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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYSTEM CONTROL DIAGRAM

FOREWORD

1) 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
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end and in addition to other activities, IEC publishes International Standards, Technical Specifi

ication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee int
he subject dealt with may participate in this preparatory work. International, governmental an
ernmental organizations liaising with the IEC also participate in this preparation. |IEC (collaborates
the International Organization for Standardization (ISO) in accordance with conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearlysas possible, an inter
Eensus of opinion on the relevant subjects since each technical committee,has representation f
ested IEC National Committees.

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

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any divé
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
pssment services and, in some areas, access ton}EC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have the latest edition of this publication.
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hbers of its technical committees and\IEC National Committees for any personal injury, property darn
r damage of any nature whatsegver, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

Epensable for the correct\application of this publication.

ntion is drawn to the_possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC shall.not be held responsible for identifying any or all such patent rights.
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structure and editorial rules used in this PAS reflect the practice of the organization
submitted it.

The text of this PAS is based on This PAS was approved for 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

1-005:2013/AC:2016 has served as a basis for the elaboration of this PAS. The

which
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Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform 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 which it shall be published as another type of normative document, or
shall be withdrawn.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates
that jt contains colours which are considered to be useful for the correct
undernstanding of its contents. Users should therefore print this document_using a
colouf printer.
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INTRODUCTION

This PAS is based on Norsok 1-005:2013/AC:2016. Edition 1 of Norsok 1-005:2013/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 FPSOs and other fixed Oil and Gas installations.

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
enginéering, implementation, and commissioning, as well as reuse of the control application
acrosg different suppliers of control systems. The diagrams give an unambiguaous "logical
repredentation that is suited for data transfer.

This IPAS also includes a method of documenting sequences (ref. IEC'60848) and their
interag¢tion with the control objects.

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

The lpgic diagrams carry a simplified process sketch as background, inherited| from
PFD/R&ID’s, which enables reviews of the conirol applications in a multi-dis¢ipline
envirognment.

This PAS can also be used as basis for~defining a companion standard to OFC-UA
(IEC g2541).

NORJOK 1-005:2013 Rev. 3 was adopted as NORSOK Standard in February 2013.
Annex A, B, D and F are normative. Annex C, E and G are informative.

The gquccess of a plantydevelopment project depends on good and efficient megns of
commpnication between-the involved parties, during all phases of the project.

Present extensive. use of computerized systems and 3D modeling provide efficient topls for
specifying and<handling of physical equipment in a standardized manner. Howevelr, the
develgpment 'off methods and tools to specify functional relationships has not reached a
corregponding level.

During—the—pltant—devetopment—the—process—engineers—speeify—the—proeess—threugh the
development of the P&IDs. Throughout this work process the process engineers acquire a
thorough understanding of the total plant behaviour. However, the P&IDs 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 as to 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

Due t

tags only.

P&IDg defining the process flow, the process engineer’s possibility to verify that(@ll pr

aspec

limited.

Is have been properly catered for in the implementation of the control system i

The §CD approach has been introduced in order to eliminate this missing link. The

appro

hch represents a structured methodology based on the development of the SCD.

This HAS consists of the definition of two elements:

e the¢ function templates;

o the diagram.

The fynctional requirements are defined through Annex A "SCD Function Standard" wh
drawing requirements are defined through AnnexyB "SCD drawing standard" and An

"SCD

egend".

This HAS will also establish a general frathework for implementation of the SCD appro

terms

of Annex C "Project execution guidelines" and Annex E "Application guidelines".

AnneX C "Project execution guidelines" defines a strategy for project execution 2
intended for project responsible.lengineers. Annex E "Application guidelines" provides a
for aplplication design and is_intended for application engineers responsible for deve

SCDs

AnneX G "Readers manual" contains a simplified introduction for engineers and op¢

using

SCDs for verification and documentation of control functionality.

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

b the missing link between the functions implemented in the control system ar||d the

ocess
5 very

SCD

le the
nex D

ach in

nd is
basis
loping

rators

guous

The maimupdateditems i the 2012 editiom of NORSOKT-005 standardare as fottowsT—

e 7 new function templates have been defined;

Q O T O

)
)
)
)
)

= O

)
g)

HA — analogue input command

HB — binary input command

KB — sequence logic interface

MAS - analogue measurement acquisition from subsystems
OA - analogue output

SBB - breaker control

SBC - coordinator for SBE

e 2 existing function templates have been deleted;

a)

CB — binary control (replaced by recommended use of 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

eX

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

o fur
e An
e An
a)
b)
c)
d)
e)
° ge
° ap
o fun
o for
e Ap
° Ap

ther elementary functions have been defined, NOR, NAND, XOR and Analogue‘se
nex A function standard have been rewritten to a new format;

nex B drawing standard have been more firm defined and expanded by

size for all symbols have been defined,

layer and colour use have been defined,

"dot" introduced as alternative for S split symbol,

"wall" introduced for multiple 1/0 connections,

sequence symbols are defined.

nerally this PAS has been rephrased where it has been found unclear;

plication guideline is redone in accordance with-the updates in this edition;

ction template behaviour figures redone where they have been unclear or erroneo
the general appearance of this PAS the IEC IECSTD format has been adapted;
pendix E is updated to reflect the changes in Appendix A and B.

pendix F is updated to include the changes in Appendix A and errors corrected.

ect;
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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 N

The f
conte
cited

IEC 6
safety

ISO 1
conve

ISO 3
repres

ISO 5
ANSI/

Norsk
petrol

3 Terms, definitions and abbreviated terms

3.1

For th

llowing documents are referred to in the text in such a way that some ar(all o
t constitutes requirements of this document. For dated references, onlyithe ¢
pplies. For undated references, the latest edition of the referenced document (inc
endments) applies.

131-3, Programmable controllers — Part 3: Programming language's

508 (all parts), Functional safety of electrical/electronic/programmable eled
-related systems

P8-20, Technical drawings — General principles¢of presentation — Part 20:
ntions for lines

b11 (all parts), Process measurement control functions and instrumentation — Sy
entation

157, Technical product documentation — Sizes and layout of drawing sheets
SA-5.1, Instrumentation Symbels and Identification

olje og gass 070, Guijdelines for the Application of IEC 61508 and IEC 61511
bum activities on the continental shelf

Terms and definitions

e purposes of this PAS, the following terms, definitions and abbreviations apply.

f their

pdition

uding

tronic

Basic

mbolic

in the

3.1.1

action alarm
alarm associated with an automatic action, both the alarm and action caused by one common

discre

3.1.2

te change of state

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

3.1.3
alarm
HMI a

nnunciation requiring operator response, caused by a discrete change of state
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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

Fa

3.1.5
alarm

ult alarm: see definition

hysteresis

degree of normalization required to reset an active alarm state, measured from the alarm

activa

ion limit

Note 1

3.1.6
alarm

o entry: Normally expressed in terms of a fraction (%) of the operating range

suppression

see definition of suppression 3.1.46

3.1.7

auto mode

opera

3.1.8

ion of process objects automatically performed by the contfrol logic

blockgd mode

functig

3.1.9
block

n is in blocked mode when blocking is active

ng

For input functions: alarm status signals from process variable limit checking are b

within
action
i.e. ng

For o

the function, giving annunciation,-but not allowing all related automatic safegu
5. Associated safeguarding function disabled. Related alarm annunciation not dis
external signal outputs are blacked

utput functions: disablingCof a safeguarding action, but allowing associated

annun
alarm

3.1.10
can

expres
or cay

3.1.11

ciation as well as manual/automatic control. Blocking applies to both individual
5 and input signals effecting safeguarding and disable functions

sion in theycontent of a document conveying expected or conceivable material, pHh
sal outcome

ocked
arding
abled,

alarm
action

ysical

confinmed 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 blocking is active

3.1.13

control options
pre-defined properties of the function template defined during the configuration of the system

reflect

ing 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 announced if deviation is outside working area.

3.1.15
disabled mode
function not available for control commands

3.1.16
disab]e transition mode
transifion high/low function not available

Note 1 jo entry: Safeguarding commands will not be affected in this mode.

3.1.17
duty/gtandby mode
intendled for automatic supervision of flow element operating in parallelto increase the slystem
availapility

Note 1 fo entry: One flow element will be assigned duty (priority 1) and will"thus normally be in operatipn. The
other iq assigned standby (priority 2) and will automatically be put in operation if duty fails. All flow elemgnts will
have to|be selected auto to obtain automatic duty/standby function.

3.1.18
dynamic information
information displayed on the VDUs reflecting the‘state of the process or system

3.1.19
enabled mode
functign available for external/remote control commands

3.1.20
event
HMI indication caused by a discrete change of state

Note 1 jo entry: Events mdy be associated with automatic actions.

3.1.21
external setpoint.mode
sub-mlode to.duto mode used for controllers

Note 1 [todentry: The setpoint is from external functions in the control logic. Typically use in cascading PID
controllers,

3.1.22
fault alarm
alarm associated to 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 of fluid or electric energy

Note 1 to entry: E.g. valve, pump. Where the flow device only has two positions, 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


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 -19 -

Note 1 to entry: The mode is reset to 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
functiomtemptate

functign assembly including detailed requirements for operation and control

Note 1 jo entry: The general definition of any function block type is called a "function template",,ot just "template”.
A template is brought into practical use as a function block when a copy of the template is inSerted into the SAS
softwarp configuration as a tagged object and given parameter values and logical connections

3.1.27
internal setpoint mode
sub-mlode to auto mode used for PID controllers

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

3.1.28
lock Jommand
action|overruling any other signal while being true

Note 1 jo entry: The new mode is maintained when lock signal is no longer true.

3.1.29
manufpl mode
flow element manually controlled by a operator

3.1.30
may

expresgsion in the content of ‘@’ document conveying consent or liberty (or opportunity)|to do
something

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

3.1.31
motoln 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 modes are 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
storageof materiatorenerygy

3.1.3
positipn
state ¢f flow element resulting from an external event

Note 1 jo entry: The following positions are defined:

Actual position: see definition
Copfirmed position: see definition

3.1.37
safegparding mode
flow dpvice is in safe state

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

3.1.38
safegparding failure
safegyarding action not confirmed

3.1.39
set cqmmand
memory variable set to true state on\being true

Note 1 fo entry: Signal latch included'in the common signal path between a group of initiators and a group| of flow
elemenis.

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

3.1.41

shall

expresgsion in the content of a document conveying objectively verifiable criteria to be fulfilled
and frem-which-ro-deviationispermittedifcomphance-with-the-deeumentisto-be-—elaimed

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 deemed to 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 but it is not prohibited.


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 -21-

3.1.43

shutd
signal

own
to set an element to safeguarding mode

3.1.44

shutd

own level

signal latch included in the common signal path between a group of initiators and a group of

flow e

lements

3.1.45
status

binar

3.1.46

suppn
disabl

Note 1
well as

Note 2
annunc

Note 3
PAS is
"hiding"

3.1.47
warni
alarm

Note 1

3.2
BPCS
C&E
CCR
CPU
D&ID
EFB
ESD
F&G

Py
S LldlT

ession
e alarm annunciation as well as any associated automatic actions

to entry: For input objects like MA and MB templates suppression disables state’ alarm annuncig
actions.

to entry: For output objects like CA, CS, SB, SBE and SBV templates Suppression disables fau
ation and feedback failure monitoring. External output is however maintained.

o entry: Alarm suppression according to YA-711 is not covered by, this PAS. Suppression accordin
the sum of YA-711's alarm filtering and blocking/inhibit). Suppression according to YA-711 is oftej
in environments that use the NORSOK definition of suppressien.

hg alarm
not associated with any automatic action

o entry: A warning alarm may be used as ayprecursor to an action alarm.

Abbreviated terms
basic process control system
cause and effect
central control room
central processing unit
duct and ifistrument diagram
elementary function block
emergency shutdown system

fire and gas

FAT

tion as

t alarm

to this
called

factory acceptance test

H/P

hydraulic/pneumatic

HIPPS high integrity pressure protection system

HMI
HVAC
I/0
MCC
NDE
NE
0Ss
PSA
P&ID

human machine interface

heating, ventilation and air condition
input/output (signals, cards, etc)
motor control center

normally deenergised

normally energised

operator station

Petroleum Safety Authority

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-astromented-functon
SIL safety integrity level

SIS safety instrumented system
UPS uninterruptable power supply
uUSD unit shutdown

VDU visual display unit

4 The system control diagram (SCD) approach

4.1 Conceptual definition

The §CD concept returns to the basis of the P&ID, the process schematic. Informatipn not
requirgd for the design of the control system is removed. The SCD shall focus on represgenting
systems and functional relationships, not individuakphysical equipment.

The SCD combines all functional design requirements into a common unambiguous document
and rgpresents a top-down approach to thedesign of the system.

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

The gutomation functions aré 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
availaple for the specifie’ application. The application level is defined by using the applicable
attribdtes.

Complex confrol” and interlocking strategies are developed by inter-connecting templates.
Additipnal l6gic and arithmetic functions may be used.

A fundtional-descriptionof the nrocessobiectives-should follow the SCD
HOoRaH-G HoHO-R-6++R6e—PpH 85504 H-8s-ShotHa+oHOWh =

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 implement the functions.

Because the SCDs can be developed in parallel with the P&IDs, 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 phases and the 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 combined differently in order to represent various control strategies.

This PAS is neither based on nor limited to any specific control system. A reduced number of
attributes may thus be implemented in order to accomplish an optimized implementation for a
specific control system. However, suppliers should consider an initial effort in order to

implen

ent the complete range of attributes for the templates defined within this PAS

The §

state-pf-the-art process control systems, but as it provides a general proc

appro

Howe
the S(

Typic3

e CO

CD approach has been developed with a view to industrial processes c '}olll

hch for development of the documents, no field of application are expllcyﬂg xclude

er, global safeguarding functions as well as fire and gas functlons@(pe less suita
LD representation as such, see Figure 1.

Function

clements

QQ‘ Figure 1 — SCD framework

I app@ons proven suitable for the SCD representation are as follows:

ed by
riented
d.

ble for

1@of process and utility 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&E representation 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 PAS is 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
functions for all 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 whgtthe SCTD approach implies for the different life cycle phases.

AnneX C is only intended to provide an overview of this PAS as well as an initial starting point
for ingxperienced users.

4.4 |Basic design (informative)
4.4.1 General

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

e bapic system design;
e bapic function design;

e bapic application design.

See Fjgure 2 for an introductory overview.

Regulations (PAS; API, PES) BASIC : :
> SYSTEM (Funct.distr. diagram, SAS Topology)
Oper. & contr. philosophy DESIGN
SCD standard » BASIC ( SCD Iegend )
FUNCTION
Vendor standard ___~DESIGN
Yy
Instr, Ele, HVAC typicals APP;B_IACSA?I'ION ('SCD typicals)
DESIGN
A A 4
P&ID’s, D&ID’s etc. o APPLICATION (SCDs)
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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OP. & CONTROL AREA R
PHILOSOPHIES DISTRIBUTION SAS TOPOLOGY I

NPD SAFETY FUNCTIONAL »| FUNCT.DISTR.
REGULATIONS DIAGRAM
DISTRIBUTION

i

PLANT LAYOUT

Figure 3 — Basic system design

4.4.3 Basic function design

The bpsic function design should be based on a joint effort ‘tetween the involved pargies in
order |to achieve an optimized use of the supplier standard functionality. Each fung¢tional
element should be referred to the corresponding supplier standard functions and combined
into ap 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
PHILOSOPHIES TEMPLATES - SCD MANUAL
(Level 2)

SCb STANDARD FUNCTION ELEMENTS 4]‘
(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 development of the actual SCDs. The typical is developed on the following two levels:

e object typical;
e SCD applications.

See Figure 5.


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

- 26 - IEC PAS 63131:2017 © IEC 2017

SCD
FUNCT. DISTR. >
DIAGRAM APPLICATIONS SCD TYPICALS
(Level 2)
Scb > OBJECT TYPICALS
LEGEND
(Level 1)

1%
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 jinterface for a specific gontrol
object|as well as the functional operator interface. The main objéctives are as follows:

o veflify the completeness of the function templates;
e reduce the number of typical solutions;

e improve the quality of the SCD development;

e stgndardised solutions.

See Fjgure 6.

OPERATOR

CONTROL OPTIONS
(FUNCTION INTERFACE)

L

OBJECT TYPICALS
(SIGNAL INTERFACE)

CUNTRUL UBJEUT CATEGURY

Figure 6 — Object typical

The purpose of the application typical is to reflect comprehensive application in order to
reduce the number of 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.


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 - 27 -

The SCDs should as far as possible be developed in parallel with the P&IDs. The application
design may be represented by means of a traditional water fall model, see Figure 7.

FUNCTIONAL
REQUIREMENTS

P&ID’S
C&E’S
etc.

APPLICATION
DESIGN

DETAIL-DESIGA

Devel

1) es
2) de

TYPICALS
STRUCTURES IMPLEMENTATION
CONVENTIONS

etc.
PROGRAMMING

Figure 7 — Object typical

bpment of SCDs are made up of the following main steps:

4) d
hi

5) de
6) de
4.5

The tg
througd

Any p
additig

tablish process schematic and identify all control objects;
scribe the process and control objectives;
3) deffine applicable function templates;
%/elop basic interlocking strategies’, based on an overall interl

rarchy/philosophy;
velop automatic control strategies,€:g. package start/stop, duty/standby, sequenc
velop alarm strategies including automatic suppression of secondary alarms.

Alarm management

mplates defined in thissPAS do contain some alarm management functionality a
h the definition of the concept of suppress prevent the alarm from being initiated.

Foject may select to separate the actual alarm from the action if they have se
nal functionality for alarm management. Even so they should maintain the funct

suppréss defingd herein.

In this

PAS alarms are divided in the classic categories action, warning and fault alarm

3.1. T

hehew alarm management guides EEMUA 191, NAMUR NA102 and ANSI/ISA-1

bcking

ng;

5 they

parate
ion of

5, see
8.2 all

recon

mrendtratatarms—shoutdbeprioritised—Apriority=settimg of amatarmrstroutdbepo

ssible

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.
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Annex A
(normative)

System control diagram (SCD) function standard

Overview

General

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

In this
functig
templ
insert
and lo

A.1.2

There
define

d into to the SAS software configuration as a tagged object and giveh parameter
gical connections.

Compliance

is no certification procedures defined for this PAS. It-is up to each individual pro
whether it complies or not. There may be many reasons to not limit the fu

template or diagram produced to the content defined herein. It is permitted to reject ter

or intr

termi
This zra]IIows for SAS suppliers to include for additional functionality specific to their syste

PAS the defined logic functionality, with input terminals (receiving actions from| other
ns) and output terminals (initiating actions towards other functions) is-called fujnction
tes. A template is brought in to use as a function block when a copy-of the tempjate is

alues

ect to
nction
minals

bduce additional terminals on the templates to meet special requirements. Howeveér, the
als that are included from this annex shall-have the same functionality as desqgribed.

m.

It is sfrongly recommended that the function templates are tested thoroughly upon completion

and p
defing

A1.3

Only
logica

o for
o for

e for

The ¢

d test and quality control procedure.

Positive logic

equal to "1", e.g. are as follows:

terminal ALL an)MA "1" means value lower than the limit;
terminal Yoon SBV "1" means open command;

terminalLLSL on SBE "1" means function template set to safeguarding low state.

ositive logic shall always be applied for function terminals i.e. there shall

parameters to invert the signals inside the functions which negate the terminal meaning.

Fior to use in any project. It is assumed that the tests will follow SAS suppliers well

ositive logic shall be used. This implies that a defined state of terminal is true whegn it is

pbe no

An exception is made for input X on MB where an inverter is added to make it possible to

adapt

A.1.4

The SCDs do not specify the sequence of execution.

to normally energised or non-energised input signal.

Execution sequence of logic

implementation in SAS system.

A1.5

Functions used in SIF

Safety application development should comply with IEC 61508/Norsk olje og gass 070.

This must be defined during
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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 NORSOK function 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-regquirement
to thg HMI symbol/faceplate for that specific function template. How this ,information is
structlired between the function template and the HMI is not the scope of this‘PAS.

When|the 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
defingl 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
outpul Y and/or on operator presentation as described by the main function tag.

The geéneral syntax for terminals code is asfollows: NNNN (max 4 characters).

The cpdes are established from the following table. If numbers are used in the code, if shall
always be considered to be a modifier'to the proceeding letter (letter + number = one cofle).
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Table A.1 — Terminal codes identification letters

Letter 1.Character Succeeding characters
A Action alarm Auto mode
B Binary status Blocked mode
Cc Confirmed
D Disabled transition mode
E Enabled status
F Force command Fault/Failed/Forward
G Position
High
| Internal set point mode
J Not used
K Not used
L Lock command Low
M Manual mode
N Hold
(0] Outside mode
P Parameter Reserved as startetter for parameter naming if required.
Q Quantity
R Reset command Reference'signal
S Set command Safeguarding mode
T Track mode
U Suppressed mode
\Y Variance/Deviation
w Warning alarm Warning alarm
X External input Multifunction see terminal description.
Y Normal‘function output Not used
4 Not used
A.2.2 Signal types (1.Character)
A.2.21 Inputs
X = ngrmal-function 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
accordance with this PAS.

NOTE Some SAS systems may not support this special character.
A.2.3 Explanatory code (succeeding characters)

A.2.3.1 Modes
A = auto mode

B = blpckedmode

D = dipabled transition mode

| = intgrnal set point mode

M = manual mode

O = oulitside mode (locally — field — operated)

S = sgfeguarding mode

T = track mode

U = syppressed mode

X = muyltifunction see terminal description external set

A.2.3.p Signal identifiers
C = canfirmed

E = enabled status

ult/Failed

sition

1
ul
Q.

1
on QO T

antity

erence

1
(%]
Q

feguarding
arning
ternal

1
[0
LV

B Sub functions
igh
nigh high

low

— I IP» XS ®OXIOET
n I N )
"E'.‘“’ <

LL = [pw.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 according to 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
BBYL 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 posijtion high from
confirmed MCC or limit switch and validated as true.
BCL binary output Output position low Output Y compared to feedback position low from
confirmed MCC or limit switch and vdlidated as true.
BCd Analogue output Number of SBEs running The amount of confirmed running SBE units
BH Binary output Status enable mode BE =1 if XE =1
BG|T binary output Status test mode Status breaker in test position
BH binary output Output high confirmed BH = 1 if.sequence is running, BH = 1 also ywhen
sequence-in hold.
BHH binary output Status alarm high-high Status Alarm annunciation (HH) unaffected py
blocking
BLL binary output Status alarm low-low Status Alarm annunciation (LL) unaffected Ry
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 sequence is held by operator
Bd binary output Status ouiside mode The control function is in outside mode
BY binary output Status~safeguarding mode A safeguarding signal of the process functign is
true
B binary output Status tracking mode In tracking mode as long as signal is true. Hx. Set
point tracking.
BU binary output Status suppressed mode True if the template is in suppressed mode {any
process output function is suppressed).
B binary-eutput 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 signal is true.
FBHH binary input Force blocked for alarm Logic input: AHH action is blocked as long as
high-high input signal is true.
FBLL binary input Force blocked for alarm low- |Logic input: ALL action is blocked as long as input
low. signal is true.
FDH binary input Force disable transition Prevents element to be started / opened /

high.

connected when true. Subject to blocking.
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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 when true. Subject to blocking.

FN

binary input

Force hold

FN = 1 will temporarily hold the sequence in the
current step.

FQ

binary input

Force totalizing

Totalizing as long as true.

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 mode the output remains high, gfter
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 actdal
terminal status again. Signal‘is subject to
blocking.

If in Manual mode thesautput remains low afer
signal returns to normal.

F

binary input

Force track mode

Track signal:XT-value

FU

binary input

Force suppression mode.

For input objects the alarm action and alarni
annunciation is suppressed. For output objects
the féedback will be neglected and hence alarm
anfunciation suppressed.

FUHH

binary input

Force suppression mode for
alarm high-high.

Logic input: alarm HH action and annunciatipn is
suppressed as long as input true.

FUlL

binary input

Force suppression modesfor
alarm low-low.

Logic input: alarm LL action and annunciatign is
suppressed as long as input true.

FUWH

binary input

Force suppressionimode for
alarm WH

Logic input: alarm WH annunciation is suppfessed
as long as input true.

FUWL

binary input

Force suppression mode for
alarm WL

Logic input: alarm WL annunciation is suppressed
as long as input true.

LA

binary input

LocK+«auto mode.

Locks the control function to auto mode,
overruling the operator. After signal disappdars,
template keeps in auto mode.

LI

binary input

Lock internal set point
mode.

Locks the control function to internal mode,
overruling the operator. After signal disappdars
the logic keeps in internal set point operation
mode.

LM

binary‘input

Lock manual mode.

Locks the control function to manual mode,
overruling the operator. After signal disappdars
the logic keeps in manual mode.

Ld

binary input

Lock outside operation
made

Locks the control function to outside system
operation mode n\/nrrllling the operator Affler

signal disappears the logic keeps in manual
mode.

LSH

binary input

Lock safeguarding high.

Safeguarding — signal overrules operator inputs
(locking the template to manual mode with Y-
output to high -open valve-). Input is subject to
blocking. After signals disappear the template
remains in manual mode and the 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 mode and the output low.

LX

binary input

Lock external set point
mode.

Locks the logic function to external mode,
overruling the operator. After signal disappears
template keeps in external set point operation
mode.
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Terminal Signal type Terminal name Supplementary description

code

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

RXQ binary input Reset external totalizer Logic signal to reset.

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

WL binary output Warning alarm — low True, when X-value <WL limit. This output should
not be used for downstream logic. Subject to
suppression.

WV binary output Warning deviation

X binary/analogue External function input Binary or analogue input signal from procespg or
input logic.

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

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

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 Ieast™ SBE shall run.

X3k binary input Call for maximum 3 If =1, thenavmaximum of 3 SBE shall run.

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

X1k binary input Call for maximum 1 If =~4,“then a maximum of 1 SBE shall run.

XAHH binary input External alarm HH Sdbsystem input: alarm HH is set as long a§ this
signal is true.

XALL binary input External alarm LL Subsystem input: alarm LL is set as long as|this
signal is true.

XH binary input Function externally.enabled |Electrical available used for electr. equipm. [only.

XER binary input External enablé\totalizing Input to logic enable/disable totalizing.

XH binary input External fault Fault status received from template externa
source. Loop failure, i.e. input card broken.

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

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

Xd analoguetinput 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 Iqw.

XGX binary input Breaker test position Breaker truck in test position.

XGz binary input External earthed Breaker is earthed and connect command shall
not be performed.

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

XWH binary input External warning alarm WH | Subsystem input: warning alarm WH is set as long
as this signal is true.

XWL binary input External warning alarm WL | Subsystem input: warning alarm WL is set as long
as this signal is true.

XL binary input External set low From logic or process to control template. , i.e.

valve/ damper in auto mode. Set low signal (close
valve) only.
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Terminal Signal type Terminal name Supplementary description
code
XOH binary input External outside set high From process to control template, i. i.e.
(positive edge) valve/damper in outside mode. Set high signal
(positive edge) to open valve.
XOL binary input External outside set low From process to control template, i.e.
(positive edge) valve/damper in outside mode. Set low signal
(positive edge) to close valve.
XP binary input Rotate priority. Signal goes high will execute the rotate priority
function.
XQ Analogue input Number of requested SBE’s |In auto. The amount of requested running SBE
to run units. Value
XQHH analogue input Limit value of XHH Subsystem input: the value in engineering\ufnits of
the HH limit used by the subsystem.
XQH analogue input Limit value of XWH Subsystem input: the value in engineéring upnits of
the WH limit used by the subsystem.
XQL analogue input Limit value of XWL Subsystem input: the valuefin engineering upnits of
the WL limit used by the sabsSystem.
XQuL analogue input Limit value of XLL Subsystem input: thewvalue in engineering uits of
the LL limit used h{)the subsystem.
XH analogue input External set point value Used in external + auto — mode.
X$ binary input External safeguarding Safeguarding,'signal from other shutdown leyel.
XT binary output Tracking value Used.in tracking mode.
Y (Y1]Y2) |analogue/ Normal function output Output value / status that can be used in
binary output dewnstream logic
YH binary output Function failed. YF =1 if XF =1 or if an internal error has bgen
detected by the template.
YH binary output Pulsed normal functien Pulse open/start command. YH = 1 (one pulke).
pulsed output high
Yy binary output Pulsed normalifunction Pulse close/stop command. YL = 1 (one pulge).
pulsed output low
Y( analogue output Output,of valve position Position of the valve-for use in downstream [logic.
Y(Q Analogue output Number of requested SBE’s | The current amount of requested running SBE
towrun units.
YH analogue output Reference set point value. Actual setpoint for use in downstream logic.
Y analogue/bipary Function output Binary or analogue output signal from functipn
output template.
A.3 | SCD'control function template behaviour
For a bUIIIp:UIIICIItGIy apcu;f;uat;un andbetter—vistatizatton—of-the—controt-function—beh ViOUr,

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 symbol with 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 SCDs represent a graphical documentation of the application software. The SCDs are the
interface for process related users (e.g. process engineers, operators, etc.) and more
instrumentation related users, e.g. instrument engineers, automation engineers, etc.

The SCDs are a precise specification for the control system application and should be
availapteomametectromicformat a“uwillg extractionof itsdetaited—dataforfunctiomtylocks,
connegtions etc. These data extracted from the SCDs, could be used to automgtically
generate the initial part of the control system configuration, in order to improve the(quality and
efficiency related to the control system configuration work.

Additipnally the SCDs can serve as a fault finding and debugging tool. (Fhe unified Wway of
configuring with function templates assures consistency in operation, ‘@larm handling and
indicafion 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/ General

Functijon templates shall be given a name (abbfgviation) compound by minimumn two-
charagters, identifying the main function of the software item.

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

SB_

S 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
C Continuous control Coordination
D
E Electrically motor/heaters
G
Hand
I
J
Kl Sequencing
[ Latching
M Monitoring
N
Qg Output
P
q Totalize
R
S Switching control Step, (automatic function) Serial communicatefl
T
U
V Valve/dampers
W
X
Y|
Z
# Optional "
) Id¢ntifies supplief/project specific function which is not in accordance with this PAS.
A.4.2.2 Primary function

C — continuous control
H — hand

K — sequencing

L — latching

M — monitoring

O — output

S — switching control
Q - totalize
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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 — S¢rial communication

V — vglve/dampers
A.4.2.5 Special character
# — this character is optional to use. It is recommended to use it to identify that the funcfion is
not in accordance with this PAS. It shall be shown on SCDs as “Y.etter in template
identification code.
NOTE |Some SAS systems may not support this special character.
A.4.2.6 List of function templates
Table A.4 — List of function templates described in this annex
Primpry Control Device Description
functl?on type
C A Continuous contrglby means analogue control action.
C S Continuous control by means step control action.
H A Hand entering of an analogue value
H B Hand entering of a binary value
K B Sequence (K) control by means of collecting binary statuses
L B Latching of Binary signal, i.e. PSD level block.
M A Monitoring of analogue process value.
M A S Monitoring of analogue process value and serial communicated alarm
limits
M B Monitoring of binary process value.
(6] A Output of analogue signal
Q A Totalizing (quantum) of analogue process value.
S B Switching control be means of binary signal for shutdown.
S B Breaker control by means of binary control action of an electrical breaker
S B Switching control by means of a binary action and coordination control of
multiple electrical power devices
S B E Switching control by means of a binary control action of electrical power
devices.
S B \% Switching control by means of 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 XX — Annex A function template paragraph number
A.x.x.1 Intended use

A.x.x.2 Technical description

A.x.x.2.1 Functional template schematic

A.x.x.2.2 I/O terminals

A.x.x.2.3 Template parameters with default values

A.X.X.8 Functional description

A.x.x.8.1 General

A.x.x.3.2 Operation modes

A.x.x.8.3 Control requirements

A.x.x.3.4 Safeguarding

A.x.x.8.5 Error handling

A.4.28 Function template schematic — content

A.x.x.2.1 "Functional template schematic" contains,~a schematic illustration o¢f the

template with input and output terminals respectively on Teft and right side of the gquare

symbaqlising the template.

The tgrminals are listed under following headings:

InputsfOutputs: The terminals listed under these headings are normally those used to cgnnect

in from and out to field instrumentation andito other function templates. (logic).

Operdltor stations: Here the information is listed without terminals, because they will not be
connected on the SCD diagrams(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 gble to

operale the object in a safe mahner.

Loqgic:

AA
Inputs Outputs
Aaaad aaaaa @aaaa AAA AAA Aaaaa aaaaa agaaa
Aaaaq aaada aaaaa AAA AAA Aaaaa aaaaa agaaa
Aaaad aaaaa aaaaa AAA AAA Aaaaa aaaaa agaaa
Aaaadq aaaaa aaaaa Aaaaa aaaaa agaaa
Aaaaa aaaaa aaaaa Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa Aaaaa aaaaa aaaaa
Operator station: Operator station:
Aaaaa aaaaa aaaaa AAA AAA Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa AAA AAA Aaaaa aaaaa aaaaa
Aaaaa aaaaa aaaaa AAA AAA Aaaaa aaaaa aaaaa

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

A.4.3.1 Intended use

IEC PAS 63131:2017 © IEC 2017

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.4.3.21 Function template schematic
Inputs CA Outputs
Normal function input X Y | Normal function output
Extefnal fault XF YF | Function failed
Extefnal setpoint value XR YR | Reference setpoint,valde
Extefnal tracking value XT YX | Measured value output
Posiﬂion low feedback XGL BCL | Output positiomlow confirme
Position high feedback XGH BCH | Output positionhigh confirm
Feed forward XFF BS | Status saféguarding
Lock|safeguarding high LSH BB | Status bjocked
Lock|safeguarding low LSL BU | Status suppressed
Forc¢ safeguarding high FSH BA | Status’auto/man
Forc¢ safeguarding low FSL BX | Status external/internal
Force tracking FT BT |(Status tracking
Forcé blocking FB W\ | Deviation warning?)
Forcé suppression FU WH | Warning alarm H2)
Lock|auto LA WL | Warning alarm L2)
Lock|manual LM
Lock|external setpoint LX
Locklinternal setpoint LI
Operptor station: Operator station:
AutojManual Alarms and faults
Interpal/External Closed
Interpal setpoint Auto/Manual
Set dqutput value Internal/External
Blocking on/off Tracking
Suppression on/off Blocked
Suppressed
Safeguarding
Conflict

2)  Sha|l mot'be used for downstream logic, see 3.1.

Figure A.2 — CA function template schematic

A.4.3.2.2 1/0 terminals

Input terminals

Terminal Signal type Terminal name Supplementary description
code
X Analogue input Normal function Analogue input signal representing the process value
input to be controlled.
XF Binary input External fault Fault indication from outside the template.
XR Analogue input 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.
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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
open flow element.

Enabling the open limit switch shall be defined by a
parameter.

XFF

Analogue input

Feed forward

Signal representing a disturbance which is convelrted
into a corrective action to minimize deviations_of
controlled variable. The feed forward funcfion is ¢nly
active when the controller is in auto mode,

LSH

Binary input

Lock safeguarding
high.

Safeguarding — LSH = 1. Overrules opgrator possibility
to set Auto/Manual mode. Locks template in manpal
mode, and Y goes to highest oatput value regard|ess
of failure state. Input is subjectto blocking. Wher
signal goes low, the template-remains in manual mnode
and Y remains unchanged?

LSL

Binary input

Lock safeguarding
low.

Safeguarding — LSL(= 1 Overrules operator possibility
to set Auto/Manual/mode. Locks template to manfual

mode and Y todowest output value regardless of
failure state. Input is subject to blocking. When s|gnal
goes low, the template remains in manual mode gnd Y
remains{unchanged.

FSH

Binary input

Force
safeguarding high

Safeguarding — FSH = 1. Sets Y to highest outpuf
value'regardless of failure state. When signal is feset,
the“template will react to actual terminal statuseq
again if in auto mode. In manual mode, the output (Y)
remains unchanged after signal returns to norma|.
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 signal is reset, the
template will react to actual terminal statuses again if
in auto mode. In manual mode, the output (Y) remains
unchanged after 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 inJauto
mode.

FB

Binary input

Force blocking

FB = 1. Safeguarding actions LSH, LSL, FSH anq FSL
will be blocked.

FU

Binary input

Force suppression

Alarm annunciation is suppressed, WH,WL,WV, YF =
and statuses XF, XGL and XGH are neglected ag long
as FU = 1.

LA

Binary input

Lock Auto

LA = 1. Locks the template in auto mode. When LA is

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 LX is reset,
the object remains in external mode.

LI

Binary input

Lock internal
setpoint

Locks the control function template to use internal
setpoint, overruling the operator. When LI is reset, the
object remains in internal mode. LI has higher priority
than LX.
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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 = 1 if external or function fault. See error handling.
YR Analogue output Reference Actual setpoint being used.
setpoint value
YX AIIG:UHUU uutput rV‘IUGOUIUd VG:UU ThU UUIItIU”UI IIIUGOUIUIIIUIIt VG:UU. Thc \I/x ;O IIUﬁma"y
output equal to X, except if the signal is faulty.
If the signal is faulty, YX is set to a predefined vglue.
wWv Binary output Deviation alarm The absolute difference between the measured vplue
(warning) X and the used setpoint is above a predefined limit for
a predefined time.
The deviation warning is enabledienly when the
controller is in auto internal or'auto external.
WYV is disabled by alarm suppression.
BCL Binary output Output position If the closed limit switch'is{enabled, the output Ylis
low confirmed compared to the lowimit switch feedback and
validated as true (BEL/)= 1) if Y within "limit confifmed
state closed" and XGL = 1.
If the closed limit switch is disabled, BCL = 1 wh¢n Y
is within "limit\confirmed state closed".

BCH Binary output Output position If the open) limit switch is enabled, the output Y if

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 whenp Y 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 when the template is blocked from operatpr
station or FB = 1.

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

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

BX Binary output Status internal / BX = 1 when set in external mode from operator

external station or LX = 1.

BT Binary_output Status tracking BT = 1 when FT = 1 and in auto mode.

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

WL Rinnry nufrr_\uf \I\Iarning alarm | Trun’ when X3).value <\WL limit Quhjnr\fnd io
suppression. Should not be used for downstream
logic.

3 The X value used for comparison with the alarm limit shall be given in measurement unit ( %, barg, bara,

Kg/h, mm, etc)



https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017

— 43 —

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 used setpoint
AVA ]
) Analogue Time delay Delay of deviation alarm between X and 5(s
deviation alarm YR.
) Analogue Limit confirmed When XGL is configured, XGL is used for 2%
state closed closed state monitoring.
When no closed limit switch is configured:
Closed state 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 #00(% and the
confirmed limit state is set'to 2 %,
confirmed closed limitis 2 % or less.
) Analogue Limit confirmed When XGH is configured, XGH is used for 98 %
state opened open state monitoring.
When no limit,switch is configured:
Open state i, 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.
) Analogue WH limit Alarm limit for WH
) Analogue WL limit Alarm limit for WL
) Analogue Time deldy)warning | Delay before alarm is raised after limit has D
alarms been reached.
) Analogue Hysteresis value |The hysteresis should be defined in % of 2 1%
display range. The hysteresis shall only
affect the return of alarms and events, not
initiation. Common for all limits.
) Analegue Minimum range Minimum range value in. (Display range)
input
) Analogue Maximum range | Maximum range value in. (Display range)
input
) Analogue Minimum setpoint | Minimum allowed setpoint value. This value
range is greater or equal to minimum range in.
) Analogue Maximum setpoint | Maximum allowed setpoint value This
range value is less or equal to maximum range in.
1) Analogue Minimum range Minimum range value 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 range out.
1) Binary input Limitation by 0 = No limit for manual.
operating range in |1 = Manual output limited by operating
Manual mode range.
1) Analogue Ext-P Proportional parameter in PID algorithm -

from external source.
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Parameter Signal type Parameter name Supplementary description Default
code
1) Analogue Ext-1 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 = use internal parameters 0
parameters 1 = use external parameters
1) Analogue P Proportional parameter in PID algorithm. 1.0
1) Analogue | Integral time in PID algorithm. Os
) Allaiuyuv D Dvlivatc tiIIIU iII PiD diyul;tillll. G S
) Analogue KFF Proportional parameter in feed forward 0}0
algorithm.
) Binary Control direction |0: The controller is direct acting, i.e.

increased input compared to setpoint shall
cause increased output.

1: The controller is reverse acting~i-e.
increased input compared to setpoint shall
cause decreased output.

) Analogue Ramp setpoint Ramp time when switchingbetween D
up/down different modes, e.g.,manual to auto
internal.
Engineering unitsisee (value 0 disables
function)
) Analogue Ramp output Ramp time"when switching between D
up/down different{modes, e.g. into output tracking.

%/s (value 0 disables function)

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

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

) Analogue Substitute value If substitute value option is selected for D
external fault or restart, the output Y is set
to defined substitute value.

) Binary X outside range Reaction if X outside range see error D
handling

0: Function disabled
1: Function enabled

) Analogue Travel time Time value defining full travelling time in 10 s
sec.

1) Pagameter code‘to be defined if used on a terminal. It shall then start with the letter P.

A.4.33 Functional description

A.4.3.3.1 General

The CA function template shall be used for continuous control of e.g control valves, variable
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 the internal/external setting of the template.

The controller can be switched to output tracking mode by input FT. The output value Y will
then be clamped to 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 added to 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 Fjgure F .19 for complementary function behaviour description of the CA template

A.4.38.2

Operation modes

Modes functions

Flunction

Description

Auto

In auto mode the CA template calculates the control signal using’the PID control algg
The setpoint used in this calculation may be either internal or, external.

The auto mode may be set by the operator or by logic.

It shall be possible to enable auto mode even if the template is in force safeguarding
(FSL,FSH) or in fault state (YF = 1).

Auto mode does not necessarily indicate that the control algorithm is running, if e.g. {
template is in force safeguarding mode, tracking mode or in a fault state.

The auto mode works in combination with internal, external and tracking mode.
When in auto mode, the BA output is set.

rithm.

mode

he

Manual

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

nternal

Internal mode has only effect inauto 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 m
safeguarding mode or in a\fault state.

bde,

External

External mode has only)effect in auto mode.

The PID control algorithm uses the value from XR as setpoint.
The external modeyshall be possible to enable when the template is in manual/auto n
safeguarding'made or in a fault state.

ode,

Tracking

Tracking.mode has only effect in auto mode.

The controller output Y is equal to the XT input.
Swit€hing in and out of tracking should be bumpless.
The tracking mode shall be possible to set at any time.

Fegd forward

The feed forward function shall as a minimum include a proportional factor that is
multiplied with the feed forward signal (XFF) and added to the output value.

Block

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

Suppression

Suppresses YF, WV, WH and WL, and sets these outputs to 0.
Position feedback XGL and XGH are disregarded, and the control template will use o

utput

Y—tocalcutate closedamndfor opemrposition:
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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 setpoint is:

In auto mode: set by operator

ln-manuyal-mode- nnual to X I enfnn:rﬂ +ran|nnn \

Set to stored setpomt when swntchlng 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 setpoint is:

In manual mode: equal to 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 bumpless transfer.

Allgorithm The flow element (e.g. valve, VSD motor, etc.) is operated by an analogue output sigpal.
Possibility for direct or reverse control actions
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 ef actual setpoint between operation modes.
There shall be bumpless transfer/of-operator setpoint changes.
The setpoint shall be clamped,torthe measured value in manual mode to assure a
bumpless transfer from manual*to automatic mode (the setpoint tracks the measured jvalue
while the controller is in mahual mode).
When the controller is foreed to auto by logic, the setpoint shall automatically be ramped
back to the stored setpoint value. When the controller is switched to auto by the opergtor,
the operator can manually adjust the set point and ramp it back to the stored setpoint
value to accomplish a bumpless transfer to that value.

(ascade There shall be_a synchronization functionality between master and slave controllers tp
secure controlled interaction. This function is not shown on the SCD.

Restart Aftersfestart of the controller node, the function template will be set to a predefined state

selected by "Restart options" parameter.

A.4.33.4 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 template is 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 XGH can be monitored and compared with the output value. If a
mismatch is detected, it shall be possible to generate an alarm and set YF = 1.

When Y > "Limit confirmed state % closed" and XGL = 1 delayed by a predefined "travel

tiaal

.....

When Y < "Limit confirmed state % open" and XGH = 1 delayed by a predefined "tfave

time".
It shall be possible to disable this function.

Setpoint limits

High and low setpoint limits shall be available. Manual input, which exceeds, these lin|
shall not be used. The operator shall retype a value.

Where it is not desirable to allow switching a controller to external setpoint with setpd
outside these limits, it shall be possible to generate an alarm and prevent the control
be set in external modus.

External input, which exceeds these limits, clamp to thresholdivalde. Shall be possible to

generate an alarm.

its,

int
er to

Warning deviation

WV =1.
Shall have the possibility to generate warning when measured value passes defined
deviation alarm parameter.

X outkide range®)

Shall be possible to generate alarm and set YE = 1.
The template will enter manual mode. The oGtput Y will be either substitute value or f
value (depending on parameter).

It shall be possible to disable this function.

reeze

4) Signal quality may be transferred as system internal information.

A.4.4 CS - Step control
A.4.41 Intended use

The S function template shall-be used for control and monitoring of position con
valveg. The valves are operated by either pulsed or steady output signals. One outf
opening and one for closing the valve.

For sybsea choke valves it is expected to be requirement for adaption.

trolled
ut for
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A.4.4.2 Technical description
A.4.4.21 Functional block schematic
Inputs CS Outputs
Position reading XG YH Normal function output high
External fault XF YL Normal function output low
External setpoint value XR YF Function failed
Position low feedback XGL YG Output valve position
Lock safeguarding low LSL wv Warning deviation
Force disable transition high FDH BCL Output position low confirmed
Force blocking FB BS Status safeguarding
Force suppression EU BB Status-blocked
Lock autd LA BU Status suppressed
Lock manual LM BA Status Auto/Man
Lock external setpoint LX BX Status external/internal
Lock internal setpoint LI
Operator station
Operator |station Alarms and/faults
Auto/Manjual Open/Closed
Internal/Bxternal AutoiManual
Step open Internal/External
Step closp Blocked
Setpoint Suppressed

Blocking pn/off
Suppressjon on/off

Safeguarding

Moving transition high
Moving transition low
Conflict

Figure A.3 — CS function template schematic
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A.4.4.2.2 1/0 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
Lpt Birrary-rput tock—safegtardingtow—Safeguarding—tSt=+—OCverrutesoperator

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

FDH Binary input Force disable transition |Permissive to open when FDH(=-0 and preventg
high template from being open when'FDH = 1.
HU Binary input Force suppression Alarm annunciation is suppressed, WV, YF = 0|and
statuses XF and XGL¢are neglected as long as
FU = 1.
AB Binary input Force blocking FB = 1. Safeguarding action LSL will be blocked.
A Binary input Lock Auto LA = 1. Locks\the template in auto mode. When LA is

reset, the’template remains in auto mode.

LM Binary input Lock Manual LM =~I% Locks the template in manual mode. When
LM isireset, the template remains in manual mdde. LM
has higher priority than LA.

ux Binary input Lock external setpoint [Locks the control function template to use external
setpoint, overruling the operator. When LX is reset,
the object remains in external mode.

I Binary input Lock internal setpoint |Locks the control function template to use interpal

setpoint, overruling the operator. When LI is reget, the
object remains in internal mode. LI has higher priority
than LX.
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Terminal Signal type Terminal name Supplementary description
code
YH Binary output Normal function Output pulse to open valve. Pulse train. Pulse defined by
output high parameters.
YL Binary output Normal function 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 Output position low |State set when XGL = 1 or XG closed position (selectable
confirmed by parameter) and compared with output setpoint below
u:uovd 'JUO;:;UII.
(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 vallie X
and the used setpoint is above a predefined limit fqr a
predefined time.
The deviation warning is enabled;only when the coptroller
is in auto internal or auto external:
WYV is disabled by alarm suppression.
BIS Binary output Status safeguarding |BS = 1 if any safeguarding input is active.
BB Binary output Status blocked BB = 1 when the template is blocked from operator
station or FB = 1,
BlU Binary output Status suppressed |BU = 1 whenssuppressed from operator station or fU = 1
Binary output Status auto/man BA = 1 when auto mode is set from operator
station o LA = 1.
BIX Binary output Status internal / BX =\I*when set in 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.
) 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 Number of pulses for full |Specifies the total amount of\pulses -
range required to open the valve_from closed
position to open positioA:
1 Analogue Closed position Specifies low limit for closed position. P %
(Used for both for, XG and setpoint for
BCL)
1 Analogue Comparison value Specifies acCeptable deviation between P %
XG and output setpoint, in %.
1 Analogue Warning deviation timer |Specifies timeout for full range travel. g00 s
1 Binary BCL function selection |Patameter = 1 if XGL to give BCL. 0
Parameter = 0 if XG low limit to be
compared with output setpoint.
1 Binary Fault option For external or function fault , outputs 0
YH/YL options:
0: Freeze (manual and YH/YL = 0)
1: Continue (keep last values)
1) Parpmeter code to be defined if used on“a terminal. It shall then start with the letter P.
A.4.43 Functional description
A.4.43B1 General
Contrgl and moniforing of position controlled valves. The valves are operated by either pulsed
or stepdy outpulisignals. The output YH will cause the valve to step/move towards thg open
positign.
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).

See Figure F.20 for complementary function behaviour description of the CS template.
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A.4.4.3.2 Operation modes

Mode functions

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 modes are selected.
External In external mode, the external setpoint value (XR) will be used.
Block Blocking disables safeguarding mode (LSL) and the disable transition mode. (FDHl).
$uppression Suppression will prevent alarms on the YF terminal from being generated iand the
function template will neglect the feedback signals.
Dispble transition Transition to high/low state is prevented.

mode

5 If both LA and LM are true, then the LM has priority and the block will be in manualohode.

A.4.43.3 Control requirements
Control functions
Function Description
Set point The setpoint shall be either interpal\or external. The external setpoint is set to input

terminal XR. The operator gives, the internal setpoint.

Coptroller output The valves are operated byxeither pulsed or steady output signals. There is one qutput
for opening and one for closing the valve.

A.4.43.4 Safeguarding

Safeguarding functions

Function Description

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

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

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

Conflict If any safeguarding action is requested when blocking is true. It shall be possible to
generate an alarm on this event.
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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 goes high, position feedback from flow element (XGL) will be compared
with the position read (XG< (Closed position) %). It shall be possible to generate

It shall be possible to disable this function.

runction tatled alarm and set YF = T, IT mismatch IS detected.

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

T

=

gvel monitoring

Shall be possible to generate a warning deviation alarm and set YF\="1 when thg

valve does not travel to the expected position (set point) within-a calculated time| The
time shall be calculated for every command as a percentage-of‘the warning devigtion
timer based on the commanded change in position (setpaint).

A4.5 HA - Analogue input command

A.4.5/ Intended use

The HA function template shall be used for entering/an analogue value from the HMI. This

analogue value can be used in logic, calculations etfe. It is possible to follow an externall value

by sefting the block in auto (LA). The operator can-disable this function by setting the block in

manual (LM).

A.4.5 Technical description

A.4.52.1 Functional template_schematic

Inputg HA Outputs

External value X Y Normal function output

Lock auto LA BA Status auto/man

Lock manual LM

Operdtor station
Auto/Manual
Set olitput valug

Operator station
Auto/Manual

Figure A.4 — HA function template schematic

A.4.5.2.2 1/0 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.
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Output terminals
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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
cqde
) Analogue Ramp time Specifies the ramping of the external value bothywhen 0
input external value |switched from manual to auto mode and whilexin auto
(EU/sec) mode. The ramp time is specified in engineering unit per
second.
If the ramp time is set to zero, this;méans the ramping is
disabled.
) Analogue Maximum input |Defining the highest allowed input value -
input value
) Analogue Minimum input |Defining the lowest allowed input value -
input value

1) If pprameter is defined on a terminal, it shall be coded and start with character P.

A.4.53

A.4.53.1

General

Functional description

Function template for storing an analogue value from the HMI. This analogue value dan be

used in logic, calculations etc. It.is possible to follow an external value by setting the fu
in autp (LA). The operator can.disable this function by setting the function in manual (LM).

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

A.4.53.2

Operation modes

Mode functions

hction

Fungction

Description

Auto

In auto mode the normal function output (Y) will follow the external set value (X)

according-to-a—ramprate-defined-byvaninout-parameter
= FeHRg—to—a—+apate-aeHRe e Y aRhpdtpaaReter-

Manual®

In manual mode the analogue output (Y) is set directly by the operator from HMI.

5)

If both LA and LM are true, then the LM has priority and the block will be in manual mode.

A.4.5.3.3

Not applicable for this function template.

A.4.5.3.4

Not applicable for this function template.

Control requirements

Safeguarding
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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 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).

Technical description

Functional template schematic

HB Outputs

Extefnal value X Y Normalfunction outpujt
Reset latched output RX BA Stat@syauto/man

disable transition FDH
high
Force disable transition low FDL
Lock|auto LA
Lock|manual LM
Operptor station Operator station
Auto/Manual Auto/Manual
Set function
on(hiigh)/off(low)

Figure A.5 — HB fuhction template schematic |

A.4.6.R.2 1/0 terminals

Input terminals

TermJnaI Signal type Terminal name Supplementary description
code
Binarytinput External value Binary value tracked in auto mode
FOH Binary'input Force disable Permissive to set output on when FDH = 0 and preventg

transition high transition to on when FDH = 1.

FOL Binary input Force disable Permissive to set output off when FDL = 0 and prevents
transition low transition to off when FDL = 1. FDL has no effect 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 Reset latched Resets the output Y when RX goes high.
ouput
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Output terminals

Terminal Signal type Terminal name Supplementary description
code
Y Binary output Normal function | -If 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 goes high.
BA Binary output Status auto/man | True: auto, false: manual
A.4.6.2.3 Template parameters with default values
Parameters
Paranjeter Signal type Parameter name Supplementary description Diefault
code
1 Binary Latched output If the parameter is set the Y output is latched. 0
1 Binary Pulsed output If the parameter is set an on-pulsesis’generated on 0
the output Y when the input is&et'high. This
parameter will have no effeet when latched output is
selected.
1 Analogue Pulse time output |Pulse length for Y when pulsed output selected 2s
1) Pagameter code to 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

Functijon template for setting a binary fram the HMI. This binary value can be used in|logic,
calculgtions etc. It is possible to follow~an external value by setting the function in autq (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 parameter settings.

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

A.4.6.3.2 Operation’modes

Mode functions

Function

Description

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

Manuald) In manualmode the binarv output (Y is controlled directly by the onerator from HMI
Y g 7 PAR g .

5)

If both LA and LM are true, then the LM has priority 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 KB - Sequence logic interface template

A.4.71 Intended use

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.4.7.21 Function template schematic
laputs KB Quiputs
External set high XH YF | Function failed
External set low XL BH | Sequence running
| ock safeguarding low LSL BS | Status safeguarding
Force disable transition | FDH BB | Status blocked
nigh
Force hold FN BA | Status auto/man
L ock auto LA BN | Status.hold
L ock manual LM BL | Status<completed
Dperator station Operator station
A\uto/Manual Alarms and faults
Start/Stop Running/Stopped
Blocking on/off Completed
Hold/Continue Auto/Manual
Next step Blocked
Disabled
Safeguarding
Hold
Figure A.6 ~ KB function template schematic
A.4.72.2 1/0 terminals

Input terminals

Terrminal Signal\type Terminal name Supplementary description
cdde

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

AL Binary input External set low [From logic to function template which stops the sequence.
The function is according to description of stop in "confrol
reauirements"”

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 sequence in the current step.

LA Binary input Lock auto mode |[Locks the template in auto mode. When LA goes low, the
template remains in auto mode.

LM Binary input Lock manual Locks the template in manual mode. When LM goes low, 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 sequence is
in hold.

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

safeguarding

BB Binary output Status blocked |BB = 1 if blocked mode

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

BN Binary output Status hold BN = 1 if sequence is in hold

HL Binary output | Status completed |BL = 1 if the sequence is completed normally‘(s€e A.4]8.3)

A.4.7.2.3 Template parameters with default values
Parameters
Parameter Parameter type |Parameter name Supplementary‘description Default
cqde
) Enumeration Operation mode |Manual and aute’mode Manugl
options
Manual mode
1) Parameter code to be defined if used on a terminal. It shalkthen start with the letter P.

A.4.73 Functional description
A4.7.31 General
The fqgllowing control options shall;b& made available selected by parameter:

e mgnual operation + automatic control;
e manual operation onlyt
The tgmplate gives the-minimum requirements for a sequence control template to be gble to

show [he interfacetbetween the logic and the sequence. It also describes how the interface
terminals shall behave to satisfy these requirements.

It sha|l be~possible to define different actions for the different stop commands; normdl stop
(XL of manual stop by operator) and safeguarding (LSL). The content of these shll be
defineld dluring implementation of each e izati i

control system and process requirements.

See Figure F.23 for complementary function behaviour description of the KB template.


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017

© IEC 2017 - 59 -

A.4.7.3.2 Operation modes

Mode functions

Function Description
Auto The input terminals XH, XL will start or stop the sequence.
Manual®) The operator is able to start the sequence.

Disable transition

See definition.

mode
Block Blocking disables FDH.
5) If Uth LA dlld LI‘V‘: dal'cT tluU, thb‘ll thU Lrv‘: hdb pllUllty dlld th\:‘ b:U\llr\ VV;“ bU ;II |||a||ua: IIIUdU.
A.4.73.3 Control requirements
Control functions
Function Description

Start Starts the sequence. Have no effect when sequence is‘tunning.

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

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

Continue Continues the sequence when in haold. ‘Available for operator both in manual and |auto.
Fqrce next step The sequence is forced to the nexi-step unconditionally. Available for operator b¢th in
manual and auto.
Complete The complete status goes\high when the sequence has gone through all the defiped
steps. The complete status goes low when the sequence is started again.

A.4.73.4 Safeguarding

Safeguarding functions

Function

Description

Lock

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

to

A.4.7.8.5 Error handling

Error functions

Function

Description

Sequence error

Includes errors from the steps. The YF shall be set. The sequence enters hold.

A.4.8 LB - Safegu

arding shutdown level

A.4.8.1 Intended use

The LB function template shall be used for control of safety shutdown levels in PSD and ESD
nodes etc. requiring SlL-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
performance per level. 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
shutdown initiators (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 lower level.

A.4.8.2
A.4.8.2.1

Technical description

Functional template schematic

B Outputs
Normal function input X Y Normal function output
Extefnal shutdown input XS YX External shutdownoutput

Operptor station

Set dafeguard
Reset safeguard

Blocking XS on/off
Blocking YX on/off

t latched output RX

Operator station

Level released
Externaldevel released
Group fault status
Group conflict status
Group blocked status
Blocked XS

Blocked YX

Figure A.7 — LB function template schematic

A.4.8.2.2 1/0 terminals
Input terminals
TermJL\aI Signal Terminal name Supplementary description
co type
X Binary Normal functiontinput | Action signal from shutdown initiators (e.g. MA or MB funcfion
input templates) setting the block to shutdown mode (signal is latched
in function block).
XY Binary External shutdown | Action signal from higher shutdown level blocks. That could be
input input another LB function template or an external shutdown signgl
coming from another safety system.
RX Binary: Reset latched output | Terminal is resetting the latch on Y-output terminal when np
input shutdown
Output terminals
Terminal Signal Terminal name Supplementary description
code type
Y Binary Normal function 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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Parameters
Parameter Parameter | Parameter name Supplementary description Default
code type
1) Binary Latched output |If the parameter is set the Y output is latched. This 1
parameter only affects input X.

1) Pa

rameter code to be defined if used on a terminal. It shall then start with the letter P.

A.4.8.3—Functiomat-description
A.4.8.3.1 General
This template has latched and/or unlatched inputs. The unlatched input (XS)“shall bg used
when the shutdown originates from a higher shutdown level.
The Igtched input (X) shall be used for causes with input to this level.~This latched ingut (X)
can b¢ configured as unlatched by a parameter. Latch can be reset-py-operator or logic (RX).
If a sHutdown is initiated from operator (i.e. not from higher shutdown level), RX cannof reset
the shjutdown.
Confligt and fault from the shutdown devices should be grotped into the LB. The same $hould
be dohe for status blocked from the primary shutdowntinitiators. The group status can be
displayed on the LB HMI object. This is as repeated information in addition to the individual
alarmg on the shutdown objects. The grouping into.the LB shall not be shown on the SCD
diagrgm.
See Fjgure F.24 for complementary function behaviour description of the LB template.
A.4.8.3.2 Operation modes
Mode functions
Function Description
OS Block Twe.separate blocking functions from OS.
Block XS, blocking only function input XS.
Block YX, blocking only function output YX.
These blocking facilities shall not affect the input X and output Y.
A.4.8.3.3 Control requirements
Control functions
Function Description
Alarm Shutdown level alarm shall be possible to be generated due to the primary shutdown

block shall not report any alarm.

actions (input X). If the external shutdown input (XS) is initiated the shutdown level
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Safeguarding functions
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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

Not applicable

Error handling

A.4.9
A.4.9(1

The NA function template shall be used for scaling, display (indication) and mon
(alarming) of process variable or control variable. The template comprises handling o

instrument and signalin

A.4.9.

A.4.9.2.1
Inputs

Normal function input
Extgrnal fault

Forde blocking alarm
Forde blocking alarm

Forde suppression
HH
Forde suppression
WH
Forde suppression
WL

Forde suppression alarm LL

Intended use

g faults.

Technical description

Function template schematic

MA — Monitoring of analogue process variables

Outputs

MA
X
XF
HH FBHH
LL FBLL
alarm | FUHH
alarm | FUWH
alarm {EUWL
FULL

Y

YF
AHH
BHH
WH

WL

ALL

BLL
BBHH
BBLL
BU
BB
BXHH
BXH
BXL
BXLL

Normal function output
Function failed

Action alarm HH
Status alarm HH
Warning alarm H?

Warning alarm L2
Action alarm LL

Status alarm LL

Action alarm HH is blocked
Action alarm LL is blocked
Status suppressed

Status blocked

Status event HH

Status event H

Status event L

Status event LL

Operator station:

Blocking HH on/off
Blocking LL on/off
Suppression on/off

2)

Shall not be used for downstream logic.

Operator station:
Alarms and faults
Alarm and event limits
Blocked

Suppressed

Figure A.8 — MA function template schematic

toring
f field
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A.4.9.2.2 1/0 terminals
Input terminals
Terminal Signal type Terminal name Supplementary description
code
X Analogue input Normal function 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 signal is true.
FBLL Binary input Force blocking alarm LL. |Logic input: alarm LL action is blocked as long as
input signal Is true.
FUHH Binary input Force suppression alarm [Logic input: alarm HH action and annunciatien is
HH suppressed as long as input is true.
FUWH Binary input Force suppression alarm |Logic input: alarm WH annunciation is\suppresged as
WH long as input true. This output should normally hot be
used for downstream logic.
FUWL Binary input Force suppression alarm |Logic input: alarm WL annunciation is suppressfed as
WL long as input true. This eutput should normally hot be
used for downstream dogic.
FYLL Binary input Force suppression alarm [Logic input: alarm(LL)action and annunciation ig

LL

suppressed as.Jong as input true.
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Output terminals
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Terminal Signal type Terminal name Supplementary description
code
Y Normal function Normal function Analogue output signal from function template
output output
YF Binary output Function failed YF =1 if XF =1 or if an internal error has been detected
in the template or if 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.
SUbJ‘UUtUd t\.} OU'.I'.IIUOO;UII.
WH Binary output |Warning alarm — WH. |True, when X*-value >WH limit. Subjected to
suppression. Should not be used for downstream Iggic.
WL Binary output Warning alarm — WL |True, when X*-value <WL limit. Subjected to supprgssion.
Should not be used for downstream logiec.
AlLL Binary output Action alarm LL True, when X*-value <ALL limit. Subjected to blockiing
and suppression.
BLL Binary output Status alarm LL Status alarm annunciation_ (L) without blocking lodic.
Subjected to suppression.
BBHH Binary output Action alarm HH is |True if FBHH or OS blecking is active.
blocked
BHLL Binary output Action alarm LL is |True if FBLL or(©OS blocking is active.
blocked
BU Binary output Status suppressed |True if the témplate is in suppressed mode (any ofthe
process output function is suppressed).
BB Binary output Status blocked True'if the template is in blocked mode (any of the
process output 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
BKL Binary output Status event L True, when X-value < Event low limit
No Alarm annunciation, event only
BYLL 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 -
) Anatogue Hrrit-BX¢HH Eventtimit-for-BXtHH -
1 Analogue Limit BXH Event limit for BXH -
1 Analogue Limit BXL Event limit for BXL -
1 Analogue Limit BXLL Event limit for BXLL -
1 Analogue Time delay action |Delay before alarm and action is_raised after O0s
alarms limit has been reached.
1 Analogue Time delay warning |Delay before alarm is raised-after limit has O0s
alarms been reached.
1 Analogue Hysteresis value |The hysteresis should\bé defined in % of 0 %
display range, and\b&,common for all limits
given by parameter inputs. The hysteresis
shall only affect the return of alarms/events
not initiation
1 Analogue Maximum range Maximuf display range value -
1 Analogue Minimum range Minimum display range value -
1 Analogue Fault function X = Freeze value (last good value) 1
27X = 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 X is 0 %
close to zero (Worn out flow transmitters).
1) If pprameter is defined on a terminal, it shall be coded and start with character P.
A.4.93 Functional-description
A.4.9.8.1 General
The t¢mplatevincludes suppress and blocking functions. Suppression from operator gtation
suppre¢sses jall alarm and fault outputs, whilst by logic it is possible to suppress individual
alarm| eutputs. Faults cannot be suppressed by logic input. All limit checking and [alarm
annunciatiorresides withim thetemptate:

Where features for signal modification (e.g. square-root extraction and/or features for
smoothing (low pass filtering) 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

Mode functions

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 WH alarm 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
Block LL Blocking the ALL action but not the alarm. Sets the ALL output from the templatg to 0.
@S Suppress Suppresses AHH, ALL, WH, WL, YF and sets these outputs from the template to|O0.
A.4.93.3 Control requirements

Control functions

Function Description
\ction alarm Shall have the possibility to generate action alarms when input parameter passep

defined alarm parameter according to the logic)output terminals. Ref output termfinal.

Warning alarm Shall have the possibility to generate warning alarms when input parameter pasges
defined alarm parameter according te the‘logic output terminals. See output ternjinal.

Event Shall have the possibility to generaterevent output when input parameter passes|

defined event parameter according’to the logic output terminals. See output ternjinal.

Adjlistable warning The parameter-values for thé*'warning levels shall be adjustable from the operatgr-

level station.

A.4.93.4 Safeguarding

Not applicable for this template.

A.4.93.5 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)  signakduality may be transferred as system internal information.

A.4.10 MAS - Analogue measurement acquisition 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.
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A.4.10.2 Technical description
A.4.10.2.1 Function template schematic
Inputs MAS Outputs
Normal function input X Y | Normal function output
External fault XF YF | Function failed
External link fault XFX BU | Status suppressed
External alarm HH XAHH
External warning alarm | XWH
WH
External warning alarm | XWL
W1
External alarm LL XALL
Limit value of XHH XQHH
Limit value of XWH XQWH
Limit value of XWL XQwL
Limit value of XLL XQLL
Fofce suppression FU
Oplerator station: Operatorstation:
Suppression on/off Alarms{and faults
Suppressed
Alarm limits
Figure A.9 — MAS function templdate schematic
A.4.10.2.2 1/0 terminals
Input terminals
Terrinal Signal type Terminal name Supplementary description
cqde
Analogue input Normal fanction 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 External link fault There is a communication link fault.
XAHH Binary input External alarm HH Subsystem input: alarm HH is set as long as this
signal is true
XWH Binary input External warning alarm | Subsystem input: warning alarm WH is set as |ong
WH as this signal is true
X\{VL Binary input External warning alarm | Subsystem input: warning alarm WL is set as lpng
WL as this signal is true
XALL Binary input External alarm LL Subsystem input: alarm LL is set as long as thjs
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 WL limit 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 are set to
0
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Output terminals

Terminal Signal type Terminal name Supplementary description
code
Y Analogue Normal function The measurement output 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 =1if XF1=1o0or 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
cofle

1 Analogue Maximum range Maximum display rangde value -

1 Analogue Minimum range Minimum display,range value -

1 Analogue input [Substitue value of XQHH |If XAHH is intuse, XQHH not used. -

1 Analogue input  |Substitue value of XQWH |If XWH<4s’in use, XQWH not used. -

1 Analogue input [Substitue value of XQWL |If X¥¥Lvis in use, XQWL not used. -

1 Analogue input [Substitue value of XQLL H\XALL is in use, XQLL not used. -

1) If pprameter is defined on terminal, it shall be coded and start with character P.

A.41

The m
the su

The M
input
states

No da

A.4.1 1.3 Functional description

.3.1 General

ain function of the template is to provide operator interface with monitoring statu
bsystem.

AS function template has no alarm or event detection based on the normal fu
rom the subsystem. Alarms are detected in the subsystem, which transfers the
as well as-the'corresponding limit settings.

fa or commands are transferred from the MAS function template to the subsystem.

5 from

nction
alarm

pssion from operator station or logic suppresses all alarms and fault output

Suppr

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 F

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

A.4.10.3.2 Operation modes

Mode functions

Function Description

Suppress Suppresses the output YF and sets it to 0.
Suppresses AHH, ALL, WH and WL alarms.
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A.4.10.3.3 Control requirements

— 069 —

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.4.10ﬁ74—Safegua|diu9

Not agplicable for this template.

A.4.10.3.5 Error handling

Error functions

Function

Description

Hunction fault

If XFX is 1, communication link has failed and/or if XF,is 1, bad signal quality?) o

detected in the subsystem, YF is 1.

n X is

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

A.4.11 MB - Monitoring of binary (digital) process variables

A.4.11.1 Intended use

The MB function template shall be used_for automatic monitoring (alarming), displa
latching of binary process variable.

A.4.11.2 Technical description

A.4.11.2.1 Function template'schematic

Inputs

Normal function inpu
Extgrnal fault

Reset latched output
Forge blocking
Forde suppression

Operatot station:
Blodgking-on/off

MB Outputs

t X

XF
RX
FB
FU

Y | Normal function output
YF | Function failed
BB | Status blocked
BU | Status suppressed
BX | Status normal function input

Operator station:

Alarms and faults

y and

Sup pressiomontoff
Reset latched output

Blocked

Figure A.10 — MB function template schematic

[ ! }
LdlllITeu vdiutT

Suppressed
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A.4.11.2.2 1/0 terminals

Input terminals

Terminal code Signal type Terminal name Supplementary description
X Binary input Normal function 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 goes high.
FB Binary input Force blocking If FB is true, Y is set to 0.
FU Binary input Force suppression. If. FU i_s tru?,LYri‘s set to 0, YF is set to 0 and OS

Output terminals

Termlinal Signal type Terminal name Supplementary description
codle
Y Binary output | Normal function output |If the template is set not to latch, ¥'= X

If the template is set to latch){Y is set when X goes high, and
reset when RX goes high\

Subjected to blocking and suppression.

It shall be possible'to generate a warning or action algqrm on
this output. In.thése cases the letter W (warning) or A
(action) shall*be used as the terminal name on the SCP
diagram.

YF Binary output Function failed YF = 14f XF = 1 or if an internal error has been detectged in
the template.

Subjected to suppression.

BB Binary output Status blocked True if the template is in blocked mode (FB = 1 or Blogking
set from OS).

BY Binary output Status suppressed |[True if template is in suppress mode (FU = 1 or Suppression
sett from OS).

B Binary output | Status“function input |[BX = X

A.4.11.2.3 Template parameters with default values

Parameters
Parar];eter Signal type |Parameter name Supplementary description Defaplit
codle
1 Binary Invert input If the parameter is set the X input is inverted. 0
1 Binary Latched output [If the parameter is set the Y output is latched. 0
1) Analogue Time delay alarm |Delay before alarm is raised and Y output is 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

A.4.11.3.1

Functional description

General

-71 =

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
Mode functions
Function Description
Block Blocking the output Y and sets it 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 agplicable for this template.
A.4.11.3.4 Safeguarding
Not agplicable for this template.
A.4.11.3.5 Error handling
Error functions
Function Description

B

xternal fault

It shall be péssible to generate an alarm.

A.4.12
A.4.12

The (
(electy
range

OA - Analogue-output

A

A function template shall be used for analogue control of flow device of m

Intended use

edium

icity, heat or fluid) where the CA block do not represent required functionality, e.g. split

output. The controlled element is a unit such as motor, pump, heater, fan etc.
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A.4.12.2 Technical description
A.4.12.21 Function template schematic
Inputs OA Outputs
Normal function input X Y | Normal function output
Position feedback XG YF | Function failed
Position high feedback | XGH YG | Output valve position
Position low feedback XGL BCH | Output position high confirmed
External fault XF BCL | Output position low confirmed
Lock safeguarding high | LSH BA | Status auto/man
Lock safeguarding low | LSL BS | Status safeguarding
Forcesafeguarding-high—FSH BB | Status-blocked
Force safeguarding low | FSL BU | Status suppressed
Force blocking FB WYV | Warning deviation
Forceg suppression FU
Lock puto LA
Lock manual LM
Operator station: Operator station:
Auto/Manual Alarms and faults
Blockjng on/off Auto/Mandal
Supptression on/off Blocked
Set optput value Suppressed

Safeguarding

Conflict

Track value

Output position

Figure A.11 — OA function template schematic
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A.4.12.2.2 1/0 terminals
Input terminals
Terminal Signal type | Terminal name Supplementary description
code
XG Analogue Position
input feedback
XGH Binary input Position high Signal from 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 Signal from limit switch low (optional). XGL = 1 is closed flow
feedback element.
Enabling the closed limit switch feedback is done by Feedback
configuration parameter.
Analogue Normal function |External value that will control the output’Y, by means of 3 ramp
input input function.
AF Binary input External fault |Loop failure, e.g. I/O card broken.
L$H Binary input Lock Safeguarding — LSH = 1 Overrul€ operator possibility to dperate
safeguarding output value.
high
9 Locks template in manualkmoéde and Y is set to max operating
range value regardless-of failure state. Input is subject to
blocking. When signal‘goes low, the template remains in
manual mode the~eliput (Y) remains unchanged.
LHL Binary input Lock Safeguarding =(LSL = 1 Overrule operator possibility to operate
safeguarding low | output values
Locks template in manual mode and Y is set to min operating
range~value regardless of failure state. Input is subject to
blocking. When signal goes low, the template remains in
nmfanual mode the output (Y) remains unchanged.
F$H Binary input Force Safeguarding — FSH = 1 Overrule operator possibility to dperate
safeguarding output value. Sets Y to operating range high regardless of
high failure state. When signal is reset, the template will react|to
actual terminal statuses again. Signal is subject to blockifg.
If in manual mode, the output (Y) remains unchanged aftgr
signal returns to normal.
FBL Binary input Force Safeguarding FSL = 1 Overrule operator possibility to opgrate
safeguarding low | output value. Sets Y to operating range low regardless of{failure
state. When signal is reset, the template will react to actual
terminal statuses again. Signal is subject to blocking.
If in manual mode, the output (Y) remains unchanged aftgr
signal returns to normal.
HB Binary input Force blocked |FB = 1. Safeguarding action LSH, LSL, FSH and FSL will|be
blocked.
FO Binary mput Force FU = T. Alarm annunciation 1s suppressed,
suppression
PP YF = 0. and statuses XF, XG, XGL and XGH are neglected.
LA Binary input Lock auto Locks the template in auto mode. When LA is reset, the
template remains in auto mode.
LM Binary input Lock manual Locks the template in manual mode. When LM is reset, the

template remains in manual mode.
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Output terminals

Terminal Signal type | Terminal name Supplementary description
code
Y Analogue Normal function |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 feedback is
high confirmed |confirmed as high based on the feedback configuration.
BCL Binary output | Output position |Output Y value is low operating range and feedback is
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 operater station is true or FU
suppressed 1.
WV Binary output Warning WV = 1, If deviation between XG/XGL/XGH and Y is largdr than
deviation given limit for a time that.éxXceed alarm delay.

If XGL and XGH appears-at the same time the deviation glarm

shall be given immgdiately.

IEC PAS 63131:2017 © IEC 2017
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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 value in 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 value is less 00
operating range |or equal to maximum range out.
1) Analogue Minimum Minimum allowed output value. This valuélis greater 0
operating range |or equal to minimum range out.
1) Time Alarm delay Deviation alarm XG/XGL/XGH compared to Y 30s
1) Analogue Deviation limit % |Deviation in % of output range bétween Y and XG 2%
1) Binary Fail safe position |1 = High, 0 = Low 0
1) Analogue Limit confirmed |Compared to operating.fange high or low. The % 2%
state % value is calculated jin relation to the full range
(Ymax-Ymin).
1) Binary Manual limited by | 1 = Manual output limited by operating range 1
operating range.
P 9 g 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 Ds
Switch to auto |to travel the whole range.
1) Fime Y ramp to X. In | Ramp time while in auto. Ds
auto.
Y ramp to X.Time to travel the whole range.
1) Binary Substitute value |1 = Substitute value to be used as Y if XF. 0
I XF 0 = Freeze (to manual and keep last valid value)
1) Analogue Substitute value |Value to be used. 0
1) Binary Reaction if X 0 — No reaction (Y = operating limit ) 0
outside range
g 1 - YF and reaction as XF = 1.
1) Enumeration Restart options | Enter manual mode and substitute value 0

Enter manual mode and failsafe 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 enter the 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=-XminV*(Ymax=Ymin)/Xmax=Xmin))
U\ 7\ AN 77

The rgsulting 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 befable to compare XG with Y, XG shall have same scaling as Ys

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

A.4.12.3.2 Operation modes

Mode functions

Function Description
Auto The input X will control the output Y by means of a ramp function.
Manual The operator is able tolénter the desired Y value. When the template enter manugl
mode the current value of Y will be kept.
Block Blocking disables.safeguarding mode LSH/LSL/FSH/FSL.

$uppression

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

use

[¢))

afeguarding

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 ramps defined. One is 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.

Feedback confirm high | Based on the feedback configuration this will be calculated via different algorithms.
—BCH

T XGH 1s connected only this value will be Uused.
If only XG is connected, and XG is within the limit confirmed state, BCH = 1.

If there is no feedback for high the Y value is used and Y is within the limit,confirmed

state, BCH = 1.
Feedback confirm low | Based on the feedback configuration this will be calculated via different algorithm].
- BCL 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 and Y<is within the limit confirmed
state, BCL = 1.
Wafning deviation Discrepancy between XG/XGL/XGH and Y is larger‘than a given limit for a time that

exceed alarm delay.

If XGL and XGH appears at 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
mode.
Force Set.te 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 statp. It
shall be possible to generate an alarm on this event.

A.4.12.3.5 Error handling

———————————————————Frror-funetions

Function Description

External fault If XFis 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 QA - Totalizer
A.4.13.1 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 X Y1 Previous total

External fault XF Y2 Current total

External enabling totalizing XEQ YF Function failed

External reset totalizing RXQ

Force totalizing 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 EUWH BBHH Status-blocked-alarm HH

BU Status suppressed
BXH Status event H

Operadltor station Operator station
Totalizer on/off Alarms_and faults
Reset|totalizer Totalizing on/off
Blockipng on/off Blecked
Supprgssion on/off Suppressed

Figure A.12 — A function template schematic

A.4.13.2.2 1/0 terminals

Input terminals

Terminal Signal type Terminal name Supplementary description
cdde

Analogue input Normal function 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 Bihary input External reset totalizing |Logic signal to reset accumulation function.
When reset is true the current total Y2 replaceg the
current previous total on Y1 and Y2 set to 0.

FQ Binary input Force totalizing Forcing totalizer to accumulate when true.

F H Rinnry input Earce hlnr‘king alarm HH [ | ngir‘ input- AHH action is blocked as Inng as input
signal is true.

FUHH Binary input Force suppression alarm | Logic input: alarm HH action and annunciation
HH suppressed as long as input signal is true.
FUWH Binary input Force suppression alarm | Logic input: alarm WH action and annunciation

WH suppressed as long as input signal is true.
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Output terminals

Terminal Signal type Terminal name Supplementary description
code
Y1 Analogue Previous total Stored value for previous total
output
Y2 Analogue Current total 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 blockipg, but
subjected to suppression.
WH Binary output Warning alarm H True when Y2 — value > WH limit. Subjected tolSupprgssion.
Should not be used in downstream logic.
BBHH Binary output | Status blocked alarm |True if FBHH or OS blocking is active.
HH
BW Binary output Status suppressed | True if the template is in suppressed mode (any of thg
process output function is suppressed).
BXH Binary output Status event H True when Y2 — value > Event high limit
No alarm annunciationy €vent only.
A.4.13.2.3 Template parameters with default values
Parameters
Parameter | Signal type Parameter name Supplementary description Dgfault
cofde
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 value totalizer will 999999
allow (overflow). Passing this limit will result in
a fault state initiating the YF output.
1) Analegue 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 %

range, and be common for all limits given by

parameter inputs. The hysteresis shall only
affect the return of alarms/events not initiation.

Enumeration

Fault function

1 Y2 = freeze accumulation
2Y2=0

1) If parameter is defined on a terminal, it shall start with character P.
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A.4.13.3 Functional description
A.4.13.3.1 General
The totalizing function can be started and stopped by the operator or 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

Mode functions

Function Description
Sjuppress HH Suppresses AHH action and alarm and sets the AHH output from_the template to 0.
Shippress WH Suppresses WH alarm and sets the WH output from the teiplate to 0.
S 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 templat¢ to 0.

A.4.13.3.3 Control requirements

Control functions

Function Description

Totalizer The totalizing can be enabkled and disabled from logic by means of input terminal XEQ
external enable totalizef/;Start and stop of totalizer is possible from OS. When ingut

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

O$ Start / Stop Start and(stop from HMI is possible when XEQ = 1.

=3

Stop from HMI is impossible in forced mode (FQ = 1).

Stant*from HMI when in forced mode (FQ = 1) ensures that accumulation is continped
eyen though FQ is set low.

Reset Totalizing is reset when RXQ goes to 1 or by OS reset command.
The current total value (Y2) will be stored in previous total value (Y1) when totalizer is
reset.
Spppress and The template includes suppress and blocking functions. Suppression from operatgr
blocking station suppresses all alarm and fault outputs, whilst by logic it is possible to suppress
illdiv;duai d:dllll uutputa. qu:tb LaClIIIIUt bU DUPPIUDbUd by :Uy;b ;Ilput. II"‘\“ “Ill;t \Jhc klng
and alarm annunciation resides within the template.
Action and warning The accumulated value is subjected to limit checking on AHH action alarm HH, as well
alarm 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

enabl¢ operator control of shutdown signal which has its main control(template in apother
node ¢r system.

A.4.14.2 Technical description

A.4.14.2.1 Functional template schematic

Inputg SB Outputs
Normal function input X Y Normal function output
Externpal fault XF YF Function failed
Resef latched output RX BB Status blocked

BU Status suppressed

BX Status normal function input
Operagtor station Operator station
Set safeguard Alarms and faults
Resef safeguard Blocked
Block|ng on/off Suppressed
Suppiression on/off Conflict

Eigure A.13 — SB function template schematic

A.4.14.2.2 /@) terminals

Input terminals

Terminal Signal type Terminal name Supplementary description
code

X Binary input Normal function input |Binary input signal from other logic or signal from
Shutdown level template LB

XF Binary input External fault Loop failure, i.e. output card broken

RX Binary input Reset latched output |Reset the output Y when RX goes high and X =0
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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 goes high 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
input
A.4.14.2.3 Template parameters with default values
Parameters
Parameter Signal type Parameter name Supplementary{description Default
cqde
) Binary Enable reset latched |If the parameter is Q,%ottput Y is not latched. 0
tput
outpu If the parameter(is 1, output Y is latched.
) Analogue Output Time delay Delay beforeynormal output is set after normal D,0 s
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
Functijon template for single binary shutdown of equipment. It is used to enable operator
contrgl of shutdown signal whiehthas its main control template in another node or system, e.g.
motor|controlled by SBE in PCS where SB is used in PSD to trip the motor.
The safeguarding outpatysignal Y is equal to input signal X unless the signal is blocked py the
operalor or the operator has set the safeguarding output directly from HMI. Additiona|ly the
tempIIte shall haverthe possibility to latch the output signal Y. Typically the SB is connected
to a shutdown leyvel hierarchy controlled by a LB function template.
Y-output from SB is repeated from the safety system to the process control system in ofder to
updat¢.the status of the associated SBE (motor) function template, i.e. the Y-output frgom SB
Sha” ctod tatha | 1 4 nSDC

a-ponno oo
COUTTIC CTC U tO e O T I P Ut O O

See Figure F.30 for complementary function behaviour description of the SB template.

A.4.14.3.2 Operation modes

Mode functions

Function Description

OS block Blocking disables the shutdown output Y

OS suppress Suppresses YF and sets 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 fun

ctions

Function

Description

Conflict

If any safeguarding action is requested when blocking is true. It shall be possibl¢ to

generate an alarm on this event.

A.4.14.3.5 Error handling

Error functions

Function

Description

Dutput fault

If XF is 1 and suppression from operator.station is not activated, the function fai
alarm shall be reflected directly on the-output YF and also generated on operatof

station.

ed

A.4.15 SBB - Breaker control template

A.4.15.1 Intended use

Function template for binary (on/off).¢ontrol of electricity to switchboards or consumer
function template shall be applied\for all binary control of breakers both high and low vol

5. The
tage.
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A.4.15.2 Technical description
A.4.15.21 Function template schematic
Inputs SBB Outputs
Position high feedback | XGH Y | Normal function output
(connected/closed)
Position low feedback | XGL YH | Pulsed normal function output
(disconnected/open) high (connect/close)
External set high XH YL | Pulsed normal function output
low (disconnect/open)
Externalsetlow XL YE | Functionfailed
Extefnal outside set high XOH BCH | Output position high cofifirmed
(connected/closed)
Extefnal outside set low XOL BCL | Output position low |confifmed
(disconnected/opgn)
External fault XF BE | Status enabled
Fundtion externally enabled XE BA | Status auto/man
Extefrnal test position XGX BO | Status outside
External earthed XGZ BS | Status_safeguarding
Lock|safeguarding high LSH BB | Statusdlocked
Lock|safeguarding low LSL BU | Status suppressed
Force safeguarding high FSH
Force safeguarding low FSL
Forcg disable transition high FDH
Force disable transition low FDL
Forcg blocking FB
Forcg suppression FU
Lock|auto LA
Locklmanual LM
Lock|outside LO
Operator station Operator station
Auto/Manual Alarms and faults
Close (high)/ Open (low) Open (disconnected) /
Closed(connected)
Blocking on/off Suppressed
Suppression on/off 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

1/0 terminals

— 85 —

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 1in auto mode.

Binary input

External set low

XL =1 setY to 0 inauto mode. XL is dominantfover
XH.

Binary input

External outside set
high

Set high signal (positive edge) to close-breakerfin
outside mode.

XOL

Binary input

External outside set low

Set low signal (positive edge) to open breaker in
outside mode.

Binary input

External fault

Loop failure-e.g. 1/0 card broken.

Binary input

Function externally
enabled (breaker)

XE = 1 is required for,a eohnect command. Thg effect
on Y when XE goes_ low while connected will bg
defined by parameters.

Binary input

External test

XGX = 1 means\ihat the breaker is a position where it
is possible towoperate it, but without making
connectigns in the power grid.

Binary input

External earthed

XGZ~<\1/means that the breaker is earthed and|that a
connect command will not be performed.

Binary input

Lock safeguarding high

Safeguarding — LSH = 1 overrules operator inplts.
Locks the template in manual mode with Y = 1 and
send a pulse on YH. Input is subject to blocking.
When signal is reset, the template remains in manual
mode and
Y =1.

Binary input

Lock safeguarding low

Safeguarding — LSL = 1 overrules operator inpyts.
Locks the template in manual mode with Y = 0 and
send a pulse on YL. Input is subject to blocking.
When signal is reset, the template remains in manual
mode and
Y =0.

Binary input

Force safeguarding high

Safeguarding — Signal overrules operator inputs.
Forces the template Y to1 and send a pulse on[YH.
When signal goes low, the template will react t
actual terminal status again if in auto mode. Signal is
subject to blocking.
If in Manual mode, the output (Y) remains high jafter
signal returns to normal.

Binary input

Force safeguarding low

Safeguarding — Signal overrules operator inputs.
Forces the template Y to 0 and send a pulse o] YL.

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 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.

Signal is subject to blocking.

FB

Binary input

Force blocking

FB = 1. Safeguarding action LSL, FSL and disable
transition function FDL and FDH will be blocked.
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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 goes low,
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 goes low, the
template remains in manual mode.

Output terminals
Terrinal Signal type Terminal name Supplementary description
cdde
Binary output Normal function output |Status of command to breaker, Y = 1 means lag
command on YH and: Y =0 means last command on
YL
Y|H 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.

Y|F Binary output Function failed See errorhandling

BCH Binary output Output position high OutputY 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 feedback position low signal
confirmed and validated as true (BCL =1 if Y = 0 and XGL = 1)

BA Binary output Status auto/man.smode |[BA = 1 if auto from operator station is true or A = 1.

BE Binary output Status enabled BE =1if XE=10or XGX=1o0rBU-=1

BlO Binary output Status outside BO = 1 when set outside from operator station jor
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 tjue or
FU =
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A.4.15.2.3 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 10s
command is given to process element
(Y set to 1) to connected feedback
(XGH) is set.

1) Analogue Travel time close Maximum allowed time from close 10s
command is given to process element
¥-set-to-Oto-disconrectedteedback
(XGL) is set.

1 Analogue Pulse time high Pulse length for YH 2[s

1 Analogue Pulse time low Pulse length for YL 2|s

1 Enumeration Template start up state |Open Basgd on

feedpack
Closed
Based on feedback

1 Enumeration Template start up mode | Manual Manual
Auto

1 Enumeration Operation Mode options |Possible to switch between outside,
manual and\automatic mode
Possibleyto 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 made type Outside: output controlled by SAS Logal
Local: output controlled locally

1 Enumeration Action‘on external fault | No action No action
Open breaker

1 Enumeration Action on loss of XE No action No aftion
Open breaker

1) Pagameter code tothe defined if used on a terminal. It shall then start with the letter P.
A.4.1%.3 ~Functional description
A.4.1%.3.1 General

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.
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See Figure F.31 for complementary function behaviour description of the SBB template.

A.4.15.3.2 Operation modes

Mode functions

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 breaker is controlled by the automation system based on inputs (XH/XL)
from a control function. Then the breaker will be subject to safeguarding (shutdown) or
interlock functions overruling the control input. The error handling and statuses in the
temptate—stattbeavaitabtte:

Manual The operator is able to give open/close commands which will change the output\Y:

The flow device will additionally be subject to safeguarding (shutdown) or interfock
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 Breaker is locally controlled. The breaker will not be operable from_the HMI system] This
shall be reflected by the indication on the operator stations. Outside control may be
implemented in two different ways:

Status indication only based the on position high and/or pasition low feedback sign
from breaker.

The actual output to the breaker is controlled by the automation system based on inputs
(XOH/XOL) from an outside (local) control function. Then the breaker will be subject to
safeguarding (shutdown) or interlock functions overruling the control input. The errd
handling and statuses in the template shall.be available.

=

Block Blocking disables safeguarding mode (LSH/LSL/FSH/FSL) and the disable transitiof
mode (FDH/FDL).

Slippression Suppression sets YF = 0. Disables alarm annunciation.

Sdfeguarding See definition.

Disaple transition See definition.
mode

A.4.1%.3.3 Control requirements

Control functions

Function Description

Symbols The symbols used on VDUs shall always show true 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.

Tlest.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 independent of XK. It
shall be possible to indicate test position on the operator station HMI



https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 -89 —

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 done if the template is in outside mode and the actual control output to the
flow element is wired through the automation system.
Force Sets 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 on this event.
A.4.1%.3.5 Error handling

Error functions

possible to generate if the time has.elapsed during a safeguarding action.

Function Description
External fault If XF is 1, it will be reflected directly on the output YF. Shall be possible to generatg
alarm. Action according to parameter.
Loss of XE Prevent operation.
Shall be possible to generate alarm. The YF shallbe set.
Switch to manual mode if possible (not if LO="1 or only outside option) and disconfect
the breaker (depending on parameter).
Opgning timeout Shall be possible to generate alarm. The YF shall be set. A dedicated alarm shall b

Cloping timeout Shall be possible to generate alarm. The YF shall be set. A dedicated alarm shall bg
possible to generate if the time has elapsed during a safeguarding action.
Both KGH and XGL | Shall be possible to generate alarm. The YF shall be set.
set
Loss|of XGL when Shall be possible tggenerate alarm. The YF shall be set.
open
Loss|of XGH when Shall be possible to generate alarm. The YF shall be set.
closed
Safegparding failure | Shall,be\possible to generate dedicated alarm when feedback failure obtained and
safeguarding is set.
A.41 SBC =Coordinator for SBE
A.4.16.1 ~Intended use
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 Outputs
Auto start requested | XH Y1 -Y6 ® | Normal function output
number
Auto stop all XL YF | Function failed
Enable function XE YQ |Number requested
Request number XQ BA | Status auto/man
Rotate priority XP BCH | One or more SBE in run
BCL |All SBE in stop
Ca” fUI G - ;IIL:ICGD;IIU /\(CH BCQ Ik‘llulllbcl IuIIII;IIU
Callffor 5 — increasing X5H
Callffor 4 — increasing X4H
Callffor 3 — increasing X3H
Callffor 2 — increasing X2H
Callffor 1 — increasing X1H
Callffor 5 — decreasing X5L
Callffor 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: Operator station:
Starf requested For each SBE:
Stoq all Running/stopped
Incrgment Alarms and faults
Dectement Available (SBE in auto)
Rotgte Start disabled (FDH)
Set priority for each SBE Stop disabled (FDL)
Set | number requested as Safeguarding
valup
Suppression on/off Current priority
Suppressed

Infofmation from SBE®7) Information to SBE®

¢ Running e Set high

¢ Failure e Setlow

¢ Enabled for e Priority

duty/stahdby
(auto.mode)

¢ Safeguarding

¢ " Start disabled (FDH)

e Stop disabled (FDL)

6) Dependent of vendor solution.
7) Will not be shown on SCD
8) Terminal name will 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 1/0 terminals
Input terminals
Terminal Signal type Terminal name Supplementary description
code
XH Binary input Auto start requested In auto, start command. Will start the amount that is
number. set as requested.
XL Binary input Auto stop all 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
AP 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.
XpH Binary input Call for 5- increasing If =1, then at least 5 SBE shall rumn
X$H Binary input Call for 4- increasing If =1, then at least 4 SBE shallrun.
XBH Binary input Call for 3- increasing If =1, then at least 3 SBE~shall run.
XPH Binary input Call for 2- increasing If =1, then at least 2 SBE shall run.
X Binary input Call for 1- increasing If =1, then at least 1 SBE shall run.
XpL Binary input Call for 5- decreasing [If = 1, then a maximum of 5 SBE shall run.
XHL Binary input Call for 4- decreasing [If = 1, then*a maximum of 4 SBE shall run.
XBL Binary input Call for 3- decreasing |If =A\then a maximum of 3 SBE shall run.
XpL Binary input Call for 2- decreasing |[If\= 1, then a maximum of 2 SBE shall run.
XpL Binary input Call for 1- decreasing "{\If = 1, then a maximum of 1 SBE shall run.
4A 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
cqde
YF Binary ‘input Function failed Failure. Have not obtained desired number to fun.
YQ Analogue Number requested The current amount of requested SBE units.
HA Binary output Status auto/man Set BA = 1 when in auto mode.
BCH Binary output One or more SBE in run |One or more SBE running.
BLL Binary output All SBE in stop All SBE in stop.
BCQ Analogue Number running 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 number of running
SBE and obtained.
1) Binary Count manual SBE 0 = Only count SBE that is in auto 0
1 = When calculating the amount of
running SBE also the units unavailable for
airal by SDO watad
cortrot-by-SBCis—ceunted:
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 amount of
requested units.
1) Binary Priority list 0 = No message when user faulty 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 / command it to start/stop.
FDL
) 1 = If SBE is¢disabled, SBC will not try to
change status*of this SBE. If SBE has
FDH = 1¢,SBC will not try to start this SBE
but select the next SBE in line.
1) If parameter is defined on a terminal, it shall start with character P.

A.4.1 ].3 Functional description

A.4.16.3.1 General
Duty/dtandby or lead/lag functions with up to 6 SBE units. The main purpose by the SBC is to
keep @ defined amount of SBE_uhits running. SBC can only interfere on SBE units whi¢ch are
in au% mode. SBC HMI handles the priority of the SBEs. A priority rotate functign will
alternate running SBEs. The SBC will monitor running SBEs and execute action if one fail.

The cpnnection on thelSCD diagram between SBC and the assigned SBEs shall be indjcated
by a sjngle line. Terminal names on SCD on SBC will be shown as Y1...Y6. Assigned tefminal
name jon the SCDven SBE will be named X.

SBC dan bescontrolled in manual or auto. In manual the numbers of requested SBE are et 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 SBE units 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 amount of running SBE is 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 goes high.

When switching to Auto without any active XQ/XnH/XnL any running SBE should contifiug to
run.
Increment and decrement of the requested running units is made based on input‘terminalp.
Supgression Suppression sets YF = 0. Disables alarm annunciation.
A.4.16.3.3 Control requirements
Control functions
Function Description
Prjority The priority for each SBE is entered via the SBC HMI. The system shall make sure that priority
setting are according to the following rules:
The priority value is less or equal to the amaunt of connected SBE. Each priority number fis
only used once.
Priority can only be changed by operater, or by the Rotate function input.
It shall be possible to temporary remove SBEs from the SBC function. E.g. this may be
obtained by setting priority to 0.
A temporary removed SBE isnot;handled or counted by the SBC.
Each SBE will have the prjerity value available for monitoring purpose.
Retate Input XP goes high ongommand from operator will change the priority in such a way that the
funjction highest priority SBE. Will be given the lowest priority. At the same time all other SBE will He
moved one step up.in priority. If the low priority SBE is running, this will be stopped and the
highest priority, SBE that is not running will be started. Dependent on the overlap time thg low
priority SBE Will be stopped a delayed time after the one in line is started.
Staftup of SBC generates start command to standby if all of the following three conditions are true:
stgndb
y Duty.in*auto mode and running or starting (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 ¢r a
change on the input terminals. I.e. if a high priority unit stop caused by failure, a switch bpck to
this unit is not made immediately when the unit return to available
Enable If the SBC is not available (XE = 0), then SBC is inactive. All SBE will show priority inactive.
Requested Selection of requested amount of running SBE based on boolean input. XnH define the
amount of 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 XnL is required. XnL define the maximum number

(n) of requested SBE. For instance, an input on X1L will set the requested amount down to 1 if
more SBEs are 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 has priority to XnH.
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Error functions

Function

Description

Cannot start 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

Operator enters 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

(electyicity, heat or fluid). The controlled element’is’a unit, e.g. motor, pump, heater, fan

etc.
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A.4.17.2 Technical description
A.4.17.21 Function template schematic
Inputs SBE Outputs
Pos high feedback (MCC) XGH Y Normal function output
External set high XH?Y YH Pulsed normal function output high
External set low XL YL Pulsed normal function output low
External outside set high XOH YF Function failed
External outside set low XOL BCH Output position high confirmed
External fault XF BCL |Output position low confirmed
Externapy-emabted (MCC) KE BA Status—autorman
Lock sateguarding high LSH BO Status outside
Lock safeguarding low LSL BS Status safeguarding
Force safeguarding high FSH BB Status blocked
Force safeguarding low FSL BU Status suppressed
Force [disable transition| FDH BXH Status external.set high
high
Force d|sable transition low | FDL BXL Status extetnal set low
Force blocking FB
Force spppression FU
Lock aufo LA
Lock m{nual LM
Lock oufside LO

Operatdr station:
Auto/Manual/Outside

Set output on(high)/off(low)
Blocking on/off
Suppregsion on/off

Information from SBC®?9
External set high
External set low

Priority provided by.SBC

6) Dependent’of vendor solution.

) Willlnot'be shown on SCD.

Operator station:
Alarms and faults
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

9  Terminal name will be shown as X connected to Y1....Y6 on SBC on the SCD.

Figure A.16 — SBE function template schematic
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A.4.17.2.2 1/0 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. XL is
dominant over XH.
X0 Binary input External outside set high | 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
XH Binary input External Fault Loop failure, e.g. I/O card broken.
XH Binary input Externally enabled |XE = 1 is required for a start. The effect on Y when Xg 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 if
manual mode and Y to 1 regardless of failure state. Input is
subject to blocking. When sjgnal goes low, the template
remains in manual mode’and Y = 1.
LSL Binary input Lock safeguarding |Safeguarding — LSk~=1 Overrule operator possibility tp
low. operate Start/Stop and Auto/Manual. Locks template tp
manual mode“and Y to 0 regardless of failure state. Input is
subject to blocking. When signal goes low, the template
remains.in manual mode and Y = 0.
FSH Binary input Force safeguarding |Safegtiarding — FSH = 1 Overrule operator possibility o
high opefate Start/Stop. Sets Y to1 regardless of failure stgte.
When signal is reset, the template will react to actual
tefrminal statuses again. Signal is subject to blocking. |f in
Manual mode, the output (Y) remains 1 after signal refurns
to normal.
FSIL Binary input Force safeguarding |Safeguarding FSH = 0 Overrule operator possibility to
low operate Start/Stop. Sets to 0 regardless of failure state.
When signal is 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.
FDIL Binary input Force disable Permissive to stop when FDL = 0 and prevents equipnpent
transition low. from being stopped when FDL = 1.
Signal is subject to blocking.
FH Binary input Force blocking FB = 1. Safeguarding action LSH, LSL, FSH, FSL and|FDH
amdFDtwittbetocked:
FU Binary input Force suppression FU = 1. Alarm annunciation is suppressed,
YF = 0. and statuses XF, XE and XGH are neglected.
LA Binary input Lock auto Locks the template in auto mode. When LA is reset, the
template remains in auto mode.
LM Binary input Lock manual Locks the template in manual mode. When LM is reset, the
template remains in manual mode.
LO Binary input Lock outside Locks the template in outside mode. When LO goes low the

template will be set to manual mode.



https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017

— 97 —

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 change in
feedback while in run or stop or XE = 0.
BCH Binary output | Output position high |Output Y compared to feedback position high limit swifch
confirmed and validated as true (set BCH = 1if Y =1 and XGH'H 1).
XF has no impact on BCH.
BCLL Binary output Output position low |Output Y compared to feedback position low timit swit¢h and
confirmed validated as true (set BCL = 1 if Y = 0_and“XGH = 0).
XF has no impact on BCL.
BY Binary output | Status safeguarding |BS = 1 if any safeguarding input, is/active.
BH Binary output Status blocked BB = 1 when block from operator station is true or FB F 1.
BU Binary output Status suppressed BU = 1 when suppressé€d from operator station is true |or
FU =1.
B/ Binary output Status auto/man BA =1 when in aute’mode.
B( Binary output Status outside BO = 1 when‘outside mode set from operator station or
LO =1.
BXH Binary output Status external set |BXH = d“when SBE is in auto and XH = 1 or start signfl from
high SBC.
BXL Binary output Status external set |BXL'=1 when SBE is in auto and XL = 1 or stop signaj 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 Feedback time Maximum allowed time from start/stop 2s
command is given (Y set to 1) to flow element
running/stop feedback (XGH) is set/reset.
1) Analogue Time before action Time from XGH is lost until actions are 2s
when loss of feedback. |performed. Dependent of parameter that select
if there shall be action on loss of XGH.
1) Analogue Pulse time high Pulse length for YH 2ls
1) Analogue Pulse time low Pulse length for YL 2ls
1) Enumeration Template start up Manual and run Manugl and
settings stp
9 Manual and stop P
As previous state
1) Enumeration Operational mode Possible to switch between outside;)manual Possijble to
options and automatic mode swltch
) ) between
Possmlg to switch between manual and manukl and
automatic mode automnatic
Possible to switch bétween manual and mqde
outside mode
Locked in madualmode
Locked in.outside mode
1) Enumeration Outside mode type Outside»OQutput controlled by SAS Lofcal

LoealOutput controlled locally

options

1) Binary Action on external fault {Value: 0 Stop motor — 1 keep running D
1) Binary Action on loss of XE*'|Value: 0 Stop motor — 1 keep running D
while running.
1) Binary Action on loss of run | Value: 0 Stop motor — 1 keep running D
feedback (*XGH)
1) Binary Restarf controller Value: 0 Manual mode and stopped D

Value: 1 Auto mode and follow XH/XL —
stopped if both is ‘0’.

1) If parameter is defined 6n a terminal, it shall start with character P.

A.4.17.3
A.4.117

34

Functional description

General

The following operation mode 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.

See Figure F.33 for complementary function behaviour description of the SBE template.
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A.4.17.3.2 Operation modes

Mode functions

Function

Description

Auto

The input terminals XH/XL will 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 element is controlled by the automation system based on inputs
(XH/XL) from a control function. The flow element 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 operator is able to give open/close commands which will change the output . The
flow element will additionally be subject to safeguarding (shutdown) or interlock.fungtions
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 bef operable from the
HMI system. This shall be reflected by the indication on the operator ‘stations. Outside
control may be implemented in two different ways:

[

status indication only based the on feedback signal (running -pesition high-) from th
MCC;

the actual output to the flow element is controlled by the- automation system based ¢n
inputs (XOH/XOL) from an outside (local) control functien. Then the flow element will be

subject to safeguarding (shutdown) or interlock funétiens overruling the control input. The
error handling and statuses in the template shall be available.

Block

Blocking disables safeguarding mode (LSH/L'SL/FSH/FSL) and the disable transitioi
mode (FDH/FDL).

Syppression

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

Disaple transition
mode

See definition.

A.4.17.3.3 Control requirements

Control functions

Function Description
Symbols Thesymbols used on VDUs shall 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.

Quty/standby
operation

Intended for automatic supervision of flow elements operating in parallel to increase
the system availability. The priority is selected by the coordinator block (SBC) and
transferred to the template for visualisation purpose. Start/stop and status informjation
from/to SBE to/from SBC to perform the required duty/standby actions is

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 done if 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 on this event.

A.4.17.3.5 Error handling

Error functions

Function Description

Hxternal fault If XF is 1:
Prevent start.
Shall be possible to generate alarm and set outputwF.

Switch to manual mode if possible (not if LO 5.1 or only outside option) and stop|
motor (depending on parameter).

Loss of XE Prevent start.
Shall be possible to generate alarm’and set output YF.

Switch to manual mode if possible (not if LO = 1 or only outside option) and stop|
motor (depending on parameter).

Fepdback failure Discrepancy between XGH status and Y status when feedback time is elapsed.
Feedback time is activeswhen shall change state. If XGH is lost when Y = 1, a tifner
will delay action.

Shall be possible.to generate alarm and set output YF.
Switch to manual mode if possible (not if LO = 1 or only outside option).

Stop motor.

Q

Safeguarding failure Shall'be possible to generate dedicated alarm when feedback failure obtained ar
safeguarding is set.

A.4.1j SBV ~Control of pneumatic/hydraulic equipment
1

A.4.1 Intended use

The 9BV 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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A.4.18.2 Technical description

A.4.18.2.1 Function template schematic

Inputs SBV Outputs

Position high feedback XGH Y | Normal function output
Position low feedback XGL YH | Pulsed normal function output high
External set high XH YL |Pulsed normal function output low
External set low XL YF | Function failed

External outside set high XOH BCH | Output position high confirmed
External outside set low XOL BCL | Output position low confirmed
External fault XF BS | Status safeguarding

Lock safeguarding-high LSH BB Status blocked

Lock gafeguarding low LSL BU | Status suppressed
Force|safeguarding high FSH BA | Status auto/man
Force|safeguarding low FSL BO | Status outside

Force| disable transition| FDH

high

Forcel|disable transition low | FDL

Force|blocking FB

Force|suppression FU

Lock quto LA

Lock manual LM

Lock qutside LO

Operattor station:
Auto/Manual/Outside

Set |output open(high)/
close(Jow)

Blockipg on/off
Supprgssion on/off

Figure A.17 — SBV function template schematic

Operator station:
Alarms and faults
Open/Opening/Closed/Closing

Auto/Manual/Outside
Blocked

Suppressed

Disabled
Safeguarding
Conflict
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A.4.18.2.2 1/0 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 process or logic to function template which set
high signal (Y = 1) to flow device in auto mode.
AL Binary input External set low From process or logic to function template which\spt
high signal (Y = 0) to flow device in auto made.
XOH Binary input External outside set |Set high signal (positive edge) to open flowidevice|in
high outside mode.
XPL Binary input External outside set |Set low signal (positive edge) to close flow device fin
low outside mode.
XF Binary input External fault Loop failure-e.g. 1/0 card broken.
L$H Binary input Lock safeguarding |Safeguarding — LSH =_1 overrules operator inputs.|Locks
high the template in manual mode with Y = 1. Input is shbject
to blocking. When.Signal is reset, the template remains
in manual mode@nd Y = 1.
LeL Binary input Lock safeguarding |Safeguarding,— LSL = 1 overrules operator inputs.|Locks
low the template in manual mode with Y = 0. Input is spbject
to blocking¥When signal is reset, the template remains
in manual mode and Y = 0.
F$H Binary input Force safeguarding |Safeguarding — Signal overrules operator inputs fofces
high the Y to 1. When signal goes low, the template will react
to actual terminal status again if in auto mode. Sigphal is
subject to blocking.
If in manual mode, the output (Y) remains high after
signal returns to normal.
FHL 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 node.
Signal is subject to blocking.
If in manual mode, the output (Y) remains low afte
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 goes low, 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 goes low, the
template remains in 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 device, Open Y = 1 and close
Y =0.
YH Binary output Pulsed normal function |Pulse open command YH = 1 (one pulse).
output high
YL Binary output Pulsed normal function |Pulse close command YL = 1 (one pulse).
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 feedback position high|limit
confirmed switch and validated as true (BCH = 1 if X =1 and
XGH =1).
BLCL Binary output Output position low Output Y compared to feedback pasition low [imit
confirmed switch and validated as true (BCL+ 1if Y = ( and
BCL =1).
BS Binary output Status safeguarding BS = 1 if any safeguarding input is active.
BB Binary output Status blocked BB = 1 if blocking fromyeperator station is trug or
FB =1.
HU Binary output Status suppressed BU = 1 if suppressed from operator station is|true
or FU = 1.
HA Binary output Status auto/man BA =1 whehn'in auto mode.
O Binary output Status outside BO =1, when set outside from operator statioh or

L@ =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) is set.
1) Analogue Travel time close | Maximum allowed time from close 30s
command is given to process element (Y
set to 0) to closed feedback (XGL) is set.
1 Analogue Pulse time open |Pulse length for YH 2B
1 Analogue Pulse time close |Pulse length for YL 2B
Enumeration Template start up | Closed Cloged
state Open
Based on feedback (XGH/XGL)
1 Enumeration Template start up | Manual Manjual
mode Auto
As previous state ')
1 Enumeration Operation mode |Possible to switch between outside, manual -
options and automatic mode.
Possible to switch betweén manual and
automatic mode.
Possible to switch\between manual and
outside mode.
Locked in manual mode.
Locked in @utside mode.
1 Enumeration Outside mode | Outside)»Output controlled by SAS Lodal
type Local: "*Output controlled locally
1 Enumeration Feedback type [|Ne limit-switch feedback. Positiop high
Position high limit-switch feedback only. and low limit
Position low limit-switch feedback only. switghes
Position high and low limit switches feedback
feedback.
1 Enumeration Action.on fault |No action No agtion
Close
Open
1) Pagameter code to be defined if used on a terminal. It shall then start with the letter P.
10) |f possible in the systeni.
A.4.18.3 Functional description
A.4.18.3.1 General

e manual operation

e manual operation

e manual operation

+ automatic control;

+ outside control;

+ automatic control + outside control;

¢ 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

Mode functions

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

4 " P - 4 ot IR TR
Maridarmy dimu statustes 1T UIe IeTTpidaic STidil UE dvalldlic.

Manual

The operator is able to give open/close commands which will change the output Y.

The flow device will additionally be subject to safeguarding (shutdown) 6r interlogk
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 deviece will not be operable
from the HMI system. This shall be reflected by the indication on the operator
stations. Outside control may be implemented in two differentways:

status indication only based the on position high and/orposition 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 ill
be subject to safeguarding (shutdown) or interlock functions overruling the contrpl
input. The error handling and statuses in-the template shall be available.

Block

Blocking disables safeguarding mode\(L SH/LSL/FSH/FSL) and the disable transition
mode (FDH/FDL).

Buppression

Suppression sets YF = 0. Disables alarm annunciation. The control template willlact
as the feedback option "no limitiswitches" is selected.

Didable transition See definition.
mode
A.4.18.3.3 Control requirements

Control functions

Function Description
Symbols The symbols used on VDUs shall always show true position (based on XGH and XGL)/sfatus
of the valve.
Rlestart After restart of the controller node the function will be set to a predefined mode and stafe
according to the parameters.
Fepdback The SBV template shall have a parameter to define the four possibilities for limit-switch
mohifefing 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
normal functional 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 assumed to be closed.

Feedback option 3: Position low limit-switch feedback only

As in 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 shown on the operator stations.
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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 done if 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 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 on this event.
A.4.18.3.5 Error handling
Error functions
Function Description
Hxternal fault If XF is 1, it will be reflected directly on the output YF. Shall be possible to generpte

alarm. Action according to parameter.

Opening timeout Shall be possible to generate alarm. The YF shall‘be,set. A dedicated alarm shal| be
possible to generate if the time has elapsed duting a safeguarding action. Action
according to parameter.

Clpsing timeout Shall be possible to generate alarm. The”¥F shall be set. A dedicated alarm shal| be
possible to generate if the time has elapsed during a safeguarding action. Action
according to parameter.

BotH XGH and XGL Shall be possible to generate alafrm: The YF shall be set.
set
Losp of XGL when Shall be possible to generate-alarm. The YF shall be set.
closed
Losg of XGH when Shall be possible to-generate alarm. The YF shall be set.
open
Safepguarding failure Shall be possible to generate dedicated alarm when feedback failure obtained and
safeguarding-is set.
A.4.19 Sequence logic
A.4.19.1 Intended-use
Sequgntial controls allow for processing sequential and parallel operations in a mode that is
discrefe with-respect to time and events. They are used to coordinate different continuous
functigns’ 'as well as controlling complex process sequences. Sequence logic shoyld be
specifledvin a sequential function chart (SFC) format. Sequence oriented tasks shpll 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 sheets still coded as an SCD diagram. The symbols to
be used are defined in Annex B.

The operation, control permissive and dependencies of each sequence is 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
identification
TMIN__ ™ [TMAX Maximum time step
is active . .
Transition service
description
Minimum time step is
active
Step function Transition function
Figure A.18 — Sequential control functions
A.4.19.2.2 1/0 terminals
Input terminals
Termjnal Signal Terminal Supplementary description
code type name
Noft Not Not There are-not defined any input terminal names. Instead an transitipn
applicpble | applicable | applicable |input reference symbol shall be used. The inputs will only enter the

Transition function. This symbol shall as a minimum include followi
fields:

Connection reference number — An unique number within the acty
sequence used for interfacing EFB logic or which can be used as s
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 EF
not a tagged function.

Tag.no/terminal /Comparator / Value- reference to the terminal o
actual Function Template this transition is connected to and the
conditions that should be fulfilled for this terminal.

Service description — Service description for this condition.

9

al
ort

B and

h the
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Output terminals

Terminal
code

Signal
type

Terminal

name

Supplementary description

Not
applicable

Not
applicable

applicable

Not

Tagnolterminal
=

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.

reference-to the terminal on-the actual Eunction

Template.
Service description — Service description for this action.

Connection reference number — An unique number within the”actua
sequence which can be used for interfacing EFB logic(r as short
reference in textual supporting descriptions or other literature.

Drawing reference — Reference to the SCD diagram where the conrjected
Function Template is located.

A.4.19.2.3

Step function parameters with default values

Parameters

Parameter
cofle

Signal type

Parameter
name

Supplementary description Default

1

Analogue

Step T min

Minimum duratien of step. Step is held until this timer
has expired.

Analogue

Step T max

Maximum~duration of step. When this timer expire It shall 0
give an“event/alarm. The step will not automatically
continue in this case. If the max time is set to zero, this
means this 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 seqlence is defined by steps and transitions. The individual steps activate certain ag¢tions.

The trpnsition,ednditions control the transition from one step to the next.

There

shall’be a possibility to do alternative steps, this is done by identifying alterpative
branchésvThe 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 common transition. The end of parallel
branches is 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

Overview

For process and utility systems (e.g. HVAC) the SCDs are in general a simplified version of
the P&IDs/D&IDs where all the piping details have been excluded and where functional
templates and their logical connections have been included. A consequence of this is that the

procey
proces

For pg
functic

It is re

documents (P&ID, D&ID and Single line diagrams).

o e

o me
o fun
e log

In ger

For dIsigns of lines 1SO 128-20 is usedsas basis. However, the symbols introduced

PAS
symbd
SCD,
shutdq

For d¢sign of lines and Vvalve symbols ISO 3511-1 is used as basis. This is again bas

ANSI/
prefer

For sqg
In gen
interfg

The ir[ormation on the SCD is in general divided in the following four categories:
q

bs is presented on a fewer number of sheets. This gives a better overview
S.

wer grid control the SCDs are a simplified version of the single line diagrams whe
nal templates and their logical connections have been included.

commended to design the layout of the SCD independently andCin parallel to the

ipment;
asuring instruments;
ctions;

ical connections.

eral, for design of symbols, ISO/IEC . 84714-1 and ISO/IEC 81714-2 are used as

re specific to SCDs. As there .are no other standard for this type of diagram
Is are not found in any other.standard. They are unique to fit the main purpose
easy readability of the precise functionality of the process control and the pr
wn logic.

SA-5.1, but thereyare some deviations. NORSOK being a European standard
ence for IEC/ISO;"Although this deviates from ANSI/ISA-5.1 on some symbols.

quential-function chart the design of symbols is based on IEC 61131-3 and IEC §
eral the.symbols are expanded to give possibility to carry data and references
cingcontrol and shutdown logic.

bf the

re the

other

basis.
n this
these
of the
ocess

ed on
has a

0848.
to the

Equip

Ent SympolsS on the SUDUS are not defined DYy this PASThe equipment SYMDOIS

used

on SCDs are variants of the symbols used on PFD and P&ID, see also ISA-5.5 and examples

listed

in 1ISO 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

o tanks, pressurized vessels, columns,

o flow machines: fans, pumps, compressors, ejectors, turbines, conveyors and weight
feedcua,

e mikers,

o hept exchangers,

o filters,

e hyfro 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&IDs for equipment. It is
howeVer recommended to pick a limited selection of symbols<{fhe purpose is to only Have a

functignal representation of the equipment. Construction details or internals may be ghown
only where essential for the understanding of associated jinstruments and control.

The equuipment should be tagged.

B.2.1.p Electrical equipment

For power distribution SCDs, the electrical\equipment that shall be monitored or operated by
the control room operator shall 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
betwepn system function andcelectrical equipment.

NOTE |Exception to this is fon ‘electrical actuators for valves. Electrical ref symbol shall not be incluged for
electricpl actuated valves.

All process inline_electrical equipment shall be included on the SCD. Electrical equipment
normdlly included-on the SCDs is

e elgctricalheaters,

o elgctrical-chemical equipment,

e generators,

e motors with extensive instrumentation.
Examples of electrical equipment, which normally will not be shown on the SCDs are

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 symbol shall be used to
give references to such.
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Typical additional equipment is

e tra

o fre

B.2.1.

nsformers (normally only included if instrumentation is involved),

quency converters (normally involves control).

3 Valves

Valves shall be included on the SCDs according to the following list:

e remotely controlled valves with actuator (including on/off valves and control valves);

¢ J|ocal self-actuated control valves or valves controlled from local controllers;

e préssure safety valves, (parallel valves may be shown as one common valve);

e chgck valves, manual valves, rupture discs, flow restriction orifices etc. where, ess
fol understanding system operation.

B.2.2 Measuring instruments

All megasuring instruments with input to the control system, or to local Controllers sh

showr| on the SCD.

Instruments connected to dedicated control systems with separate operator station sh

includ

B.2.3
B.2.3.

The §
status
SAS

under
specif]

All control functions including logally mounted controllers shall be shown.

B.2.3.

All sh
functig
impler
contro
conne

ed where essential for understanding the system.

Functions
1 Control functions

CD shall include all control functions and their interrelation in form of exchar

measuring variables, interlocking and.'suppression. Both functions controlled
and in any package-supplied contkol system shall be identified to give 4
standing for the operation. These functions are represented with different symb
ed later in this annex.

] Shutdown functions

sential

all be

all be

ge of
by the

total
bls as

ns within the”PCS and non-latched shutdown functions within PSD sh
nented asopgical connections between the relevant output and inputs on the app
| functions: Latched shutdown functions within PSD shall be implemented as

ctions-between the relevant output and inputs on the applicable control function

the sh

utdown function template, see Annex A.

Ltdown functions~within PCS and PSD shall be implemented on the SCDs. Shu¥down

Il be
icable
ogical
s and

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

releva

B.2.4

B.2.4.

nt output and inputs on the applicable control functions.
Flow paths
1 Process flow

Flow paths (including recycle lines) which are required for understanding of system operation
for normal operation, start-up and shutdown shall be included.
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B.2.4.2 Signals

The following signals/logical connections shall be shown on the SCD, except when shown in
the SCD legend or in a typical:

e signals between functions templates and field 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 reference triangles;

* sig
B.2.5

The fd

e mi

fur
o flo
* pig
* pif
e lod
. fir.

pri

e Geg
B.2.6

To keep the readability of the SCDs the“following recommendation shall be adhered to:

e fur
int
S(
co

e elg
ing
su

See A

nals from/to sequence reference flags.
Information not shown on the SCDs
llowing information is not shown:
hor flow paths as pipes and ducts not essential for understanding the ¢
ctionality of the system;
W paths from PSVs not important for process understanding
es with valves etc. for maintenance purpose;
e tagging;
al instruments without connection to any control function;

htouts suited for these purposes);

neral utility functions as heat-tracing etc.

Black box representation

ctions, which are not required for the general understanding of the process/s
eractions, may be omitted or described in a short text with reference to a lowe
D where the function ‘may be fully shown. An example is the mechanical par
mpressor;

mentary logic functions of some complexity may on the SCD be shown as a blag
luding textual description of the function. Details of the function may be inclu
pbporting decumentation such as SCD description document.

hnex Exand Figure E.56 as example of black box representation.

ontrol

¢ and gas detection and fire fighting equipment(but may, however, be shown on special

ystem
level
t of a

k box
led in

B.2.7

Parallel equipment

Where parallel, identical, complex equipment shall be shown, only one set may be fully drawn.
The other sets may be shown as reference 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 SCDs is a key factor to obtain readability. The general guidelines below
should be enforced in a way that does not make the 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
process splits shall be considered to minimize the number of interfaces.

As a [guideline for readability of the SCD the process may be sectionalized to proyide a
maximum number of objects requiring function templates, e.g. transmitters, vajves, motors,
etc. The maximum number should be 20 to 30 if the functions are dominated of contrgl, and
40 to pO if the functions are dominated of monitoring. These estimates will héwever be fhighly
depenfdent of amount of equipment and logic complexity,

B.3.3 Location of information on the SCDs
Differgnt type of information should be allocated as follows:

o references to associated SCDs should be located on the @utermost right or left areas
e shputdown applications should be located on the uppet section of the SCD sheet;

e the¢ process and associated function templates should be located in the remaining pafrt.
B.3.4 Direction of flow

The main flow should normally be from left to right in the diagram. This statemgnt is
applicpble for both process flow and for signal flow. However, control signal and procesls flow
may bly nature be contrary to this and exéeptions will occur.

Flow direction arrows at process (lines shall be used where needed to understand thge flow
direction. For signal lines it is limited to the in-terminal on function elements.

B.3.5 Page connectors

flow and signals. They shall be by the defined page connector symbols. Due to the ryles of
flow djrection normally both will go out of the diagram on right hand side and come in pn left
hand $ide of the 'diagram.

ReferTnces to and from/succeeding and preceding SCDs shall be included both for prfocess

The djrection of flow for the two types may be reversed. Such cases should be IimiLed to
where| this 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 where the 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&IDs should be combined into one SCD. (One SCD pr 2-4 P&IDs).The
SCD design should start by analyzing the P&IDs and stripping away all 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.
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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&IDs,
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:

B.4.2

Functi
contral.

The Idft-hand three rows\column is dedicated for

fun

log

sig

ing

reference symbols.

fur

no
co
34

Slystem in SAS e.g.

ic and arithmetic functions;
nal lines;

truments;

Function template symbol

Fundtion template

PCS -C mode ar typical
refaran oz Function template
PSD -P ["DIR 20 /{ tag. number ’
ESD -E Mode reference I‘_-Cm PIC -
lca | 1001A
F&G -F Function tadiplate
type

Figure'B.1 — The function template symbol

ction template ‘mode or typical (internal control mode/variant for specific template

de reference of Function Template. The controller unit in SAS or reference to e
htrollersumit if function template is not in SAS. The controller unit consist norm
igits where the first is a letter which indicates the system in SAS. E.g. C01 wher

on template shall be used for all tagged functions related to instrumentatioh and

ternal
ally of
e Cis

thg

c¢ode for PCS.

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 text field is
free for any additional information to the reader of the SCD.

25\1/ F?I((): Eg? F?I% :f?:l(;itional information
cA 1 1001A cA | 1001A
Feed forward

Figure B.2 — The additional information field
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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 made three different 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@nly to be used
this external system is not shown separately on the SCDyHMI function
integrated in the main control system.

when

Control function and HMI are in a control system externally to the main cq
system. Object must be operated in the'external system. Interface to the
control system should be shown separately if applicable. Symbol for Leve
should then be used.

ntrol
main
I |
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Examples:
20
| CO1 PT
wma | 0304
Control function and HMI fully integrated in the main control system
o
Figure B.3 — Integration level | symbol
[ 23
= COT ] YT
MA [\ 1023
HMI function integrated in the main control system
)]
Figure B.4 — Integration levelill symbol
27
| MET F1
5001
External control function
.
FEigure B.5 — Integration level Ill symbol
B.4.3 Symbols forlogic and arithmetic functions
As a deneral rulei~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 multiplé Input signals can be shown diiferencing between
software and hardware realization:

S S .

Software realisation Hardware realisation

Figure B.6 — Object typical
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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 Terrjlinals
connection line tol be
shpwn
0 Logic "OR" (X1 or X2 =Y) Can be used NA
& Logic "AND" (X1 and X2 =) Can belysed 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
< Comparator low (Y = 1 when X1 < X2, otherwise Y = 0) NA X1,X2
+ Arithmetic plus (X1 + X2 =) NA NA
- Arithmetic minus (X1 — X2 =) NA X1, X2
* Arithmetic multiply (X1 * X2 =) NA NA
/ Arithmetic division (X1 /X2 =) NA X1, X2
M Memory element (S = set, R = reset) ¥ NA SR
S Split of signal NA NA
# Optional formula — Terminal names users choice. See Figure B.8. Can be used All
A énal;)gue select by digitalinput Y = X1 when S =0, Y = X2 when NA S, X1,X2
1) Ddminant terminal to be indicated by underlining the terminal name. If no terminal is underlined R = reset is
to|be considered dominaat.
The analog selector is defined with this illustration. The input/terminal name shall for this
functign be presented on the diagram. The inputs can then have a different position into the
symbql.

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 |lggicetementsforsingte sigmatoperatiomare defimedm Tabte B-3:

Table B.3 — Timer/pulse logic diagrams

Logic diagram

Description Symbol m
Inverter - A-»[T}-Cc> C

Timer

(delay on rising edge) A= 5 o C
s

Timer
. -—-A- --C5p C
(delay on falling edge) *\; $

Pulse generator

(pos. pulse on false — true) “‘A"E“C—> C I_I
5s

Pulse generator

(pos. pulse on true — false) WfA'f’Ets"O” C |_|_|_|

All symbols shall maintain:the orientation of the symbol regardless of the relative signpl line

orientation.

B.4.4 Extendéd:connection line for EFB functions

To objain better readability there might be need for more inputs or outputs than the symbol
itself ¢gan accommodate. In these cases a "wall" can be used. The line used can be stretched

to deslired length.

These connection lines may be represent by one or a combination of multiple EFB’s
control system.

See Figure B.9, Figure B.10 and Figure B.11.

Figure B.9 — Multiple split by extended connection line

in the
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—————— >

[AHH ___ 20 FH____p

a0 [BRHH___ cooz| FT [BXH___

o1 T PBXH MA | 1001 [BXL___ pJ

ma | 1001 [WH__ WL )
BXL ALL

_______ - ===~ P

Figure B.11 — Multiple function terminals by extended connection line

B.4.5 Parameter labels

To implement process parameters, numbers and Jogical operands the symbol shown in
Figurgd B.12 should be used.

———*é-—+

Figure B.12 — Fixed parameter label

B.4.6 Signal line

Double arrow = Normally energised

Figure B.13 — Signal line
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
recommended practice to use on digital input signals where you want to 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 used to indicate
digital communication. Such communication can contain several information elements
between two objects all represented with a single digital communication line.


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 -121 -

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 power line
Wherg a signal goes from logic in one node to an elementary logic element.in another rjode it
is impprtant to identify where the interface is. A node split symbol for signallines is defiped to
identifly where the split is. See Figure B.16
77 co1| Fo5 77
cot | HS "Jf_@ ————————— Xt Fo5 | GM
HB 067 2s sev | 065
Figure B.16 — Node split symbol for signal lines

B.4.7 Process line
For the process there shall be two types ©f 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 |process line is used for return lines, chemical injection points, cooling/heating mjedium

etc. T
conte
coolin

1) M

he same pipe may bg jdrawn with different size on different SCDs depende
ts. E.g. on SCD for cooling system the distribution pipe is main, while when us
j medium in process=cooler on another SCD the pipe will be minor.

hjor process line:

nt on
ed as

2) M

>

Figure B.17 — Major process line

inor process line:

>

Figure B.18 — Minor process line

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 s|gnal split can also be represented by a simple "dot". It is recommended that on|y one
type of split presentation is used on the same drawing.

Figure B.20 — Simplified.line connections

For prpcess lines the dot shall not be used.

>
Split
—
| Joint
>

Figure B.21 — Process line 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 signal line crossing/jump

For crossing lines the vertical line shall have a gap, see Figure B.22.

Figure B.22 - Line crossing

B.4.1 Sequential flow chart lines

For the sequential flow chart the flow path shall be indicated ¢using a line shown in
Figurg B.23.

Figure B.23 — SFC lines

For signals lines into the transitions and out from steps to actions the general signal ling shall
be use¢d.

For brianching the sequence into alternative routes the alternative branch line should be|used.
Ref Figure B.24

Eigure B 24 — SFC alternative branch line

For branching the sequence into 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
branch line.
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Instruments
20
— > CO1 PT
! MA | 0304
|
|
|
|
? >

The in
on SC

is a deviation from ISO 3511. The reason for the deviation is that the same’ informa

shown

No ta
derive]
dedicq
symbg

B.4.12

The s

Figure B.26 — Instrument

struments shall be drawn with small circles (see Figure B.26) without tag.'identifi
D where the instrument tag may be derived from the associated function templatg

in the function template.

) number shall be provided at this point unless where the process variable can
d from the function code shown in the function template.*The identification
ted for the measured variable shall in that case be (given close to the instr
I, see Figure B.27.

TN

40 N
~—---[cot| LIC |
! cA | 1001

100} LAdoy

5,

Figure B.27 - Instrument tag location

Mechanical equipment

mbols for the equipment shall be identical to symbols defined in the P&ID legend

cation
. This
ion is

ot be
etters
Lment

. Only

the bz

sicvsymbol 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 reason for the deviation is that the same information is shown in the function template.
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23
P06 XV F-—---—- |
sBv | 0045 I
l >

GSL GSH

Figure B.28 — On/off valve

B.4.1t3_M_o_du.lzﬂn.g_r_a.n1La.uabLes
Modulgating control valves is identified by a diaphragm looking actuator, as a genegric §

covering both hydraulic, pneumatic and electrical operated valves, see Figure B.29.

DR[ 43

ci2| PIC [

CA | 0023 !
|

S

Figure B.29 — Modulating_control valve

B.4.13.4 Actuators

For vglves and dampers the actuators is divided in two types. On/off and Modulating.

? On / Off Modulating
Figure B.30 — Actuators variations

B.4.13.5 Dampers

For SCDs covering HYAC a dedicated damper symbol is used. There are different ty
dampegrs see potation in Figure B.31. Identifications of functionality concerning

modulgating or(fail safe will be identical to the valve.

Q

ymbol

bes of
bn/off,

Damper with actuator:

Notification X: F — Fire damper S — Shutoff damper

Figure B.31 — HVAC damper variations
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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.

v

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 according to Figure B.B3.
Fail close Fail open Fail maintain Fail indeterminate

Figure B.33 — Signal failure valve action

B.4.13.8 Normal closed/energized signals

74 23
———-pp FO6 | PSL P02 XV -
MB | 5411 sB | 1023

i

Eigure B.34 — Normally energised input and output signals

Doublg arrowamay be used to indicate normally closed inputs circuits and normally enefgised
outpuf.

B.4.13.9 Normal open/normal close

Normal open/normal close should be shown on the SCD. If shown it 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 normal position
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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 has signal interface to the control system. It is recommended to give the FB
a tag number that 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
equipment is normally SBE.

AAAA AA
A999 NN fF------ 1 Power (text field)
SBE | AAAA : - Main

: - Emergency

| - Hydraulic

: - Pneumatic

v

Utility reference (Power reference tag)
—1— (E.g. Switchboard / A or B side /
Cubicle no etc)

Interface typical
reference code

Tag numbeér,
(equipment'under
control).optional

AANNAAAA

NOTE |Feedback signals 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 Bi36 — Electrical reference symbol

Powel field: shall indicate the“level of power source for the equipment under control ir] clear
text. YWhether 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 [referencefag: shall be the tag reference to the power utility equipment for which the
equipment undel.control is connected/fed from.

Interfdce’ typical code: shall be a code identifying the signal interface setup towards the
electrp ‘equipment, the equipment identified by utility reference tag. In most cases this 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 equipment or inside. It may be omitted if the tag number is 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 recommended to 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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Power (text field)
- Main

- Emergency

- Hydraulic

- Pneumatic

A999 AA +-————————-
sBe | NNN

Utility reference (Power
reference tag)

Interface typical
reference code

Succeeding function
- Variable speed
- Thyristor

A999 AA -
CA NNN

Utility reference (Succeeding
function reference.tag)

Interface typical
reference‘cade

1ag number
(equipment under
control)

NNAANNNAA

Figure B.37 — Electrical reference symbol use for variable drive

NOTE |Feedback signals 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.4.13 Sequence symbols

Sequgnces symbols within~this PAS are based on the principles defined in IEC 60848. The
symbqls have been expanded with more details for better readability and understanding|of the
sequence and its integration into the rest of the SCD control logic.

Following symbuols (see Figure B.38 to Figure B.42) have been defined for use.

Segence number and
‘ description

Tag id of KB template that represent

Seq. Nr.\ DV this sequence

KB tag ref:

SCD ref:

Dwg nr of SCD drawing where KB block is
present

Figure B.38 — SFC sequence start 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

TMIN - [TMAX = Maximum time step
is active

Minimum-time eh:p is

active

Figure B.39 — SFC step symbol

The s{ep symbols define one step in the sequence and have connected(alfactions thaf shall

be pefformed during the step.

Transition
identification

Transition’service
deseription

Figure B.40 — SEC transition symbol

The trpnsition symbol defines one transition gateway in the sequence. All conditions thaft shall

be fulfilled for the sequence to continue at this transition must be connected to it.

Use Note to describe extensive
Connection reference ‘ Drawing reference function
number (optional)

[Tag.no][Terminal][Comparator][Value.

‘ Service description (HMI use)

)

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 step
VA}ZUE LATCHY | (Y/IN)

[Tag.no][Terminal] ‘ Service description (HMI use)

Drawing reference

)

‘ Connection reference number

Figure B.42 — SFC step action symbol
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lly 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
sequence flag as shown in B.4.16.2.

End

Figure B.43 — SFC sequence end symbol

This end symbol is a simple text box symbol that indicates the end of the sequence.

A seqlience can have different flow paths.
Singlg flow sequence paths: The sequence steps follows a single path without 'branching, see
Figurg B.44.
T MIN - TMAX -
y
|
T MIN - TMAX -
y
Figure B.44 — Single branch sequence path
Alternpte sequence paths: The sequence is branched with dedicated transition condifion to
each §tep. This is indicated by an alternate single line branch.
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SEQIDESC 01/ PUMP SHUTDOWN
8 oTPSD100
RefSCD DRILLTRONICS-SCD-006

SHUTDOWN PUMP

cron [
e S ———
oo [ o w2 o
o | omironcsscoon | empsrsanie o
o | oumoncsoon | e
i a0
[0 [ owwroncsscoms P R S
R
[0 [ owirovesfouse | sm T S G S -
[ | omroncs sfouse | masvingsroaraieaed | sndoperesare s nssing o)~ — - %
‘
|
L
T S
[0 [ omrones o e ) SR W N —
e
[0 [_omrovcsfeoms = P T D R - --
[ [_owrovcfeoms P D e E— X\
D i et T v owenn e I BT

Parall
transifion’ condition to each
symboh—TFhis—synchronizati
synchronization between steps.

step.

END

sTEP 07

double

Figure B.45- Alternate sequence path

line

| seéquence path: The sequence is synchronised and branched after a co
This is indicated by a

mmon
zation
quires

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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]

5
&
H

H

i

Figure B.46 — Parallel branch sequence path

B.4.1] Reference symbols
1

B.4.16. Page connectors

Page [connectors to and from succeeding and preceding SCD’sheets shall be included both
for prgcess) and signal flow lines. The page connectors represent the connecting links gnd all
transfer of process medium or signals between SCDs shall' be supported by the refgrence
symbaql.

Drawing reference for process connections

Descriptive text Descriptive text

e SCD dwg/sheet ref.> SCD dwg/sheet ref,

Figure B.47=Process line page connectors

The reference shall identify the'drawing where the line continues/originates. In addition| there
shall Be a descriptive textmaking the line recognizable from the one sheet to the other.

Deéscriptive text Descriptive text
————— -- ——@ SCD.dwg/sheet ref, E SCD dwg/sheet ref >----------

Figure B.48 — Signal line page connectors

The verticatTeference shattbe a unique numper to dentify imterconnecting signafs. 1 e 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 where the line originates/continues.

There should not be arrows in 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/PSD objects (reference letters included as examples only)

E =ESD, H=HIPPS, F = F&G
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Figure B.49 — SIS reference triangle

NN.NN
NTYENIN

Wherg
symbd

NN.NN
E

Figure B.50 — Multiple SIS levels reference-triangle

multiple shutdown references from same system is relevant a "stacked" refg
| should be used.

B.4.1.3 Sequence reference flag

The s

quence flag is used on the SCD to identify‘Connection to/from sequence. The seq

rence

uence

flag shall have a unique reference number {6’ a sequence. The cross reference between
sequence number and sequence should be,stated on the SCD. The standard sequence

used
seque
refere

Whersg
multip

hen interconnection is unambiguous — i.e. to a tagged function template.
ce interfaces EFB logic the .extended symbol containing the unique conn
hce number from SFC transitiomor action symbols shall be used.

logic is interfaced by multiple sequences the sequence flag can be expanded t
e sequence reference humbers.

Normal

flag is
If the
ection

b hold

L Action ref no.
Sequence ref no.

Figure B.51 — Sequence reference flags
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Tagging

ction templates on SCD shall 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 recommended that the same tag 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 |

rger equipment, as various processing vessels, a short name/description sho

Id be

includ

B.6

Each
For cd

ed if not obvious from SCD title.

Terminal codes

function template has a defined set of input and output terminalscand terminal ¢
mplete overview of terminal codes, see Table A.2.

On th¢ diagram the logical signal flow between the function templates should be identif]

makin

g connections between the relevant terminals on the'-different function ter

odes.

ed by
nplate

symbqls. The connection point on the symbol shall carry theelevant terminal code. Terminals

WH, V
they a

To ide
additiq

The Ig

VL and WYV shall be indicated on the function template if alarms are defined alt
re not connected to downstream logic.

ntify a signal interconnecting two functions, use the terminal codes for identifica
n to function type and function tag number:

cation of the signal connections should'be arranged as illustrated in Figure B.52.

suppression

—————— = Typ i
inputs node Tag outputs
—————— > FB e

A

hough

ion in

Locati

ons:

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(!);

o 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 mode selection should be located at the bottom of the function template.

(M) Th

e sequence of outputs should follow the value of the limit of the threshold, lowest at bottom.
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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 diagrams shall be M.

The symbols sizes (see Table B.4) are relative to A1 size drawing.

—  152M |=—

2M—»{ -

—» 9/2M <

plants use tag names that reqy
more characters.

Table B.4 — Symbol sizes
Symbol Comments
12M
= - >
999999 4 Level 1 symbol
Tk |A%9 ABCDE| =
AAAA| 999999 | ©
Abcdefghjkimnopq 1/ Symbol width may be increasef if

ires

Mﬁ>‘ -—
AAAA| /999999
A999 | ABCDE

AAAA|\999999
Abcdefghjklmnopq

Level 2 symbol

32N> |-

AAAA| 999999
A999-\ABCDE

AAAA| 999999
Abcdefghjkimnopq

Level 3 symbol

i

AAAA L QQQQQQ
4 =4

Terminal connection points

Distance between connection

oints

T e s
AAAA
= 1

N =

shall be Z M.

First connection is M distance
corner.

from

Font 8 Font type = Arial

Font 8

Font 10

Font 8 IAAAA| 999999

—{A999 | ABCDE| |
Font8 ——[AAAA| 999999
Abcdefghjkimnopq

Font sizes

Font 8 = 2 mm height

Font 10 = 2,5 mm height distance
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Symbol Comments
-
dl
—'l Terminal names to be Font 8.
53 —Y—| Text for signals entering from
C12 PIC | top/bottom should be rotated left.
CA | 0123C v I_nputs on left a_nd bot?om should be
5 right-bottom aligned, inputs on top
(_DI | and outputs left-bottom aligned.
X L—
Elementary function blocks symbols
& s — -
© v 2Mm Font Arial 8 = height 2 moh
f |

One connection mid an|all four
sides.

Hardwaresignal split symbol
Font‘Arial 8 = height 2 mm

One’connection mid on all four
Sides.

*
i
1/2M

Elementary function blocks symbols
Pulse and timer with arrow
Font 8 =2 mm height

One connection mid on all four
sides.

Variable—» -

Fixed value input symbol
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 gircle

Line — instrument stem — 0,35 mm

Variable—sf——O— Y
A
©
Qo
@
=
@
>

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
2M 2M . .
# Valve connection for process line
mid-on left and right side
= =
N o Actuator signal connection mid on
w . .
top. For on/off valve optional signal
f connections also mid on left and
4am 4m right side to allow for multiple
safeguard connections.
Damper and actuator symbol
32M—=—> . .
! Damper connection for duct line
N mid-on left and right side
# 9 Actuator signal connection'mid on
top. For optional signahconnegtions
® also mid on left and,right side o
allow for multiple safeguard
f f connections.
5 S Damper typecidentification lettgr to
0 ® be in font'Arial 8 = height 2 mm
Safety)system reference triangle
5 k System identification letter to e in
font Arial 10 = height 2,5 mm
NN.NN Shutdown group reference to e in
\/ V i NN.NN font Arial 8 = height 2 mm
N NN.NN The symbol should be variable for
/< NN.NN multiple references.
s E

Connection points tip of triangle and
mid on top.

Sequence flag

Sequence reference number tq be in
font Arial 8 = height 2 mm.

Extended sequence flag

Sequence reference number tq be in
font Arial 8 = height 2 mm.

Extended sequence reference fflag
is used for reference to / from EFB.

Node split for signal lines

Text in symbol to be font

S Arial 8 = height 2 mm
on
| This line has no define connection
¥ points. To be placed on a
connection line.
30M

% -

) J

Seq. Nr.\ Desc
KB tag ref:
SCD ref:

OM—»

Sequence start and KB reference
symbol

Text in symbol to be font
Arial 8 = height 2 mm
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Symbol Comments

Sequence flowchart step symbol
15M

A
A J

Text in symbol to be font
Arial 12 = height 3 mm

T MIN and T MAX to be in font
Arial 8 = height 2 mm

»

Variable
.

Connection points to mid-on top and
TMIN -  [TMAX - bottom.

<

Height to be variable to enable
multiple lines in the middle box.
Each line shall be 3M.

3M—>|

Sequence flowchart transition
15M symbol

Text in symbol to be font
% Arial 12 = height 3 mm

-
A
) J

Connection points to mid-on tgp and
bottom.

Variable

Height tolbe variable to enablg
multiple fines in the bottom box.
EachJine shall be 3M.

3M—»

Sequence flowchart action
feference symbol

Text in symbol to be font
Arial 12 = height 3 mm

VALUE and LATCH to be in font

73M |
28M ‘ Arial 8 = height 2 mm
|

3M~—‘ ‘«

20M. ‘ 0M

Connection points to be mid-o
main part left and right.

Angle of tip to be 90°.

Sequence flowchart condition
reference symbol

Text in symbol to be font
Arial 12 = height 3 mm

valjue Connection points to mid-on lefft and

right.
Angle of tip to be 90°.

M
{3M

-—
A
y

Sequence end symbol.

End Text in symbol to be font
Arial 10 = height 2,5 mm

3M—»

Off page reference symbol for
process lines

The variable length symbols will be
dependant of the length of reference
text in each individual project. It is
recommended that the project

ﬂDescriptive text stalnda;rdlize orr: one Iength.hUsinE .
multiple length increases the risk o
\ SCD de/Sheet ref. > making the diagrams untidy.

Drawing reference font to be
= Arial 12 = height 3 mm.

Variable

Descriptive text font to be
Arial 10 = height 2,5 mm. It may be
multiple lines.

Angle of tip to be 90°.
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Symbol Comments

Off page reference symbol for logic
lines

The variable length symbols will be
dependant of the length of reference

) text in each individual project. It is
Variable—# Descriptive text ‘ recommended that the project
< standardize on one length. Using
2 SCD dwg/sheet ref. > multiple length increases the risk of
Al f making the diagrams untidy.
= Drawing reference font to be
2M—> - ® Arial 12 = height 3 mm.

Descriptive text and reference
number font to be Arial 10,= he¢ight
2,5 mm. It may be multiple lings.

Angle of tip to be 90,

Electrical reference/symbol

The variable length symbols wjll be

Variable— - dependant of the length of refdrence
Abecdefghklmn text in each’ individual project. It is
v | Abecdefghkimn recomimended that the project
Abecdefghklmn standardize on one or two lendths.

Using multiple length increase$ the
fisk of making the diagrams urjtidy.

2M—>|

Text font to be Arial 10 = height
2,5 mm.

Table B.5 — Line sizes

Symbol Comments

Lines shall have following
thickness/weights, see 1ISO 12§

20.
General signal lines — 0,25 mm
Joint point to have M diameter

Single Arrow head to be 1/2M width
————————————————— > and 3/4M length. Angle of singlle
arrow head tip to be 30°

Double arrow head to 1/2M width
and 1/2M length.

Angle of double arrow head tip|to be
60°.

Lines shall have following
thickness/weights, see 1ISO 12§-20.

Sequence flow path lines — 0,2p 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 1SO 128-20.

Sequence alternative branch line —
0,25 mm

Length is variable.
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Symbol Comments

Lines shall have following
thickness/weights, see 1ISO 128-20.

Sequence parallel synchronization
line — 0,25 mm

Double line, distance between lines
0,8 mm

Length is variable.

Lines shall have following
thickness/weights, see 1ISO 128-20.

Data-com—line n,')r-: mm

Circle on line to have 2/3M\diameter

Lines shall have following
thickness/weights, seé ISO 12§-20.
Electrical lines —40,25 mm

Major process-lire — 1,0 mm

Minor procéss line — 0,5 mm"

Arrow.heads to be M width and|2M
lerigth

vy

It recommended to use rounded
corners on process lines to
differentiate even better from ofher
lines. Rounding should be 2 mm.

? @ Line thickness in symbols:
Logic symbols in general — 0,2% 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)
Equipment in general — 0,35 mm

Instrument stem — 0,35 mm

_______ The distance between the
————————————— 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 be printed 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).


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017

— 141 -

Layer 11 — Blue ( RGB: 0,0,255) — Process equipment, valves, instruments and lines
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
—————— » P01 | XV -

BV | 2000 |
o | \\ E /
| \\ ///

]

20 ! I

—O--»{C01| LC |---- | | !

cA | 1000 |

l

|

B.9

B.9.1

It is re
coded

Normg

° pa

Legend sheets

General

as SCD diagrams.

t 1 — symbols and code€s;

Figure B.53 — Colours

commended to make a set of legend:sheets in each project for the SCDs. They sH

Ily the sheets will have following parts:

e palt 2 — project/supplier specific function templates and terminal definition codes;

e pa
B.9.2

This p
for us

t 3 — applications typical.

Part 1: Symbols and codes

art should list the symbols defined in this PAS. It specifies the valid codes to bs

b in function symbol:

e SA

S\units:

e NO

n-SAS units;

e mode/typical.

B.9.3

This p

Part 2: System specific function templates and terminal definition codes

art should list

e project/supplier specific function codes (non-NORSOK functions),

e project/supplier specific function terminal codes (non-NORSOK functions).

Part 2 may require several sheets.

all be

used
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B.9.4 Part 3: Applications typical

This part shall list the typical that should be used throughout the SCDs in 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 SCDs to
increase the readability of them.

For edamples, see Annex E.

B.10 | Drawing frame and title block

The drawing frame shall be in accordance with ISO 5457 and the A1 _fofmat defined therein
with exception to left margin. The assumption is that the diagrams always will be prinfed on
A3 fofmat paper. To allow for punching of holes on left side in A3‘format there shal| 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"1SO 5457, Annex B. If the groject
has ngt specified any defined content, ISO 5457 could©®é used.
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CcA

C.11

Annex C
(informative)

Project execution guideline

Overview

Objectives

The SCD approach represents an overall methodology in order to achieve the following main

object]
e im
e im
e im
e im
e im

c.1.2

ves during the engineering phase:

broved quality;

broved standardization;
broved safety;

broved productivity;

broved process understanding.

Quality

Operdftion and control requirements are defined by a single*document forming the ba

verific|
Verifig
e ve

HV
e ve
e ve
e va
e thi
C.1.3
Impro

applic
Stand
e Cd

ption activities as well as implementation and testing.

ation activities include the following:

5is for

rification of control strategies defined by,other disciplines, e.g. process, mechanical,

AC etc.;

Fification of control strategies defined*by package suppliers;
rification of control system implementation;

idate operation and controkstrategies with client/operations;

rd-party verifications refated authority requirements.
Standardisation

ed standardisation will be accomplished on a control system level as well as
htion level.

brdisation/on control system level:

mion functionality in terms of function templates.

on an

e Co

mmon documentation, Independent ot control system supplier.

e Common terminology used for identical control functions, independent of control system
supplier.

Standardisation on application level:

e Common control strategies for all systems.

e Common control strategies for packages.
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Safety

Process safeguarding functions are shown in connection with process control functions
defining the requirements for independent process safeguarding functions in addition to the
process control functions

Process related emergency shutdown functions are also shown in connection with the process
safeguarding and control functions enabling an enhanced understanding of the plant safety
requirements.

C.1.5
The p
e im

e im
co

Efficignt communication between all parties will improve the productivity for the (g
engingers.

The flinctions are defined in an unambiguous manner making the internal disciplines

more

The fact that the SCD present logic unambiguously{ the communication with third g
regarding operation and control will be improved. The SCDs forms the basis for int
discugsions. Design changes may be documented by SCD mark-ups, and attached to m
of megtings etc.

The 4

betwe

Type
e CO
e CO

e CO

The 3CD approach will enable the control engineer to develop the operation and ¢

requir

Field

syster]

The S

e ba

e ap

Productivity

evious objectives will obviously result in an improvement of the productivity as fall

broved standardisation resulting in simpler implementation;

broved quality resulting in less changes during design, test and commissioning
htrol system.

pfficient as additional documents and meetings can be‘reduced.

en the involved parties can be reduced.

bf documents:

mmon document for design, test, commissioning and operation;
mmon document fortall-disciplines;

mmon document(for all package suppliers.

ements in‘parallel with the process design and will thus support concurrent engine

proven* solutions may also be copied from previous projects independent of ¢

OWS!:

of the

ontrol

work

arties
brface
inutes

Imount of interchangeable documents and subsequently the number of dependéncies

ontrol
ering.

ontrol

n<Sapplier.

CD development can be split in two main activities:

sic design;

plication design.

The basic design will normally only be applicable for a first time implementation of the SCD
standard or in order to facilitate new operational requirements.

The application design contains the development of the actual SCDs within a specific project.
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C.2

c.21

Implementation

Objectives

The following main objectives can be defined for the implementation phase:

e un

ambiguous input to implementation;

e improved standardization;

e improved productivity.

C.2.2 Unambiguous input

Unampiguous definition of functional requirements is of vital importanceh for the

implementation phase. Discussions related interpretation of functional requirements.as Well as

possihle re-work is avoided.

The information, which is not relevant for the control system, has compared to a P&ID| been

removied making the implementation effort simpler.

A structured design based on standard templates and basic logic<functions may be djrectly

translated into application logic providing a simple link between-functional requiremen{s and

the actual implementation.

The §CD 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 pjcture.

But th|s is fully dependent on HMI strategy laid down.in each project.

C.2.3 Standardisation

A weSIII defined and widely recognized .standard will provide a basis for development of

corregponding supplier standards.

The need to develop project specific typicals (function blocks) will be significantly reduced.

Functijon blocks based on a.general standard may thus be used independent of specific

project requirements.

Applidations may furthérbe re-used from one project to another.

CcC.24 Productivity

The previous objectives will also impact the productivity as follows:

e unpmbiguous input to the implementation providing a basis for efficient programm|ng as
wdllas-reduced prnhahilify for mndifir\afinnc;

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 a 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 SCDs in order to enable
non-system experts understanding supplier documentation.

SCD DESIGN SUPPLIER HIGH-LEVEL
DOCUMENTATION DOCUMENTATION
7] — = ¢

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-tofmany
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
speciflc template results_in variants depending on control options or parameter selegtions.
The number of variants should be kept to an absolute minimum.

The fynctionality.implemented should also be kept within the range of the original templgte.

C.2.6 Verification

The S[CDssshould 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.31 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.


https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 - 147 -

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 SCDs will thus
be included as a part of the commissioning documentation as such.

The SCDs will 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 SICDs shall be kept updated throughout the commissioning phase.
Comntissioning of the safety and automation system will mainly be based‘on the SCDs.

The SCDs will thus be a "live" document subject to yellow-lining, mark-ups, comments efc.

C.4 | Operation

c.41 General
The development of the system control diagram as*such was initiated in order to proyide a

functignal description of the logic contained. in the safety and automation system for
operalional personnel, not familiar with the supplier logic standard.

C.4.2 Objectives
c.4.21 General
The main objectives by using S€DBs in the operational phase can be related to the followjng:

e safety analysis;
e production control;

e madifications.
c.4.2p Safety analysis

The SCDs$ defines process safeguarding functions in connection with the process gontrol
strategiés. Effects of critical process conditions may thus be evaluated by means pf the
SCDs. “Whatif'-scemarios, as wetas posteventamatysis;, mmay becarriedout:

Process effects related to safeguarding systems documented by means of cause and effects
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 means of 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 SCD representation is closely allied to the operator interface displayed on the VDUs in
the control room. The SCDs will thus provide an unambiguous documentation of the SAS
functionality for the operators with an apparent relationship to the actual operator interface.

The daily use of the SCDs in 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
selecte j O i j is—te -extern e, the
sourcg

of the interlock is often not properly documented elsewhere then on the SCD.

By providing the operators with enhanced possibilities to resolve operational,proeblem(s, the
requirements for reduced manning will be met.

C.5 | Modifications

The §CDs will also be used in connection with modifications to the safety and automation
syste. The methodology applicable for modifications duringthie operational phase will be
similaf to the engineering methodology for application design, implementation and verifigation,
as follpws:

o multidiscipline design;
e ingut to implementation;

e bapis 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 to illustrate 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.
Thesel are not listed in this legend as this PAS does not cover these.

D.2 | Function template symbols
Contrgl function integration level is indicated by following symbols:

Table D.1 —Function template symbols

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
I 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 coptrol
system. Object must be operated in the external system. Interface to the main
control system should be shown separately if applicable. Symbol for Leve
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 alarm lists etc.) or other convenient
operator info.

Add. Info field
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n template terminal placement

Table D.3 — Terminal placement |

suppression

—————— | Typ .
Hputs pode Fag outputs
—————— » FB F—————
mode selection : : feedback signals
AHH_
20 [r-—--»
coop FT _Bl(t'____> Extension of function templaté_symbols if more terminal
VA 1001 _B_XL____> points are required.
WL
AL~
——————— L
D.4 | Reference symbols

Table D.4 — Reference symbols

Symbol Comments

Descriptive text

et S C

D dwg/sheet ref.

Dyescriptive text

Drawing reference for process connection

'S

CDh

dwg/sheet ref,

1234

Jesoriptive text

2 Descriptive text
________ ESCD dwg/sheet ref,

Drawing reference for instrument signals

1234 = Unique signal reference identifying the signal conneftion

SCD dwg/sheet ref > --------

NN.NN Extended sequence reference flag.

Sequence reference flag. Reference to sequence number
(e.g. 01). The cross reference between the sequence number and
relevant sequence diagram shall be available on SCD.



https://iecnorm.com/api/?name=4f0bbbed60931f04348c6dea41add1ca

IEC PAS 63131:2017 © IEC 2017 - 151 -

D.5 Function identifier for safety system interface

Table D.5 — Safety system interface

Symbol Comments

Signal to global safety function —
NN.NN is a reference to a shutdown level.
E — Identifies emergency shutdown safety system, see B.4.2.

|
|

|

: In this example the input is also defined to be failsafe by theldguble
: arrowhead on the logic line.

I

Signal from global safety function/~
NN.NN is a reference to a shitdown level.
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

Iag

Valve normally closed

Valve normally open

Valve to open on loss of electrical signal (FO)

Valve to close on loss of glectrical signal (FC)

Valve to be locked on loss of signal (FL)

Valve will fail indeterminate on loss of signal (FI)

Transmitter

Safety relief element

| = %R0 160 |0 160 | (|

23
P06 XV - )
sBv | |0045

Low (GSL) and high (GSH) limit switch indicator

504

>

GSL GSH

Power (text field)
- Main

- Emergency

- Hydraulic

- Pneumatic .
Power (text field)

Utility reference (power reference tag)
Utility reference (Power Interface typical (reference code)
reference tag)

Interface typical
reference code
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D.7 Instrument signals
Table D.7 — Instrument signals
Symbol Comments
|
|
| General signal, e.g. logic software signal within a node or
: hardwired signal from transmitter to SAS. Can also be used for bus
| signals and serial lines.
L -
| Data communication link, i.e. bus or serial line. The Sighal ling
0 reflects the logic end points of the signal, and natithe actual Hus
topology.
oO—O0o0——
D.8 | Constant values

Table D.8 — Constant values

Symbol Comments

Constant values.Used as parameters to logical/arithmetic elemgnts,

12 degC > — — e.g. timers,.pUlses. To be shown as a signal into the actual element.

Value of parameter, e.g. 12 °C. Engineering unit to be added when
requjred for control understanding.
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Table D.9 — Logic and arithmetic symbols
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Symbol

Comments

Hardware split

Software split

. normal
—————————— -T-———“‘__ simplified
I
e
I
I
I
I
v Software function
______ >0y ----—->
See’Table B.2

Connection extension line

Multiple input to software function

Inverter

Rulca 1 o nocitiva nuloa tinan trancitl
Hpe—tahSt

A fram O+
Ao t

Tt SE—ES—pPoSHHVEePthSe

(10 sec = duration of pulse)

10s See Table B.3
Time delay, i.e. delayed transition from 0 to 1
________> (5 s = delay time).
Ss See Table B.3
Node split indication, used to identify the node split

between EFB’s.
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D.10 Sequential function chart symbols

Table D.10 — Sequential function chart symbols

Symbol

Comments

Seq. Nr. \ Desc
KB tag ref:
SCD ref:

Sequence start and KB reference
symbol

End

Sequence end symbol.

Step identification

Step service

description

T MIN

N [TMAX = Maximum time step

is active

Minimum time step is
active

Step symbol

Transition
identification

Jiransition service
|

description

Transition symbol

A%UE LATCH,] (Y/N)

Step Active value
Step active value to be presént

(Latched) when exitng €SP oL /{ Senvice description (HMI use% Drawing reference

/

W [ <

\ Connection reference number

Step action symbol

nunber

Eonnection reference Drawing reference

[Tag.no][Terminal][Comparator][Value]
Use Note to describe extensive
function

/ Service description (HMI use)

Transition condition symbol

Sequence flow line

Sequence parallel synchronization
line

Sequence alternative branch line
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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 to illustrate 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 12nex is intended to be a guideline for projects using this PAS for SCD developmient. It
provides the reader with a number of practical examples of expressing monitoring)and dontrol
functigns on SCDs. The examples are extracted from actual SCDs from severahprojects. Any
projecft should specify necessary application typical in addition to the typical“defined |n this
annex, based on the same principles. The application typical used for the_project shotld be
implemented on the project SCD legend.

This duideline covers both basic functional elements as well as comprehensive application
typical. The examples given in this annex are for guideline jpurposes, and if other project
docunments or specification dictates or describe other functionality, they will supersedées the
examples given in this annex.

E.2 |Tagging

All fupction templates shall be tagged. Thegsame tag identification should be use¢d for
identig¢al 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 ghapter will*give a selection of a various application typical. Only a few selected [inputs
and olitputstfor the function templates will be used in the examples.

E.3.2 L “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 MA terminals.
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%

Figure E.1 — MA terminals

57 JAHH p A 57 JAHH g

»cot | PT |WH ——plcoi| PT wr | Col| TT [BXH_p

MA 123 (WL MA 123 MA 123  |BXL _p
ALL _p AL _

E.3.2.

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~thé megsured

instanfaneous flow. The accumulated flow calculation can be started, stopped’or reset

from t

The ¢
alarm
events

The
templ
measu

See F

E.3.2.

For ad
tempe]

ne OS or by logic input.

plculated accumulated flow is monitored and compared to HHK action and H w
5 and a HH status (event) output without alarm annunciation. Applicable alarm|
shall be shown on the SCDs.

nalogue value can be connected directly to the_x ‘input on the QA template.
te should only be used either in series or parallel when indication of the p

red flow on the operator station is necessary.
gure E.2.
21 21 21
> co1| FQ |WH o ef€0r| FT fF---- » co1| FQ |WH
QA 123 MA 123 QA 123

% ?

Figure E.2 — Totalization

B Compensation of measured flow

curate volumetric flow calculations, the measured flow is compensated for pressu
rature. To calculate standardised flow, the measurement also has to be comper

either

arning
s and

A MA
resent

e and
sated

for de

nsity. 10 calculate the compensation a # Tunclion should De used, and a T

specified.

rmula
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21
|m—————— »| CO1 PT }--—- -
: MA 123 |
: 1 Px!
i e 01| TT --p(r)Netel
MA 123
B at
1o 21 :
| --—-+ Co1 FT F---- -
: : MA 123
| |
[

YaQua CH(/ 4. By eh g g4 * (2% AP *1/g) *3600
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21
—p{ CO1 FY
MA 123

Note 1 : CALCULATING VOLUMETRIC FLOW FROM

E.3.2.4
The b

should
(see H
it will
be prgsented as shown in Figure E.5 with the function symbol.
21
ffffffff »| Co1 PT F---—-
| MA | 123A |
} 21 XY 21
ol B kxa%ww.cm 3
[ MA | 123B MA. 123
[ X3
P T 21 !
Il ————pf{c0l| PT f-----
P MA | 123C
Figure E.4 — Use of optional symbol for voting
Figurg
should be explained in the SCD legend for the project.

p=Px*To/(Po*Tx)*po

Figure E.3 — Compensation of flow via a formula

Example of project specific function — Voting of measured variables

bhaviour of the voting (e.g. malfunction etc.) is not defined(within this PAS. This fu

be defined in a project specification as an addendum o this PAS. In example
igure E.4), the optional EFB is used to illustrate the voting algorithm. As it is just
not have any HMI. If a dedicated function with HMF is-defined by the project this

nction
below
n EFB
hould

21

CO1
123

Simplified representation

E.4 showstan example of "simplified representation". Such simplified representations

—————————————————————————— P> 2003 25 F—————————p
———————————————————— »| P05 PT WH
e —m e ——— p#MAV | 1234 |awr
Voting

i

25PT1234A 25PT1234B 25PT1234C

Figure E.5 — Use of project specific function
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It is assumed in example above that the same voting function may be used for different types
of voting. Therefore the mode field 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 as they will 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 HMI to all
connected transmitters and the voting result.

E.3.2.I5 Differential pressure measurement

For measuring of differential pressure in the process, it may be indicated on the 'SCD
the measurement is performed, with simple lines, e.g. across a filter in the‘process li

shown in Figure E.G.

_————

= CO1

MA

44
PDT
123

E.3.2.p Binary measurements

Figure E.6 < Differential pressure measurement

The MB-template is utilised for monitoring and display of binary process variables or

Figurg E.7.

where
ne, as

digital
N, see

inputsf The MB-template comprises functions for operator alarming and action initiatio
w
50
50-CX01 f----- Co2 | XA f---- -
MB 123
UPS Trip
Figure E.7 — MB with action
If only an alarm is given, only the W is shown, see Figure E.8.
53 |w
53-CX01 |----- > Co2 | UA
MB 123

Common alarm

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
GSL limit 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
POT | XV ---
sBv| 123B |
gég
GsL GSH

Figure E.9 — Valve feedback presentation

E.3.3 Action and warning alarms
E.3.3.( General

Action alarms initiate automatic actions in addition to alarm annunciation in CCR. The faction
is pefformed independently of the mode (auto/manual) of,the interlocked objecl, see
Figurg E.10.

62 -
————{co1| PT [WH |

MA 123 WL %
IALL~ _

62
C20| HV -
SBV 123

Figure E.10 — Action alarms

Warniphg alarms warhs—the operator about an undesired process upset. A warning [alarm
enablg¢s the operatoer.to perform corrective actions, but no automatic action is initiated. The
alarm [annunciation-in CCR requires acknowledgement by the operator, see Figure E.11.

57 WH
- cot | TT
: mA——123 WL
|

1

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 SCD to indicate that these alarms are present on the VDU and in
the alarm/event lists.
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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.

g — — — —

T
T
[an]
L
21 [
; o2 PZT
| MA 123

1

Figure E.12 — Force blocking action alarm high

E.3.3.B Suppression

Actionl alarms as well as warning alarms may be suppresséed. Suppression from the OS
supprésses all interlocking action outputs, alarm and fault annhunciation. Single alarms may be
suppressed by external logic, see Figure E.13.

BCL
53 [ors------— LR :
5

cs5| PA |YH___
sBe | 001A [YL__

- | C25 PT
MA 123 ALL __

Main
82ENO001
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 analogue signal output to the pressure control valve, see Figure E.14.

DR | 42
--p»C03| PC f[--
CA | 091

Figure E.14 — PID control

The cpntroller can be operated in either manual, automatic internal or external mode. [When
operaled in automatic mode, the controller can be either direct acting or reverse acting pnd is
identiffed on the SCD. One way of showing this is by writing €ither DIR or REV in the tpp left
cornetf.

If the| process measurement has a trip, this is done with an upstream functior], see
Figurg E.15.

AHH
42 -
- C03 | PT\ [
: MA 091 :
[ YA
|
L1 [DRYY 42
| Ll 008 PC -
I CA 091
|

Figure E.15 — PID control and action alarm
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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 as the input range for secondary controller, see Figure E.16.

DIR
- CO1
CA

20
LC
123

-~~~ REV
~—p{ CO1

20
FC

400

-

E.3.4.8

Split range control (see Figure E.17) should be in software. The controller output is calc
in the |CA template as for standard closed loop control and connected to two OA templa
contrdlling the individual valves. The calibration for the valves is done in the OA templat

E.3.4.F

CA

2o

Figure E.16 — Cascade control

Split range control

DIR
» CO1
CA

20
LC
123

20
- —»@— -»[C01| LV
| oA | 123B
! 0-60%
|
! 20
c——p{CO1| LV
OA | 123B

60-1

00%

Figure E.17 — Split range control

Control of choke valves

ulated
es for
PS.

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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YH

13 PH-——
c18 | HV -Y'----,:
cs | 008 ::

GT

E.3.4.p

Figure E.18 — Choke valve control

Binary control

For bihary (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
»coo| LT [P M e v |-

MA 064 133(':—X—"—> SBV- 064

Figure E;19 — Binary control

The ekample in Figure E.19 showsilevel control using a MA and a SBV template to pwitch

betwegen open and closed valve pasition, depending on the level in the tank.

On/offf control is also performed with a modulating control valve, switching between two

specifled values, e.g. between 0 % and 60 % as shown in Figure E.20.

-
X11 23
S

23 [BXH__ -5 »cos| LV |-
Co9 LT R oA | 064 !
MA 9] 674} BXe———— )\4: |
(60% )-- |
|
y

Figure E.20 — Binary control with modulating control valve
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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 one to stop the motor (YL), see Figure E.21.

E.3.4.p

The ¢xample in Figure E.22 shows a valve being controlled either by flow control
trackilg a function based on the speed of other element:\The operator can set the CA fu

in FT
tracin

BXH X YH
Ry 53 fo-----m
———{c5| LT [P Xplcos| pA Yo o
MA | 401 SBE | 002 Lo
i vy
Main
82EN001-H14
Typical 01
<
Figure E.21 — Start/Stop control of pump
Tracking

mode and clamp the output Y to the XT input:

23

C09 HB

HB 064

23

~—p C09 ST
MA 064

23

~—N\C09 FT
MA 064

by the using the HB function. This will set theFT input and force the CA functio

I
Y
--XIp] 23
co9 | FV
CA 064

or by
nction
hin to

Note 1 Scaling of signal from pulse to flow

Figure E.22 — Tracking of control valve
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Control of on/off valves and dampers

E.3.5.1 General

For co

ntrol of on/off valves and dampers the 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 feedback only;

e position low limit-switch feedback only;

° pO

The i
SCD,

E.3.5.

Figurg

The e
shutdg
the LS

(except blocking) of the SBV template. Using the ALL output will in addition to perfor
ensure that the operator is alarmed. The LSL input can be blocked by the opg¢rator.

action
When
opera

sition high and low switches feedback.

mit-switch feedbacks to the SBV function template is, as a standard, not drawn
but only indicated on the SCD with GSL and GSH below the flow elementi.

P On/Off-valves

E.23 shows a manual operated HV-valve with no limit-switch feedback.

16
c18 HV -
SBV 043 |

Figure E.23.>~ On/Off valve

ample in Figure E.24 shows a PCS shutdown action implemented in PCS system
wn function without SIL demands and not required by ISO 10418 (APl RP 14C).
bL input will ensure that the valve will close independent of state and control

the level increasesyabove ALL, it will remain in manual and closed state, but m
ed manually.

bn the

i.,e. a
Using
mode
m the

ay be

- 53
C25 LT ALL
_ MA 311 ““a'_]
=i 4
53 -7
C25 HV
sBv | 361

Figure E.24 — Safeguarding of On/Off valve
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E.3.5.3 Process shutdown valves

Process shutdown valves are normally operated from PSD, and the PSD level shuts down the
SBV valve utilising the LSL input. If the XV valve has limit switches, they are wired back to the
system containing the SBV template.

PSD

P21 | 25 F-—--————- )
B 4.23 |
|
:

@l GSL
‘¥

23 -
P21 XV
sBv | 163 GSH
Figure E.25 — Safeguarding of PSD valve
E.3.5.4 Emergency shutdown valves for sectionalisation

EV-valves for sectionalisation are operated with separate solenoids from ESD and PSD. EVs
may hjave both open and closed limit 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.

ESD lgvel will normally initiate PSD level. If notyit shall be considered to split the ESD [signal
and safeguard the SBV template.

P21 P?)SP —————————— |

LB '
|
|
|
|
|
|
|
|
|
|

21

P21 | EV | |
sBv | 606 |
|
|
|

GSL GSH

Figure E.26 — Safeguarding of ESD valve

The ESD shutdown group will not be documented on the SCD and is only represented with
the triangular E-symbol.
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5 Emergency shutdown valves for blowdown

BVs should be safeguarded from ESD only, see Figure E.27. The BVs can have limit switches
for both open and closed position feedback wired to ESD.

The s
that re

For 4
depre
Figure

s

‘_____

E.28.

T
9 GSH
20 |-
E01 | BV
sev| 114 GsL

lowdown functions that are possible to operate” from PSD or
ssurisation of compressors, a separate solenoid for PSD or PCS is needed, as sh

V HP FLARE

P21
SBV

The fy

GSH

GSL

Figure E.27 — Safeguarding blowdown valve with only ESD solenoid

PCS,

e.

Figure E-28 — Safeguarding blowdown valve with both ESD and PSD solenoid

hnutdown group is only represented with the triangular E-symbol. The function template
presents the BV in the ESD node should be explicitly shown on the SCD.

y. for
Dwn in

nction template that represents the BV in the ESD node is not shown on the SCID. The

valve should have the imit 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

previo

us clause).
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E.3.6 Failure actions for of on/off valves
E.3.6.1 Fail close

For fail 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.

16 F--—1
c18 | HV |
sBv | 043 :
|
|

Figure E.29 - Fail close

E.3.6.R Fail open

For fa|l 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.

Propefties for definition of fail-open or fail-close function for the valve should be available
within|the SBV template.

16 o5
c18| HV |
sBv | 043 |
|
|

Figure E.30 - Fail open

A douple arrow (see Figure E.31) can be used to indicate fail safe/NE signal. In most projects
uniqug¢ identification is not required as this will be a general requirement to the safety slystem
outpu} butfor projects where there is a variety of NDE and NE output the use of double|arrow
for N

outputs will add clarity.

16 F--—1
PO3 | HV |
sBv | 043 |

|

Figure E.31 — Normally energised output signal
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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 shown in Figure E.32.

YH

16 _________ |

Cc18 HV |
sev| 043 |Y-_. :
l Y

Figure E.32 - Fail maintain

E.3.7 On/off valves and control valve interaction

Contrgl valves located downstream on/off valves should be closed subsequent to closure of
the om/off valve. The position confirmed low (BCL) output may be used to shutdown the
contrdgl valve (using either FSL or LSL depending on project philésophy), see Figure E.338.

p21| PSD |
3.1
LB (7|) !
A | BCL
20 o ——- K
P21 XV Eass |
SBV 358 | :
! %)
-
I 20
————————— I-p C18 LC +--
I CA 355 :
Oil level |
[i_
GSL GSH

Figure E.33 — On/Off and control valve interaction

E.3.8 L “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 shown as given in Figure E.34.

All mqg

via data link, as the example in Figure E.34, or hardwired. The typical signal int

betwe
additig
are ng
the pr|
shoulq

LV mq
availa

Additi
or loa

Heate

XH
—————— > 53
---XL _plc25| PA %—OT
SBE 002
Main
82ENO001-H14
Typicat 01

-

Figure E.34 — Communication interface to motor control center

tor control is performed from PCS. The signal interfacenffom PCS to the MCC m

en PCS and MCC for low-voltage motors are alstart (YH) and stop (YL) sign
n to available and running feedback signals./Available and running feedback §
t shown explicitly on the SCD, but will be a.part of the standardized MCC interfg
pject, other interface may also be defined¢by the project. The standard MCC int
be specified on the project SCD legend.

tors may also be controlled by one-common hardwired start/stop signal, in addi
ble and running feedback signals.

bnally the motors may haveltrip signals from separate package logic, PSD, F&G,
| shedding trip from the electrical system. This is shown explicitly on the SCD.

's are equal to motors.

ay be
erface
als in
ignals
ce for
brface

ion to

ESD,
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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.

There
ShutD|

> 62 53
c20 | LT c20 | PA XH"""““.
MA 202 |ALL SBE 002 YL_______ |
MAIN
82EN001-H23
Typical 02
-

Figure E.35 — Safeguarding of-motor

is normally no use for latching the unit protection of equipment in a USD leve
own). The shutdown will use the LSL input«ef the FB controlling the equipment

(Unit
when
might

plate,

latching is necessary. It is therefore normally nokuse for a USD level. In some cases it
be desirable to introduce a USD level, for instance when there are needs to block, systemise
or vispialise the unit protection. This USD lewvel should be implemented with a LB ten
see Figure E.36.
50 P |
ca5 || PT | 2l
MA || 504 |ALL _ ! 2y
I 50
%}—» C25 g%? - |cs | PA PHo___
LB ' SBe | 006A YL_______ |
. vy
50 HH- MAIN
C25 TT 82ENO001-H15
MA || 503 Typical 04

>

Figure E.36 — Unit shutdown level 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 shutdown is transmitted directly to the MCC and the SCD representation should be as
shown in Figure E.37.

p21| PSD L __ i lgi ————»@- ———————————————— |
B |+ sB | 001A-P ol !
) |
43 \
c25 | PA PH-_p MAIN
sBE | 001A [YL-— i 82FN001-H17
Typical 03
<
Figure E.37 — Process shutdown level safeguarding of pump
Upon [safeguarding activation the hardwired output Y signal<from the single shutdown [signal
functigon template SB to the trip-relay in the motors circuit breaker is de-energised| thus
electrically isolating the motor.
When|the motor is tripped from PSD, the output, sighal Y should be split and used to get the
LSL ipput of the corresponding SBE template, This forces the SBE template in to & lock
safegyarding low state, thus setting the SBE’ in manual and low. This will result|in an
additignal stop signal being transmitted from the SBE and will prevent the SBE from raising a
discrepancy alarm.
Conngcting to the SBE's LSL termijnal’ via SB, and not directly from LB, allows for singlg-point
overrigle (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 as in Figure E.38.

Electr
therm

39
PSD

P21 -—— B P21 PA ———»(;)— ————————————————

B | 44 s8 | 001A-P . |

| :

|

Ay y

20 1BXH___XH,) ag IYH _ o MAIN
———p C18 LT L c18 PA 82EN001-H19
MA | 402 [BXL___ XL » sBE | 001A PL__ _pl" Typical 05

Figure E.38 — Pump with automatic on/off control and PSD interlock

FE —o——o— 82EN001-H21

001A

39
PSD
P21 - ——-p P21 FE ———N;)—
LB 441 sB | 001A-P 1
|
oy
-
XH v
e
! c18
30 BXH_| _ Xy lsae
ciplcig| TT |
MA | 407 [BXL

cal heaters should be shown similarly, but with an additional note about the local
stor for TAHH protection, seexkigure E.39.

MAIN

Typical 03

Note 1

D

Note 1: Activations of local TAHH in
heater initiates 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 Lo

w 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.F High voltage motors with modulating control

For vdriable speed high-voltage motors, different types of frequency converters miay be

The detailed signal interface towards the frequency converter may vary forythe different
of converters as well as the specific application. A typical example with(data communi

interfgce to the frequency converter in Figure E.40 and one with hardwired are gi

Figurg E.41.
. v
! MAIN
| 82EN001-HO1
_____________ | 39ER001
|
Ay
39 FREQ. CONVERT.
cls| PA |—o o 39ER001
sge | 001 |-BCk- Typical 11
l
|
2y
39
c18 PC
CA 0401

—O————————-,v

-

ised.

types
cation
en in

C18

MA

39
ST
000

Figure E.40 — Low voltage motors with modulating control via data communication
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39
P21 PA -———»(;)- ——————————————————— .
SB 001A | ;
! MAIN
| 82EN001-H1
_____________ ! 39ER001
|
] FREQ. CONVERT.
Sl P staRrisTOP | Sop oy
sBE | 001 |BCL_ R > Typical 12
| | o)
i | i
<y : o
39 ! Z!
39
> c18| PC L- 21
Bl - »{C18| ST
i cA | 0101 Q VA 0007
|
|
|
|
! ‘

Figure E.41 — Low voltage motors with modulating control via hardwired signals

Runnipg and available are connected to the SBE tempfate, but not drawn on the SCD. Actual
speed|and speed ref. should be drawn on the SCD.

E.3.8.B Duty/standby, lead lag

For dlity/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
are ddne by interfacing the SBC template as shown in Figure E.42.

X 21
———————— | C25 PA PMH_________
SBE| 002A PL_______ \

|
}
l MAIN
|
|
|

82EN001A-H05
Typical 01

3

Sta”@,l,,,)ﬂﬁ’ DS 21 1Y1_

c25" PA 2
Stopplall____Xip{Sgc| 002

21
4------ »| C25 PA XH,,,,,,,,,‘
SsBE| 002B PL_______ \

Y
MAIN
82EN001B-H05
Typical 01

&)

Figure E.42 — Duty/standby or lead/lag
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The pumps can either be started manual/individually by the operators or by logic. The SBEs
must be set in auto for the SBC to control them.

E.3.8.9 Three pumps in 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.

> 25 RA YH
SBE| 002A YL_______ !

|

| Y

! MAIN

} 82ENO01A-HO3
Start_nirlZ___)_(2_H‘> 0 21 Y1_ | Typlcal 04
Statmin1__ X1Hp"co5 | PA Y2 ——.
Stoppall ____Xiplsgc| 002 [Y3_

—f

-9l C25 PA PH_O________
SBE| 002B PML_______ |

[
|

[

[

|

\

[

|

1

[

| MAIN
! 82EN002A-HO05
[

[

[

\

\

[

|

|

[

\

\

[

|

JTypical 04

X 21
————— » €26 PA _YH_________‘
SBE | 002C PYL_______ |

Y
MAIN
82EN001B-H03
Typical 04

£)

Figure E.43 — Three pumps in 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 PCS is
responsible for the normal control (on/off, duty/stand by, temperature control etc) while the
F&G performs the safety critical actions (shutdown of fans, heaters, closing dampers etc.).

E.3.9.2 Control of HVYAC 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.
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In case of a fire or gas detection in a HVAC systems intake, the relevant fire dampers will 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
FO05. This is to clarify in which node the 2s pulse should be located. In this case the pulse will
reside in node FO05.

()
.|
77 Co01| FO5 77
col | HS F-o-f-»Pr-—--———-XHplFo5| GM [--
HB || 067 2s —-XLpl'sBv | 065

)

GSL GSH

Figure E.44 — Control of HVAC dampers

Fire dampers are generally equipped withclosed limit switches wired back to the slystem
contaiping the SBV controlling the damper.\The limit switches are indicated on the SCOs, but
not drawn back to the SBV template.

A fire [damper can in some cases have a combined functionality. In addition to work as| a fire
dampgr, it can also have the functjonality as a shutoff damper.

The relevant fire dampers, will be closed in case of a fire, but also when the HVAC system is
not rupning. See Figure-E:45.
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Figure E.45 — HVAC fan and fire damper controllon BCL and BCH

E.3.9.3 Control of HVAC fans

See Fjgure E.46. Start of HVAC fans will normally:be manually initiated from the OS. Sgtart of
a HVAC system should activate the actual stpply and extract fans. No fan should be
permifted to start unless both inlet and outlet‘fire/shutoff dampers are confirmed open. In
additign to manual stop initiated from the OS, a HVAC fan will be stopped from the lpgic if
either|inlet or outlet fire dampers should-¢close. In case of a fire or gas detection in a HVAC
systems intake, the relevant fans will be'shut down from F&G.

To avpid over- or under pressure,-supply and extract fans for the HVAC system should be
interlgcked. If extract fan stops\the supply fan should be stopped, and vice versa.

e 77 P |

| F32 GD -=-- }

| SBe | O01A [BCL_ _ 4 _  ______
- |

|

|

|

|

|

|

EMERGENCY

|
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i

84EN001A-HO2 |

,,,,,,,,, » 77 F--! Typical 71 |
L C25 GD v2 |
~~T}-“=p{sBC | 001 |- |
|

|

|

|

|

|

|

|

e 77 Fo- |

F32 GD il-,,,‘ !
sBe | 001A kEiC,LH,WFﬁﬁf’ s

82EN002B-H02
Typical 71

—

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.
When the HVAC supply fan is confirmed running, the heater will 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 or if 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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(%} 77777777777 Xyl 'SeE | 003A [BOL b A
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" P | P
Ly vy .
REV 77 MAIN | [ |
—-» C01 | ¢FC\" |- 82ENO0TA-HO3 ! v‘+ +
cA | 0382A Typical 72 ! AN
| | 82EN0O0TA-H05
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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.3.1Q Shutdown
E.3.1Q.1 PSD shutdown

PSD ghutdown levels are implemented with LB’blocks. The LB block has two inputs (X and
X8) where the X input latches the function block. To prevent all shutdown levels to be Iatched
in a situation where an unwanted process.condition is detected by a PSD transmitter thjs can
activaje the X input and the higher level can activated the XS input. Thus the injtiated
shutdgwn level will be latched, as given'in the example below.

YX XS
it & B PN e e > 2139
P21 '3331'3 g E%? Fe[ P21 | PA »—»@ ————————————————— :
LB ) -~ LB : sB | 001A-P ‘ !
| |
! ; 4
| | MAIN
! } 80ELOOTA
! ! 21ER001A
| 4!
| al
! v
| 21 PH-__»[FREQ. CONVERT.
! ci9| PA PL-——»  21ER001A
! SBE | 001A Typical 14
|
L
|
T
21 [
~——»{ P21 | PZT |
MA | 301 |ALL i

%}
¥

Figure E.49 — Process shutdown group / level

If 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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Causes initiating 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 event initiating the PSD will be shown in
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/SBE in the PCS the SB is 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 re—precess—meastrementto—thePSB—system—initiates—a—shutdown—action—rotpait of a
shutdown group, the SCD implementation should be as indicated in Figure E.50.
39 39
-l P21 | LzT P » P21 | PA --—»@- ———————————————— ,
MA | 401 sB | 001A-P | !
| :
A y
XH =1
39 pXH___2C > 39 “H-_ ] MAIN
-——p C18 LT XL C18 PA 82EN001
MA | 402 [BXL___ 7% »| sBE | 00JA YL___p[ Typical 09

Figure E.50 — Single process shutdown
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If the shutdown is latched, a LB template has to be introduced, see Figure E.51.

39

P21

LZT

MA

401

39
ALL PSD
ALL el P21 - P21 | PA --—»(;)- ————————————————
B 43 58 | 001A-P , |
i l
2y ¥
-
39 [BXH___ XAy 39 PH-—»[ MAN
_plEiE| LT « |c®| PA 82EN00T
VA | 402 |BXL___Xb »{sBE | 001A PL__ /" Typical 09

Figure E.51 — Process shutdown level

safety
PCS

E.3.10.3 Shutdown from PCS
Shutdpwns not part of PSD, ESD, or F&G (e:g.“nho SIL and not required to be part of a
system) may be performed from PCS, ejther by a single shutdown initiator or by &
shutdown group. An example of a PCS shutdown is shown in Figure E.52.
50
PSD
P21 | "0Y Fe—————~ > P21 PA ———->(;)— ————————————————
LB 3.0 sB | 006A-P | |
l
Tt l
! 2y l
. 50 v
! c25 | PA PH-_p MAIN
! sBe| 510 [YL__pl 82ENOOT
| 50PA510
l
|
50 i
~—--p C25 | PT |
MA | 5004 |ALL .

Figure E.52 — Unit shutdown in PCS
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Interface to external systems

A 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 f

nction—at infngrafinn level |l the operator can view the nhjnr\f from the main control

syster]
syster]
symbg

Functi
are id
functiq
may

Figurg

These

E.3.11

Flow (
The fl
link o

via dafa communication link, and the data are-used for indication only.

h while the field signal is connected to a control system separate to the main\ ¢
n. The object found in the main control system is identified on the SCD with-a's
I, see Figure B.4.

on at integration level Il is not available from the main control system:\These fun
bntified with the symbol shown in Figure B.5. The operator should beg-able to loca
n in the system external by the tag identifier given in the symbaél,)This external s
n addition send other information to the main control ,system, see exam
E.53.

functions will then be represented by integration leveld symbols.

.2 Typical metering station interface

omputers and metering stations are normally~separate systems with integration cl
bw computer (FC1) can interface the main ¢ontrol system either via data communi
hardwired signals. In the example below“the flow computer interfaces the centrg

ontrol
becific

ctions
e this
ystem
ple in

ass 2.
cation
| SAS

43
c18 FT
MAS 001
43
—o—1{ c18 FQ
MAS | 001
43
- o—{ 18 TT
P ———————— > 43 001
P » FC1 FY MAS
, , ond
T el o !
: : : :— oW computer 43
EEE c18 PT
Lot MAS | 001

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.
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See Figure E.54. If there is a one to one correspondence between the transmitter in the field
and function template, the flow computer can be omitted on the SCD and the diamond symbol

used i

-m

E.3.11

Anti-s
interfd
FC1

nstead.
43
| ——m—mm——mmm - c18 FT
! MA 001
| Flowcomputer
:
l 43
| c18 PT
—t oA 004
: : Flowcomputer
o
Lo 43
: : [T T C18 TT
[ MA 001
(F (F (F Flowcomputer
gure E.54 — Metering interface without showing the flow’computer on the SC

.3  Anti-surge control

identified as C18.

irge control may be implemented in the SAS{system or in a stand-alone syster
ce to SAS. In this example (see Figure E.55) the stand-alone system is identif
vhile the SAS PCS node receiving analogue data from this anti-surge contrg

n with
ed as
ller is

23
——Oo——7—0— C18 FT
MA 001
23
J c1e| PT
MA | O001A
23
c18 PT
I\ S > 23 001B
N - - » FC1| UC ———>Q<%< WA
o = 001
: : : Antisurge 23
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P i mA | 001
A A A
L1 I
23FT001 23PTO01A 23PT001B

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.

23 w <
=T # P21 | YSHH ---------------———m - Q[SCD dwg/sheet ref.
: MB 563 —
| Alarm
i
| p——o—{Co9| YT |WH Cood MT [WH
! MAS | 501X MAS | 502X
|
! 23 |AHH 43 |AHH
| cog | YT |WH co9 | YT |WH
! MAS | 501Y MAS | 50RY
|
|
l

CONDITION MONITORING RACK

)
O ==
O === ===~

NDE DE

Figure E.56 — Vibration interface

Both gnalogue values and binary status signals may be transferred via the serial link frgm the
conditjofivrmonitoring system to the SAS system.

The MAS function 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 because this 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 functions it is
recommended to define communication typicals which are identified on the SCD as text 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, 80EHO001A-H26, is included in a start sequence. This is
identified with sequence flags. The VSD breaker is tripped by PSD shutdown level 03.10. The
breaker 80EH001A-HO6 is tripped by emergency shutdown level 01.20

=== +
@ !
] }
Y I
MAN | 80 I
L03 | EHOO1A [ -
see| -HO6 L o o—\
Typical CB-04
SW.G. S690V 80EH001A
03.10
I
ittt +
I
} |
!
i 1
I
MAN 80 [or>--- ! | |
103 | EHOO1A N 1 '
sBe| -H26 | o OA v Y I ===
Typical CB-02 MAU| 80 —© °©
Pl < | L03 | EHOO1A
SBB | % *H26 BCH
Typical CB-14 -2 ————————~ - C1234-PP-J-XL-8004

@ 82ET500A

Distribution boardh82EH001A 230V

C1234-PP-J-XL-8003 |

To multidervice pump VSD

HP pump start-up sequence, 23KI10002

Figure E.57 — Control of breakers

E.3.14 “‘Parallel functions

For parallel functions, two different approaches may be taken, depending on the application.

One approach is 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 used is for subsea production lines and gas lift lines.

An alternative approach is to document each of the parallel functions in detailed dedicated
SCDs. This approach may typically be used for parallel process sections like the gas export
trains, the glycol regeneration unit, air compressors and oil export pumps.
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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 pump is started. After 5 s,
the minimum flow controller is set to auto.

Figure E.59 shows the KB sequence header, which is used as an interface 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 logic if it
just a|single sequence. In this figure the start sequence 23KI0002 is prevented from start if
stop spquence 23KI0003 is running.

Safeguafding conditons | U1.UZ >m==———= 1
Fiom logic YT : A
| |
| R
il
- a r 01.01 --2
o> vy .
MAU| 23 |
col| PA 1--- o> "* E; .'
sBe | 0001 |
: --- 2] 23
v -~ C01| FIC f-------- > }—é{
Main : CA 1234
80-ENO0T-H12 )
Typical 04 |
i o
Sequence reference:
g ; 2 HP pump start-up sequence, 23KI0002

SCD dwg: A1234-KF-J-XL-2310

Figure E.58 — Sequence references

Start permisSiv —— II' > @ o« — - — - ___ .
pnditions from logic

C |
| |
T! '
ol I
[Ty} |
4 !
MAN] 23 MAN| 23 F-—-!

CO1 Kl COo1 Kl

KB 0002 KB 0003
#1 - Start #2 - Stop

SCD dwg: A1234-KF-J-XL-2330

Figure E.59 — Sequence header
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Figure E.60 — Sequence flow chart
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E.3.16 Use of "black boxes™

In some cases it is necessary to design logic for special functionality. In such cases there is
always a risk that the SCD will become filled 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 cases it is recommended that "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 many of the
pumps that are running, see Figure E.61.

|
SP 1 pmp 3 |
! SP 2 pmp -5 : I
-_- ——— I :

Pump 1 Run | Soen Xy : i !~ ~Setpoint
-------- [N A e b s a
I i __T_ I I X2 I :

| 4

X1 s
: [ [ S, X2 _ |
Pump2RunJ' i | | S :
-------- .---"(;)-“— | | I
: I .
| :

|
| .

|

Figure E.64'2 Setpoint of flow for 3 pumps

Isolated this set of simple logic functions may be readable but it could be presented as $imple
black pox 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 jn the
contrg system. Therefore the same name is used on input/output terminals in the gontrol
system as on the,SCD.

The black bex*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.

ffffff Pump 1 Run---»| f---------------Setpoint--------------p

40
—————— Pump 2 Run--—>» XX

,,,,,, Pump 3 Run—> 1000

Note 1

Note 1 — Common minimum flow
protection. Setpoint to flowcontrollerto be
calculated as a function of the number of
pumps in operation at any one time.

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
where the description of the function is found.

Another aspect of creating complex logic on the SCD is 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 project it
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

ilici +h bhal
utilising-the-same-symbels:

This proprietary FB shall have its own dedicated FB template name and terminal code. [These
codes|have a limited no. of characters. This has to be taken into consideration,whén creating
these |codes. The FB name shall start with the symbol # to make it easy to identify that|it is a
projecft specific FB.

An example is the monitoring of a non-linear shaped tank, where.you may have Z level
sSensofs:

The shpplier has named the Function Block — Tank. FB namé&.selected in the project|is MT
(Moniforing Tank).

The tgrminals are coded as shown in Figure E.63.
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#MT
. (monitoring tank)
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Figure E.63 — Terminal representation for supplier F
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F.1

Annex F
(normative)

SCD Control function templates behaviour

Purpose

The purpose of this annex is to define the behaviour of the NORSOK control functions in an
unambiguous manner.

F.2

F.2.1
A SCIL

The fl
contrg

Proce
logic
detern

One ¢
inform
extent

A nat
differs
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o the flow process information has been visualised using electrical metaphors (signal

SW

The m
of pro
combi
to righ

Method for description of behaviour (control function state charts)

Basic idea

control function (template) basically has the following two types of behaviour.

bw and processing of process information, e.g. a measurementiand set point into
ller and the calculation of the resulting control output.

5sing of control (logic) information (discrete events and¥commands) conveyed
nputs and also commands via operator inputs. The* processing of this inforn
nines how the template is to react as a result of these events.

an say that the results of the logic informatien processing determines how the pf
ation is to flow between the control functiéhelements within the template and to
how the process information is to be progessed.

iral consequence of recognising these two types of behaviour is that one ca
nt methods. The basis for the methods used is:

logic (processing of internal control information) has been visualised based on
brts (explained below), see.F.2.2;

itches etc., explained. below), see F.2.3.

ethod proposed attempts to clearly distinguish in visualisation between the procs
cess information and logic control information through a control function. It attem
he the stréngths of state charts and logic diagrams (signal or information flow frg
t). In "normal" state chart formalism, the actions performed when entering a state

be d€

ianuerLce oA process information are modelled in terms of electrical symbols. The methg

been

scribeéd™within the state chart. In the formalism developed here, the actions

a PID

by the
hation

ocess
some

N use

state

paths,

essing
pts to
m left
would
which
d has

anved "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 number of 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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Figure F.1 — Example of state chart

A goof reference for further reading on state charts js,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

Figurg F.1 shows a state chart for Mode 1. The circles indicate elementary stateg. The
elementary states are the bottom leyvel*of states. No states are contained within thes¢. The
functign can only be in one of the“elementary states at any time. Between states thefre are
state fransitions. Each transition-shall have a defined condition, which should be fulfilled for
the function to enter the new state.

When|being in state 1, condition 1 gives a state transition from state 1 to state 2. In the|same
way, when Condition~I\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 regct on
conditjon 3.

If being in state 1 and condition 3 occurs, it will go to state 3 and, considered condition R also
is trud, remain in state 3. Upon disappearance of condition 3, it will go to state 4 and sq forth.
If conditien 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 cannot intuitively 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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