interlock functions overruling the control input. The error

handling and statuses in the template shall be available.
 

Manual The operatoris able to give open/close commandswhichwill change the output Y.

The flow device will additionally be subject to safeguarding (shutdown)orinterlock
functions overruling the operator input. Last output position will be maintained when
switched to manual, i.e. if it was open, it will stay open.
 

Outside Flow device (valve/damper)is locally controlled. The flow device will not be operable
from the HMI system. This shall be reflected by the indication on the operator
stations. Outside control may be implementedin twodifferent ways:

status indication only based the on position high and/or position low feedback signal
from flow device;

the actual output to the flow device is controlled by the automation system based on
inputs (XOH/XOL) from an outside (local) control function. Then the flow device will
be subject to safeguarding (shutdown)or interlock functions overruling the control
input. The error handling and statuses in the template shall be available.
 

Block Blocking disables safeguarding mode (LSH/LSL/FSH/FSL) and the disable transition
mode (FDH/FDL).
 

Suppression Suppression sets YF = 0. Disables alarm annunciation. The control template will act
as the feedback option "no limit-switches" is selected.
     Disable transition See definition.

mode

A.4.18.3.3 Control requirements

Control functions

 

 

 

 

  

Function Description

Symbols The symbols used on VDUsshall always showtrue position (based on XGH and XGL)/status
of the valve.

Restart After restart of the controller node the function will be set to a predefined mode and state
according to the parameters.

Feedback The SBV template shall have a parameterto define the four possibilities for limit-switch
monitoring feedback constellation. The four possibilities are:

Feedback option 1: No limit-switches

The position of the element (valve/damper) is derived from the output of the function

template and shown on the operator station and the confirmed position outputs follow the
normalfunctional output Y.

Feedback option 2: Position high limit-switch feedback only

The position of the element (valve/damper) is taken from the high limit switch only,i.e. if not

open, it is assumedto be closed.

Feedback option 3: Position low limit-switch feedback only

Asin option 2, relying on the low switch, i.e. if not closed, it is assumed to be open.

Feedback option 4: Position high and low limit switches feedback

The position of the element is calculated out of the position of both limit switches. End
positions as well as "moving" status can be shownontheoperatorstations.   N
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A.4.18.3.4 Safeguarding

Safeguarding functions

 

Function Description
 

Lock Sets the output to safeguarding position and sets the function template to manual
mode. This is also doneif the template is in outside mode and the actual control output
to the flow device is wired through the automation system.
 

 

Force Sets the output to safeguarding position, but the modeof function template is not
changed.

Conflict True if any safeguarding action is requested when the templateis in blockedstate.It    shall be possible to generate an alarm onthis event.
 

A.4.18.3.5 Error handling

Error functions

 

Function Description
 

External fault If XF is 1, it will be reflected directly on the output YF. Shall be possible to generate
alarm. Action according to parameter.
 

Opening timeout Shall be possible to generate alarm. The YF shall be set. A dedicated alarm shall be
possible to generateif the time has elapsed during a safeguarding action. Action
according to parameter.
 

Closing timeout Shall be possible to generate alarm. The YF shall be set. A dedicated alarm shall be
possible to generateif the time has elapsed during a safeguarding action. Action
according to parameter.
 

Both XGH and XGL Shall be possible to generate alarm. The YFshall be set.

 

 

set

Loss of XGL when Shall be possible to generate alarm. The YFshall be set.
closed

Loss of XGH when Shall be possible to generate alarm. The YF shall be set.
open
 

Safeguarding failure Shall be possible to generate dedicated alarm when feedbackfailure obtained and    safeguardingis set.
 

A.4.19 Sequence logic

A.4.19.1 Intended use

Sequential controls allow for processing sequential and parallel operations in a modethat is
discrete with respect to time and events. They are used to coordinate different continuous
functions as well as controlling complex process sequences. Sequence logic should be
specified in a sequential function chart (SFC) format. Sequence oriented tasks shall be
formulated using steps and transitions. The steps represent actions (to SCD functions) and
the transition represents conditions that shall be fulfilled before moving to the next step.

The SFC should be drawn on separate sheetsstill coded as an SCD diagram. The symbols to
be used are defined in Annex B.

The operation, control permissive and dependencies of each sequenceis defined via the KB
function template.

The SFC function templates will be supplier standard which shall be in accordance to
IEC 61131-3.
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A.4.19.2

A.4.19.2.1

— 107 -

Technical description

Functional template schematic

For sequential control there are defined two functions, Step and Transition, see Figure A.18

Step identification

 

 

 

   

 

Step service

description Transition

TMIN I MAX = Maximum time step

is active

identification
 

 

  Transition service 

description

Minimum time step is

active

Step function Transition function

Figure A.18 — Sequential control functions

 

 

A.4.19.2.2 lO terminals

Input terminals

Terminal Signal Terminal Supplementary description

code type name

Not Not Not There are not defined any input terminal names. Instead an transition
applicable applicable applicable |input reference symbol shall be used. The inputs will only enter the

    

Transition function. This symbol shall as a minimum include following
fields:

Connection reference number — An unique numberwithin the actual

sequence used for interfacing EFB logic or which can be used as short
reference in textual supporting descriptions or other literature.

Drawing reference (optional) — For unique reference to the SCD

diagram where the connected signal is located when this is to a EFB and
not a tagged function.

Tag-no/terminal /Comparator/ Value— reference to the terminal on the

actual Function Templatethis transition is connected to and the
conditions that should befulfilled for this terminal.

Service description — Service description for this condition.  
 

N
E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



— 108 - IEC PAS 63131:2017 © IEC 2017

Output terminals

 

Terminal
code

Signal
type

Terminal
name

Supplementary description

 

Not
applicable

  

Not
applicable

 

Not
applicable

 

There are not defined any output terminal names. Instead an output
action reference symbol shall be used. The output will only be connected
to the Step function. This symbol shall as a minimum include following
fields:

Value — value to be set.

Latch — (Y/N) If yes the value (Previous field) shall be present when
exiting the step.

Tag.no/terminal — reference to the terminal on the actual Function
Template.

Service description — Service description for this action.

Connection reference number — An unique numberwithin the actual
sequence which can be usedfor interfacing EFBlogic or as short
reference in textual supporting descriptions or other literature.

Drawing reference — Reference to the SCD diagram where the connected  Function Template is located.
 

A.4.19.2.3 Step function parameters with default values

Parameters

 

Parameter

code

Signal type Parameter
name

Supplementary description Default

 

1) Analogue Step T min Minimum duration of step. Step is held until this timer Os
has expired.
 

1) Analogue

 
Step T max

  
Maximum duration of step. Whenthis timer expire It shall 0
give an event/alarm. The step will not automatically
continuein this case. If the max time is set to zero, this
meansthis function is disabled.     1) If parameter is defined on a terminal, it shall start with character P.
 

A.4.19.3

A.4.19.3.1

Functional description

General

A sequenceis defined by steps and transitions. The individual steps activate certain actions.
The transition conditions control the transition from one step to the next.

There shall be a possibility to do alternative steps, this is done by identifying alternative
branches. The next step is then defined by an explicit transition.

There shall also be a possibility to do simultaneously steps. This is done by identifying
parallel branches. The next steps are defined by a commontransition. The end of parallel
branchesis synchronized.

 

 

A.4.19.3.2 Operation modes

Mode functions

Function Description

Ref. KB See control function descriptions for KB function template.    
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A.4.19.3.3 Control requirements

Control functions

 

Function Description
 

Ref. KB  See control function descriptions for KB function template.   

A.4.19.3.4 Safeguarding

Safeguarding functions

 

Function Description
 

 Ref. KB  See safeguarding function descriptions for KB function template.   

A.4.19.3.5 Error handling

Error functions

 

Function Description
 

Ref. KB  See error function descriptions for KB function template.   
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Annex B
(normative)

SCD drawing standard

B.1 Overview

For process andutility systems (e.g. HVAC) the SCDs are in general a simplified version of
the P&lDs/D&IDs where all the piping details have been excluded and where functional
templates and their logical connections have been included. A consequenceofthis is that the
process is presented on a fewer number of sheets. This gives a better overview of the
process.

For powergrid control the SCDs are a simplified version of the single line diagrams where the
functional templates and their logical connections have beenincluded.

It is recommended to design the layout of the SCD independently andin parallel to the other
documents (P&ID, D&ID and Single line diagrams).

The information on the SCDis in general divided in the following four categories:

e equipment;

e measuring instruments;

e functions;

e logical connections.

In general, for design of symbols, ISO/IEC 81714-1 and ISO/IEC 81714-2 are used asbasis.
For designs of lines ISO 128-20 is used as basis. However, the symbols introduced in this
PAS are specific to SCDs. As there are no other standard for this type of diagram these
symbols are not found in any other standard. They are unique to fit the main purpose of the
SCD, easy readability of the precise functionality of the process control and the process
shutdownlogic.

For design of lines and valve symbols ISO 3511-1 is used as basis. This is again based on
ANSI/ISA-5.1, but there are some deviations. NORSOK being a European standard has a
preference for IEC/ISO. Although this deviates from ANSI/ISA-5.1 on some symbols.

For sequential function chart the design of symbols is based on IEC 61131-3 and IEC 60848.
In general the symbols are expandedto give possibility to carry data and references to the
interfacing control and shutdownlogic.

Equipment symbols on the SCDsare not defined by this PAS. The equipment symbols used
on SCDsare variants of the symbols used on PFD and P&ID, see also ISA-5.5 and examples
listed in ISO 10628.
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B.2 Content of SCDs

B.2.1 Equipment

B.2.1.1 Plant equipment

Plant equipment is defined as equipment used to process, transport or store process fluids:
gas, liquids or solids. Such equipment includes

e tanks, pressurized vessels, columns,

e flow machines: fans, pumps, compressors, ejectors, turbines, conveyors and weight
feeders,

e mixers,

e heat exchangers,

e filters,

e hydro cyclones, reactors or other special process equipment,

e complex or non-electrical drives.

Normally one will follow the symbols used on the projects/plants P&lDs for equipment. It is
however recommendedto pick a limited selection of symbols. The purposeis to only have a
functional representation of the equipment. Construction details or internals may be shown
only where essential for the understanding of associated instruments and control.

The equipment should be tagged.

B.2.1.2 Electrical equipment

For powerdistribution SCDs, the electrical equipment that shall be monitored or operated by
the control room operatorshall be included.

For process and utility system SCDs, electrical equipment shall as a general rule, be
included. A symbol with references to the electrical system shall always be used as interface
between system function and electrical equipment.

NOTE Exception to this is for electrical actuators for valves. Electrical ref symbol shall not be included for
electrical actuated valves.

All process inline electrical equipment shall be included on the SCD. Electrical equipment
normally included on the SCDsis

e electrical heaters,

e electrical-chemical equipment,

e generators,

e motors with extensive instrumentation.

Examplesof electrical equipment, which normally will not be shown on the SCDsare

e electrical motors directly connected to mechanical equipment forming an entity, e.g.
standard motor/pump configuration,

e local emergency push buttons when these are provided as a standard feature.

Individual electrical consumers may require additional features associated with the electrical
switchboard or starter circuitry. Additional electrical equipment may be inserted between the
switchboard reference symbol and the consumer. The same reference symbolshall be used to
give references to such. N

E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



-112- IEC PAS 63131:2017 © IEC 2017

Typical additional equipmentis

e transformers (normally only includedif instrumentation is involved),

e frequency converters (normally involves control).

B.2.1.3 Valves

Valves shall be included on the SCDs accordingto the following list:

e remotely controlled valves with actuator(including on/off valves and control valves);

e local self-actuated control valves or valves controlled from local controllers;

e pressure safety valves, (parallel valves may be shown as one commonvalve);

e check valves, manual valves, rupture discs, flow restriction orifices etc. where essential
for understanding system operation.

B.2.2 Measuring instruments

All measuring instruments with input to the control system, or to local controllers shall be
shown on the SCD.

Instruments connected to dedicated control systems with separate operator station shall be
included where essential for understanding the system.

B.2.3 Functions

B.2.3.1 Control functions

The SCD shall include all control functions and their interrelation in form of exchange of
status, measuring variables, interlocking and suppression. Both functions controlled by the
SAS and in any package-supplied control system shall be identified to give a total
understanding for the operation. These functions are represented with different symbols as
specified later in this annex.

All control functions including locally mounted controllers shall be shown.

B.2.3.2 Shutdownfunctions

All shutdown functions within PCS and PSD shall be implemented on the SCDs. Shutdown
functions within the PCS and non-latched shutdown functions within PSD shall be
implemented as logical connections between the relevant output and inputs on the applicable
control functions. Latched shutdown functions within PSD shall be implemented as logical
connections between the relevant output and inputs on the applicable control functions and
the shutdown function template, see Annex A.

Shutdown functions from the systems like HIPPS, F&G and ESD shall be identified by the
triangle reference symbol which gives references to the system and logical connected to the
relevant output and inputs on the applicable control functions.

B.2.4 Flow paths

B.2.4.1 Process flow

Flow paths (including recycle lines) which are required for understanding of system operation
for normal operation, start-up and shutdownshall be included.
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B.2.4,2 Signals

The following signals/logical connections shall be shown on the SCD, except when shownin
the SCD legendorin a typical:

e signals between functions templates andfield instruments/flow elements;

e signals interconnecting function templates and logical elements;

e signals between electrical equipment and function templates;

e signals between local control panels and function templates;

e signals from/to shutdown referencetriangles;

e signals from/to sequencereference flags.

B.2.5 Information not shown on the SCDs

The following information is not shown:

minor flow paths as pipes and ducts not essential for understanding the control
functionality of the system;

e flow paths from PSVs not important for process understanding

e pipes with valves etc. for maintenance purpose;

° pipe tagging;

e local instruments without connection to any control function;

e fire and gas detection and fire fighting equipment (but may, however, be shown on special
printouts suited for these purposes);

e General utility functions as heat-tracing etc.

B.2.6 Black box representation

To keep the readability of the SCDs the following recommendation shall be adhered to:

e functions, which are not required for the general understanding of the process/system
interactions, may be omitted or described in a short text with reference to a lower level

SCD where the function may be fully shown. An example is the mechanical part of a
compressor;

e elementary logic functions of some complexity may on the SCD be shownasa black box
including textual description of the function. Details of the function may be included in
supporting documentation such as SCD description document.

See Annex E and Figure E.56 as example of black box representation.

B.2.7 Parallel equipment

Whereparallel, identical, complex equipment shall be shown, only one set maybefully drawn.
The other sets may be shownasreference to the fully drawn set. Interface signals between
parallel equipment shall be shown.

Where parallel, identical equipment have common instrumentation they may be illustrated as
one unit on the SCD.
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B.3 Layout

B.3.1 Readability

Proper layout of the SCDsis a key factor to obtain readability. The general guidelines below
should be enforced in a way that does not makethe readability suffer.

B.3.2 The extent of information on SCDs

Primarily the process shall be divided in functional standalone sections on each SCD.Natural
processsplits shall be considered to minimize the numberof interfaces.

As a guideline for readability of the SCD the process may be sectionalized to provide a
maximum number of objects requiring function templates, e.g. transmitters, valves, motors,
etc. The maximum number should be 20 to 30 if the functions are dominated of control, and

40 to 50 if the functions are dominated of monitoring. These estimates will however be highly
dependent of amount of equipment and logic complexity,

B.3.3 Location of information on the SCDs

Different type of information should be allocated as follows:

e references to associated SCDs should be located on the outermost right or left areas;

e shutdown applications should be located on the upper section of the SCD sheet;

e the process and associated function templates should be located in the remainingpart.

B.3.4 Direction of flow

The main flow should normally be from left to right in the diagram. This statement is
applicable for both process flow and for signal flow. However, control signal and process flow
may by nature be contrary to this and exceptions will occur.

Flow direction arrows at process lines shall be used where needed to understand the flow
direction. For signallines it is limited to the in-terminal on function elements.

B.3.5 Page connectors

References to and from succeeding and preceding SCDs shall be included both for process
flow and signals. They shall be by the defined page connector symbols. Due to the rules of
flow direction normally both will go out of the diagram on right hand side and comein onleft
hand side of the diagram.

The direction of flow for the two types may be reversed. Such cases should be limited to
wherethis will give improved readability. An example would be a signal for stop or trip of a
pump upstream the process section shown on the SCD wherethe signals originate.

B.3.6 From P&ID/D&ID to SCD

It is recommended to design the SCD layout independently from the P&ID/D&IDs. The
process from several P&lDs should be combined into one SCD. (One SCD pr2-4 P&lIDs).The
SCD design should start by analyzing the P&IDs and stripping awayall surplus information.
Ref. B.2.4.

The expected total amount of logic must be considered when designing the initial SCDs.

Generally equipment sizes on the SCD are reduced compared to the P&ID to make more
space for logic. N
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B.4. Symbols

B.4.1 General

The symbols used on the SCD shall in general adhere to the symbols used on the P&lIDs,
D&IDs and single line diagrams. However, modifications and additions to both the symbols
itself and the range of symbols defined in the source document legend are permitted to reflect
the extended information provided by the SCDs.

To enable use of extended functions the following SCD symbols are introduced:

e function templates;

e logic and arithmetic functions;

e signal lines;

e instruments;

e reference symbols.

B.4.2 Function template symbol

Function template shall be used for all tagged functions related to instrumentation and
control.

System in SAS e.g. Fundion template

 

 

 

PCS -C mode or typical

teference Function template
PSD -P iE 30 _- tag. number
ESD -E Node reference Pci PIE 7

[ca T0014    
F&G -F Function template

type

Figure B.1 — The function template symbol

The left-hand three rows columnis dedicated for

e function template modeortypical (internal control mode/variant for specific template),

e node reference of Function Template. The controller unit in SAS or reference to external
controller unit if function template is not in SAS. The controller unit consist normally of
3 digits where the first is a letter which indicates the system in SAS. E.g. C01 where is
the code for PCS.

e type of function template which this object represents, see Annex A.

Optionally there can be an additional text field in the bottom of the symbol. The textfield is
free for any additional information to the reader of the SCD.

 
 

 
 

 
       

so go a Ac ainformation

CA 1001A CA |1001A
Feed forward   

Figure B.2 — The additional information field
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The symbol represents the complete control function covered by the function template, see
Clause A.4. The control function can be completely integrated in SAS (as shown in above
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example) or can be integrated in stand-alone packages.

To guide the operator to how the operation of the function is integrated in the main control
system there has been madethreedifferent variants of the function template symbol.

Table B.1 — Control function integration definition

 

Level Definition
 

 

Control function and HMI fully integrated in the main control system.

 

 

Field device wired to an external control system, symbol only to be used when
this external system is not shown separately on the SCD. HMI function

integrated in the main control system.

 

 

   
Control function and HMI are in a control system externally to the main control
system. Object must be operated in the external system. Interface to the main
control system should be shownseparately if applicable. Symbol for Level|
should then be used.   

N
E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



IEC PAS 63131:2017 © IEC 2017 -117-

 

 

 

    

 

 

 

    

 

 

 

 

    

Examples:

2th
po COT] PT

: Control function and HMI fully integrated in the main control system

°:

Figure B.3 — Integration level | symbol

__|/ 23
po ae COE ¥T

mia |\, 1023
}

HMI function integrated in the main control system

o
sor

Figure B.4 — Integration level Il symbol

27
powMET] OFT ||

i

External control function

Figure B.5 — Integration levelIll symbol

B.4.3 Symbols for logic and arithmetic functions

AS a generalrule, positive logic shall be used on the SCDs.

Symbols for arithmetic and logic functions are unique for the SCD method.

The symbols for combination of multiple input signals can be shown differencing between
software and hardwarerealization:

—---Q)--> ----—Q>--

Software realisation Hardwarerealisation

Figure B.6 — Object typical N
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To avoid ambiguities regarding hardware/software realization and system unit allocation of
signals the following rules shall be strictly adhered to:

e signals from field devices shall always be routed directly to a function template; an
exception is use of a hardware signal split, since the a hardware split is defined to be a
field device;

e In special cases output from a hardware signal split can be routed to a local instrument.

The x notation is defining the function according to Table B.2.

Table B.2 — EFB function notations

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notation Function Extended Terminals
connection line to be

shown

0 Logic "OR" (X1 or X2 = Y) Can be used NA

& Logic "AND"(X1 and X2 = Y) Can be used NA

# Logical "XOR" (Exclusive X1 or X2, Y = 1) Can be used NA

H High selector (Y = the higher of X1 and X2) NA NA

L Low selector (Y = the lower of X1 and X2) NA NA

> Comparator high (Y = 1 when X1 > X2, otherwise Y = 0) NA X1,X2

< Comparatorlow (Y = 1 when X1 < X2, otherwise Y = 0) NA X1,X2

+ Arithmetic plus (X1 + X2 = Y) NA NA

- Arithmetic minus (X1 — X2 = Y) NA X1,X2

* Arithmetic multiply (X1 * X2 = Y) NA NA

/ Arithmetic division (X1 / X2 = Y) NA X1,X2

M Memory element(S = set, R = reset) 1) NA S.R

Ss Split of signal NA NA

# Optional formula — Terminal names users choice. See Figure B.8. Can be used All

A oe select by digital input Y = X1 when S = 0, Y = X2 when NA S,X1,X2   
 

1) Dominant terminal to be indicated by underlining the terminal name. If no terminal is underlined R = resetis   to be considered dominant.
 

The analog selector is defined with this illustration. The input/terminal name shall for this
function be presented on the diagram. The inputs can then have a different position into the
symbol.

Figure B.7 — Analogue selector

When use of "#" (Optional) the formula may be written directly at the output signal line or
referred to by a note.
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Note 1: Y= X1+X2?

Figure B.8 — Use of the "optional" notation "#"

The logic elements for single signal operation are defined in Table B.3.

Table B.3 — Timer/pulse logic diagrams

 

Logic diagram

Description Symbol Lf.

Inverter --- A--e[--c Cc | | | |

Timer

(delay on rising edge) aT An ——C Cc |
5s

Timer
: ---A- --C—> Cc | |

(delay on falling edge) 55

 

Pulse generator
(pos. pulse on false — true) ---A-pt}--C-> C |

58

Pulse generator C1 [|
(pos. pulse on true — false) TTAmyer :oo Cc    

All symbols shall maintain the orientation of the symbol regardless of the relative signal line
orientation.

B.4.4 Extended connection line for EFB functions

To obtain better readability there might be need for more inputs or outputs than the symbol
itself can accommodate. In these cases a "wall" can be used. The line used can be stretched
to desired length.

These connection lines may be represent by one or a combination of multiple EFB’s in the
control system.

See Figure B.9, Figure B.10 and Figure B.11.

Figure B.9 — Multiple split by extended connectionline
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TTT TTTt |»

Figure B.10 — Multiple or/and by extended connectionline

 

  

  

       
  

pe>ang a
ao [BXHH____» cooz2) FT fe~--->

coi pT  |BXH_____p» MA 1001 |B8Xt____»
wa 1001 PWH____, |WEEly

BXL ALLoN> -—-----—> 
Figure B.11 — Multiple function terminals by extended connectionline

B.4.5 Parameterlabels

To implement process parameters, numbers and logical operands the symbol shown in
Figure B.12 should be used.

ab
Figure B.12 — Fixed parameterlabel

B.4.6 Signalline

Double arrow = Normally energised

Figure B.13 — Signalline

Normally energised signals are used to obtain fail safe functionality of output signals.

Double arrow may be used to indicate that the signal is normally energized signals. It is a
recommendedpractice to use on digital input signals where you wantto indicate that it has a
fail safe functionality. It can also be used to indicate normally energized outputs. See also
B.4.13.7.

Digital communication link, i.e. bus or serial line. The signal line reflects the logic end points
of the signal, and not the actual bus topology. The line in Figure B.14 can be usedto indicate
digital communication. Such communication can contain several information elements
between two objects all represented with a single digital communicationline. N
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Figure B.14 — Digital communication link

Lines used for electrical power, hydraulic power and, pneumatic supply shall be identical to
symbols defined in the P&ID legend.

 

Figure B.15 — Electrical powerline

Where a signal goes from logic in one node to an elementary logic element in another nodeit
is important to identify where the interface is. A node split symbol for signal lines is defined to
identify where the split is. See Figure B.16

  

  77 C01} FO5 77
coi; HS 01 FOta--------.XHpl Fos «GM
HB 067 25 SBV 065

  

        

Figure B.16 — Nodesplit symbol for signal lines

B.4.7 Processline

For the process there shall be two typesof lines, see Figure B.17 and Figure B.18.

Major process lines are used for main process in main flow direction within current SCD.
Minor processline is used for return lines, chemical injection points, cooling/heating medium
etc. The same pipe may be drawn with different size on different SCDs dependent on
contexts. E.g. on SCD for cooling system the distribution pipe is main, while when used as
cooling medium in process-cooler on another SCDthe pipe will be minor.

1) Major processline:

Figure B.17 — Major processline

2) Minor processline:

Figure B.18 — Minor processline

It is recommended to use rounded corners for process flow lines to improve readability.
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B.4.8 Line connections

Whenever multiple usage of a signal is required, the signal split symbol shall be used, see
Figure B.19.

Figure B.19 — Line connections

The signal split can also be represented by a simple "dot". It is recommended that only one
type of split presentation is used on the same drawing.

Figure B.20 — Simplified line connections

For processlines the dot shall not be used.

——————>

Split

 A

| Joint

Figure B.21 — Processline connections

It is recommended to use arrows at the connections point where the process flow direction
may change(split or joint), see Figure B.21.
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B.4.9 Process and signalline crossing/jump

For crossing lines the vertical line shall have a gap, see Figure B.22.

Figure B.22 — Line crossing

B.4.10 Sequential flow chart lines

For the sequential flow chart the flow path shall be indicated using a line shown in
Figure B.23.

Figure B.23 — SFC lines

For signals lines into the transitions and out from steps to actions the general signalline shall
be used.

For branching the sequenceinto alternative routes the alternative branch line should be used.
Ref Figure B.24

 

Figure B.24 — SFC alternative branchline

For branching the sequenceinto parallel routes the parallel branch line should be used. Ref
Figure B.25.

 

 

Figure B.25 — SFC parallel branch line

The ends of the parallel routes are indicated synchronised with the use of the same parallel
branchline.
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B.4.11. Instruments

 

 

 

20
r—w C01 PT

MA |0304    

Figure B.26 — Instrument

The instruments shall be drawn with small circles (see Figure B.26) without tag identification
on SCD wherethe instrument tag may be derived from the associated function template. This
is a deviation from ISO 3511. The reason for the deviation is that the same information is
shownin the function template.

No tag numbershall be provided at this point unless where the process variable cannot be
derived from the function code shown in the function template. The identification letters
dedicated for the measured variable shall in that case be given close to the instrument
symbol, see Figure B.27.

 

 

 

40 |
----[ Cot} LIC
| CA 1001    

LO
OL

L
O
d
0
7

©

 >

Figure B.27 — Instrumenttag location

B.4.12 Mechanical equipment

The symbols for the equipment shall be identical to symbols defined in the P&ID legend. Only
the basic symbol shall be used. Auxiliary equipment not required to fulfill the intention of the
SCD shall be omitted.

B.4.13 Valves

B.4.13.1 General

In the SCD a generic valve body type shall be used. The variant often shown on P&IDs shall
not be used.

B.4.13.2  On/off valves

The on/off valves shall be drawn as a simple valve, see Figure B.28. The actuator shall be
drawn with a small circle without tag identification letters. This is a deviation from ISO 3511.
The reasonfor the deviation is that the same information is shownin the function template.
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23
P06 XV -------
sBv| 0045

l —> 
GSL GSH

Figure B.28 — On/off valve

B.4.13.3 Modulating control valves

Modulating control valves is identified by a diaphragm looking actuator, as a generic symbol
covering both hydraulic, pneumatic and electrical operated valves, see Figure B.29.

 

 

 

  

DIR 43
c12, PIC [4
CA 0023 !

|
  

Figure B.29 — Modulating control valve

B.4.13.4 Actuators

For valves and dampersthe actuatorsis divided in two types. On/off and Modulating.

° On / Off Modulating

Figure B.30 — Actuators variations

B.4.13.5 Dampers

For SCDs covering HVAC a dedicated damper symbol is used. There are different types of
dampers see notation in Figure B.31. Identifications of functionality concerning on/off,
modulating or fail safe will be identical to the valve.

Damperwith actuator:

 

©Notification X: F — Fire damper S — Shutoff damper

Figure B.31 —- HVAC dampervariations
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B.4.13.6 Limit switches

Limit switch function codes shall be used together with valve/damper. Indication for closed
position should be located upstream the valve/damper. Indication for open position should be
located downstream the valve. In Figure B.32 a function code defined by ISO 3511-1 is used.

GSL GSH

Figure B.32 — Limit switches

B.4.13.7 Fail safe

Fail safe on loss of electrical signal should be shown on the SCD accordingto Figure B.33.

Fail close Fail open Fail maintain Fail indeterminate

Figure B.33 — Signal failure valve action

B.4.13.8 Normal closed/energized signals

 

  

  

71 23
————pp FOG PSL Po2 XV --

MB 5411 SB 1023       

Figure B.34 — Normally energised input and output signals

Double arrow may be usedto indicate normally closed inputs circuits and normally energised
output.

B.4.13.9 Normal open/normalclose

Normal open/normal close should be shown on the SCD. If shownit shall be shown according
to Figure B.35. As on P&ID a filled symbol means normally closed valve. On operator HMI, it
can be opposite.

Normally closed Normally open

Figure B.35 — Valve normalposition
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B.4.14 Electrical equipment

For electrical devices, the SCD shall provide references (see Figure B.36) to the electrical
equipment which hassignal interface to the control system. It is recommendedto give the FB
a tag numberthat is identical to the equipment under control. In that way it is easy for the
operator to see which equipment he operates. If that is done it is optional to repeat the tag
number under the equipment under control. The FB used to stop and start electrical
equipmentis normally SBE.

 

 

 

    

AAAA| AA
A999 NN }------ 1 Power(text field)

SBE AAAA ~ Main
- Emergency

I ~ Hydraulic

| - Pneumatic

v 
Utility reference (Power reference tag)

_-+—) (E.g. Switchboard / A or B side /

Cubicle no etc)

 

 

   
Interface typical

reference code

 Tag number

(equipment under

control) optional 
AANNAAAA

NOTE Feedbacksignals are a part of the interface typical code and should be defined on legend or in typical and
are generally not shown on the SCD.

Figure B.36 — Electrical reference symbol

Powerfield: shall indicate the level of power source for the equipment under control in clear
text. Whether it is powered from e.g. main, essential, emergency or UPS. This type of
information is vital to the control strategy of the plant.

Utility reference tag: shall be the tag reference to the powerutility equipment for which the
equipment undercontrol is connected/fed from.

Interface typical code: shall be a code identifying the signal interface setup towards the
electro equipment, the equipment identified by utility reference tag. In most casesthis will be
a combination of HW signals and computer link information. A typical should be made
corresponding to each code identifying the details in the interface. The typical may be
presented on the legend sheets for SCDs or in a separate document.

Tag number: the tag number for the equipment under control should be located adjacent to
the equipmentor inside. It may be omitted if the tag numberis the same as the tag number of
the function controlling it.

For variable speed drive electrical equipment generally the electro control consist of two
parts. The motor control centre (MCC) and the variable speed unit. It is recommendedto then
add two electro reference symbols to the diagram, see Figure B.37.

The FB used to control the power feed to the electrical equipment is normally SBE. The
control of the variable speed is normally by a CA.
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AAAA, NN
A999 AA P--------5
SBE NNN !

|

v

AAAAL NN
A999 AA +--3>
CA NNN ~

NNAANNNAA
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Power(textfield)

~ Main

~ Emergency

- Hydraulic

~ Pneumatic

Utility reference (Power

reference tag)

Interface typical

reference code

Succeeding function

~ Variable speed

~ Thyristor

Utility reference (Succeeding

function reference tag)

Interface typical

reference code

Tag number

(equipment under

control)

Figure B.37 — Electrical reference symbolusefor variable drive

NOTE Feedbacksignals are a part of the interface typical code and should be defined on legend or in typical and
are generally not shown on the SCD.

B.4.15 Sequence symbols

Sequences symbols within this PAS are based on the principles defined in IEC 60848. The
symbols have been expanded with more details for better readability and understanding of the
sequenceandits integration into the rest of the SCD controllogic.

Following symbols (see Figure B.38 to Figure B.42) have been defined for use.

Seqence numberand

description 
 

KB tag ref: ~

 SCDref:   
Dwgnrof SCD drawing where

present 

Tag id of KB template that represent

Seq. Nr.\pee this sequence

KB blockis

Figure B.38 — SFC sequencestart and reference symbol

This start and reference symbol is used to define the start of a sequence and contains
references to the KB template which is in use for controlling the sequence.
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Step identification

 Step service

description
 

 

   EMIN “SJ TMAX =~} Maximumtime step

is active

Minimum time step is

active 
Figure B.39 — SFC step symbol

The step symbols define one step in the sequence and have connectedall actions that shall
be performed during the step.

Transition

identification
 

 

  Transition service

description

 

Figure B.40 — SFC transition symbol

The transition symbol defines one transition gateway in the sequence. All conditions that shall
be fulfilled for the sequence to continueat this transition must be connectedtoit.

[Tag.no][Terminal][(Comparator][Vaiue.

Use Note to describe extensive

Connection reference Drawing reference function

number(optional)

/ Service description (HMI use)

L- | | )

Figure B.41 — SFC transition condition symbol

Logical combinations of transitions can be done using elementary logic symbols in between
transitions conditions and the transition header.

Step Active value

Step active value to be present

 Latched) when exiting the ste . . geVAjue TATION WIN) ) —_— [Tag.no][Terminal] / Service description (HMI use) Drawing reference
 

   | Ps | = )
 

~ Connection reference number

Figure B.42 — SFC step action symbol
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Normally the "Connection reference number" is left blank, because [Tag.no][Terminal] is a
unique identifier. The “Connection reference number" is intended for use whenever the
sequences interface logic elements. The reference number will then be included in the
sequenceflag as shownin B.4.16.2.

End

Figure B.43 — SFC sequence end symbol

This end symbol is a simple text box symbolthat indicates the end of the sequence.

A sequence canhavedifferent flow paths.

Single flow sequence paths: The sequencesteps follows a single path without branching, see
Figure B.44.

 

 

 

TT MIN - [TMAX - 

 

 

 

 

 

 

TMIN = ITMAX  -   
    

Figure B.44 — Single branch sequence path

Alternate sequence paths: The sequence is branched with dedicated transition condition to
each step. This is indicated by an alternate single line branch.
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STEPO7 
   

Figure B.45- Alternate sequence path

Parallel sequence path: The sequence is synchronised and branched after a common
transition condition to each step. This is indicated by a double line branch (synchronization
symbol). This synchronization symbol may be used elsewhere where the sequence requires
synchronization betweensteps.

For parallel sequence paths, it is required to have a synchronization symbol in the end of the
parallel path, to indicate that the sequence will not continue until all parallel paths are
completed.

See Figure B.46.
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Figure B.46 — Parallel branch sequence path

B.4.16 Reference symbols

B.4.16.1 Page connectors

Page connectors to and from succeeding and preceding SCD sheets shall be included both
for process) and signal flow lines. The page connectors represent the connecting links andall
transfer of process medium or signals between SCDs shall be supported by the reference
symbol.

Drawing reference for process connections

Descriptive text Descriptive text

emsSCD dwg/sheetref.> SCD dwg/sheetref.—_—

Figure B.47 — Processline page connectors

  

The reference shall identify the drawing where the line continues/originates. In addition there
shall be a descriptive text making the line recognizable from the one sheetto the other.

Descriptive text Descriptive text

iain8SCD dwg/sheetref,> 8 SCD dwg/sheetref,>----------

Figure B.48 — Signal line page connectors

  

The vertical reference shall be a unique numberto identify interconnecting signals. The same
number shall be used both in the off page and on page symbol for the same signal. The
horizontal reference shall identify the drawing wherethe line originates/continues.

There should not be arrowsin front of the off-page connectors.

B.4.16.2 ESD/HIPPS/F&G reference triangle

References to and from ESD, HIPPS and F&G (see Figure B.49 and Figure B.50) shall be
included on the SCD. They shall be included for information wherever they influence
PCS/PSDobjects (reference letters included as examples only)
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Figure B.49 — SIS referencetriangle

 
NN.NN

NN.NN

NN.NN

E

 

 

   

Figure B.50 — Multiple SIS levels reference triangle

Where multiple shutdown references from same system is relevant a "stacked" reference
symbol should be used.

B.4.16.3 Sequencereferenceflag

The sequenceflag is used on the SCDto identify connection to/from sequence. The sequence
flag shall have a unique reference number to a sequence. The cross reference between
sequence number and sequence should be stated on the SCD. The standard sequenceflag is
used wheninterconnection is unambiguous — i.e. to a tagged function template. If the
sequence interfaces EFB logic the extended symbol containing the unique connection
reference numberfrom SFCtransition or action symbols shall be used.

Wherelogic is interfaced by multiple sequences the sequence flag can be expandedto hold
multiple sequence reference numbers.

Normal

i Action ref no.
Sequenceref no.

Figure B.51 — Sequencereferenceflags
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B.5 Tagging

All function templates on SCDshall be identified by a tag number.

The specific project standard for tagging shall be used. Such standard will normally be in
accordance with generally accepted standards like NS 1438 and ISO 3511 (~ANSI/ISA-5.1).

 

It is recommendedthat the sametag identification shall be used for identical functions on P&ID, SCD and HMI. |
 

All main equipment shown on SCD should be tagged unless connected to a tagged function.
For larger equipment, as various processing vessels, a short name/description should be
includedif not obvious from SCD title.

B.6 Terminal codes

Each function template has a defined set of input and output terminals and terminal codes.
For complete overview of terminal codes, see Table A.2.

On the diagram the logical signal flow between the function templates should be identified by
making connections between the relevant terminals on the different function template
symbols. The connection point on the symbol shall carry the relevant terminal code. Terminals
WH, WL and WVshall be indicated on the function template if alarms are defined although
they are not connected to downstreamlogic.

To identify a signal interconnecting two functions, use the terminal codes for identification in
addition to function type and function tag number.

The location of the signal connections should be arrangedasillustrated in Figure B.52.

suppression

 

 

 

    

TTTTTPm Typ Coo
inputs node Tag outputs

------| FB }----—
A A

Figure B.52 — Arrangementof terminals on function symbol

Locations:

e the inputs shall be located to the left of the function template;

e the outputs shall be located to the right of the function template"):

e the feedback signals should be located at the bottom of the function template;

e the control function interlocks, safeguarding and the suppressions should be located of the
top of the function template;

e the modeselection should be located at the bottom of the function template.

(1) The sequenceof outputs should follow the value ofthe limit of the threshold, lowest at bottom. N
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To obtain better readability of the SCD, avoid crossing of lines etc. above principles for top
and bottom allocation can be deviated.

B.7 Symbol and font sizes

The sizing of the symbols is based on ISO 81714-1 and the unit M is selected to be 2 mm.
The grid to be used on SCD diagramsshall be M.

The symbols sizes (see Table B.4) are relative to A1 size drawing.

Table B.4 —- Symbolsizes

 

 

 

 

 

 

   
plants use tag namesthat requires

—») 157M more characters. 

Symbol Comments

12M
=

999999 Level 1 symbol
7 A999 ABCDE s

y_|AAAA) 999999 ©
Abcdeighjkimnopq Symbol width may beincreasedif

=
N

> 9/2M  
 

a <—

AAAA /999999 Level 2 symbol

A999 ABCDE
AAAA \999999
Abcdefghjklmnopaq

 
 
 

     
 

3/2M—>

 

AAAA| 999999 Level 3 symbol
A999 |ABCDE

AAAA! 999999
Abcdefghjkimnopq

 

 

     
 

2M

Me] Terminal connection points

Distance between connection points 

 

 

    

  

    

 

  
 

     

 

  

 
 
 

 

AMM 999999 hall be 2M.A999 |ABCDE snanee
AAAA| 999999 First connection is M distance from

A corner.

A =

Font 8 Font type = Arial

AAAA .

Font 8

fp

|K909 nuooe|Font 10 Fontsizes

Font 8 IAAAA| 999999 Font 8 = 2 mm height

Abcdefghjkimnopq Font 10 = 2,5 mm height distance   
 

 
Font 8
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Symbol Comments

~~]
a!

+ Terminal namesto be Font 8.

53 LY | Text for signals entering from

C12 PIC | top/bottom should be rotatedleft.
CA 0123C v Inputs onleft and bottom should be

, right-bottom aligned, inputs on top
3B and outputs left-bottom aligned.

>

 

 

   

Elementary function blocks symbols

FontArial 8 = height 2 mm

One connection mid onall four
sides.

 

Hardwaresignal split symbol

FontArial 8 = height 2 mm

One connection mid onall four

sides.

 

 re 4

1/
2M

   
 

Elementary function blocks symbols

Pulse and timer with arrow

 

BS P Font 8 = 2 mm height

s 4 5s hk One connection mid on all four
= M sides.
N

. Fixed value input symbol
Variable

Width is variable to fit value

Font 8 = 2 mm height

One connection mid on left and right

side

 

Instrument symbol

One connection mid-on top of circle

Line — instrument stem — 0,35 mm

   

 

N

. y
vere

kh

@
Oo

&
G
>

Differential pressure instrument
symbol

One connection mid-on top of circle

impulse lines — 0,35 mm  
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Symbol Comments

Valve and actuator symbol

am a _ : :
Valve connection for process line
mid-on left and right side

= =
N § Actuator signal connection mid on

top. For on/off valve optional signal
connections also mid onleft and

an < 4M right side to allow for multiple
safeguard connections.
 

= =3/2 

Ch
er
:a

   

5
/
2
M
—
>
|

9
/
2
M
—
>
|

Damperand actuator symbol

Damperconnection for duct line
mid-on left and right side

Actuator signal connection mid on
top. For optional signal connections
also mid onleft and right side to
allow for multiple safeguard
connections.

Dampertypeidentification letter to

be in font Arial 8 = height 2 mm
 

 
 YY\E/ NN.NN

re NN.NN
Aj NN.NN

E

 

   

Safety system reference triangle

System identification letter to be in
font Arial 10 = height 2,5 mm

Shutdown group referenceto be in
font Arial 8 = height 2 mm

The symbol should bevariable for
multiple references.

Connection points tip of triangle and
mid on top.
 

 

Sequenceflag

Sequence reference numberto bein
font Arial 8 = height 2 mm.

Extended sequenceflag

Sequence reference numberto bein
font Arial 8 = height 2 mm.

Extended sequencereferenceflag
is used for reference to / from EFB.

 

3
M

C01i

ft

Node split for signal lines

Text in symbol to be font

Arial 8 = height 2 mm

This line has no define connection
points. To be placed ona
connection line.
 

30M
 a >|< |

 

Seq. Nr. \ Desc

KBtagref:

SCDref:   

9
M  Sequencestart and KB reference

symbol

Text in symbol to be font
Arial 8 = height 2 mm   
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Symbol Comments

15M Sequence flowchart step symbol

rat > Text in symbol to be font
Arial 12 = height 3 mm

o T MIN and T MAXto bein font
2 Arial 8 = height 2 mm
& {
g Connection points to mid-on top and

TMIN = [TMAX - bottom.

A Height to be variable to enable
a multiple lines in the middle box.

Eachline shall be 3M.

Sequenceflowchart transition

15M symbol
 

 

 

   

>

3
M
—
>

¢
—

Text in symbol to be font
Arial 12 = height 3 mm

Connection points to mid-on top and
bottom.

Height to be variable to enable

multiple lines in the bottom box.
Eachline shall be 3M.
 

73M 
 
 

 “1
h

{a5Moot OM.   N
t

Sequence flowchart action
reference symbol

Text in symbol to be font
Arial 12 = height 3 mm

VALUE and LATCHtobein font
Arial 8 = height 2 mm

Connection points to be mid-on
main part left and right.

Angle oftip to be 90°.
 

VALUE t 
 

   om su om | 20m | sisal ae   

Sequence flowchart condition

reference symbol

Text in symbol to be font
Arial 12 = height 3 mm

Connection points to mid-on left and
right.

Angle oftip to be 90°.
 

 

 

   

3
M
—
>

<t
—

Sequence end symbol.

Text in symbol to be font
Arial 10 = height 2,5 mm

  Variable
Descriptive text -

SCD dwg/sheetref. > 
4

=
Cs)

Off page reference symbol for
processlines

The variable length symbols will be
dependantof the length of reference

text in each individual project. It is
recommendedthat the project
standardize on one length. Using
multiple length increasesthe risk of
making the diagrams untidy.

Drawing reference font to be
Arial 12 = height 3 mm.

Descriptive text font to be

Arial 10 = height 2,5 mm. It may be
multiple lines.

Angle oftip to be 90°.  
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Symbol Comments
 

Off page reference symbolfor logic
lines

The variable length symbols will be
dependantof the length of reference

   
Vari text in each individual project. It is
ariable—m Descriptive text r recommendedthatthe project

TI standardize on one length. Using
Q SCD dwg/sheet ref. multiple length increases the risk of

making the diagrams untidy.

Drawing reference font to be
Arial 12 = height 3 mm.3

M  2M—> ++

Descriptive text and reference
numberfont to be Arial 10 = height
2,5 mm. It may be multiple lines.

Angle oftip to be 90°.
 

Electrical reference symbol

The variable length symbols will be

dependantof the length of reference
text in each individual project. It is
recommendedthatthe project
standardize on one or two lengths.
Using multiple length increases the
risk of making the diagrams untidy.

Text font to be Arial 10 = height

2,5 mm.

 

   
 

Table B.5 — Line sizes

 

Symbol Comments
 

Lines shall have following
thickness/weights, see ISO 128-20.

General signal lines — 0,25 mm

Joint point to have M diameter

Single Arrow head to be 1/2M width
~eee> and 3/4M length. Angle of single

arrow head tip to be 30°

Double arrow head to 1/2M width
and 1/2M length.

Angle of double arrow headtip to be
60°.
 

Lines shall have following
thickness/weights, see ISO 128-20.

Sequenceflow path lines — 0,25 mm

> Arrow head to be 1/2M width and
3/4M length

Angle of arrow head tip to be 30°.
 

Lines shall have following
thickness/weights, see ISO 128-20.

Sequencealternative branchline —
0,25 mm

  Lengthis variable.  
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Symbol Comments
 

  

Lines shall have following
thickness/weights, see ISO 128-20.

Sequenceparallel synchronization
line — 0,25 mm

Double line, distance betweenlines
0,8 mm

Lengthis variable.
 

  

Lines shall have following
thickness/weights, see ISO 128-20.

Data com. line — 0,25 mm

Circle on line to have 2/3M diameter
 

  

Lines shall have following
thickness/weights, see ISO 128-20.

Electrical lines - 0,25 mm

Majorprocessline — 1,0 mm")

Minorprocessline — 0,5 mm")

Arrow heads to be M width and 2M
length

It is recommended to use rounded
corners on processlines to
differentiate even better from other
lines. Rounding should be 2 mm.
 

7 Ow
 

 

 

    

Line thickness in symbols:

Logic symbols in general — 0,25 mm

  
AAAA| 999999 Valve body — 0,25 mm

A999 ABCDE Outer frame of main function
AAAA| 999999 template symbol — 0,25 mm

(internals 0,25 mm)

Equipmentin general — 0,35 mm

Instrument stem — 0,35 mm

scroll The distance between the
— 7-777 ------> connection point to be 2M   

B.8 Layers and colors

As a help to make the SCD more readable is it recommended that layers and colours are
utilized. The different type of information should be placed on different layers and represented
with different colours.

The diagram can then beprinted with different layers depending of usage.

If required any project can define multiple additional layers to hold additional information.

Following colours and layers are proposed: (It is anticipated that layer 1-10 is for internal use
to support the diagram frame, revision and title block).
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Layer 11 — Blue ( RGB: 0,0,255) — Process equipment, valves, instruments andlines

Layer 12 — Black (RGB: 0,0,0) - PCS FBs, connections and notes

Layer 13 — Orange (RGB: 255,153,0) - PSD FBs, connections and notes

Layer 14 — Red (RGB: 255,0,0) — ESD/F&G triangles, connections and notes

 

 

 

 

     

20

abo _Es0i|
E

| \,

OY
20
LC ----- | !
1000 !

, !

 

 

Figure B.53 — Colours

B.9 Legend sheets

B.9.1 General

It is recommended to makea set of legend sheets in each project for the SCDs. They shall be
coded as SCDdiagrams.

Normally the sheets will have following parts:

e part 1 -— symbols and codes;

e part 2 — project/supplier specific function templates and terminal definition codes;

e part 3 — applications typical.

B.9.2 Part 1: Symbols and codes

This part should list the symbols defined in this PAS. It specifies the valid codes to be used
for use in function symbol:

e SASunits;

e non-SASunits;

e mode/typical.

B.9.3 Part 2: System specific function templates and terminal definition codes

This part shouldlist

e project/supplier specific function codes (non-NORSOKfunctions),

e project/supplier specific function terminal codes (non-NORSOKfunctions).

Part 2 may require several sheets.
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B.9.4 Part 3: Applications typical

This part shall list the typical that should be used throughout the SCDsin the project.

The typical will fulfill two purposes. Firstly it can be used to define applications that can be
reused throughout the project and in that way standardise the control and operation of the
plant. Example of such standardised applications can be found in the example presented in
Annex E.

Secondly it can be used to define simplified representation to be used throughout the SCDsto
increase the readability of them.

For examples, see Annex E.

B.10 Drawing frame andtitle block

The drawing frame shall be in accordance with ISO 5457 and the A1 format defined therein
with exception to left margin. The assumption is that the diagrams always will be printed on
A3 format paper. To allow for punching of holes on left side in A3 format there shall be a
30 mm margin on the A1 format. The symbol sizes in this annex are defined for A1 format as
this is the most referred format for standards and tools.

For title block the most relevant standard format is found in ISO 5457, Annex B. If the project
has not specified any defined content, ISO 5457 could be used.
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Annex C
(informative)

Project execution guideline

C.1 Overview

C.1.1 Objectives

The SCD approach represents an overall methodology in order to achieve the following main
objectives during the engineering phase:

improved quality;

e improved standardization;

e improved safety;

e improved productivity;

e improved process understanding.

C.1.2 Quality

Operation and control requirements are defined by a single document forming the basis for
verification activities as well as implementation and testing.

Verification activities include the following:

¢ verification of control strategies defined by other disciplines, e.g. process, mechanical,
HVACetc.;

e verification of control strategies defined by package suppliers;

e verification of control system implementation;

¢ validate operation and control strategies with client/operations;

e third-party verifications related authority requirements.

C.1.3 Standardisation

Improved standardisation will be accomplished on a control system level as well as on an
application level.

Standardisation on control system level:

e Commonfunctionality in terms of function templates.

¢ Common documentation, independent of control system supplier.

¢ Common terminology used for identical control functions, independent of control system
supplier.

Standardisation on application level:

e Commoncontrol strategies for all systems.

¢ Commoncontrol strategies for packages.
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C.1.4 Safety

Process safeguarding functions are shown in connection with process control functions
defining the requirements for independent process safeguarding functions in addition to the
processcontrol functions

Process related emergency shutdownfunctions are also shown in connection with the process
safeguarding and control functions enabling an enhanced understanding of the plant safety
requirements.

C.1.5 Productivity

The previous objectives will obviously result in an improvementof the productivity as follows:

e improved standardisation resulting in simpler implementation;

e improved quality resulting in less changes during design, test and commissioning of the
control system.

Efficient communication between all parties will improve the productivity for the control
engineers.

The functions are defined in an unambiguous manner making the internal disciplines work
moreefficient as additional documents and meetings can be reduced.

The fact that the SCD present logic unambiguously, the communication with third parties
regarding operation and control will be improved. The SCDs forms the basis for interface
discussions. Design changes may be documented by SCD mark-ups, and attached to minutes
of meetingsetc.

The amount of interchangeable documents and subsequently the number of dependencies
betweenthe involved parties can be reduced.

Type of documents:

¢ common documentfor design, test, commissioning and operation;

e common documentforall disciplines;

¢ common documentfor all package suppliers.

The SCD approach will enable the control engineer to develop the operation and control
requirements in parallel with the process design and will thus support concurrent engineering.

Field proven solutions may also be copied from previous projects independent of control
system supplier.

The SCD development can besplit in two main activities:

e basic design;

e application design.

The basic design will normally only be applicable for a first time implementation of the SCD
standard orin orderto facilitate new operational requirements.

The application design contains the developmentof the actual SCDs within a specific project.
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C.2. Implementation

C.2.1 Objectives

The following main objectives can be defined for the implementation phase:

e unambiguousinput to implementation;

e improved standardization;

e improved productivity.

C.2.2 Unambiguousinput

Unambiguous definition of functional requirements is of vital importance for the
implementation phase. Discussions related interpretation of functional requirements as well as
possible re-work is avoided.

The information, which is not relevant for the control system, has compared to a P&ID, been

removed making the implementation effort simpler.

A structured design based on standard templates and basic logic functions may be directly
translated into application logic providing a simple link between functional requirements and
the actual implementation.

The SCD will even be used as input to the making of VDU pictures. For some part of the
process the content of one SCD could comply to the content of one lower level VDU picture.
But this is fully dependent on HMI strategy laid down in each project.

C.2.3 Standardisation

A well defined and widely recognized standard will provide a basis for development of
corresponding supplier standards.

The need to develop project specific typicals (function blocks) will be significantly reduced.
Function blocks based on a general standard may thus be used independent of specific
project requirements.

Applications may further be re-used from one project to another.

C.2.4 Productivity

The previous objectives will also impact the productivity as follows:

e unambiguous input to the implementation providing a basis for efficient programming as
well as reduced probability for modifications;

e improved standardisation resulting in extensive reuse of proven solutions.

A well defined basis for programming will also require less use of system specialists for
application programming. The programming effort will mainly consist of translating functional
templates and connectivity, rather than software development as such.

The ultimate objective in order to improve the overall productivity is to facilitate automatic
configuration of the safety and automation system, based on SCDs, eliminating manual
programming.
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C.2.5 Documentation

The initial implementation of the SCD standard should be based on joint effort between the
involved parties in order to achieve an optimized use of supplier standard functionality to
accomplish the project control strategy.

The implementation model is defined by the basic function design, see 4.4.3.

The high-level supplier documentation should provide a bridge to the SCDsin order to enable
non-system experts understanding supplier documentation.

SCD DESIGN SUPPLIER HIGH-LEVEL
DOCUMENTATION DOCUMENTATION

a]
ON
SUPPLIER STANDARD
DOCUMENTATION

 

    

Figure C.1 — SAS supplier interface

Even if a one-to-one mapping of templates should be the ultimate target, a one-to-many
strategy should be adopted, if required. System constraints in terms of logic restrictions, CPU
load, parameters etc. may call for an optimization. A one-to-many approach implies that one
specific template results in variants depending on control options or parameter selections.
The numberof variants should be kept to an absolute minimum.

The functionality implemented should also be kept within the range of the original template.

C.2.6 Verification

The SCDs should form the basis for the verification activities.

Internal application tests as well as factory acceptance test should be based on SCDs.

C.3. Commissioning

C.3.1 Objectives

The system control diagrams will be used throughout the commissioning phase. The SCDs
handed over to commissioning shall reflect as "programmed status". The use of SCDs can be
related to the following activities:

e commissioning procedures;

e commissioning runs.
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C.3.2 Commissioning procedures

The SCDs forms the basis for the commissioning procedures with respect to the safety and
automation system.

The procedures should cover activities not already covered by the SCDs. The SCDswill thus
be included as a part of the commissioning documentation as such.

The SCDswill typically provide the following information to be covered by the procedures:

e blocking of interlocks during commissioning;

e suppression of actions.

C.3.3 Commissioning runs

The SCDsshall be kept updated throughout the commissioning phase.

Commissioning of the safety and automation system will mainly be based on the SCDs.

The SCDswill thus be a "live" document subject to yellow-lining, mark-ups, comments etc.

C.4 Operation

C.4.1 General

The development of the system control diagram as such wasinitiated in order to provide a
functional description of the logic contained in the safety and automation system for
operational personnel, not familiar with the supplier logic standard.

C.4,2 Objectives

C.4.2.1 General

The main objectives by using SCDsin the operational phase can berelated to the following:

e =6safety analysis;

e production control;

e modifications.

C.4.2.2 Safety analysis

The SCDs defines process safeguarding functions in connection with the process control
strategies. Effects of critical process conditions may thus be evaluated by means of the
SCDs. "Whatif" scenarios, as well as post event analysis, may be carried out.

Process effects related to safeguarding systems documented by meansof cause andeffects
may also be evaluated.

Effects resulting from faulty instrumentation or a manual blocking of a safeguarding function
will be documented and may be accounted for by meansof the SCDs.

The SCDs should form the basis for approval of work permits affecting the safety and
automation system.
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C.4.3 Production control

The SCDrepresentation is closely allied to the operator interface displayed on the VDUsin
the control room. The SCDs will thus provide an unambiguous documentation of the SAS
functionality for the operators with an apparentrelationship to the actual operatorinterface.

The daily use of the SCDsin the control centre will be related to "trouble-shooting". The SCDs
will enable the operator to resolve operational problems without involving additional system
specialists.

Most control systems provide e.g. well defined information on mode of operation for a
selected control object. However, if the control object is interlocked by an external cause, the
source of the interlock is often not properly documented elsewhere then on the SCD.

By providing the operators with enhanced possibilities to resolve operational problems, the
requirements for reduced manningwill be met.

C.5 Modifications

The SCDs will also be used in connection with modifications to the safety and automation
system. The methodology applicable for modifications during the operational phase will be
similar to the engineering methodologyfor application design, implementation and verification,
as follows:

e multidiscipline design;

e input to implementation;

e basis for verification and testing.
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Annex D
(normative)

SCD legend

D.1 Overview

This annex is a short form list (legend) of the different symbols used toillustrate the control
application on the SCD. The symbols will have different content as defined by Annex B. The
actual sizes of the symbols are also defined in Table B.4.

In addition process equipment symbols will be used to illustrate the process on the SCD.
These are notlisted in this legend as this PAS does not coverthese.

D.2 Function template symbols

Control function integration level is indicated by following symbols:

Table D.1 —Function template symbols

 

Level Definition
 

I Control function and HMI fully integrated in the main control system.

 

Field device wired to an external control system, symbol anly to be used when
ll this external system is not shown separately on the SCD. HMI function

integrated in the main control system.

 

Control function and HMI are in a control system externally to the main control
system. Object must be operated in the external system. Interface to the main
control system should be shownseparately if applicable. Symbol for Level|

should then be used.

 

     
Table D.2 — Additional information field

 

Additional information field: Identification of the controlled object (e.g. valve, motor,
heater) as it appears to the operator (on VDU alarmlists etc.) or other convenient
operatorinfo.

 

into field   
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D.3 Function template terminal placement

Table D.3 — Terminal placement|

 

suppression

 

 

 

    

 

 
 

 

 

    

nn| Typ o-oo

inputs node Tag outputs

------ wm FB + -----a
A A

modeselection feedbacksignals

AHHog
20 pt-———

C002 FT |BXH___ ye Extension of function template symbols if more terminal
MA 1001 |BXL ____y points are required.

WL

TALL
p>>   

D.4 Reference symbols

Table D.4 — Reference symbols

 

Symbol Comments
 

Descriptive text

SCD dwg/sheetref.

Descriptive text

SCD dwg/sheetref.

Drawing reference for process connection

 

= Descriptive text

---------aSCD dwg/sheetref,
 

Drawing reference for instrument signals

Desonptive text 1234 = Unique signal reference identifying the signal connection

SCD dwo/sheetref>>----------

1
2
3
4

 
 

Sequencereference flag. Reference to sequence number
(e.g. 01). The cross reference between the sequence number and

relevant sequence diagram shall be available on SCD.

Extended sequencereferenceflag.  
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D.5 Function identifier for safety system interface

Table D.5 — Safety system interface

 

Symbol Comments
 

=
Signal to global safety function —
NN.NNis a reference to a shutdownlevel.

E — Identifies emergency shutdown safety system, see B.4.2.

In this example the input is also defined to be failsafe by the double
arrowhead on thelogicline.

 

e

i 
Signal from global safety function —
NN.NNis a reference to a shutdownlevel.

E — Identifies emergency shutdown safety system, see B.4.2.  
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D.6 Field device symbols

Table D.6 — Field device symbols

Symbol Comments

: Block valve

_ Control valve

>< Valve normally closed

>< Valve normally open

: Valve to open on lossofelectrical signal (FO)

Valve to close on lossofelectrical signal (FC)

£ Valve to be locked onloss of signal (FL)

Valvewill fail indeterminate on loss of signal (Fl)

7 Transmitter

fe Safety relief element

23
Pas CS aneeei
SBV| 0045 I    

Low (GSL) and high (GSH)limit switch indicator

 

 
 
 
 |    

Power(text field)

~ Main

~ Emergency

~ Hydraulic

~ Pneumatic

Utility reference (Power

reference tag)

Interface typical

teference code  Power(text field)
Utility reference (power reference tag)
Interface typical (reference code)   
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D.7 ‘Instrument signals

— 153 -

Table D.7 — Instrument signals

 

Symbol Comments
 

Generalsignal, e.g. logic software signal within a node or
hardwired signal from transmitter to SAS. Can also be used for bus

signals and seriallines.

 

   
Data communicationlink, i.e. bus or serial line. The signal line

reflects the logic end points of the signal, and not the actual bus
topology.   

D.8 Constant values

Table D.8 — Constant values

 

 

Symbol Comments

Constant values used as parameters to logical/arithmetic elements,
dego-—— e.g. timers, pulses. To be shownasa signalinto the actual element.

  Value of parameter, e.g. 12 °C. Engineering unit to be added when
required for control understanding.   
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D.9 Logic and arithmetic symbols

Table D.9 — Logic and arithmetic symbols

 

Symbol Comments
 

Hardwaresplit

 

TTT&©----— Software split

L_——> normal

simplified

 

Software function
-----m(0}/------>

See Table B.2

 

Connection extensionline

yt Multiple input to software function

 

-aee _--»> Inverter

 

Pulse, i.e. positive pulse upon transition from 0 to 1

_----piPL---» (10 sec = duration of pulse)

10s See Table B.3
 

Time delay, i.e. delayed transition from 0 to 1
_----piTL---» (5 s = delay time).

  5s See Table B.3

C01|P02 Node split indication, used to identify the node split
I between EFB’s.  
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D.10 Sequential function chart symbols

Table D.10 — Sequential function chart symbols

 

Symbol Comments
 

 

Seg. Nr. \ Desc

   
Sequencestart and KB reference

 

 

   
 

 

 

 

   
is active

Minimum time stepis

active 

KBtagref: symbol

SCDref:

End Sequence end symbol.

Step identification

Step service

description

Step symbol

EMIN oS [TMAX >>| Maximumtime step

 

Transition

identification  
 

   Transition service

description

Transition symbol

 

L! | ris
Connection reference number

Step Active value

‘Step active valueto be present
Latched) whenexiting the ste;alos lonal (ae ) —21 rrag.noj{rermmnal] | Service descrpton (HMIwo Drawing reference

)
Step action symbol

 

{Tag no][Terminal][Comparator][Value]

Use Note to descnbe extensive
Connection reference Drawing reference function

number
/ Service descnption (HMI use)

LI / | )
 

Transition condition symbol

 

Sequenceflow line

 

  Sequenceparallel synchronization
line
 

   Sequencealternative branch line   N
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Annex E
(informative)

SCD application guidelines

E.1 Purpose

This annex is a short form list (legend) of the different symbols used toillustrate the control
application on the SCD. The symbols will have different content as defined by Annex B. The
actual sizes of the symbols are also defined in Table B.4.

This annex is intended to be a guideline for projects using this PAS for SCD development.It
provides the reader with a numberof practical examples of expressing monitoring and control
functions on SCDs. The examples are extracted from actual SCDs from several projects. Any
project should specify necessary application typical in addition to the typical defined in this
annex, based on the same principles. The application typical used for the project should be
implemented on the project SCD legend.

This guideline covers both basic functional elements as well as comprehensive application
typical. The examples given in this annex are for guideline purposes, and if other project
documents or specification dictates or describe other functionality, they will supersedes the
examples given in this annex.

E.2 Tagging

All function templates shall be tagged. The same tag identification should be used for
identical functions on P&ID, SCD and HMI.

The project standards for tagging should be used. All tagging in this document is for
exemplification only.

Symbols for logic and arithmetic functions are not tagged.

E.3 Application typical

E.3.1 General

This chapter will give a selection of a various application typical. Only a few selected inputs
and outputs for the function templates will be used in the examples.

E.3.2 Process measurements

E.3.2.1 Analogue measurements

For monitoring and display of analogue process variables, the MA-template is to be used. The
template comprises functions for action and warning alarm as well as loop fault annunciation.
Additionally the template handles limit-checking for status outputs (events) without any alarm
annunciation.

Applicable alarm handling attributes (AHH, WH, WL, ALL) and status/event handling attributes
(BXHH, BXH, BXL, BXLL) shall be identified on the SCD. These attributes is be defined in

SAS.

Figure E.1 shows MAterminals. N
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7 AHHpe A 37 AHH pe
(ei cor;, pT (WH -pfcor) PT i ef cor, TT ((BXHp

MA 123 |WL MA 123 MA 123 [BXL_p
ALL. pp ALL    

Figure E.1 — MA terminals

E.3.2.2 Totalization

Totalization of flow is handled by a separate function template, the QA template. The template
calculates the accumulated flow over a time interval by integrating the measured
instantaneous flow. The accumulated flow calculation can be started, stopped or reset either
from the OSorbylogic input.

The calculated accumulated flow is monitored and compared to HH action and H warning
alarms and a HH status (event) output without alarm annunciation. Applicable alarms and
events shall be shown on the SCDs.

The analogue value can be connected directly to the x input on the QA template. A MA
template should only be used either in series or parallel when indication of the present
measured flow on the operator station is necessary.

See Figure E.2.

  
 

   
   

21 21 21
recor, =FQ [WH ,picor| FT -----cor, =FQ  |WH

QA 123 MA 123 QA 123            

I
!
!
!
l
!
!

Figure E.2 — Totalization

E.3.2.3 Compensation of measured flow

For accurate volumetric flow calculations, the measured flow is compensated for pressure and
temperature. To calculate standardised flow, the measurement also has to be compensated
for density. To calculate the compensation a # function should be used, and a formula
specified.
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21
— wpC01 PT

MA 123

21
— C01 TT

MA 123

21
co1 FT
MA 123 ee  

DIFFERENTIAL
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21 

 

Px

|Zegees-pl cor FY
Al  MA 123    

Note 1 : CALCULATING VOLUMETRIC FLOW FROM

Y=Qv = C * (1/-V 1-B) *e*d *1r/4 * ¥(2" AP * 1/p) “3600
p=Px*To/(Po*Tx)*po

Figure E.3 — Compensationof flow via a formula

E.3.2.4 Example of project specific function — Voting of measured variables

The behaviourof the voting (e.g. malfunction etc.) is not defined within this PAS. This function
should be defined in a project specification as an addendum to this PAS. In example below
(see Figure E.4), the optional EFB is usedto illustrate the voting algorithm. Asit is just a EFB
it will not have any HMI. If a dedicated function with HMI is defined by the project this should
be presented as shownin Figure E.5 with the function symbol.

 
21

 
 

 
 

     

poseannncor] PT
i MA 123A
1

[y 21
Io ------ +] C01 PT
14 WA | 123B
1ot

rt 2
aee 01 PT
1 | MA 123C

1ot
1ot

x1 rT

2 #=2003 Cot PT

MA 123

 

    
Xt 37

------- #22003 _yloor] PT
MA 123

x3

 

    

? i f Simplified representation

Figure E.4 — Use of optional symbolfor voting

Figure E.4 shows an example of "simplified representation". Such simplified representations
should be explained in the SCD legend forthe project.

oi

 
sotrnpb) 2003 

--5-5-5| POS 
  

  

AHH
2500 Pottttt>
pT |WH

-—------------ pyavav; 1234 awe
Voting

25PT1234A 25PT1234B 25PT1234C

 

Figure E.5 — Useofproject specific function
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It is assumed in example above that the same voting function may be usedfordifferent types
of voting. Therefore the modefield is used for indicating that the function should be set up as
voting 2003 configuration for this instance.

This example contains a function named #MAV and terminal #WF.The# indicates that neither
this function template nor this terminal is defined within this PAS. The function do have the
terminal AHH and WH(without #) which can be used astheywill have exactly the functionality
as defined in this PAS.

In Figure E.5 it is assumed that the project specific #MAV function allows for the HMIto all
connected transmitters and the voting result.

E.3.2.5 Differential pressure measurement

For measuring of differential pressure in the process, it may be indicated on the SCD where
the measurement is performed, with simple lines, e.g. across a filter in the process line, as
shownin Figure E.6.

 

 

 

    

 

 

    

44
ro----~ co1, PDT
| MA 123

I

A

/
4   

Figure E.6 — Differential pressure measurement

E.3.2.6 Binary measurements

The MB-template is utilised for monitoring and display of binary process variables or digital
inputs. The MB-template comprises functions for operator alarming and action initiation, see
Figure E.7.

 
 

 

 

     

50 |”
50-CX01 }-----mB coz; XA +---->

MB 123

UPSTrip   
Figure E.7 — MB with action

If only an alarm is given, only the W is shown, see Figure E.8.

 
 

 

 
     

53) lw
53-CX01 }+-----pm coz] UA

MB 123
Commonalarm   

Figure E.8 — MB with alarm only
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Digital inputs not initiating any actions or alarms and not requiring separate VDU elements are
only used as input to function templates operating the actual controlled object. E.g. for XVs, a
GSLlimit switch gives input to the position low input (XGL) of the SBV. The feedback signal
from the limit switch should not be shown on the SCD,see Figure E.9.

 

 

 

23
P01; XV ---4
SBV| 123B    

 

GSL GSH

Figure E.9 — Valve feedback presentation

E.3.3 Action and warning alarms

E.3.3.1 General

Action alarms initiate automatic actions in addition to alarm annunciation in CCR. The action

is performed independently of the mode (auto/manual) of the interlocked object, see
Figure E.10.

 

 62 AHH __
-----»/ coi) PT [WH

MA 123 [WL Y
ALL _

 

     
 

 

 

 

62
C20 HV --->
SBV 123   

Figure E.10 — Action alarms

Warning alarms warns the operator about an undesired process upset. A warning alarm
enables the operator to perform corrective actions, but no automatic action is initiated. The
alarm annunciation in CCR requires acknowledgementby the operator, see Figure E.11.

 
21 |WH

7m _cot TT
i MA 123 |WL
I

oo
Figure E.11 — Warnings

 

 

    

The general rule is that the only connected terminal names are shown on the SCD. An
exception from this rule is made for WH and WL. Warning alarms with no signal outputs (no
actions), is presented on the SCDto indicate that these alarms are present on the VDU andin
the alarm/eventlists.
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E.3.3.2 Action blocking

Action alarms may be blocked from initiating the actual action, but still give alarm
annunciation. Single action outputs are blocked from the OS or by external logic, see
Figure E.12.

E
B
H
H

 

 

 

21 AE
aad P02 PZT

MA 123    

Figure E.12 — Force blocking action alarm high

E.3.3.3 Suppression

Action alarms as well as warning alarms may be suppressed. Suppression from the OS
suppressesall interlocking action outputs, alarm and fault annunciation. Single alarms may be
suppressed by external logic, see Figure E.13.

 

 

 

    

 
21

-—pe C25 PT
MA 423 ALL __L

 

 

     
Main

82EN001
Typical 1

 

 

   

 

Figure E.13 — Action alarm suppression
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E.3.4 Process modulating control

E.3.4.1 Single PID control

The example shows a typical control loop with an analogue pressure measurement to SAS
and an analoguesignal output to the pressure control valve, see Figure E.14.

 

 

 

DIR 42
—— pw C03 PC }+--

CA 091    

Figure E.14 — PID control

The controller can be operated in either manual, automatic internal or external mode. When
operated in automatic mode, the controller can be either direct acting or reverse acting and is
identified on the SCD. One way of showingthis is by writing either DIR or REVin the top left
corner.

If the process measurement has a trip, this is done with an upstream function, see
Figure E.15.

 

 

 

 

 

 

AHH
42. }-

--} cos, PT OL |
! MA 091 !
I|

|

| DIR) 42
L_yplco3) PC L-

CA 091
     

Figure E.15 — PID control and action alarm
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E.3.4.2 Cascade control

For controllers in a cascade coupling, the secondary loop controller uses the output of the
primary loop controller as its set point. The output range for the primary controller should be
the same asthe input range for secondary controller, see Figure E.16.

 

  

  

DIR] 20 xR
—-w C01 LC -——— be) REV 20

CA 123 —p! C01 FC [|---,     

    CA 123

|

Figure E.16 — Cascadecontrol

E.3.4.3 Split range control

Split range control (see Figure E.17) should be in software. The controller output is calculated
in the CA template as for standard closed loop control and connected to two OA templates for
controlling the individual valves. The calibration for the valves is done in the OA templates.

  
  
  
    
 
 
 
       
 

DIR 20 20
wicor| LC beO-- cor) LV b-----

CA |123 OA 123B !
! 0-60%

|
| I
\ 20 |
‘--pf cor, LV L--

OA 123B I
60-100% \

Ley

  
 

Figure E.17 — Split range control

E.3.4.4 Control of choke valves

Choke valve control (see Figure E.18) are implemented using the CS template. The choke
valves are operated by either pulsed or steady output signals. One output for opening and one
for closing the valve.

The valve position feedback GT is connected to the XG input on the CS template, but is not
shown on the SCD.
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YH13° Pe---5
cig) Hv fYt---
cs 008 I    

GT

Figure E.18 — Choke valve control

E.3.4.5 Binary control

For binary (on/off) control of flow elements such as valves, pumps and heaters, based on an
analogue process measurement, should be done by combining a MA template and a SBV
template.

  
23 23

eco Lt PXAH oo Ly OL-
mA 064 |BXL XLyrsay 064

  

  

        

 

Figure E.19 — Binary control

The example in Figure E.19 shows level control using a MA and a SBV template to switch
between open andclosed valve position, depending on the level in the tank.

On/off control is also performed with a modulating control valve, switching between two
specified values, e.g. between 0 % and 60 % as shownin Figure E.20.

 

  

  

     

    

Cy,
x1 53

33. BXH-S@--S mico| Lv t-
C09 LT R OA 064
MA

|

064 BxXL____1 X21

- !

Figure E.20 — Binary control with modulating control valve
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The third example shows level control by on/off pump control, implemented with a
SBE-template. For this application, the motor control needs two outputs, one to start the
motor (YH) and oneto stop the motor (YL), see Figure E.21.
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Figure E.21 — Start/Stop control of pump

E.3.4.6 Tracking

The example in Figure E.22 shows a valve being controlled either by flow control or by
tracking a function based on the speed of other element. The operator can set the CA function
in FT by the using the HB function. This will set the FT input and force the CA function in to

tracing mode and clampthe output Y to the XT input.
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Note 1 Scaling of signal from pulse to flow

Figure E.22 — Tracking of control valve
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E.3.5 Control of on/off valves and dampers

E.3.5.1 General

For control of on/off valves and dampersthe function template SBV is used.

The SBV-template will have the following four possible feedback constellations:

e no limit-switch feedback;

e position high limit-switch feedbackonly;

e position low limit-switch feedback only;

e position high and low switches feedback.

The limit-switch feedbacks to the SBV function template is, as a standard, not drawn on the
SCD, but only indicated on the SCD with GSL and GSHbelowthe flow element.

E.3.5.2 On/Off-valves

Figure E.23 shows a manual operated HV-valve with no limit-switch feedback.

 

 

 

  

16
C18 HV F--—
SBV 043  

Figure E.23 — On/Off valve

The example in Figure E.24 shows a PCS shutdown action implemented in PCS system, i.e. a
shutdown function without SIL demands and not required by ISO 10418 (API RP 14C). Using
the LSL input will ensure that the valve will close independent of state and control mode
(except blocking) of the SBV template. Using the ALL output will in addition to perform the
action, ensure that the operator is alarmed. The LSL input can be blocked by the operator.
Whenthe level increases above ALL,it will remain in manual and closed state, but may be
operated manually.
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Figure E.24 — Safeguarding of On/Off valve
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E.3.5.3 Process shutdownvalves

Process shutdown valves are normally operated from PSD, and the PSDlevel shuts down the
SBVvalve utilising the LSL input. If the XV valve has limit switches, they are wired back to the
system containing the SBV template.
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Figure E.25 — Safeguarding of PSD valve

E.3.5.4 Emergency shutdownvalvesfor sectionalisation

EV-valves for sectionalisation are operated with separate solenoids from ESD and PSD. EVs
may have both open andclosedlimit switches for feedback wired to PSD.

After activation from ESD the EVs are reset in the field (except for subsea EV-valves). This
reset function is not shown on the SCD,see Figure E.26.

ESDlevel will normally initiate PSD level. If not, it shall be considered to split the ESD signal
and safeguard the SBV template.
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Figure E.26 — Safeguarding of ESD valve

The ESD shutdown group will not be documented on the SCD andis only represented with
the triangular E-symbol.
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E.3.5.5 Emergency shutdownvalves for blowdown

BVs should be safeguarded from ESD only, see Figure E.27. The BVs can havelimit switches
for both open and closed position feedback wired to ESD.
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Figure E.27 — Safeguarding blowdownvalve with only ESD solenoid

The shutdown groupis only represented with the triangular E-symbol. The function template
that represents the BV in the ESD nodeshould be explicitly shown on the SCD.

For blowdown functions that are possible to operate from PSD or PCS, e.g. for
depressurisation of compressors, a separate solenoid for PSD or PCS is needed, as shownin
Figure E.28.

\E/ HP FLARE
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Figure E.28 — Safeguarding blowdownvalve with both ESD and PSD solenoid

The function template that represents the BV in the ESD node is not shown on the SCD. The
valve should have the limit switches wired back to the node containing the SBV template. To
prevent unnecessary alarms from the SBV the blowdown signal can safeguard the SBV
template (Safeguarding may alternatively be routed via PSD hierarchy as described in
previous clause).
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E.3.6 Failure actions for of on/off valves

E.3.6.1 Fail close

Forfail close (see Figure E.29) on loss of signal for on/off valves, the valve will close when
the electrical signal is lost. The valve is expecting a low signal (0 V DC) for closing of the
valve.
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Figure E.29 — Fail close

E.3.6.2 Fail open

For fail open (see Figure E.30) on loss of signal for on/off valves, the valve will open when the
electrical signal is lost. The valve is expecting a low signal (0 V DC) for opening of the valve.

Properties for definition of fail-open or fail-close function for the valve should be available
within the SBV template.
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Figure E.30 — Fail open

A double arrow (see Figure E.31) can be used to indicate fail safe/NE signal. In most projects
unique identification is not required as this will be a general requirement to the safety system
output, but for projects where there is a variety of NDE and NE output the use of double arrow
for NE outputs will add clarity.
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Figure E.31 — Normally energised output signal N
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E.3.6.3 Fail maintain

For fail maintain on loss of signal for on/off valves, the valve remains in its position when the
electrical signal is lost. A fail maintain valve is a double acting valve, consisting of two
solenoid valves, one for opening and one for closing of the valve. Both solenoids shall be
controlled from one SBV, using the YH and YL output as shownin Figure E.32.
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Figure E.32 — Fail maintain

E.3.7 On/off valves and control valve interaction

Control valves located downstream on/off valves should be closed subsequent to closure of
the on/off valve. The position confirmed low (BCL) output may be used to shutdown the
control valve (using either FSL or LSL depending on project philosophy), see Figure E.33.
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Figure E.33 — On/Off and control valve interaction

E.3.8 Electrical equipment control

E.3.8.1 General

For control of electrical equipment (e.g. motors, pumps, heaters, fans etc.) the function
template SBE is used.

The function template can be configured to operate with several options according to the type
of application described in Annex A.
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E.3.8.2 Low-voltage motors/heaters with on/off control

A motor (or heater) with manual start/stop from the OS and automatic start/stop from external
logic with data communication interface to the MCC is shownas givenin Figure E.34.
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Figure E.34 — Communication interface to motor control center

All motor control is performed from PCS. The signal interface from PCS to the MCC may be
via data link, as the example in Figure E.34, or hardwired. The typical signal interface
between PCS and MCCfor low-voltage motors are a start (YH) and stop (YL) signals in
addition to available and running feedback signals. Available and running feedback signals
are not shown explicitly on the SCD,but will be a part of the standardized MCCinterface for
the project, other interface may also be defined by the project. The standard MCCinterface
should be specified on the project SCD legend.

LV motors may also be controlled by one common hardwired start/stop signal, in addition to
available and running feedbacksignals.

Additionally the motors may havetrip signals from separate package logic, PSD, F&G, ESD,
or load sheddingtrip from the electrical system. This is shown explicitly on the SCD.

Heaters are equal to motors.
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Motors/heaters with manual on/off control and PCS shutdown

In addition to normal control from PCS, motors/heaters may be interlocked by a single PCS
trip or by a PCS shutdown group. For single PCS shutdown, see Figure E.35.
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Figure E.35 — Safeguarding of motor

There is normally no use for latching the unit protection of equipment in a USD level (Unit
ShutDown). The shutdown will use the LSL input of the FB controlling the equipment when
latching is necessary. It is therefore normally no use for a USD level. In some casesit might
be desirable to introduce a USDlevel, for instance when there are needsto block, systemise

or visualise the unit protection. This USD level should be implemented with a LB template,
see Figure E.36.
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Figure E.36 — Unit shutdownlevel stop of pump

USD should only be used for non-SIL non-safety functionality.
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E.3.8.4 Motor/heater with manual on/off control and PSD interlock

A PSD shutdownis transmitted directly to the MCC and the SCD representation should be as
shownin Figure E.37.
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Figure E.37 — Process shutdownlevel safeguarding of pump

Upon safeguarding activation the hardwired output Y signal from the single shutdownsignal
function template SB to the trip-relay in the motors circuit breaker is de-energised, thus
electrically isolating the motor.

When the motoris tripped from PSD, the output signal Y should be split and used to set the
LSL input of the corresponding SBE template. This forces the SBE template in to a lock
safeguarding low state, thus setting the SBE in manual and low. This will result in an
additional stop signal being transmitted from the SBE and will prevent the SBE from raising a
discrepancyalarm.

Connecting to the SBE's LSL terminal via SB, and not directly from LB, allows for single-point
override (blocking) of safety function via the SB-template.
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Motor/heater with automatic on/off control and PSD interlock

Pumps with on/off control based on an analogue process measurement and safeguarding
interlock from PSD should typically be shown asin Figure E.38.
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Figure E.38 — Pump with automatic on/off control and PSD interlock

Electrical heaters should be shown similarly, but with an additional note about the local

thermistor for TAHH protection, see Figure E.39.
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Note 1: Activations of local TAHHin

heaterinitiates heater SD via MCC

Figure E.39 — Heater with automatic on/off control and PSD interlock
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The "Typical 03" and "Typical 05" in Figure E.39 and Figure E.38 are referring to the
communication typical used towards the electrical switchgear. These typicals are identified in
the SCD legend with a reference to an additional document for documenting and defining the
different communication typicals used on the project.

E.3.8.6 Low voltage motors with modulating control

For variable speed low-voltage motors, a variable speed drive is interfaced from PCS, for the
speed control. The CA-template is used to calculate the speed reference input to the variable
speed drive. Motor control functions like start/stop and mode selection is handled by the
SBE-template.

E.3.8.7 High voltage motors with modulating control

For variable speed high-voltage motors, different types of frequency converters may be used.

The detailed signal interface towards the frequency converter may vary for the different types
of converters as well as the specific application. A typical example with data communication
interface to the frequency converter in Figure E.40 and one with hardwired are given in
Figure E.41.
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Figure E.40 — Low voltage motors with modulating control via data communication
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Figure E.41 — Low voltage motors with modulating control via hardwired signals

Running and available are connected to the SBE template, but not drawn on the SCD. Actual
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speed and speedref. should be drawn on the SCD.

E.3.8.8

For duty/standby and lead lag control of two or more pumps a SBC template is combined
together with the SBE templates. The SBC will coordinate and start/stop the SBE template
according to internal algorithms described in Annex A. All normal start and stop of the pumps

Duty/standby, lead lag
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are donebyinterfacing the SBC template as shownin Figure E.42.
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Figure E.42 — Duty/standbyorlead/lag
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The pumpscaneither be started manual/individually by the operators or by logic. The SBEs
must beset in auto for the SBC to control them.

E.3.8.9 Three pumpsin duty/standby configuration

For three objects in duty/standby, the no of elements that are started are defined by using the
different terminals on the SBC.In the example in Figure E.43 the logic might start a minimum
of 1 or a minimum of 2 pumps dependent on terminal used. See Annex A for more details
regarding the SBC template.
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Figure E.43 — Three pumpsin duty/standby

E.3.9 HVAC

E.3.9.1 General

HVAC control is normally performed from both the PCS and F&G system, where the PCSis
responsible for the normal control (on/off, duty/stand by, temperature control etc) while the
F&G performsthe safety critical actions (shutdown of fans, heaters, closing dampersetc.).

E.3.9.2 Control of HVAC dampers

See Figure E.44.

It should be possible to operate all fire dampers manually from the OS. When the operator
initiates start of a HVAC system it should automatically start the relevant fans and open
relevant dampers. N
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In case of a fire or gas detection in a HVAC systemsintake, the relevant fire damperswill be
shut down from F&G.

The figures in this clause also show a node split on the logical signals from node C01 to node
FO5. This is to clarify in which node the 2s pulse should be located. In this case the pulse will
reside in node FO5.
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Figure E.44 — Control of HVAC dampers

Fire dampers are generally equipped with closed limit switches wired back to the system
containing the SBV controlling the damper. The limit switches are indicated on the SCDs,but
not drawn backto the SBV template.

A fire damper can in some cases have a combined functionality. In addition to work as fire
damper,it can also have the functionality as a shutoff damper.

The relevant fire dampers will be closed in case of a fire, but also when the HVAC system is
not running. See Figure E.45.
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Figure E.45 — HVAC fan andfire damper control on BCL and BCH

E.3.9.3 Control of HVAC fans

See Figure E.46. Start of HVAC fans will normally be manually initiated from the OS. Start of
a HVAC system should activate the actual supply and extract fans. No fan should be
permitted to start unless both inlet and outlet fire/shutoff dampers are confirmed open. In
addition to manual stop initiated from the OS, a HVAC fan will be stopped from the logicif
either inlet or outlet fire dampers should close. In case of a fire or gas detection in a HVAC
systemsintake, the relevant fans will be shut down from F&G.

To avoid over- or under pressure, supply and extract fans for the HVAC system should be
interlocked. If extract fan stops the supply fan should be stopped, and vice versa.
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Figure E.46 — Control of multiple fans
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E.3.9.4 Control of HVAC heaters

For HVAC heaters with modulating control, thyristor control may be used, see Figure E.48.
Whenthe HVAC supplyfan is confirmed running, the heaterwill start. The effect of the heater
is controlled by measuring the air outlet temperature. These measurements are used as an
input to the controller (TC).

The heater will stop if the HVAC system or fan is stopped orif either inlet- or outlet fire
dampers should close. In case of a fire or gas detection, the relevant heater will be shut down
from F&G. The running feedback is not drawn on the SCD, but is wired back to the SBE
template controlling electrical element.
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Figure E.47 — HVAC heating and fan control

Depending on the implementation of the thyristor it might also be shown in Figure E.47.
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Figure E.48 — Control of thyristor controlled heater

   

E.3.10 Shutdown

E.3.10.1 PSD shutdown

PSD shutdown levels are implemented with LB blocks. The LB block has two inputs (X and
XS) where the X input latches the function block. To prevent all shutdown levels to be latched
in a situation where an unwanted process condition is detected by a PSD transmitter this can
activate the X input and the higher level can activated the XS input. Thus the initiated
shutdownlevel will be latched, as given in the example below.
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Figure E.49 — Process shutdowngroup / level

lf the PSD 4.31 is shut down from PSD 3.1, PSD 4.31 will reset when PSD 3.1 is reset. If

PSD 4.31 is shut down as a result of the 21PZT301.ALL the PSD level has to be reset after

21PZT301.ALL is normalised.
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Causesinitiating shutdown levels are implemented via a MA or a MB template. With these
function templates, the operator can see the status of the signal on the OS and has the
possibility to block the signal. In case of a trip, the eventinitiating the PSD will be shownin
the alarm list.

The SB or SBV/SBE template is used on the outputs signals directly from PSD to equipment.
If there is a SBV/SBEin the PCS the SBis used in the PSD system. These function templates
have blocking possibilities and status indication on the OS.

E.3.10.2 Single PSD shutdown

When a process measurement to the PSD system initiates a shutdown action not part of a
shutdown group, the SCD implementation should be as indicated in Figure E.50.
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Figure E.50 — Single process shutdown
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If the shutdownis latched, a LB template has to be introduced, see Figure E.51.
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Figure E.51 — Process shutdownlevel

E.3.10.3 Shutdown from PCS

Shutdowns not part of PSD, ESD, or F&G (e.g. no SIL and not required to be part of a safety
system) may be performed from PCS, either by a single shutdown initiator or by a PCS
shutdown group. An example of a PCS shutdownis shownin Figure E.52.
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Figure E.52 — Unit shutdown in PCS
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E.3.11 Interface to external systems

E.3.11.1 Integration level

To help the operator to orient himself on which system the control function is to be found,
different integration levels has been defined within this PAS and associated with dedicated
symbols. See definition in Table B.1.

Functions at integration level | is fully implemented in the main control system (BPCS). See
Figure B.3.

For function at integration level Il the operator can view the object from the main control
system while the field signal is connected to a control system separate to the main control
system. The object found in the main control system is identified on the SCD with a specific
symbol, see Figure B.4.

Function at integration level Ill is not available from the main control system. These functions
are identified with the symbol shown in Figure B.5. The operator should be able to locate this
function in the system external by the tag identifier given in the symbol. This external system
may in addition send other information to the main control system, see example in
Figure E.53.

These functions will then be represented byintegration level | symbols.

E.3.11.2 Typical metering station interface

Flow computers and metering stations are normally separate systems with integration class 2.
The flow computer (FC1) can interface the main control system either via data communication
link or hardwired signals. In the example below the flow computer interfaces the central SAS
via data communication link, and the data are used for indication only.
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Figure E.53 — Metering interface with flow computer shown

The SCDs should show the type of measurements (FT, PT etc.) input to the metering station,
the calculation function in the metering computer (FY) and the different values to be indicated
on the OS. N
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See Figure E.54. If there is a one to one correspondence betweenthe transmitter in the field
and function template, the flow computer can be omitted on the SCD and the diamond symbol
usedinstead.
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Figure E.54 — Metering interface without showing the flow computer on the SCD

E.3.11.3 Anti-surge control

Anti-surge control may be implemented in the SAS system or in a stand-alone system with
interface to SAS. In this example (see Figure E.55) the stand-alone system is identified as
FC1 while the SAS PCS node receiving analogue data from this anti-surge controller is
identified as C18.
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Figure E.55 — Anti-surge interface
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E.3.12 Condition monitoring

The hardwired signal interface for the common shutdown (YSHH) signal from the vibration
monitoring system should be shown on the SCDs. The measured values from the vibration
should be indicated above the interface point of the probe to indicate which probe the signal
replicates, see Figure E.56.
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Figure E.56 — Vibration interface

Both analogue values and binary status signals may be transferred via the serial link from the

condition monitoring system to the SAS system.

The MASfunction is defined to having the alarm limits from the condition monitoring system to
the SAS system. These alarm limits should be automatically updated in the SAS system when
re-configured in the condition monitoring system.

If alarm limits are not transferred to the SAS system, the limits needs to be configured in both
systems, this may cause variations in the two systems and should be avoided.

Note that the local control symbol 3 is replaced by a box representing the same local control
system. This is done becausethis local control system has a complex interface towards SAS.
Using the box will therefore, in this case, increase the readability and present more
information to the user.
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E.3.13 Electrical distribution control

In Figure E.57 is an example of the use of SBB function template. This function template is
applied for binary control of breakers for both high and low voltage. For these functionsit is
recommendedto define communication typicals which are identified on the SCD astext in the
information field in the Function template symbol. These typicals are defined in the SCD
legend or in a separate dedicated document. It is recommended to define the communication
towards smart starters in this way.

The breaker serving the VSD, 80EH001A-H26, is included in a start sequence. This is
identified with sequence flags. The VSD breakeris tripped by PSD shutdownlevel 03.10. The
breaker 80EHO01A-HO6is tripped by emergency shutdownlevel 01.20.
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HP pumpstart-up sequence, 23KI0002

 

Figure E.57 — Control of breakers

E.3.14 Parallel functions

Forparallel functions, two different approaches may be taken, depending on the application.

One approachis to create a detailed SCD for one of the parallel functions and then document
the rest of the parallel functions in separate SCDs showing tables of tag numbers for the
parallel functions not shown in the detailed SCDs. A typical application where this approach
may be usedis for subsea production lines and gaslift lines.

An alternative approach is to document each of the parallel functions in detailed dedicated
SCDs. This approach maytypically be used for parallel process sections like the gas export
trains, the glycol regeneration unit, air compressors and oil export pumps.

N
E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



— 188 - IEC PAS 63131:2017 © IEC 2017

E.3.15 Sequences

Figure E.58, Figure E.59 and Figure E.60 shows a simplified example of sequence logic, and
the relationship between sequence representation on a process SCD Figure E.58 and a
sequence flow diagram SCD Figure E.60. Only reference to the main sequence is made on
the process SCD. Step details and connection details are shown on the sequence flow
diagram. In this example a pump with minimum flow control is controlled by a sequence. The
minimum flow valve is forced to full open position for 5 s when the pumpis started. After 5 s,
the minimum flow controller is set to auto.

Figure E.59 shows the KB sequence header, which is used as aninterface for controlling the
sequence from HMI and/or other control logic. Located on a dedicated SCD for sequence
headers, if several sequences are involved or located together with the rest of the logicif it
just a single sequence. In this figure the start sequence 23KI0002 is prevented from start if
stop sequence 23KI0003 is running.
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Figure E.59 — Sequence header
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Figure E.60 — Sequenceflow chart
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E.3.16 Use of "black boxes”

In some casesit is necessary to design logic for special functionality. In such cases there is
always a risk that the SCD will becomefilled with a tangle of simple logic elements. This
should be avoided. It is an important issue that the readability of the SCD is kept.

In such casesit is recommendedthat "black boxes" are used. A black box will then represent
a restricted part of the control logic functionality.

An example, setpoint of flow downstream a set of 3 pumps is dependent of how manyof the
pumpsthat are running, see Figure E.61.

I! |
! SP 2pmp ---- |

I SP 3pmp }}---=| |

| IPERILADHDADmendesoom__ Setpon

Figure E.61 — Setpoint of flow for 3 pumps

Isolated this set of simple logic functions may be readable but it could be presented as simple
black box to improve the overall readability of the SCD, see Figure E.62.

It should be possible to recognise the black box in the implemented configuration in the
control system. Therefore the same nameis used on input/output terminals in the control
system as on the SCD.

The black box should not have any HMI. HMI towards the operator should be external to black
box through functions defined by this PAS.

If the functionality of the black box requires a special HMI, the black box is regarded to be a
project specific function block.

 

aePump 1 Run ---}» [o-co--------- Setpoint -----------»
40

anne Pump 2 Run-- yy¢
ee Pump 3 Run-»| 4000

   
Note 7

Note 1 — Common minimum flow
protection. Setpoint to flowcontrollerto be
calculated as a function of the numberof
pumpsin operation at any onetime.

Figure E.62 — Black box representation
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A note on the SCD should give the function of the black box or a document reference to
wherethe description of the function is found.

Another aspect of creating complex logic on the SCDis the missing possibilities to prove such
logic. It is better to just make one/a set of black box with a functional description.

E.3.17 Use of project specific functions

The templates defined herein covers normally most of the required logic, but in each projectit
will be required to use project specific function blocks other than the ones defined by this
PAS. Such FBs should be presented in the SCD diagrams along with the standard templates
utilising the same symbols.

This proprietary FB shall have its own dedicated FB template name and terminal code. These
codes havea limited no. of characters. This has to be taken into consideration when creating
these codes. The FB nameshall start with the symbol # to make it easy to identify that it is a
project specific FB.

An example is the monitoring of a non-linear shaped tank, where you may have 2 level
sensors:

The supplier has named the Function Block — Tank. FB nameselected in the project is MT
(Monitoring Tank).

The terminals are coded as shownin Figure E.63.
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Figure E.63 — Terminal representation for supplier F
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Annex F
(normative)

SCD Control function templates behaviour

F.1 Purpose

The purpose of this annex is to define the behaviour of the NORSOKcontrol functions in an
unambiguous manner.

F.2 Method for description of behaviour (control function state charts)

F.2.1 Basic idea

A SCDcontrol function (template) basically has the following two types of behaviour.

The flow and processing of process information, e.g. a measurement and set point into a PID
controller and the calculation of the resulting control output.

Processing of control (logic) information (discrete events and commands) conveyed by the
logic inputs and also commands via operator inputs. The processing of this information
determines how the template is to react as a result of these events.

One cansaythat the results of the logic information processing determines how the process
information is to flow between the control function elements within the template and to some
extent how the process information is to be processed.

A natural consequence of recognising these two types of behaviour is that one can use
different methods. The basis for the methods usedis:

e the logic (processing of internal control information) has been visualised based on state
charts (explained below), see F.2.2;

e the flow process information has been visualised using electrical metaphors (signal paths,
switches etc., explained below), see F.2.3.

The method proposed attempts to clearly distinguish in visualisation between the processing
of process information and logic control information through a control function. It attempts to
combine the strengths of state charts and logic diagrams(signal or information flow from left
to right). In "normal" state chart formalism, the actions performed when entering a state would
be described within the state chart. In the formalism developed here, the actions which
influence on process information are modelled in terms of electrical symbols. The method has
been named "Control Function State Charts". In the following, the method is explained using
an example, and starting by explaining the state chart as the basis, and adding the
modifications gradually to finally end up with the method for visualising the behaviour of SCD
control functions.

F.2.2 State charts

F.2.2.1 General

The logic of a control function is quite complex viewed in the numberof inputs/outputs and
possible combinations of these. However, an analysis reveals that the much of this behaviour
is highly parallel, e.g. Auto/Manual vs. Suppression. This makes the behaviour of the control
functions well suited for state charts modelling.

An example of one state chart is given in Figure F.1.
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Condition 1

Condition 2
Condition 2

Condition 3
    

Elementery
Condition 6 state 3  

 

  

     

 

   

  

Condition 6
Condition 4 Condition 3 Lo1/& LO2

Condition 4

 

  
Elementery

state 5
   

Elementery  
LO1 & LO2

\ 7
  

Figure F.1 — Example of state chart

A good referencefor further reading on state charts is, see e.g.:Harel, David, State Charts: A

visual Formalism for Complex Systems. North-Holland, Science of Computer Programming 8
(1987) pp231-274.

F.2.2.2 States

Figure F.1 shows a state chart for Mode 1. The circles indicate elementary states. The
elementary states are the bottom level of states. No states are contained within these. The
function can only be in one of the elementary states at any time. Between states there are
state transitions. Each transition shall have a defined condition, which should be fulfilled for

the function to enter the new state.

Whenbeingin state 1, condition 1 gives a state transition from state 1 to state 2. In the same
way, when Condition 1 disappears, the system will return from state 2 back to state 1. While
in state 2, condition 2 will bring it to state 3. But while in state 2, it will not react on

condition 3.

If being in state 1 and condition 3 occurs, it will go to state 3 and, considered condition 2 also
is true, remain in state 3. Upon disappearance of condition 3, it will go to state 4 and so forth.
If condition 2 was false when going from state 1 to state 3, the state-machine would
immediately go into state 2.

F.2.2.3 Condition for transition

The condition for transition between states is mostly determined by the values (true or false)
on the logic input terminals. However, operator input is often also a cause for state transition,
e.g. auto manual selection.

One cannotintuitively see the role of the input terminals from the state chart in Figure F.1.

Therefore a modified state chart has been made, where the input terminals used by the state
charts are "listed" with arrows on the left side of the state chart, see Figure F.2. In the same
figure, the output terminals and OS output terminals whose values are set by the state chart
are included on the right side.
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Referring to Figure F.2, "Condition 1" means a true value on "Logic input Condition 1", which
is a logic input terminal. "Condition 1" means a false value on the same terminal.

NOTE Sometimes a state from a parallel state chart may enter as a condition for transition in a different state
chart. However, this should be the exception rather than the rule in a system with a nature suited for decomposition
into parallel behaviour.)

 

Logic input condition 1 Logic output 1

re ) [ee
Mode 1 Lo1

 

  

     
  

  

  

  

   

     
    

  

  

    

 

  

Logic input Condition 2 LO1&LO2 Condition 7 Elementery OS output1
state 2

> Condition 1 >

_. . Condition 2 OSoutput 2
Logic input condition 3} Condition 2

|}_______>

>
Condition 3 Elementery

Condition 6 state 3
OS Input condition 4 Logic output 2

—______

|

Condition6 a
Condition 4 Condition 3 L01/& Lo2

  

     
OSinput condition 5 Condition 4

> Elementery

state 5 Elementery

state 4
Logic input condition 6

—_______ LO2 Condition 5——______—-» LO1 & LO2

a /    
Figure F.2 — Example state chart with terminals

Figure F.2 includes the logic input terminals and OS input terminals used (left), state-chart
and logic output terminals and OS terminals (right) set by the state chart. The condition is
build up by combining the inputs.

F.2.2.4 Logic output terminals

The state chart often needs to inform the outer world about its state. This is done by setting a
value on a logic output terminal. The state machine in Figure F.2 uses the “Logic output 1”
and the “Logic output 2" output terminals as well as information to the OS to tell the outside
world about its inner state. The values set out on “Logic output 1” and “Logic output 2” are
determined as part of being in a state in the state chart. As one can see from Figure F.2, a
LO1 is placed next to the "Elementary state 2" state, indicating that a "true" value will be set
out on the "Logic output 1" terminal in this case. For other states "Logic output 1" is set to
true, indicated by a LO1 (no underline) next to these states. Both "Logic output 1" and "Logic
output 2" are false (LO1 & LO2, underlined) in elementary state 1.

The state is also often reported to the operator station, as indicated by OS output terminals
ports in Figure F.2. This may be more complex information than simply a true orfalse value,
therefore the setting of the values of these outputs have not been includedin the state chart.

F.2.3 Modelling of the processing of process information

Figure F.2 illustrates how the system reacts to the states of various events andillustrates the
additional information that has been added to the state chart in order to give a more complete
picture of the handling of logic information. However, the processing of process information
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remains to be shown.As stated earlier, the consequence of changing states is that process
information is processed differently. Figure F.3 shows the state chart again with the flow and
processing of process information included. The value of the output Y, when beingin a certain
elementary state, is shown using electrical metaphors.

The numbers indicating the position of the switches below the state chart in Figure F.3 are
cross-referenced to numbers within the states of the state chart above. For instance, when
the system is in "Elementary state 1"(1), the switch will be in position 1 and a control value
calculated by the PID controller is set out on the controller output Y. If the system is in
"Elementary state 2” state (2), the switch turns position 2 and a "safeguarding high value”is
set out on the controller output Y.
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|
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> XN /
     

2
9 “safeguarding high value”

,_71 ~O

 Oo—o
OoeS4 4,

"safeguarding low value”

Figure F.3 — Example state chart and electrical metaphors

F.2.4 Parallel state charts

Figure F.3 illustrates the state chart of one single mode and howdifferent values are set out
on the output Y. But an SCD control function consists of a numberof (parallel) state charts,
see e.g. Figure F.19.

Parallel state charts are separated with dotted lines. The actions following the elementary
states of a state chart take place between these dotted lines, and the actions of a state are
cross-referenced by numbers, as described in F.4.3. As shown in Figure F.19 (or any of the
succeeding figures) several of the state charts may influence the same output, e.g. Y.
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The order left to right of the state charts indicates the priority of the state charts vs. the
output. Given flow from the left to right of process information, the right-most state chart will
have the highest priority with regards to setting the value of the output. Safeguarding as an
example has the highest priority in setting the output value Y in the CA template, see
Figure F.19. lf there is No Safeguarding, or Safeguarding is blocked, the position of the switch
meansthat the Safeguarding state chart "leaves the control" over the value set out on Y toa
state chart to the left.
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F.2.5 Symbols used for modelling control functions using state charts

F.2.5.1 General

An overview of the symbols used when modelling control function behaviour using state
charts is given in Figure F.4.

 

   

PORT

A process input port name appearto theleft, output on th right

Name Rectangel meansa control function element

o_o A connected switch. Circles are connection points (not inversions).
0'0

—o
19 A zero value(false) is transmitted.

oy

—o A high value(true) is transmitted.
00

Named value The value of the branchis constantly the namedvalue.
—o

Superstate
A roundedrectangle symbolizes a superstate. A superstate contain

name
other superstates or elementarystates.

 

Symbolfilled with grey

colour indicatesinitial state

of the statemachine

State name Elementary state

 

\ State transition between elementary states or superstates. Straight

or arched arrow.
Condition

FF condition Thestate transitions condition is triggered on rising edge.

Whenthe condition is underlined it is False. Hence the opposite, a
Condition true condition is not underlined. 

Figure F.4 — Overview of symbols usedin state chart

F.2.5.2 How terminals are handled

The names of process input terminal appear outside the border on the left side of the
template, and process output terminals to the right. These names are defined in the SCD
standard.
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Logic input terminals and output terminals have been omitted in the figures defining the
template behaviour. For logic input and output terminals, refer to the figures specifying each
mode, i.e. Figure F.5 to Figure F.18.

F.3 Description of behaviour in various modes

F.3.1 General

This clause contains descriptions of the NORSOKcontrol function modes, their super states
and elementary states and the conditions for changing between states. A changeofstate is
most frequently caused by the input information entered through the logic controller input
ports and OS controller input ports. However, a state change may in some cases also occur
as a consequenceof a state changein a different mode.

Different templates may contain the same modes and modeselection functions (conditions for
switching between states). However, the actions performed by a template as a consequence
of the state changeis highly different, and describedin this clause.

This clause describes each individual mode. It starts by describing the Auto Manual Mode.
This is a complex mode. It is recommended that readers not familiar with this kind of
modelling begin with the succeeding simpler modes,like Figure F.6. as this may be easier to
understand.

A common set of Mode state charts are used throughout the template behaviour figures.
Hence,there are conditions in the state charts that may not occurin the specific template.

F.3.2 Auto-manual mode

F.3.2.1 General

There are four states in Auto Manual Mode, Auto, Manual, Lock Auto and Lock Manual
respectively, see Figure F.5. One can give order to switch between Auto and Manual states
from the operator station. Lock Auto is entered as the Lock Auto terminal gives a "true" signal.
True in this case meanson a positive edge, indicated as _+ LAin Figure F.5.

F.3.2.2 The influence of safeguarding mode on auto manual mode

The states Locked Safeguarding Low and Locked Safeguarding High (see Figure F.12, state 3
and 4) cause the Auto Manual Mode to enter Lock Manual state unless Status Blocked is
active. This is indicated as an open arrow in Figure F.5 with LS and BB as condition for
transition.

Locked Safeguarding Low and Locked Safeguarding High will prevent state transition to Auto
if Status Blocked.
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OS Select Auto

a

OS Select Manual

ne

LA, Lock Auto Port

nn

LM, Lock Manual Port

a 

fo“Lock Auta \BA
rr

OS set NO
Manual
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#

a OS set Auto
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LM_and LSandcoe
Nn ‘Lock Manual’

LSaBB 4,
OT nel,

BO nana

  

 

OS Status

Auto! Manual Part

Se

BA, Status

Auto/Manual Port

 
Figure F.5 — States and state transitions of Auto manual mode

F.3.2.3 The influence of outside mode on auto manual mode

If Outside Mode is present in a control function, outside state (BO) causes the Auto Manual
Modeto enter Lock Manual state. This is indicated as an open arrow in Figure F.5 with BO as
condition for transition.
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F.3.3 Blocked mode

F.3.3.1 General

This state machine is used to determine blocking of actions. Annunciation of the alarm is still
made. Blocking can be selected either from OS orvia the logic input terminals, in this case
the Force Block terminal, FB.

 

OS Blocking On

 

>
OS Blocking Off

i BB, Status Blocked

FB, Force Block oo

SS

OSblocking

Off
And
FB OS Status Blocked

OSBlocking OO
On or FB

OS Status Conflict

{+>

Blocked

2

 

   
Figure F.6 — Blocked mode

Blocked modeis used to block both HH and LL actions. However, only HH or only LL actions
can be blocked by using Blocked HH modeor Blocked LL mode, respectively.

These modes are described in F.3.3.2 to F.3.3.3.
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Similar to Block mode, only that this mode only blocks actions following HH alarms. The HH
actions can be blocked from the OS,or from the logic input terminal FBLL.

OS Block mode HH On

 

 

DS Block mode HH Off

 

FBHH,Force Block mode HH

 >

 

 

OS blocking

OSBlocking

On or FBHH

Blocked

HH mode

2

 

BBHH

OS Status Blocked

Ph

BBHH,Status Blocked HH

Ph

  
Figure F.7 — Blocked HH mode
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F.3.3.3 Blocked LL mode
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Similar to Blocked mode, only that this mode only blocks actions following LL alarms. The
LL actions can be blocked from the OS,or from the logic input terminal FBLL.

 

OS Block mode LL On

 

OS Block modeLL Off

 

FBLL, Force Block mode LL

SL
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Figure F.8 — Blocked LL mode
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F.3.4 Disable transition mode

Disable transition mode is used to prevent the output to go to a high or low state next time
this demand is made. If the output is already in low state, and a disable low (FDL) is
requested, the output will remain in low state. But when high position is confirmed (BCH) the
Disable Transition Low state is entered, and the output will remain in high state even if the
input goes low as long as the FDLis true andthere is no safeguarding.

 

   

OS Status Disable

Poh
FDH,Force Dis. Trans. High

 >

FDL, Force Dis.Trans. Low

 

Disable

Transition

Disable

Transition
  

  

    
 

  

 

FDL & FDH
| 4    

Figure F.9 — Disable transition mode
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F.3.5 Internal external mode

Internal External mode controls whether a set point is to be taken from an external terminal or
from an internal value set by the operator on the operator station. See e.g. F.4.2.

The locking functionality will prevent the operator from determining if the set point is to be
taken internally or from an external terminal.

OS Select External

 

 

OSSelect Internal

 

LX, Lock External

 

LL,Lock Internal

 

>

>

>

> Lock

Internal
4 

BX

   
  
  

 

BX LI&LX

OSStatus Internal/External

|_____________»

BX, Status Internal/External

ph

  
Figure F.10 — Internal External mode
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Outside operation mode
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When in outside operation state, a valve or engine is controlled (i.e. started/stopped,
opened/closed) from a local panel. The central control system can only observe (and if
desired display) what happens, but not control the engine or valve. When in No Outside
Operation state the valve or engine is controlled by the central control system.

LO, Lock Outside Operation

 

 

OS Set Outside

  
    

 

   

 

OS ResetOutside

  

    
  

 

     
  

 

  Outside

operation

3

BO 

>

OS Set

Outside

OS Reset

Outside

> .
Outside LO

LO Operation

2

>

OS Status Auto/Manual/Outside

EEL

BO,Status Outside

=

  
Figure F.11 — Outside operation mode

N
E
K

I
E
C
P
A
S
6
3
1
3
1
:
2
0
1
7
pr
ov
id
ed

by
S
t
a
n
d
a
r
d
On
li
ne
A
S

fo
r
D
y
n
a
m
i
c
En
gi
ne
er
in
g
A
S
2
0
1
8
-
0
9
-
0
8



IEC PAS 63131:2017 © IEC 2017

F.3.7 Safeguarding mode
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Safeguarding modeis controlled by process shut down functionality of the plant, see LB in
Figure F.24

 

FSH, Force Safeguarding High

eo

FSL Force safeguarding Low

eo

LSH , Lock Safeguarding High

a

LSL, Lock Safeguarding Low

— 

BS* LS/BS*

  

      

 

Safe-
guarding

    

    

  

Locked
Safeg. High

4

  

LSH
and

LSL
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and
LSH
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2

BS* LS/BS*

BS*, Status Safeguarding

Oh
LS, Status Lock

Safeg.

>
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{$$

  
B* = internal safeguarding mode
LS = Status Lock Safeguarding (LSH or LSL).

Figure F.12 — Force and Lock safeguarding mode
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F.3.8 Suppress alarm mode

F.3.8.1 General

This modeis used to control suppression of annunciation and actions. The modeis controlled
both from the logic (FU) and from the operator station (OS).

 

OS Suppression On OS Status Suppressed

 

 

   

 

   

 

> [>_>

OS Suppression Off BU, Status Suppressed

OS Suppression
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OS Suppression
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BU    
Figure F.13 — Suppress mode
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F.3.8.2 Suppress alarm HH mode

This mode controls the suppression of alarms and alarm actions following HH alarms.If in one
of the suppressionstates, the logic output BU is true.

 

FUHH,Force Suppression

Alarm HH BU, Status Suppressed

nn 
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Suppressed

HH Alarm
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BU    
Figure F.14 — Suppress alarm HH mode
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F.3.8.3 Suppress alarm LL mode

Similar to suppress alarm HH mode.

 

FULL, Force Suppression

Alarm LL
BU, Status Suppressed

________________ 

 

FULL FULL

    
   

Suppressed

LL Alarm

2

BU    
Figure F.15 — Suppress Alarm LL mode
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F.3.8.4 Suppress alarm WH mode

This mode is used to control the suppression of the annunciation of a warning high alarm. A
warning alarm normally does not have any alarm action, only annunciation.

 

FUWH,Force Suppression

Alarm WH
BU, Status Suppressed

nn 
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Suppressed
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Figure F.16 — Suppress alarm WH mode
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F.3.8.5 Suppress alarm WL mode

The suppress alarm WL mode suppresses the annunciation of WL alarms. Warning alarms
normally do not have any actions, only annunciation.

 

FUWL,Force Suppression

Alarm WL BU, Status Suppressed

nn 
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Suppressed

WLAlarm
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Figure F.17 — Suppress Alarm WL mode
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F.3.9 Track mode

Track mode controls whether or not the output of a CA (PID controller) is to follow a track
which is given on an input terminal. Track modeis controlled only by the logic.

 

FT, Force Track

_____

OS Status Track

 

BT, Status Track

 

 

FT

BT

Track   
Figure F.18 — Track mode

F.4 Definition of templates control function behaviour

F.4.1 General

This clause will contain description of the behaviour of the NORSOKcontrol functions. The
behaviour will be defined using the modestate charts in Clause F.3.

In each template behaviour figure each mode is represented with a full mode state chart.
Subset of state charts are not defined even it in some casesthefull version is not relevant.
The actual terminal present for each template defines the applicable states that can be
reached.

F.4.2 CA —- PID controller template behaviour

Figure F.23 reflects the behaviour of the CA template (PID controller), and illustrates the
template’s functionality with regards to the following modes: N
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Internal/External mode

The setpoint value maybeseteither internally or externally.

In internal (and auto) mode, the internal setpoint value is set from the OS and usedin the PID
algorithm.

In external (and auto) mode, the external setpoint value is set from logic and used in the PID
algorithm.

Tracking mode

In tracking mode, the output will follow the input terminal XT. The controller must additionally
be in auto mode for tracking to be active. The PID algorithm is disregarded in this mode.

Auto/manual mode

In auto mode, the PID algorithm is active and continuously calculates the output value
according to the analogue input signal, selected setpoint and PID parameters. In auto mode
only (i.e. not additionally in tracking mode), the calculated value is used as the CA template
output if no safeguarding actions are active.

In manual mode, the PID algorithm is not active. The output is set manually from OS, and
used as the CA template output if no safeguarding actions are active.

Safeguarding mode

In safeguarding mode, the output is set to either minimum operating range (e.g. 0%) or
maximum operating range, e.g. 100 %. Safeguarding mode overrides auto, manual and
tracking modes.

Block mode

Block mode will override safeguarding mode.

Suppress mode

The following faults/alarms are suppressed:

e External fault (XF = 1)

e Input signal (X) outside range

e Function fault indicating mismatch between output value and valve position.

e Deviation alarm between setpoint and measured processvalue.

Explanation of the control functions (rectangles) follows:

"Control Function 1": This function is the PID algorithm. The proportional, integral and/or
derivate algorithms form the main function of the PID controller.

"Control Function 2": This function serves several tasks as follows:

e Compares the measured value to the setpoint and initiates a deviation alarm (WV) if the
deviation exceeds a pre-setlimit.

e Generates high and low alarms (WH/WL) based on comparison between a set of alarm
limits and the analogueinput value.

e Sets confirmed closed status (BCL). The confirmed closed state is set when the Y output
is within a pre-set limit, and if the control valve has a closed limit switch, the limit switch
must additionally be set.

e Generates failure status (YF) if an external or internal fault is reported.

e Includes a feed forward control function. The feed forward function is SAS vendor
dependent, but shall as minimum include a proportional factor that is multiplied with the
feed forward signal. The function is disabled if no signal is connected to the XFF input
terminal.
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F.4.3 CS — Step control template behaviour

The Step Control Template is used for control and monitoring of position controlled valves.
The valves are operated by either pulsed or steady output signals. The output YH will cause
the valve to step/move towards the open position. The output YL will cause the valve to
step/move towards the closed position.

When commanded to a specific position, either in auto or external, the valve will be

commanded using YH/YL until the position reading (XG) is within the commanded setpoint +/-
the acceptable deviation (comparison value).

In manual mode, single step commandsfor opening and closing is given by the operator.

Explanation of the control function rectangle is as follows:

“Control function": This function serves several tasks. It generates the step signal onto the
outputs YH/YL. It monitors the valve position compared to the commanded setpoint and
optionally raises an alarm on deviation (WV) after a calculated travel time. It generates failure
status YF if an external or internal fault is reported and it compares the actual output to the
feedback status from the valve and gives the BCLstatus out.
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Figure F.20 — Model of CS behaviour
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F.4.4 HA — Analogue input commandtemplate behaviour

The Analogue input commandtemplate is used for entering an analogue value from the HMI.

Explanation of the function rectangle is as follows:

“Ramp”: When switched to auto mode the output (Y) will follow the external set value (X)
according to a ramp rate defined by ramp time parameter.

The ramp will also apply while in Auto mode.
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Figure F.21 — Model of HA behaviour
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F.4.5 HB - Binary input commandtemplate behaviour

The binary input commandtemplate is used for entering a binary value from the HMI.
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Figure F.22 — Model of HB behaviour
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KB — Sequence header template behaviour

The KB function template shall be used for sequences as an interface for controlling the
sequence from HMI and/or other control logic. The normal operations are start (continue),
hold and terminate.
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Figure F.23 — Model of KB behaviour
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F.4.7 LB — Safeguarding shutdownlevel template behaviour

The LB template controls the setting and resetting of shutdownlevel actions.
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Figure F.24 — Model of LB behaviour
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F.4.8 MA — Monitoring of analogue processvariable template behaviour

The MA template monitors an analogue variable, X, converts the X value to a defined unit
(0% -— 100%, bara, barg, mm, etc), set alarms and events, and allows the operator to
interface the function template.

The control function (rectangle) compares the analogue input value X (or reconditioned value)
with alarm, warning and event limits and generates output states if the limits are either above
(AHH, WH, BXHH, BXH) or below (ALL, WL, BXLL, BXL) set limits. AHH and ALL are delayed
according to parameter.

The error detected status appears if either the XF flag is set high, the measured X is out of
bounds orif an internal error in the FB is detected.
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Figure F.25 — Model of MA behaviour
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F.4.9 MAS - Analogue measurement acquisition from subsystem template behaviour

The MAS function template shall be used for analogue variables acquired from other control
systems, e.g. vibration monitoring, metering, analysers, etc.
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MB —- Monitoring of binary (digital) process variables template behaviour

The MB template monitors a binary variable, X, set a function output, generates alarm (delay
according to parameter)/event and allows the operator to interface the function template.

The control function sets the Y output in two different manners based on parameters set for
the FB. Either the Y output shall be set equal to X, or Y output shall be set when X goes high
and reset when RXis set to 1. The error detected status appearsif either the XF flag is set
high orif an internal error in the FB is detected.
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Figure F.27 — Model of MB behaviour
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F.4.11 OA-— Analogue output template behaviour

Figure F.28 reflects the behaviour of the OA template. The figure illustrates the functionality
of the OA with focus on the impact of the different modes. It is also included one control
function for treatment of non boolean functionality. The output Y is calculated in the control
function.

Explanation of the control function (rectangle) is as follows:

"Control function": This function calculate the output Y based on the parameters for input,
output and operating range. The function also calculates BCH/BCL and deviation fault based
on the parameterized feedback configuration. For more details of the functionality, see
description in Annex A.
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Figure F.28 — Model of OA behaviour
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F.4.12 QA Totalize template behaviour

The totalizer template performs an integration of the input value (Normal Function Input) and
sets the value out on the output terminal.

There are various waysto control the totalizing mechanism (totalizer function). The totalizing
function shall be enabled from logic external to the template. Once enabled, the totalizing
function can be switched on and off. The integration mechanism can also be reset to start
from zero again.

Explanation of the control functions (rectangles) is as follows:

“Totalizing and Limit check": This function serves several tasks. It performs the main
totalizing function. It generates failure status YF if an external or internal fault is reported. It
also generates WH/AHH signal based on comparison between a set of alarm limits and the
analogue input value.
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Figure F.29 — Model of QA behaviour
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SB — Single binary signal for shutdown template behaviour

Template used for a single signal from a shutdown node (or a process node) not controlling
the equipment that shall be shut down. The output signal Y is equal to input signal X unless
the signal is blocked by the operator.

Xx

  

Signal and

status
generator

Suppress
Mode

 

os

Suppression
On

Os

Suppression
Off

 

Block Mode

 

OSblocking

Off

     
OS Blocking

On

Blocked

2
BB

BX

+

BB
BU

OS Conflict

Status

 

 

  

RX

@— Xin

Function output

 

OS reset

Safeguard

Q &

  
OS set

Safeguard

Function reset

  
XE  Failure
 

F.4.14

 
Control function

 

 Fault |  
BX

, clo Y

0%

| YF
O—O

os     
Figure F.30 — Model of SB behaviour

SBB - Breakercontrol template behaviour

Function Template for binary (on/off) control of electricity to switchboards or consumers.

Explanation of the control functions (rectangles) is as follows:

“Control Function" This function serves several tasks.

e It generatesfailure status YF if an external or internal fault is reported;

e It sets the output Y according to parameter whenfaults are detected;

e It sets the output Y based on feedback in outside mode when no external inputs are used
(XOH/XOL)
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Figure F.31 — Model of SBB behaviour
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F.4.15 SBC — Coordinator for SBE template behaviour

F.4.15.1 General

Figure F.32 reflects the behaviour of the SBC template. The figure illustrates the functionality
of the SBC with focus on the impact of Auto/manual and suppress modes. It is also included
two control functions for treatment of non-boolean functionality. The connection to the actual
SBE functions are made by meansof structured interconnection variables (status SBE 1..6
and command SBE 1..6). Dependentof settings of parameters SBEs haveto be in auto mode
to be taken into account.

F.4.15.2 SBC in Manual Mode

The operator start and stop the required set of connected SBEs by start/stop commands
OS H/OS L. The operator set the requested amount of running SBEs as a numberfrom HMI
(Man. Req. OS).

F.4.15.3 SBC in Auto Mode

For main stop of the coordinator, XL is used. Start commandis based either on XH or XnH,
dependent of a parameter, described in Annex A. The next main issue is to select the amount
of requested SBE units to be running. This selection will be made either based on digital
signals XnH/XnL or by a value XQ. The selection of the method for deciding number of
required SBE is made based on a parameteras described in Annex A.

Explanation of the control functions (rectangles) is as follows:

“Control function 1": This function calculates the requested numberof running SBE.This is
based on current mode (auto/man) and also a parameter to decide which terminals to be
used. For more details of the functionality see description in Annex A.

“Control function 2”: This function handlesthe priority list of the SBE. It selects which SBE
shall run based on this list and the required amount of running SBE. This function keeps track
of the SBEs that are stopped because offailure, and start standby SBEs accordingly.It gives
information about the number of requested SBE (provided by the "Required" control function)
and the numberof running SBE.If the system can not obtain the requested amountof running
SBE,a fault message will be generated. For more details of the functionality, see description
in Annex A.
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Figure F.32 — Model of SBC behaviour
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F.4.16 SBE — Controls of electrical equipment template behaviour

The SBE template describes the control of a unit, e.g. motor, pump, heater, fan etc. There is
one output, Y, which gives an open/close (high/low) command to the unit. Figure F.33 reflects
the behaviour of SBE.

Explanation of the control functions (rectangles) is as follows:

“Control function": This function serves several tasks. It compares the actual output (Y) with
the feedback status from the unit to generate the correct BCL/BCH status. It also generates
failure status YF if an externalor internal fault is reported.

If block and safeguarding is present at the sametime,it will be generated an OS Conflict
status.
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Figure F.33 — Model of SBE behaviour
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F.4.17 SBV-—- Control of pneumatic/hydraulic equipment template behaviour

The SBV template describes the control of valves. There is one output, Y, which conveys an
open/close (high/low) commandto the valve actuator, or the pulsed output YH and YL can be
used.

Explanation of the control functions (rectangles) is as follows:

“Control function": This function serves several tasks.

e It generates failure status YF if an external or internal fault is reported;

e It sets the output Y according to parameter whenfaults are detected;

e lt sets the output Y based on feedback in outside mode when no external inputs are used
(XOH/XOL).
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Annex G
(informative)

SCD readers manual

G.1 What is a system control diagram (SCD)?

A system control diagram (SCD) contains elements both from process/utility flow diagrams
and control logic diagrams. It can be looked upon as the result of merging a control system
logic diagram with a simplified process/utility flow diagram.

SCDs are not necessarily complete with respect to equipment and process,as this is covered
by P&IDs. However, SCDs are complete with respect to all control functions, considering that
additional details may apply in the related functional specifications.

SCDs can be used both to specify how control functions shall be implemented, and to
document how control functions have been implemented. Within its scope, an SCD can be
madeidentical to the control system software that is implemented in the SAS.

The purpose of merging control information with process/utility flow information is to aid in
understanding the control objectives.

SAS suppliers’ logic documentation may appear extensive and difficult to non-system
specialists. On SCDs this type of information is shown graphically within a process context,
making it easier to grasp. Relations between operator functions, automatic control and
equipment undercontrol are immediately visualised on a single drawing.

While P&IDs and instrument loop drawings relate to physical equipment, SCDs are function
oriented. SCDs identify the process control objects that are accessible to the operator, what
the objects do and whatthe operator can do with the objects.

Standardised logical control system objects are represented on the SCD by a number of
software function blocks with surrounding logic, see example in Clause G.5. Function blocks
in SAS are tagged, either with the tag of the physical object they represent, or with a non-
physical control function tag. On SCDs this tag is shown in exact detail to enable the
operators to directly locate the function in the control system. The tags on the SCD can be
used to find the function in the control system.

G.2 Areas of use

In the early stages of a project SCDs are used for further developing theinitial system control
specification expressed on P&lIDs and vendor package documentation. SCDs can be easily
understood by process engineers, safety engineers, package vendors and otherparticipants.
Because of this, SCDs will be used as a basis for interdisciplinary discussions on SAS control
logic functionality. Each discipline can use the SCD to verify that the SAS engineer
understands their requirements.

During detail engineering SCDs are usedfor collaborative communication between disciplines
and operations. SCDs define the full operator interface, by use of the defined standard
function blocks.

At the time of programming the SAS, the SCDs may be used as the detailed program
specification. The SAS supplier should support the standard function blocks in this PAS and
hencethelogic in SAS will be identical to the logic shown on the SCDs. SCDscan be madeto
a precise level of detail, such that the SAS programmer does not have to add any control
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functionality during the programming. Conversely, what control functionality that is
programmedwill be visible in full detail on the SCDs.

The SCDs may be supplemented by a functional description to describe the background for
the selected solutions and provide a description of the complete system under control to help
and ease the understanding during programming, testing, commissioning and maintenance.
Special details in control logic, vendor package document references and serial line
information can becollected in the functional description.

Because of this potential for completeness, SCDs may be used as data input to SAS
programming.

The SCDs are SAS supplier independent. If based on the standard function blocks, SCDs can
in principle be made without knowledge of the SAS supplier. Re-use of control system
solutions becomespossible.

Provided the SCDs are kept updated during commissioning and subsequent modification
work, they can act both as educational tools for new personnel and as a tool for evaluating
proposed changes and additions to the control system. SCDs can havethis function during
the whole lifetime of the plant.

G.3. The processpart of system control diagrams (SCDs)

The process part of SCD’s is simplified. As a main rule it contains about the same information
as is visible to the operator on the screens, i.e. the equipment that is necessary for
understanding the process.

G.4 The control part of system control diagrams (SCDs)

G.4.1 General

The control part comprises the standardised function blocks, simple logic elements and logic
connections. Together these elements express control system functionality such as displaying
the state of the process, running control loops, performing shutdowns, control sequences and
interfacing with external systems.

G.4.2 Function blocks

Any specific tagged function block is a "function template" brought into use and resident in a
given SAS node, i.e. runs in a given machine on the control system network. The operator
interface on the screen is independent of which system or node the function block residesin.

A function template defined in this PAS has the following standardised components:

e terminals for receiving information (input terminals);

e terminals for calculated information (output terminals);

e available states, alarms and commandsforuse in operator station;

e set of parameters that select functional options and behaviour;

e description, which determines the total behaviour of the function block. This includes

functional description for generating values on output terminals as a function of values on
input terminals, parameter values, modes and operator actions on screen; as well as the
rules governing the operator screen interface.

Templates have been defined for typical SAS functions, as input of analogue or digital
processvalue, on/off valve control, analogue control loop, electrical motor control, etc.
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G.4.3 Simple logic elements

Simple logic elements have input and output terminals that work in the same manneras for
function blocks. However, simple logic elements are not tagged on the SCD.

Such elements perform elementary logic functions based on the states of the input terminals,
and present the result on the output terminal.

Typical simple logic elements are logical AND, OR, logical inversion, analogue value
multiplication, latches (memory elements), etc.

Any specific simple logic element resides in a given SAS node, in the same way as function
blocks do.

G.4.4 Logic connections

Logic connections are conceptually similar to electrical connections: A logic connection states
that the software has been configured such that the state or value of a source is continuously
copied to a destination.

Possible sources are

e the physical field interface for input signals to SAS,

e an output terminal of a function block,

e an output terminal of a simple logic element.

Possible destinations are

e the physical field interface for output signals from SAS,

e an input terminal of a function block,

e an input terminal of a simple logic element.

Logic connections may be made between terminals on single function blocks or between
terminals on simple logic elements.

Logic connections may be madewithin a single SAS node or between different SAS nodes.

SCDs make no distinction between logical connections within a single SAS node and logical
connections between different SAS nodes, other than identifying in which node the source
and destination reside, respectively.

G.5 Examples

G.5.1 Level control

The CA block (20LC0355) reads the level measurement from the physicalfield interface for
input signals to SAS, and the controller output goes to the physical field interface for output
signals. The SBV block controls the block valve (20XSV0358) through the physical field
interface for output signals. The SBV block gets a shutdown signal and output terminal of the
LB block. The LB block represents safeguarding function , PSD 3.1, and it shuts down the
SBV block (LSL = Lock Safeguarding Low). The last connection between the SBV block
(output source) to the CA block (destination), is the logic that forces the CA block to Lock
Safeguarding Low (LSL) when the SBVblock is in confirmed closed position (BCL). When the
SBV is opened again LSL is removed from the CA block, but as LSL locks the function in
manual mode, the operator will have to toggle the CA to auto modein order to activate the
PID algorithm.
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Figure G.1 — Level control

G.5.2 Temperature control

The MA block represents the temperature coming from the physical field interface for input
signals to SAS. The high event limit (BXH) on the MA block output terminal is connected to
the start terminal (XH) on the SBE block. The low event will send stop to the SBE block. The
SBEblock is connected to the electrical starter through the physical field interface for output
signals from SAS. The LB block is used for shutdown purposelike in the previous example.
Note that it is the SB function which performs the actual shutdown to the MCC, while the

connection to LSL on SBEis to prevent the SBE from detecting the stop as a function failure.
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Figure G.2 — Temperature control
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