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1.1.

1.2.

About this manual

Copyright

This document and parts thereof must not be reproduced or copied without written per-
mission from ABB, and the contents thereof must not be imparted to athird party, nor
used for any unauthorized purpose.

The software or hardware described in this document is furnished under alicense and
may be used, copied, or disclosed only in accordance with the terms of such license.

Warranty
Please inquire about the terms of warranty from your nearest ABB representative.

http://www.abb.com/substati onautomation

Disclaimer

The data, examples and diagramsin this manual are included solely for the concept or
product description and are not to be deemed as a statement of guaranteed properties.
All personsresponsiblefor applying the equipment addressed in this manual must satisfy
themselves that each intended application is suitable and acceptable, including that any
applicable safety or other operational requirements are complied with. In particular, any
risks in applications where a system failure and/ or product failure would create arisk
for harm to property or persons (including but not limited to personal injuries or death)
shall be the sole responsibility of the person or entity applying the equipment, and those
so responsible are hereby requested to ensure that all measures are taken to exclude or
mitigate such risks.

This product is designed to be connected and to communicate information and data via
anetwork interface, which should be connected to a secure network. It is sole responsib-
ility of person or entity responsiblefor network administration to ensure a secure connec-
tion to the network and to establish and maintain any appropriate measures (such as but
not limited to the installation of firewalls, application of authentication measures,
encryption of data, installation of anti virus programs, etc) to protect the product, the
network, its system and the interface against any kind of security breaches, unauthorized
access, interference, intrusion, leakage and/or theft of data or information. ABB is not
liable for damages and/or losses related to such security breaches, unauthorized access,
interference, intrusion, leakage and/or theft of data or information.

This document has been carefully checked by ABB but deviations cannot be compl etely
ruled out. In case any errors are detected, the reader is kindly requested to notify the
manufacturer. Other than under explicit contractual commitments, in no event shall ABB
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1.3.

1.4.

1.5.

1.6.

be responsible or liable for any loss or damage resulting from the use of this manual or
the application of the equipment.

Conformity

This product complies with the directive of the Council of the European Communities
on the approximation of the laws of the Member States relating to electromagnetic
compatibility (EMC Directive 2004/108/EC) and concerning electrical equipment for
use within specified voltage limits (L ow-voltage directive 2006/95/EC). This conformity
isthe result of tests conducted by ABB in accordance with the product standards EN
50263 and EN 60255-26 for the EMC directive, and with the product standards EN
60255-1 and EN 60255-27 for the low voltage directive. The product is designed in
accordance with the international standards of the IEC 60255 series.

Trademarks

ABB isaregistered trademark of ABB Group. All other brand or product names men-
tioned in this document may be trademarks or registered trademarks of their respective
holders.

General information

This user's manual provides thorough information on the sequence control feature for
COMG600.

Information in this user's manual is intended for application engineers who configure
the sequence control views. Asa prerequisite, you should have basic knowledge of logic
programming and |EC 61131-3 standard.

Document conventions

The following conventions are used for the presentation of material:

» Thewordsin names of screen elements (for example, thetitlein thetitle bar of a
window, the label for afield of adialog box) areinitially capitalized.

»  Capitd lettersare used for the name of akeyboard key if it islabeled on the keyboard.
For example, pressthe ENTER key.

» Lowercaseletters are used for the name of akeyboard key that is not labeled on the
keyboard. For example, the space bar, comma key, and so on.

»  Press CTRL+C indicates that you must hold down the CTRL key while pressing
the C key (to copy a selected object in this case).

» PresskESC E Cindicates that you press and release each key in sequence (to copy
a selected object in this case).

» Thenames of push and toggle buttons are boldfaced. For example, click OK.
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¢ The names of menus and menu items are boldfaced. For example, the File menu.
« Thefollowing convention is used for menu operations. MenuName > Menu-
Item > CascadedM enultem. For example: select File > New > Type.
¢ The Start menu name alwaysrefersto the Start menu on the Windows taskbar.
e System prompts/messages and user responses/input are shown in the Courier font.
For example, if you enter a value out of range, the following message is displayed:

Entered value is not valid. The value must be 0 - 30

* Youcan beasked to enter the string MIF349in afield. The string is shown asfollows
in the procedure:

MIF349
*  Variables are shown using lowercase | etters:

sequence name

1.7. Use of symbols

This publication includes warning, caution, and information icons that point out safety-
related conditions or other important information. It also includes tip icons to point out
useful information to the reader. The corresponding icons should beinterpreted asfollows.

/_\ The electrical warning icon indicatesthe presence of ahazard
which could result in electrical shock.

ﬁ The warning icon indicates the presence of a hazard which
could result in personal injury.

@ The caution icon indicates important information or warning
related to the concept discussed in the text. It may indicate
the presence of a hazard which could result in corruption of
software or damage to equipment or property.

ﬂ The information icon alerts the reader to relevant facts and
conditions.

Thetip icon indicates advice on, for example, how to design
Q your project or how to use a certain function.
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1.8. Terminology
Term Description
Alarm An abnormal state of a condition.

Alarms and Events; AE

An OPC service for providing information about alarms and
events to OPC clients.

COM®B600 Series; COM600

COMG600 as a generic name for COM600S IEC and COM600F
ANSI products

Data Access; DA

An OPC service for providing information about process data to
OPC clients.

Data Object; DO

Part of a logical node object representing specific information,
for example, status, or measurement. From an object-oriented
point of view, a data object is an instance of a class data object.
DOs are normally used as transaction objects; that is, they are
data structures.

Data Set The data set is the content basis for reporting and logging. The
data set contains references to the data and data attribute val-
ues.

Device A physical device that behaves as its own communication node
in the network, for example, protection relay.

Event Change of process data or an OPC internal value. Normally, an

event consists of value, quality, and timestamp.

Intelligent Electronic Device

A physical IEC 61850 device that behaves as its own commu-
nication node in the IEC 61850 protocol.

Logical Device; LD

Representation of a group of functions. Each function is defined
as a logical node. A physical device consists of one or several
LDs.

Logical Node; LN

The smallest part of a function that exchanges data. An LN is
an object defined by its data and methods.

OPC

Series of standards specifications aiming at open connectivity
in industrial automation and the enterprise systems that support
industry.

OPC item

Representation of a connection to the data source within the
OPC server. An OPC item is identified by a string <object
path>:<property name>. Associated with each OPC item are
Value, Quality, and Time Stamp.

Property

Named data item.

Report Control Block

The report control block controls the reporting processes for
event data as they occur. The reporting process continues as
long as the communication is available.
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1.9. Abbreviations
Abbreviation Description
AE Alarms and Events
DA Data Access
DO Data Object
GW Gateway, component connecting two communication networks together
WebHMI Web Human Machine Interface
IEC International Electrotechnical Commission
IED Intelligent Electronic Device
INS Integer Status
LAN Local Area Network
LD Logical Device
LN Logical Node
MSB Multiple State Button
NCC Network Control Center
OLE Object Linking and Embedding
OPC OLE for Process Control
P&C Protection & Control
PLC Programmable Logic Controller
POU Program Organization Unit
RTS Request To Send
SA Substation Automation
SCD Substation Configuration Description
SCL Substation Configuration Language
SFC Sequential Function Chart
SLD Single Line Diagram
SPC Single Point Control
XML eXtended Markup Language
1.10. Related documents
Name of the manual MRS number
COMG600 Logic Processor User's Manual 1MRS756738
COMG600 User's Manual 1MRS756125
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1.11. Document revisions
Document version/date Product revision History
A/31.5.2012 4.0 Document created
B/13.3.2015 41 Document revised
C/24.5.2017 5.0 Document revised
D/22.3.2018 5.1 Document revised
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2.1.

2.2,

Introduction

General information about the COM600 series

The COM600 product seriesare versatile Substation Management Unitsthat help realize
smart substation and grid automation solutionsin industrial and utility distribution net-
works.

They get deployed together with protection and control 1EDs, substation devices such
as RTUs, meters and PL Cs in dedicated cabinets and switchgear.

The COM®600 product is an al-in-one unit that functions as:
+  Communication gateway

+  Web Human Machine Interface (WebHMI)

«  Automation controller

+ Rea-time and historical data management unit

The COM®600 product series use process information and device data, acquired over
Ethernet or serial communication protocol interfaces to execute specific substation
functions and applications. Thus, they are critical building blocks to realize substation
secondary system solutions and in the process solving diverse customer needs.

COM600 product series variants and rationale

To facilitate substation and grid automation solutions in |[EC and ANSI market areas, a
variant-based system similar to Relion® 615 and 620 seriesis being followed from
COM®600 5.0 release.

The main reasons for such an approach are the following:

+ Toensureal COMB600 product series features are advantageously used in end-cus-
tomer projectsin the medium voltage substation automation domain.

»  Toensure an optimum feature set to be bundled together to realize specific applica-
tionsrequired in IEC and ANSI market aress.

» To ensure afuture-proof product approach.

This release then comprises of two variants, based on the primary intent or application
are defined as follows:
+ COMG600SIEC—-COM600 for substation automation, analysis and data management

(for IEC markets)

+  COM®G00S IEC isasubstation automation, analyzer and data management unit
that integrates devices, facilitates operations, manages communication and runs
analysis applications pertinent to equipment or operationsin utility or industrial
distribution substations.

+  COMG600FANSI —COMG600 asdistribution automation controller (for ANSI markets)

11
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2.3.

12

« COMG0OF is adedicated distribution automation controller unit that runs dis-
tributed grid and feeder applications for ANSI power networks and inherits all
core features of the COM®600 series.

Overview of sequence control

The sequence control feature allows you to create sequences in the Logic Processor
environment using the sequence control library and control breakers through them. The
created sequences can be controlled using COM 600 WebHMI .
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3.1.

Sequence Control configuration

Overview of configuration

This section describes the stepsinvolved in configuring asequence. The same procedure
can be repeated to configure multiple sequences.

Before configuring a sequence, the communication information to multiple IEDs must
be configured. For more information on configuring the communication structure for
COM®600, see COM600 User's Manual.

Sequence control viewsallow you to run configured sequences on COM600. Configuring
sequence control involves the following steps:

» defining aseguencelogical device and associated logical nodesfor thelogic processor
IED

» defining a sequence (SFC program) in the logic processor

» cross-referencing sequence data objects and breaker data objects to corresponding
sequence object and switch object membersin the logic processor

» defining a sequence SLD for using sequence control through COM 600 WebHMI
configuration.

Figure 3.1-1 shows an example of a communication structure in the SAB600 tool
including four IEDs that communicate with COM600 using |EC 61850 protacol.

13
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(@) Local Server\SequenctialControlSetup - Station Automation Builc

File Edit View Tools Window Help

D& H| B EEED

Communication | Substation Structure |

[7]] Project Explorer 1 X

= ﬁ SequenctialControl Setup
- Gl Gateway 5.0x
- ¥ Process Evert Defiritions

sadi) jaalqo

W Common Event Settings
- 7 Scale Definttions
= DPCS1

B
TEDE_023
TCH1_12

. CED1_8

EE-E

- 8 UE02_022
G- = FE01_029
[ % FE201_0385
- REME15_014
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- REF&15C_007
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- VED1_024
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!!! Communication Diagnostic Event Definitions

SAB600_SC_Communication_View.png

Figure 3.1-1 An example of a communication structure in SAB600 with IEDs

Adding a Logic Processor IED

To add a Logic Processor |ED to the communication structure:

1. Right-click the Gateway object and select New > L ogic Processor OPC Server.
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ool ServertSecyoe o P

File Edit View Tools Window Help

D+ @i EEFEE
| PrejectBeplorer A
2| communication | Substation Structure |
% B SequenctialControlSetup ‘
3 - eEmme
2
= Collapse
Data object diagnostics
System Consistency Check
Management
SCL Export
Data Histarian Configuration
Event Template Tool
Event Type Filter
Application 3
Configuration Wizard ‘ i
Security 3
[ i e >
4 cut DNP Slave 8
Copy QoPC 3
Delete IEC101 Master 3
IEC101 Slave 3
Rename
IEC103 3
Properties
IEC104 Master 3
IEC104 Slave 3
IEC61850 3
Modbus Master 3
Modbus Slave ]
I | [=]  Logic Processor OPC Server
SHMP 3
Time Synchronization  »
SPA 3
= output - 7]
New...

SAB600_SC_PLC_Server.png

Figure 3.2-1 Adding Logic Processor OPC Server object

2. Right-click the Logic Processor OPC Server object and add L ogic Processor Sub-

network.

File Edit View Tools Window Help

D&l e EEED

[ Prjectbplosr  eAx
2

2

)

i ' .

| !

Communication ‘ Substation Structure |
= i@ SequenctialControlSetup

" Communication Diagnostic Evert Definttions
1 Common Event Settings
[ Scale Defintions

& SCLImport
[BE] Diagnostic AE client
a Online diagnostics

Delete

Rename

Properties

L

SAB600_SC_PLC_Subnetwork.png

Figure 3.2-2 Adding Logic Processor Subnetwork object

4 G5 Logic Processor Subnetwork

Right-click the Logic Processor Subnetwork object and add L ogic Processor | ED.
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"4 Local Server\50_LogicProcessor Sample - Station Automation Builder SAB600 32-_5:1 o= |
[ File Edit View Tools Window Help |
DS HE| s = [EEFED|
Cnmn-i:atim| Substation Structure | = 4] | =
& ﬂ 50_LogicProcessor_Sample s [000] Appearance
B &lﬂ Gateway 5.0x Caption Subnet_LogicProcessor
I Process Event Definitions Description Subnetwork 1

%1 Common Event Settings
1 Scale Defintions

; OPCS_DNP

B OPCS_LogicProcessar

%
Copy

Delete

Figure 3.2-3 Adding Logic Processor |ED object

Adding Sequence Logical Device

Communication Diagnostic Event Definitions

pp Subnet,
Z

Rename

Properties

New...

4 [010] Basic
In Use In Use

SAB600_SC_PLC_IED.png

A corresponding Sequence Logical Device must be defined for each sequencein the

Logic Processor IED.

To add a Sequence Logical Device:
1. Right-click theLogic Processor | ED and select New > Communication > Sequence

(see Figure 3.3-1).
Expand

SCL Import
Cross References

Logic Editor

Online diagnostics

Cut
Copy

o e

Delete

Rename

LD PLCOPCLD

SAB600_SC_PLC_LD.png

Figure 3.3-1 Adding a Sequence Logical Device object to the Logic Processor IED

2. Renamethe Sequence Logical Devicewith a suitable sequence name by editing the
caption parameter in the object properties window.
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3.4.

Adding logical nodes for a sequence

At aminimum, each added sequence logical device should have the predefined SEQG-
GIO1 and STEPGGIOL logica nodes with data objects. The SEQGGIO logical node
has data objects related to the entire sequence functionality, whereas the STEPGGIO
logical node has data objects for astep in the sequence. The predefined logical nodes
and data attributes for a sequence logical device are described in Table 3.4-1.

H The description parameter of the data objects in the logical
devicesisused in event reporting for sequence execution. To

be able to identify the step number involved, edit the

description parameter of the“ St” dataobject for aSTEPGGIO
logical node.

Additional STEPGGI O logical nodes should be added for a sequence with multiple steps.

Table 3.4-1 Predefined logical nodes and data objects for a sequence logical device

Logical node name | Data object name Data object type Data object descrip-
tion
SEQGGIO1 St INS State
Str SPC Control
Auto SPC Execution mode
StepExec SPC Manual mode acknow-
ledgement
OnStepErr SPC On step error
STEPGGIO1 St INS Step (number) state

To add additional logical node objects:
1. Right-click the sequence logical device and select New > Communication >
Sequence Step LN.

Collapse

@ Online diagnostics ‘

Cut

&
Copy

MNew...

Delete

Rename

Properties

Figure 3.4-1 Adding a logical node for a sequence logical device

Sequence Step LN

SAB600_SC_PLC_LN.png

2. Edit the description parameter for the "St" data object in the added STEPGGIO1
logical node for additional clarity.

17
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3. Addadditional STEPGGIO logica nodes depending on the number of stepsintended

for the sequence being configured.

4. Repeatthestepsl-4toadd al the needed logical nodes (SEQGGIOL1/ STEPGGIO*)
and associated data objects as defined in Table 3.4-1.

An example of afinished configuration for afour step sequence after all thelogical nodes
and associated data objects have been defined is shown in Figure 3.4-2

[gg) Local Server\SequenctialControlSetup - Station Automation Builder SAB600 32-bit O | E ||
Ele Edit View Tools Window Help
DMl s =z EEEE
[7] Project Explorer >3 X Object Properties >3 X
o — : T A
& Communication | Substation Structure | ,;J, ‘
= a S?guenmia\CommISaup 4 [000] Appearance
= = (i Gateway 5.0x Caption WA
@ G- Process Event Defintions Description |IECE1850 Subnetwork
+ Communication Diagnostic Event Definitions 4 [010] Basic
& Common Event Settings In Use In Use
£ Scale Definitions 4 [020] Communication Port
= [ru] Logic_Processor_OPC_Server Communication port ETHO
=~ T & Subnet1 IP Address 127.001
=& IED1 4 [030] Communication Control
= L0 LD System Evertt Level Disabled
- LN LLND TCPAP Keepalive Time-out 15
=-- L0 LD
= LN SEQGGIO1
ns St
e SPC Str
spc Auto
- 3FC StepExec
~--5PC OnStepEm
= LN STEPGGIO1
LI
—-- LN STEPGGIO2
S St
—-- LN STEPGGIO3
L
=~ LN STEPGGIO4
oINS St
= oPCs1
e TG
Caption

SAB600_SC_Four_Step_Sequence_Example.png

Figure 3.4-2 Communication structure view for a four step sequence
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41.

Sequence definition

Sequence definition using Logic Editor

This section describes the steps involved in defining a sequence in Logic Processor.

The sequence logic runs in the Logic Processor (CoDeSys) programming environment
and it isimplemented using |EC 61131- Structured Text programming language. The
sequence should beimplemented asastandard PL C Sequence Flow Chat (SFC) program

within the logic processor environment.

Tolaunch the Logic Editor, right-click the Logic Processor IED and select L ogic Editor.

[7]] Project Explorer 1 X
Communication | Substation Structure |

=@ SequenctialControl Setup(2)

EI ----- Eﬂ Gateway 5.0x

----- W Process Event Definitions

; !!! Communication Diagnostic Event Definitions
W Common Event Settings
i 7 Scale Definttions
= Logic_Processor_OPC_Sewer
= TG Subnetl

SR N oo Proceseo )

sadi) jaalqo

EI ..... LD LD1 Collapse
b LW LLND
S} LO LD @ SCL Import

LN SEQGC gy  Cross References

LN STEPGp e
LN STEFG ™  Logic Editor

LN STEPG (@) Online diagnostics

LN STEPG
& el
& Cut
Copy
Delete
Rename
Properties

Figure 4.1-1 Launching Logic Editor

SAB600_SC_Logic_Editor.png

The Logic Editor openswith adefault application that has apredefined PLC_PRG, POU

(Program Organization Unit).

19
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— [=[@] = ]

Elle Edit View Project Buld Online Debug Tools Window Help
BEEl&E oo d @ At RE-0 %S ), aRI[E=="2= ||| =

| @ SequenctialControlSetup.project - CODESYS

Devices -~ 3 x
= [ SequenctisicontrolSetup ~
=-[1) Device (CODESYS Control Win v3)
=Bl pLE Logic
= i} Application
5 m Library Manager
PLC_PRG (PRG)
= @ Task Configuration
& @ MairTask
4 PLC PRG

| Messages - Total 0 error(s), 0 warning(s), 0 message(s) X

~ | 0error(s)

Object

Description Project

2 Devices |1 PoLs < m
Lastbuid: € 0 & 0  Precompile: o Current user: (nobody) JJ

Logic_Editor_View.png

Figure 4.1-2 Default Logic Editor view

Adding a new Sequence POU object

To add a new sequence POU object:

1. Right-click the Application object and select POU.

2. IntheAdd POU dialog, define anamefor the intended sequence and set Sequential
Function Chart (SFC) astheimplementation language from the drop-down menu.
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After adding the POU object, the Logic Editor dialog shows a default Init step as

shown in Figure 4.2-1.

Fie Edt View Project SFC Buld Onine Debug ook Window Help

N E & sdBEX A ANNKIE B-O R
Devices - 2 % [2] sequence_NorthZone_Open » x | [Froperties - 2
=3 SequentialControSete 'LTJ 1 km.r.u Seqguence NorthZone Open - B F Fiter ~ | ¥§ Sortby ~
= [ Device (CoDeSys Control Winv3) ) vam Wlz | 8.sortorder -
= B0 FLcLogic END VAR =18
- O o |& | | Propety  Value
.Ii Library Manager r — E
3] Sequence_NorthZone_Open (FRY
B] rLc_rRG(PRG)
= E Task Configuration Init
@ MainTask
‘tTRUE
Init
Description
F m 1
) POUs | 5 Devices ﬂ
Cross Reference List -
Mame: L " &
POU  Vanable Access Type Scope  Address  Location  Comment
Il
Current user: (nobody) INS Lal Coll Chi

Figure 4.2-1 Logic Editor view after adding a Sequence POU

To modify a sequence POU:

1. Right-click a sequence POU and select Properties.

2.

Logic_Editor_with_POU.png

Inthe Properties dial og, go to the SFC Settingstab and select the SFCReset variable.

21
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Properties - Sequence_MNorthZone_Open [Device: PLC Logic: Application]

Common | SFC Settings |Access control I Bitmap I Build |

Flags | Build

Yariable

SFCInit
SFCReset
SFCError
SFCEnableLimit
SFCErrorStep
SFCErrorPOU
SFCQuitError
SFCPause
SFCTrans
SFCCurrentStep
SFCTip
SFCTipMode
SFCErrorAnalyzation

o
RO =

Declare

g L O

a

(L

HENNEEEAEEEEE

Description

All steps and actions are reset, Th
All steps and actions are reset, Th
Gets TRUE', if a time check failed.
Enable time chedk on steps

Contains the name of the step tha| _
Contains the name of the POU the

Execution is stopped. SFCError is |
Execution is stopped. SFCError is |
Gets TRUE', if a transition switche
Contains the name of the active s
Switches the next transiton on ar
If TRUE', transitions can only be s

Contains the possible variables th:
[

»

-

[[] use defaults

OK

| (o] [_somt

s

Logic_Editor_SFC_Settings.png

Figure 4.2-2 Modifying S-C default flag settings for a sequence POU

3. Click OK or Apply to save the changes.

Creating a global variable list

Create aglobal variable list for the Application object in the CoDeSys project, if not

already available.

To create aglobal variable list:

1. Right-click the Application object and select Add Object > Global VariablesList.
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2. Namethe new global variableslist.
3. Sdlect the added global variableslist from the Devices view. In the corresponding

program editor, create a new global sequence object, see Figure 4.3-1.
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Figure 4.3-1 Creating a global sequence object

44,

The variables defined in the global variablelist are:

MAX_SWITCHES: A constant variableindicating the number of switchesavailable
for asequence. This constant indicates the number of switches availableto thelogic
processor for sequence control purposes. The number is limited to 20 switches per
sequence.

SequenceObject: A variable corresponding to a sequence. Each sequence intended
within the logic processor should have a corresponding sequence object defined.
Array of SwitchObjects: Variables allowing the logic processor runtime to control
the switches available in COM600 runtime. Multiple sequences defined within the
logic processor use the same array of switch objects available for execution. Each
step in a sequence uses the index in the array of switches to control a particular
switch.

Adding symbol configuration

Generate a symbol list to select which variables from logic programming are cross-ref-
erenced with data in the COM 600 communication structure.

To add a symbol configuration:
1. Right-click Application inthe Devicestree.
2. Select Add Object > Symbol configuration.
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Figure 4.4-1 Adding a symbol configuration object to the project

Adding a new sequence start and end action

To add a new sequence start action:

1. Right-click the added POU object in the Devices view and select Add Object >
Action.

2. Nametheaction as Start. Set Structured Text (ST) astheimplementation language
from the drop-down menu, see Figure 4.5-1.
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Logic_Editor_Add_Start_Action.png
Figure 4.5-1 Adding sequence start action to a sequence PRG

Click Add.
Select the added Start action from the Devices view. In the corresponding program
editor, define the sequence start action, see Figure 4.5-2.
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Figure 4.5-2 Sequence start action definition

Right-click the added POU object in the Devices view and add a new action by
selecting Add Object > Action.

Name the new action as End. Set Structured Text (ST) as the implementation
language, see Figure 4.5-3.
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Figure 4.5-3 Adding sequence end action to sequence PRG

7. Select the added End action from the Devices view. In the corresponding program
editor, define the sequence end action, see Figure 4.5-4.
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Figure 4.5-4 Sequence end action definition
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4.6. Adding an initial sequence transition

To add a new transition object:

1. Right-click the added POU object in the Devices view and add a new Transition
object by selecting Add Object > Transition.

2. Namethe new transition object as Initial_Transition and set Structured Text (ST)
as the implementation language from the drop-down menu.

3. Sdecttheadded Initia_Transition object from the Devicesview. In the corresponding
program editor, add the sequence Initial_Transition definition, see Figure 4.6-1.
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Figure 4.6-1 Defining initial transition for a sequence

4.7. Adding a new action object

To add a new action object:

1. Right-click the added POU object in the Devices view and add a new action by
selecting Add Object > Action.

2. Namethe new transition object as Stepl_Action and set Structured Text (ST) as
the implementation language from the drop-down menu.

3. Sdlect the added Stepl_Action object from the Devices view. In the corresponding
program editor, add the sequence Stepl_Action object definition, see Figure 4.7-1.
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Figure 4.7-1 Defining step 1 for a sequence

Adding a new transition object

To add a new transition object:
1. Right-click the added POU object in the Devices view and add a new transition by
selecting Add Object > Transition.
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Name the new transition object as Stepl Transition and set Structured Text (ST)
as the implementation language from the drop-down menu

Select theadded Stepl Transition object from the Devicesview. In the corresponding
program editor, add the sequence Stepl_Transition object definition, see Figure 4.8-

Help
A% R B 0 | & | 8

Stepl Transitiocn := SequenceStepTransition(SeqNorthZonelpenVar, 1);: a

] L3

step1_transition.png

Figure 4.8-1 Defining step 1 transition for a sequence

Depending on the number of stepsintended for a sequence, add additional actions and
transition objects for the sequence POU as described in 4.7, Adding a new action object
and in this section, with the following exceptions:

When adding an action object, make sure that the program statement in the program
editor corresponds to the action step number. For example, for a Step2_Action
object, the program statement in the program editor should be:

SFCReset := SequenceStepExecute (SegNorthZoneOpenVar, Switches[2], 2,
SWITCH_CONTROL .Open) ;

Similarly, when adding atransition object, make sure that the program statement in
the program editor corresponds to the transition step number. For example, for a
Step2_Transition object, the program statement in the program editor should be:

Step2_Transition := SequenceStepTransition(SegNorthZoneVar, 2);

An example of the Device view for afour step sequence in the logic editor is shownin
Figure 4.8-2.
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Figure 4.8-2 Device view for a four step sequence showing action and transition objects

4.9. Assigning actions to the added sequence steps
49.1. Editing start sequence
To edit the start sequence:

1. Double-click the added POU in the Device view to launch the program editor for

the PLC Program. The default view for the Sequence POU in the program editor is
shown in Figure 4.9.1-1.
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Figure 4.9.1-1 The default view for Sequence POU in the program editor

2. Select theinit step in the program editor and in the properties view. Rename the
Name parameter to Start_Sequence, see Figure 4.9.1-2
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Figure 4.9.1-2 Adding Start_Sequence step in Sequence_NorthZone POU S-C
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4.9.2. Assigning a start action object to a sequence

To assign a start action object to the sequence:

1. Double-click the Value column for the Main active parameter available in the
properties view.

2. Click the“...” button to launch the Input Assistant dialog.

3. Inthelnput Assistant dialog, click Subobjectsin the Categorieslist.

4. Select the Start action object and click OK. This assigns the Start action object to
the Start_Sequence step.

Input Assistant
Variables & MName
Subobjects l_?n End
5% stant

|3 Step1_Action

Structured view

Insert with arguments Insert with namespace prefix

Documentation:

OK ] [ Cancel

Logic_Editor_Input_Assistant.png

Figure 4.9.2-1 Input assistant dialog for adding an action object
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4.9.3. Assigning an initial step action to a sequence

To assign initial step transition object for the POU object:
1. Launch the Input Assistant dialog by clicking the“...” button next to the start
seguence object, see Figure 4.9.3-1.
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Figure 4.9.3-1 Launching the input assistant dialog to select Initial_Transition object

2. Asdignthelnitial_Transition object asthe transition condition for the Start_Sequence
step.

3. Insert anew step transition for the POU object by right-clicking it and selecting
Insert step-transition. The added step transition is shown in the program editor
view, see Figure 4.9.3-2
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4. Renametheadded Trans0 object to TRUE by double-clicking the object and editing

the name.

Assigning an end action to a sequence

To assign an end action object to the sequence:
1. Sdect Step0 and change the Name parameter to End_Sequence in the properties

view, see Figure 4.9.4-1

Logic_Editor_Step_Transition.png

2. Assign the End action object to the End_Sequence step by selecting it and editing
the Main entry parameter in the properties view.
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4.9.5. Assigning a step transition to a sequence

To assign step transition to the sequence:

1. Assignthe Init jump to the Start_Sequence step in SFC. Figure 4.9.5-1 shows the
program editor after the Start_Sequence and End_Sequence steps with the Ini-
tial_Transition objects have been set.

&

Start Seque.

+ Initial Transition

End Sequence

5

sequence_SFC.png
Figure 4.9.5-1 Sequence SFC with start and end sequence steps

2. Right-click thelnitial_Transition object and select I nsert step-transition after to
add step 1 in Sequence SFC.

3. Renamethe added step to Step 1 by editing the Name parameter in the properties
view. Also assign a Stepl_Action action object for the added step by editing the
Main Entry property.

4. Edit the transition for the added step and assign it to the Stepl_transition object.

Depending on the number of stepsintended for the sequence, continue to assign suitable
action and transition objectsfor each step. An exampl e of acompleted four-step sequence
SFC isshown in Figure 4.9.5-2.
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Adding a sequence POU to PLC MainTask

_Sequence

configuration

four_step_example.png

After a successful build, add the sequence POU to PLC MainTask configuration.

To add the sequence POU to PLC MainTask configuration:

1. Double-click MainTask in the Devices view. In the MainTask editor, click Add
Call, see Figure 4.10-1.
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Figure 4.10-1 Adding Sequence POU to PLC MainTask

In the Input Assistant dialog, select Categories tab and Select program abject.
Continue to build the program by selecting Build > Rebuild in the menu bar.
Update the build to COM600 Runtime. For more information, see COM600 Logic
Processor User’s manual.

In case of excessive build errors, make sure that the sequence control library is
referred to in the Logic Editor project. To check this, click Library Manager in
the Devices view and verify that Sequence Control Library islisted as one of the
libraries. If not, click the Add library link and select Sequence Control Library
under Miscellaneousin the Add Library diaog.

Exit Logic Editor and open SAB600 before proceeding to the next configuration

steps.

Configuring sequence cross-references

This section describes the steps involved in configuring cross-references needed for the
sequence control functionality. For generic information on the concept of cross-references
between COM 600 communication structure and L ogic Processor variabl es, see COM600
Logic Processor User's Manual.

To configure cross-references for sequence control:

1

In SAB600 project, right-click the Logic_Processor IED and select Cross References
to launch the Cross References tool, see Figure 4.11-1.

The Cross References tool shows al the member variabl es associated with the
declared global variable (see 4.3, Creating a global variable list).
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Figure 4.11-1 Launching the Cross References tool

If the variables defined from L ogic Processor are not shown, click | mport and select
the “ ProjectName” .Device.Application.xml file (for example, Sequential Control-
Setup.Device.Application.xml).

Assign the breaker (* CSWI*) data attributes to a corresponding SwitchObject
variable. The array indices avail able with the Switches variable from the logic pro-
cessor indicate the breaker object indentification. For example, Switcheg[1].Status
refers to status indication for the breaker mapped to SwitchObject in Switches[1].
To map a data attribute from COM600 communication structure to a variable from
the Logic Processor, select the data object from the communication structure view

Edit the data object manually to map the right data attribute by selecting the cell in
the OPC Server Path column and editing the attribute. For any sequence object from

2.

3.
and drag and drop it to the corresponding sequence variable to be mapped.

4,
the logic processor, the breaker data attributes needed to be mapped are shown in
Table4.11-1.

5. Finish mapping the CSWI data attributes to corresponding switch select/operate
controlsfor al theindices for the Switches array.

6. Click Apply and close the Cross References tool.

Table 4.11-1 Breaker data attributes mapping to Logic Processor Sequence Object

Breaker Data Attributes

Data Variable of a Sequence Object

Direction

*CSWI*/Pos/stVal

** SwitchArray[Index].SwStatus[1]

->
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Breaker Data Attributes Data Variable of a Sequence Object Direction
*CSWI*/Pos/stSeld ** SwitchArray[Index].SwSelectedStatus[1] ->
*CSWI*/Pos/ctiSelOn ** SwitchArray[Index].SwSelOn[1] <-
*CSWI*/Pos/ctlOperOn ** SwitchArray[Index].SwOperOn[1] <-
*CSWI*/Pos/ctISelOff ** SwitchArray[Index].SwSelOff[1] <-
*CSWI*/Pos/ctlOperOff ** SwitchArray[Index].SwOperOff[1] <-
*CSWI*/Mod/stVal ** SwitchArray[Index].SwitchMod[1] ->
*CSWI*/Health/stVal ** SwitchArray[Index].SwitchHealth[1] ->

4.12. Assigning item paths to data objects

To assign item paths to data objects:
1. SdectLogicProcessor |ED > Sequencelogical device> SEQGGIO1 > Str data
object and assign the needed logic processor variablesto it.

Select the Control OPC Item Path parameter in the Object Propertiesview and click
the“...” button to launch the PLC OPC Item Path dialog, see Figure 4.12-1.

gt Local Server\SequenctialControlSetup(2) - Station Automation Builder SAB600 32-bit =& P

File Edit View Tools Window Help
DY = [EEED

][ Project Explorer - B X

Object Properties -3 X

Communication | Substation Structure \

124

=i SequenctialControlSetup(2)
= Eﬁ Gateway 5.0x
4 Process Event Definiti
Communication Diagni
Common Ewvent Setting
- (3 Scale Defintions
- Logic_Procsssor OFC]

sadi) 322lq0

PLC OPC Item Path

PLC_LOCAL Application Constarts CompilerVersion.uiMajor
PLC_LOCAL Application Constants CompilerVersion uiMinor
PLC_LOCAL Application Constarts CompilerVersion.uiService Pack
PLC_LOCAL Application Constarts CompilerVersion uiPatch

Str
Control

Basic

BT % Subnetl |
= 8 Logic_Pro PLC_LOCAL. Application Constarts. Runtime Version uiMajor
L0 LD1 | || PLC_LOCAL Application Constarts. Rurtime Version uiMinor
: PLC_LOCAL.Application Constants. Runtime Version uiServicePack

PLC_LOCAL. Application Constants. RurtimeVersion uiPatch Sequence Start StopCmdEvent

- (@) OPCS1

Cancel

Control OPC ltem Path
OPC item path for control

SAB600_SC_PLC_OPC_ltem_Path.png

Figure 4.12-1 Assigning OPC Item Path to SEQGGIO1.9r data object

Set the **.(SequenceObject). SeqStartStopControl logic processor variable as the
control item path. Similarly, assign **.(SequenceODbject).SeqStartStopControl
asthe OPC item for State OPC item path.

2. Select Logic Processor _| ED > Sequencelogical device > SEQGGIO1 > St data
object and assign the needed logic processor variablestoit.
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Select the State OPC Item Path parameter in the Object Properties view and assign
it to the ** .(SequenceObject).SeqState variable through the PLC OPC Item Path.

3. Sdlect Logic Processor | ED > Sequencelogical device> SEQGGIO1 > Auto
data object and assign the needed logic processor variableto it.
Select the Control OPC Item Path parameter in the Object Propertiesview and assign
it to **,(SegnenceObject).SegExecutionType variable through the PLC OPC Item
Path dialog. Similarly, assign **.(SequenceObject).SeqExecutionType variable for
the State OPC Item Path parameter.

4. SelectLogicProcessor |ED > Sequencelogical device> SEQGGIO1 > StepExec
data object and assign the needed logic processor variableto it.
Select the Control OPC Item Path parameter in the Object Propertiesview and assign
it to ** (SequenceObject). SeqProceedFlag variabl e through the PLC OPC Item Path
dialog. Similarly, assign **.(SequenceObject).SeqProceedFlag variable for the State
OPC Item Path parameter.

5. Select Logic Processor | ED > Sequencelogical device> SEQGGIO1 > OnSte-
pErr data object and assign the needed logic processor variable to it.
Select the Control OPC Item Path parameter in the Object Propertiesview and assign
it to **.(SequenceObject). SeqExecutionOnStepError variable through the PLC OPC
Item Path dialog. Similarly, assign **.(SequenceObj ect). SeqExecutionOnStepError
variable for the State OPC Item Path parameter.

6. SelectLogicProcessor |ED > Sequencelogical device> STEPGGIO1 > St data
object and assign the needed logic processor variableto it.
Select the State OPC Item Path parameter in the Object Properties view and assign
it to **.(SequenceObject).StepOperationStatus 1] using the PLC OPC Item Path
dialog. Herethe index selected for the StepOperationStatus variable corresponds to
the step number in the sequence.

Continue assigning the St data object of all the other STEPGGI O logical nodes available
for the sequence and map it to the corresponding index in StepOperationStatus variable.
For example, STEPGGIO2.Status should be assigned to **.(SequenceObject). StepOper-
ationStatug 2], and STEPGGIO3.Status should be assigned to ** .(SequenceObject). Step-
OperationStatug 3], and similarly for the rest of the STEPGGIO logical nodes available.
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5.1.

Configuring WebHMI

Configuring WebHMI for sequence control

This section describes the steps involved in configuring WebHMI for the sequence
control functionality. Before starting the WebHM | configuration for sequence control,
the required communication parameters and the associated data connections needed for
the singlelinediagram functionality should aready be configured in the SAB600 project.
For more information on WebHM I configuration, see COM600 HMI Configuration
Manual.

To configure WebHM | for sequence control:

1

In SAB600, right-click the Substation object in the Substation Structure and select

New > Functional > Sequencesto add a sequence voltage level to the Substation
structure, see Figure 5.1-1.

G Local Server\SequenctialControlSetup - Station Automation Builder SAB600 32-bit

File Edit VYiew Tools Window Help
D=l 4 =e EFEEE
["]]| Project Explarer - X
Communication  Substation Structure |

= ﬁ SegquenctialControl Setup

sadi] 1palgo

FEI Collapse

{5 SLD Editor
@ Summary Table Configuration

Data Connection

& Cut New... B Sequences
Copy X Voltage Level
Delete
Rename
1
Properties

SABB00_SC_Substation_Sequence.png
Figure 5.1-1 Adding sequences to the substation structure

Assign anameto the added sequence voltage level by editing the Caption parameter
in the abject properties window.

Add a sequence bay abject to the added sequence voltage level by right-clicking the
seguence voltage level and selecting New > Functional > Sequence.

Rename the added sequence bay object to correspond the sequence name.
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Data connection

Connect the sequence data obj ects defined in the communication structure to the sequence
bay object.

To connect sequence data objects:

1. Right-click the sequence bay and select Data Connection to launch the Data Con-
nection dialog.

[7T] Preject Explarer 3 X

.87 Communication  Substation Structure|
[1]}
E = @ SequenctialControlSetup(3)
= B g Gateway 5.0x
[v] ’
i B T\%\' AAd
----- R
=5 [B SequenceVoltagelevel
[ a
[ SLD Editor
¥ Cut
Copy
Delete
Rename
Properties

SAB600_SC_Launch_Data_Connection.png

Figure 5.2-1 Launching data connection dialog for the bay object

2. Inthe Data Connection dialog, select Logic_Processor | ED from the IED drop-

down menu.

3. Moveal thelogical nodesdefined for the sequencelogical deviceto theleft column

in the dialog using the arrow button, see Figure 5.2-2.
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LM STEPGGIOA

s

Description: Sequence

Substation Path: AA1 SequenceVoltagelevel Seq_MothZone_Open

Fiter Allowed Logical Nodes

SAB600_SC_ Data_Connection.png

Figure 5.2-2 Connecting sequence logical nodes to sequence bay
4. Click Save.

5.3. Adding a sequence start/stop control

To create a sequence SLD:

1. Launchthe SLD Editor for the sequence bay object by right-clicking it in the Sub-
station structure and selecting SL D Editor.
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SAB600_SC_ SLD_Editor.png

Figure 5.3-1 Launching SLD Editor for voltage level

2. Dragand drop a2-State I ndicator/button and a M ultiple State Button from the

Generic section in the Symbols dialog to the SLD layout page. The 2-State I ndic-
ator/button control isrequired for starting and stopping a sequence.
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3. Right-click the 2-State Indicator/Button and select Configure 2-State I ndic-
ator/Button to launch the 2-State Indicator/Button Configuration dialog (see Fig-

ure 5.3-2).
Sequence - SLD Editor
Master View |
Symbols
Generic Selected Object: OnOff Button_1 hd
Annotation

Alarm Indicator

2-5State Indicator/Button

Launch \wWeb Page

Puch

Push Button

| —
Generic Line

Bay Switch Indicator

Measurements

Connections

SwitchGear

Transformers

Measurement Transformers

™

2_state_control.png

Figure 5.3-2 Adding a two state indicator/button to sequence SLD for sequence open/close control

4. Configure the Indication properties as shown in Figure 5.3-3.
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[ 2-5State Indicator/Button Configuration Iﬁ1
Indicaton | Command |
ltem path
IED [Logic_Pmcessor_IEI "]
LD [Sequence ']
LN | SEQGGIO1 -
DO Str -
DA stVal -
Input Value
On Value True

[ Delete Command ]

| ok || cancel |

2_state_control_configuration.png

Figure 5.3-3 Configuring a 2-Sate button with indication value

5. Click Add Command to add the Command tab. Configure the Command properties
as shown in Figure 5.3-4.
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[Str v]
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2_state_control_configuration_command.png

Figure 5.3-4 Configuring a 2-State button for control command

start/stop control, see Figure 5.3-5.

In the Object Properties window, set the corresponding property valuesfor the added
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Text assosiated when this element is in on-state. Additionally if
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Figure 5.3-5 Object properties for the 2-Sate button

2_state_object_properties.png

7. Repeat the steps 2 - 6 to add more 2-State I ndicator/Button objects to the sequence

Adding an execution mode control

SLD functionality.

A new 2-State Indicator/Button is needed to change the mode of execution (auto-
matic/manual) for the sequence.

To add an execution mode control:
Drag and drop the 2-State I ndicator /Button control from the Generic section in

1

2.

the Symbols dialog to the SLD layout page.

Right-click the 2-State Indicator/Button and select Configure 2-State I ndic-
ator/Button to launch the 2-State Indicator/Button Configuration dialog.

Configure the Indication properties as shown in Figure 5.3-3.
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Figure 5.4-1 Configuring the Indication tab propertiesfor a sequence execution mode 2-Sate
Indicator/Button

4. Click Add Command to add the Command tab. Configure the Command properties
as shown in Figure 5.3-4.
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Figure 5.4-2 Configuring the Command tab propertiesfor a sequence execution mode 2-Sate
Indicator/Button

5. Inthe Object Propertieswindow, set the corresponding property valuesfor the added
start/stop control, see Figure 5.3-5.
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execute_command_object_properties.png

Figure 5.4-3 Object properties for a sequence execution mode 2-Sate Indicator/Button

Similarly, add anew 2-State Indicator/Button for acknowl edging the sequencein manual

mode;

1. Configure the Indication properties as shown in Figure 5.4-4.
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Figure 5.4-4 Configuring the Indication tab properties for a sequence manual mode
acknowl edgement 2-State Indicator/Button

2. Click Add Command to add the Command tab. Configure the Command properties
as shown in Figure 5.4-5.
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Figure 5.4-5 Configuring the Command tab properties for a sequence manual mode
acknowl edgement 2-State Indicator/Button

3. Inthe Object Propertieswindow, set the corresponding property valuesfor the added
start/stop control, see Figure 5.4-6.
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Figure 5.4-6 Object properties for a a sequence manual mode acknowl edgement 2-State

Indicator/Button

Adding a button for sequence execution on step error

Add a 2-State Indicator/Button for the purposes of sequence execution on step error
setting.

To add a button for executing a sequence on step error:
1

2.

Drag and drop the 2-State I ndicator /Button control from the Generic section in

the Symbols dialog to the SLD layout page.

Right-click the 2-State Indicator/Button and select Configure 2-State Indic-
ator/Button to launch the 2-State Indicator/Button Configuration dial og.
Configure the Indication properties as shown in Figure 5.3-3.
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Figure 5.5-1 Configuring the Indication tab properties for a sequence execution on step
error 2-State Indicator/Button

4. Click Add Command to add the Command tab. Configure the Command properties
as shown in Figure 5.3-4.
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Figure 5.5-2 Configuring the Command tab properties for a sequence execution on step
error 2-State Indicator/Button

5. Inthe Object Propertieswindow, set the corresponding property valuesfor the added
start/stop control, see Figure 5.3-5.
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Figure 5.5-3 Object propertiesfor a sequence execution on step error 2-State | ndicator/Button

Adding a button for viewing sequence status

Add Multiple State Button controls to view the status of the sequence execution. These
controls can show the status of the sequence as awhole and status of each step in the
sequence.

To add a button for viewing the status of the whole sequence:

1. Drag and drop the Multiple State Button control from the Generic section in the
Symbols dialog to the SLD layout page.

2. Right-click the M ultiple State Button and select Configure M ultiple State Button
to launch the configuration dial og.

3. Configure the Indication properties as shown in Figure 5.3-3. Click Add State to
add more states for the sequence (idle, running, failed, passed).
The status val ues showing the sequence status as awhol e and the status of each step
in the sequence can be one of four possible states, see Table 5.6-1. Include al the
states in the button configuration showing sequence status.
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6.
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multiple_state_button_configuration.png

Figure 5.6-1 Configuring the indication tab properties for a Multiple State Button showing
seguence idle status

In the Object Properties window, set the corresponding property values for the
seguence status control, see Figure 5.3-5.
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on_step_error_properties.png
Figure 5.6-2 Multi Sate Button object properties for a sequence status

Repeat the stepsto add the status for individual steps in the sequence. Select the
appropriate data attribute path when configuring the indication properties for the
added Multiple State Button.

After completing the configuration, click Apply in the SLD Editor to save the
changes.

Table 5.6-1 Possible states for a sequence/sequence step

Data attribute value Text
0 Idle
1 Running
2 Failed
3 Passed
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5.7.

Updating COM600 runtime environment

Update the COM 600 runtime environment with the sequence configuration. Before
updating make sure that SAB600 is configured to update the correct COM®600 runtime.

To update the COM 600 runtime environment:
1. Right-click the Gateway object in the Communication view and select M anagement.
2. Click Update and reload configuration to update the COM600 runtime.
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Executing a sequence

Executing a sequence with COM600 WebHMI

Once the sequence configuration is compl eted and the COM 600 runtime is updated with
the configuration, the COM600 WebHM| can be used to execute the sequence.

An example of afour-step sequence in the WebHMI is shown in Figure 4.8-2.

The buttons used in the execution are:

+ Start/Stop: Usethis button to start or stop the sequence.

»  Execution mode: Use this button to change the execution mode of the sequence
between automatic and manual.

+  Manual mode acknowledge: Use this button to manually acknowledge each step
when the sequence is run in manual mode.

+  Execution on step error: Usethisbutton to reset or continue the sequence execution
on astep failure.

Theindicators related to steps are status-only objects, showing the status of each step
during the execution of the sequence.

4_step_sequence.png

Figure 6.1-1 An example of a four-step sequence in COM600 WebHMI
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6.3.

Automatic execution

In the automati c execution mode, the sequence execution simply runs through each step
without any need of manual intervention.

To run the sequence in automatic mode:

1. Make surethat the execution mode button indicates Auto. If not, double-click the
button and select Auto.

2. Double-click Start/Stop and in the following dialog, click Start to begin the
seguence execution.
If needed, stop the sequence execution in the same dialog by selecting Stop. As
each step is executed, the corresponding breaker/switch mapped for the step is
controlled to the desired state.

An exampleof afour-step sequencein automatic execution modeisshownin Figure 6.2-
1.

automatic_execution.png

Figure 6.2-1 A four-step sequence in automatic execution mode

Manual execution

In the manual execution mode, the execution pauses and waitsfor user acknowledgement
after each step in the sequence.

To run the sequence in manua mode:
1. Make sure that the execution mode button indicates M anual. If not, double-click
the button and in the following dialog, select Manual.
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2. Double-click the Start/Stop button and in thefollowing dialog, click Start to begin
the sequence execution.

3. Beforethe execution of each step, the sequence pausesfor manual acknowledgement.
Use the M anual mode acknowledgement control to acknowledge the sequence.

4. If needed, stop the sequence by double-clicking the Start/Stop object. Inthefollow-
ing dialog, click Stop.
Notice that as each step is executed, the corresponding breaker/switch mapped for
the step is controlled to the desired state. An example of afour-step sequencein
manual execution mode is shown in Figure 6.3-1.

manual_mode_execution.png

Figure 6.3-1 An example of a four-step sequence in manual execution mode
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