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1 INTRODUCTION

1.1 Aims of the Thesis

ABB has used ZEE600 system for a couple of years in SCADA system design and
they already have templates for its general features. The problem was that
templates of new 2.0 version were not sufficient and because of this, the same
changes had to be done again in every project. This manual work slowed down the
engineering work and increased the risk for the delays in the project schedule.
During this thesis, deficiencies of these templates were improved and after these

new templates were saved to the libraries where they are easily available.

The aim of this thesis was to study ABB’s ZEE600 system and standardize the
subareas which have been used in the design of control and monitoring systems
for substations. The subareas were selected according to the needs of company.
The purpose was to create an example project the features of which can be used

in future and this way expedite engineering work.

The theory part of the thesis explains generally what SCADA systems are and
describes about the ZEE600 system in more detail. Chapter 2 discusses the
applications of the SCADA system and what benefits are achieved by using them,
this chapter also addresses ZEE600 solutions at the station level in detail and

SCADA systems.

The implementation part examines each standardized subarea of the ZEE600
system, how they have been implemented and what features of system have been
used. The implementation part is divided into six chapters, which are general
templates, SLD, variables terminology, bay popup controllers, system diagnostic
and reaction matrix. The last part of thesis deals with the problems occurring

during the thesis and discusses if the end result was as good as possible.



1.2 ABB OY

ABB is the world’s leading technology company whose business activities are
divided in four areas that are Electrification, Robotics and Discrete Automation,
Motion and Process Automation. The company employs 105 000 people in over

100 different countries.

In Finland ABB is one of the largest industrial employers and it employs 5 000
peoples. ABB has business activities in 20 cities and factories are located in Vaasa,

Helsinki, Porvoo and Hamina.
1.2.1 ABB Distribution Solutions

ABB Distribution Solutions unit operates worldwide from Finland and develops,
manufactures, sells and markets protection relays and automation, control and
monitoring equipment for the electricity distribution. Currently the unit has sales
to more than 90 countries and it employs about 350 people. The factory is located

in Vaasa, but unit has an office also in Tampere and service facilities in six different

locations. !

1 ABB. Accessed 6.5.2022. https://new.abb.com/fi



https://new.abb.com/fi
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2 PRESENTATION OF TECHNOLOGIES

2.1 SCADA

SCADA is a control room system that enables displaying of data in an easy to
understand visual format, for example from PLC logics or production and
measurement instruments. It is possible to apply the control room system to the
use of any industrial system and data can be defined very accurately. The SCADA
system usually consist of CMS and one or more RTU or PLC remote stations. An

example of a SCADA system is shown in Figure 1.

CLouD

Efgﬂ
 E 6= 8 =

Figure 1. Example of the SCADA system structure

The system allows controlling of multiple items from the same location and the
operation of the system can be viewed in real time as well as the event history.
The software works on the network and because of this, it is possible to monitor
and control the operation of the systems remotely, which speeds up the
localization of the fault and the necessary actions can be started immediately in

case of failure. Usually SCADA systems are isolated to their own subnets and they
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do not have direct connection to the normal internet. Remote access can be used

via a PC interface, web browser or mobile device.

2.2 ZEE600

ZEE600 is a control and monitoring system developed by ABB, which can include
multiple servers and user interfaces. ZEE60O library functions are built on Zenon's
basic SCADA license to optimize and standardize engineering and commissioning
work. Zenon includes two main components, runtime and editor software. The
runtime supports graphic display possibilities for HMI or SCADA projects. The
software makes possible to control and monitor the operation of the system in

real time. The runtime is visually and functionally specified in the editor software.

45

ZEE600 includes drivers for more than 300 drivers for products from different

manufacturers, which allows connection of devices to the system. Due to drivers,

2 sermatech. Sermatech website. Accessed 6.5.2022. https://www.sermatech.fi/valvomot-osana-

automaatiojarjestelmaa/

3 Ahoniemi, T. 2017. Energiayhtion SCADA verkon kehittdminen. Opinndytetyd. Kaakkois-Suomen
Ammattikorkeakoulu, Tietotekniikka. Accessed 23.5.2022.
https://www.theseus.fi/bitstream/handle/10024/127565/ahoniemi teemu.pdf?sequence=1&isA

llowed=y

4 Copadata. Zenon editor user manual. Accessed 8.5.2022.

https://download.copadata.com/fileadmin/user upload/Downloads/Dokumentation/810SPO/EN

GLISH/Manual/Editor.pdf

> Copadata. Zenon runtime user manual. Accessed 8.5.2022.

https://download.copadata.com/fileadmin/user upload/Downloads/Dokumentation/760SPO/EN

GLISH/Manual/Runtime.pdf



https://www.sermatech.fi/valvomot-osana-automaatiojarjestelmaa/
https://www.sermatech.fi/valvomot-osana-automaatiojarjestelmaa/
https://www.theseus.fi/bitstream/handle/10024/127565/ahoniemi_teemu.pdf?sequence=1&isAllowed=y
https://www.theseus.fi/bitstream/handle/10024/127565/ahoniemi_teemu.pdf?sequence=1&isAllowed=y
https://download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/810SP0/ENGLISH/Manual/Editor.pdf
https://download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/810SP0/ENGLISH/Manual/Editor.pdf
https://download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/760SP0/ENGLISH/Manual/Runtime.pdf
https://download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/760SP0/ENGLISH/Manual/Runtime.pdf
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need for various converters and auxiliary devices is minimal. Because of

aforementioned features, the system is also cost-effective.
2.2.1 Structure of ZEE600 system for Substations

In the substation solution, switchgears and logic devices are connected to the
switch. Communication protocols can be used here, for example |[EC61850 or
Modbus. The switch is connected to a server that is connected to an existing
SCADA system, as seen in Figure 2. The ZEE600 also includes logic features such as
default, this feature allows the building of different types of interlocking systems

at the station level.

W Control Center
I ZEE600
=<l

s

Bl

t Modbus etc.

Figure 2. Example of ZEE600 systems structure at substation
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2.2.2 Structure of ZEE600 SCADA System

The ZEE600 SCADA control room solution includes several substations which use
the ZEE600 system and all of them are connected to the SCADA system. Other
substation management solutions as COM600 or SSC600 can also be connected to
the system. In this case, a single control room or a distributed control room system

can manage all the station entities and consequently the entire grid.

It is possible to perform mirroring for the system, as shown in Figure 3, that makes
it redundant. Redundancy means that one of servers can be shut down, for
example, due to a fault and the other server automatically keeps the system
running. In addition, user interfaces can always be built entirely according to the

user's needs.®

ZEEB-CLT-1500 ZEES-CLT-7500 Web Cl&cnl ZEES-CLT-4500

ZEEB-SRV-4500

ZEESB-SRV-1500
ZweBsRve-1 - | Zweesrva-:

=T GE -
(=5 (=5 =5 (=5 (=5 (=5
(=] =5 (=] l=H| (=] (=]
=3 ci c3 (=) (=] 3
(=5 (=] L=t (=] (=] (=]

Figure 3. ZEE600 SCADA system with mirroring of servers and user interfaces

® ABB. ABB Suomi webinaari: Moderni SCADA -jirjestelma sahkodnjakelun valvontaan ja hallintaan.
Accessed 8.5.2022 https://www.youtube.com/watch?v=fDnkEzq7AZY



https://www.youtube.com/watch?v=fDnkEzq7AZY
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3 GENERAL TEMPLATES

This chapter deals with creating a new project, general views of standardized lists
and trend view, as well as the features of the ZEE600 system which have been used
in creating these. ZEE600 includes default templates, which were modified in such
a way that they suit for substation control and monitoring systems. The last part

of this chapter examines the language switch function.
3.1 Creating of a New Project

The first step was to create a new project via ABB ZEE600 — Template Wizard, the
work was named as Standardization and English was selected as a language of
runtime. Then the page numbers of subnavigations were defined for navigation

windows, as seen in Figure 4 and after this the project was built.

ABB ZEE60O - Template Wizard

Navigation

Cto 0 4 ~F [

Figure 4. Default navigations and number of subnavigations



3.2 Event List

The first step in creating of event list was to create an event list button to the top
bar. The button was named an event list and the icon was selected for it from the
ZEE600 symbol library. Figure 5 shows the menu for button settings. In the end,

the function assigned a button, which in this case was the opening of page

navigation 3.

NGLE LINE 4 SYSTEM
AGRAM DIAGNOSTIC

EaE A=l

B~ H
EVENT LIST EJ REPORTING IEJ ALARM LIST

----- ) Visibility/flashing

----- ) General

----- ) Position

----- ) Size and rotation dynamic
----- ) Runtime

..... ) Linking rule

..... ) 5_Grayed Text

$_Function
Function / Variable/f... ZEE Start Script Activate Navigation 4

Authorization level /...| O

Figure 5. Specification of event list button

When the button was defined, the ZEE600 default event list was brought to the
navigation 3 window. The default template was modified to correspond the

applications. The columns of the event list were defined again and the buttons

were clearly named, as seen in Figure 6.
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ABB  zeEsoo

Chronalogical Event List

17/05/202215.31.19.809

17/05/2022 15.45.27.164
: 36,584

Figure 6. Event list

The event list automatically keeps track of all systems actions. It is also possible to
filter the data and change the number of events to be saved from the filter menu,
which is a default feature of the ZEE600 system. The event list also includes
buttons for stopping the updating and printing of events, by using the custom

record button it is possible to add own comments to the event list.

3.3 Alarm List

The creation of alarm list button was began in the same way as the creation of the
event list button. The button was named an alarm list and the icon was selected
from the ZEE600 symbol library. In the end function was defined a button, which
in this case was opening of page navigation 4. After this the ZEE600 default alarm
list was brought to the navigation 4 window. After this the default template of the
alarm list was modified to correspond the applications, the columns of alarm list
were defined again and the buttons were clearly named. The alarm list is shown
in the figure 7. Alarm list uses the same filtering system as the event list and the
buttons have the same features as the event list buttons. The alarm list contains
detailed information of all pending errors and historical errors. The alarm states

are symbolized by icons which has different coloring, as seen in Figure 8.
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ABB  zeseoo « g i

ALARMLIST

Alarm status Time cleared Timereceived w  Time acknowledged Station identification Text

GO0AAA000

Figure 7. Main alarm list

e Alarm received
: Alarm cleared

Alarm reactivated

Q Alarm acknowledged

Figure 8. Alarm status icons

The top bar also includes a smaller alarm list where the same alarms are visible
regardless, which window is open at the moment. It is also possible to
acknowledge alarms in this list as well as in the main list. The acknowledgement
of alarms requires a system username and password. This list is ZEE Bar Alarm list,
shown in Figure 9 and it is a default feature of ZEE60O, this list opens by clicking

the bell symbol which is located on the right side of top bar.
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SwitchboardO1 - T1: Connection lost
SwitchboardO1 - T2: Connection lost
Switchboard01 - Q01: Connection lost
TRIP

TRIP

TRIP

TRIP

TRIP

TRIP

v
v
v
v
v
v
v
v
v

p cknowledge all m

Figure 9. ZEE Bar Alarm List

3.4 Trend View

In this thesis was no need for plant automation navigation, shown in Figure 4.
Because of this, the name of this button was changed to reporting and its function
is to open navigation 4. Then a default trend view was added to this navigation
and it includes window for the trend curves of measurements. This main view
contains all desired measurements from substation and variables can be added or
deleted via the diagram button. The main trend window is introduced in figure 10.
Itis also possible to define which trend curves and axes are active in the menu that
is located in the lower right corner of trend window, as seen in Figure 11. This
window also contains buttons with different default features, as adding of cursors,

zooming and changing curve settings.
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ABB  zeseo0 «

SIS - - - o -

—
—
I
I
—
S

Figure 10. Trend main window

Area dis... Y axis Active | Variable identification

O O Current Ph.B

O O Current Ph.C

O O Reactive Power

O O

O O

O O

O O

Figure 11. Selection of active trend curves

The next part was to create a trend view for every device of the bay. The first step
was to create functions for measurements, via the zenon project manager shown
in Figure 12. The functions were named according to the location of
measurements. Variables were created for primary and secondary phase currents,
primary and secondary voltages, apparent power, active power and reactive
power. In the end the variables were added to the trend functions. These same
variables can also be added to the main trend window. The button which opens
this trend view is located in the default popup window of device, which is shown
in picture 13. The popup window opens by clicking the device symbol of the bay in

single line diagram.



- 1 Workspace: ‘Standardization(1)
- STANDARDIZATION (Start project)
=@y Variables
23 Drivers
# Data Types
@8 Reaction Matrix
W Alocations
& @ Aam
“® Measuring Units
+ % Screens
+ 81 Categorization
+-63] Functions
o% Smart Objects
(«? Language File
2} Historian
+[8] Recipes
& Time Control
/A SCADA Logic (IEC 61131-3)
iy Scheduler
+ &g Programming Interfaces
{xi Intedockings
‘ Command Processing
18 Load Management
8 Message Control
™ Menus
& ) Report Generator
+ 35 User Administration
&) Files
T\ History of Changes
iy Equipment Modeling
% Project Backups
b General symbol library

Figure 12. Zenon project manager

Tap changer

ADVANCED CUSTOM

W TRENDS

T1

Figure 13. Opening trend view from device popup window
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3.5 Language Switch Function

Next, the language switch function was added to the work, which makes it possible
to select either English of Finnish language. The English function was the default
option in the software, but the function for Finnish language had to be created
separately. First, the Finnish language switch button was added to the language
menu of the runtime. The task bar already included a default button, the function
of which was to open the language menu with buttons for language options. The
next step was to create a language switch function for Finnish. After this function

was added for button, as shown in Figure 14.

e
Y = 2
..... 4 R tati
__l epresentation Variable/function
..... ) Text i } _
. Variable: <no variable linked>
..... =) Fill
----- =) Rounded comners Function: ZEE SW _Active language - 25
..... 4 El t bord
_____ j Ef':::sn oraer Parameter for su... [ Apply from calling screen
----- ) Visibility/flashing Screen type speci... <MNo function linked>
""" — Gen.e.ral [C] Function execution on pressing
----- ) Position

=i Runtime

-7 Tap and hold
..... ) Authorization
----- ) VBA macros
----- ) Write set value
----- ) Vanable/function

----- 1 VSTA gesture recogniti

Figure 14. Adding of function for Finnish language button

Then, a Finnish text file was attached as a parameter of the function, as seen in
Figure 15. The text file was already created before, but it did not include all
necessary words. During the project, these missing words were added to the

language file. Figure 16 shows the Finnish language in use.
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5 General

General
{23 Execution

Name:
Description:
Tpe:

Parameter:

External reference:

Figure 15. Finnish text file attached as a parameter

ABB

ZEE600

Equipment Groups:

ZEE Switch language - FI - [EC

Language switch

Gui: FINMISH - [EC.TXT - ABE Voice

<No equipment group linked>

AHTUMALISTA

Tapahtumalista
suoastn,

L

)
aika Asema

21/05/2022 11.23.02750

21/05/2022 11.23.07.307

21/05/2022 11.29.16.328

21/05/2022 11.29.18.058

21/05/2022 11.30.40.357

21/05/2022 11.30.44.943

21/05/2022 11.32.38.461

21/05/2022 11.32.50613

21/05/2022 150227611

22/05/202213.53.52.008

22/05/202213.53.56.867

22/05/2022 14.30.49.887

22/05/202214.3101.484

22/05/202214.4103.162

22/05/202215.13.25.940
22/05/2022 201040714
22/05/2022 20,10.45.574
22/05/2022 20,33.59.420
22/05/202220.34.12.405
22/05/2022 20.35.25.810
22/05/202220,35.50.894
22/05/2022 20.35.55.789

‘

ommerats

Figure 16.

J[Cat: (incl: ~,X); (exck: ] o

Teksti
Addin ZEE_jpAddressProvider started
Jarjesteima kaynnistettiin
Kayttaja ‘admin - Admimistrator’ tilapaisesti kirja...
Jarjestelma pyséytettiin
Addin ZEE_lpAddressProvider started
Jarjesteima kiynnistettiin
Projekti STANDARDIZATION ladattu uudeleen
Addin ZEE_lpAddressProvider started
Jarjestelma pyséytettin
Addin ZEE_lpAddressProvider started
Jarjestelma kaynnistettiin
Projekti'STANDARDIZATION ladiatty uudellesn
Addin ZEE_lpAddressProvider started
Kayttaja ‘admin - Administrator tlapaisesti kirja...

Jarjestelma pysaytettin

Addin ZEE_lpAddressProvider started
Jarjesteima kaynnistettin

Frojekti STANDARDIZATION ladattu uudelleen
Addin ZEE_lpAddressProvider started
Jarjestelma pysaytettiin

Addin ZEE_|pAddressProvider started
Jarjestelma kaynnistettiin

Language changed to Finnish

Muuttujan nimi

Poista

KEyttsfa - koko n.
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYETEM
SYSTEM
SYSTEM

Tietokoneen nimi
DESKTOP-3RBAS9K
DESKTOP-GREASSK
DESKTOP-OREASOK
DESKTOP-3RBAS9K
DESKTOP-9R8ASIK
DESKTOP-2REASAK
DESKTOR-GREASIK
DESKTOP-3RBASIK
DESKTOP-2REASAK
DESKTOR-GREASIK
DESKTOP-3RBASIK
DESKTOP-2REASAK
DESKTOR-GREASIK
DESKTOP-3RBAS9K

DESKTOR-GREASOK
DESKTOP-9R8ASIK
DESKTOP-2REASAK
DESKTOR-GREASIK
DESKTOP-3RBAS9K
DESKTOP-GREASOK
DESKTOP-3RBAS9K
DESKTOP-GREAS9K

O

frer—

250

Tulesta

isaa tapatumarii
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4 VARIABLE TERMINOLOGY

Variables are interface between data source and ZEE600. The task of variables is
to represent measured values or states of the hardware. The variables are defined
in the central variable list, but they are also available from functions. All functions
used in a project are based on existing system functions and they are easy to

parameterize and use.

The structure of variable name follows the following example,
Bayname/Feature/Target/Device/Status. The name of bay is formed from the
substation name, voltage level and Device name. A symbolic address is the part
what makes data transfer possible, it can be used for addressing as an alternative
to the name or identification. This property is entered automatically when
variables are imported from supported drivers. Its structure s
Server/Technicalkey/IECName/FC. The technicalkey part contains the name of
specific IED device, which transfers information to the system. The correct
datatypes were defined for all variables. All information to the creation of these
variables was found from the REX640 relay parameter list. It is also possible to
import scd files from IED and required parameters can be selected from files. The
scd file which was used in this project did not include all necessary variables so

some of them were created manually.’
4.1 IEC61850

IEC61850 is a communication protocol what is published in 2004. Before this,

equipment manufacturers had their own communication protocols for their

7 Copadata. Zenon functions user manual pdf. Accessed 23.5.2022.

https://download.copadata.com/fileadmin/user upload/Downloads/Dokumentation/700SPO/EN

GLISH/Manual/Functions.pdf



.%20https:/download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/700SP0/ENGLISH/Manual/Functions.pdf
.%20https:/download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/700SP0/ENGLISH/Manual/Functions.pdf
.%20https:/download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/700SP0/ENGLISH/Manual/Functions.pdf
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devices. IEC61850 is a solid international solution to the substation automation
and its purpose, is to standardize communication of substations. This means that
because of this standard it is possible to implement communication between
devices of different manufacturers.® All created variables of this project are
connected to the IEC61850 driver, which was selected from available drivers

menu.
4.2 Circuit Breaker, Earth Switch and Disconnector Variables

Variables which added for circuit breaker were position indications, control and
control enabled. Variables were created as shown in Figure 17.
Fesouwces labsl Hame R | dectcation

Q01 Feature SLOCB"
Drovers : IEC830 - IECY (11 Elements)

SUB1 SUB1-J-Q01.Feature.SLD.CB[1].CloseEnable Close enable consent
SUB1 SUB1-J-Q01.Feature.SLD.CB[1].Control Obyect control
SUB1 SUB1-J-Q01.Feature, SLD.CB[1].OpenEnable Open enable consent
SUB1 SUB1-J-CO1.Festure.SLD.CB[1].Pos Obyect position

Figure 17. Circuit breaker variables

For earth switches and disconnectors, only position indications were added. The

variables for position indications are shown in Figure 18.

SUE1 SUBY-1-001 FeatuwreSL0.0C] 1].Pes Obgect postion
SLE1 SUB1-J-001.Feature SLDLES[1].Pos Obgect Position
SLE1 SUB1-)-001.Feature. SLD.ES[2] Pos Oibgect Position

Figure 18. Variables for earth switches and disconnector

8 Lansman, H. 2019. 110 kV digitaalisen siahkdaseman toteutusvaihtoehdot. Diplomityd. Vaasan
yliopisto, Tekniikan ja innovaatiojohtamisen yksikkd, sahkoétekniikka. Accessed 21.5.2022.
https://osuva.uwasa.fi/bitstream/handle/10024/10276/UniVaasa 2019 Heija Lansman.pdf?seq
uence=2&isAllowed=y



https://osuva.uwasa.fi/bitstream/handle/10024/10276/UniVaasa_2019_Heija_Lansman.pdf?sequence=2&isAllowed=y
https://osuva.uwasa.fi/bitstream/handle/10024/10276/UniVaasa_2019_Heija_Lansman.pdf?sequence=2&isAllowed=y
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4.3 Transformer with Tap Changer Variables

The tap changer is a device which makes possible to change voltage ratio of
transformer. Changing the position of the switch converts the number of
revolutions of the transformers winding and that way affects the voltage. The
position, control, connection and condition monitoring variables of the tap
changer were added to the variable list. These variables are shown in figure 19.
Some of the most used protection signals were also added to the variable list and
it includes the trip and start signal for every protection function, as seen in Figure

20.

Drivers : IECES0 - IECT (10 Blerments)

SUBY SUB1-J-T Feature. TapChanger Auto.stVal TapChanger auto/manual indication
SUB1 SUB1-J-TT Feature TapChanger AlmReat Status and reason for alarm

SUB1 SUB1-J-T Festure. TapChanger AutoOper TapChanger auto/menusl operstion
SUB1 SUB1-J-T) Feature. TapChanger.Control Object control

SUB1 SUBT-J-T) Festure. TapChanger Erroe Alarm status

Figure 19. Tap changer’s variables

e SUEN-)-T1.Feature.SLD PRDEFLPDEF1.Operate  (Dwrectional Earth-faul lo>
W SUET - )=T1. Faatune. 5L 0. PROEFLFDEF 1 SEaet Dorwctadinianl ESrEh-Taial o
wuet SUET )T Faature. 5L O PROEFLFDEF2 Operate  Dwecteonal Earch-Tauk lo=
wUen SUET-)=T1. Feature. LD PROEFLPDEFE Start Do tagnal Earth-Taul b=

1 -1} €108 1T Banbecs s £1 FL BE PESLILIAFAS T P M rblon ol accaamcmani W

Figure 20. Protection signals

4.4 Reaction Matrix

By using a reaction matrix, the limit value information can be defined from a
central point. In the configuration dialog it is possible to define the limit values for
the reaction matrix. The different types of reaction matrices are binary, multi
binary, numeric, multi numeric and string, as described in Figure 21. In this project,
a reaction matrix was created for circuit breaker positions, (Figure 22) and its type

is multi numeric. The value specifications of the circuit breaker were 0 =
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Intermediate, 1 = Open, 2 = Closed and 3 = Faulty and the event list was defined

as a list where this data is visible.?

Parameter Description

Binary Simplified evaluation of discrete states (bit-orientated) for the compatibility to older
zenon versions.

Numeric Simplified evaluation of analog states (value-orientated) for the compatibility to
older zenon versions.

Multi binary Extended evaluation of 32 bit variables; the first 16 bits determine the value of the
variable and are passed on as numeric value; evaluation of the status bits of the
variable; special function (switch-off of variables when status bit is set)

Multi numeric Extended evaluation of the value and the status bits of the variable; special function
(switch-off of variables when status bit is set)

String collation

Figure 21. Reaction matrix types

° Copadata. Zenon variables user manual pdf. Accessed 23.5.2022.
https://download.copadata.com/fileadmin/user upload/Downloads/Dokumentation/800SPO/EN
GLISH/Manual/Variables.pdf



.%20https:/download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/800SP0/ENGLISH/Manual/Variables.pdf
.%20https:/download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/800SP0/ENGLISH/Manual/Variables.pdf
.%20https:/download.copadata.com/fileadmin/user_upload/Downloads/Dokumentation/800SP0/ENGLISH/Manual/Variables.pdf
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Figure 22. Reaction matrix specifications
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5 SINGLE LINE DIAGRAM (SLD)

The project already included a button for single line diagram, as seen in Figure 4.
Its function was to open navigation 1. The single line diagram includes busbar,
circuit breakers, earth switches, disconnectors and transformers. The example
single line diagram uses a single busbar system and this includes two bays, as

shown in Figure 23.

SINGLE LINE SYSTEM @ rero [ [—— ) atamm s witcl 01 - G01: Co on lo
ABB ZEEG00 ¢« gh ncLels o T e [ reporming B evewru El avanm st Switchboard01 - Q01: Connection lost

Pagel Page2 Page 3 Page 4 Page5 Page 6 Page 7 Page8 Page 9 Page 10

00:

00 :

CEN

EN [ & Noactiveuser

Figure 23. Single line diagram in runtime

Every line and device contain an ALC setting, this means that the color of line is
defined automatically with the voltage level. The voltage level was defined

during the project in ABB ZEE600 object import wizard.



5.1 Creation of Bays and Devices
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The first part in the bay creation was to open the ABB ZEE600 - object import

wizard and to add name, voltage level and ID for new bay, (Figure 24). After this,

the equipment model and navigation window for the bay were selected.

Navigation 1 and subnavigation 1 was defined for location of the bay. The next

step was the determination of devices that should have remote control, in this

case remote control was in use just for the circuit breaker. The last part was the

configuration of the driver, as shown in Figure 25.

ABB ZEE600 - Object Import Wizard

Create new bay
Configure hierarchy

SUBL

Configure bay attributes

Bay name
Bay description
Switchboard name

Voltage range

v | aoy

SUBL

Switchboard01

J From 20 to 30 kV

Cancel

Figure 24. Adding of name, voltage level and ID for bay

Protocol type

Driver name

Server name (Dev ID) IP address

Unit ID

Net address

Object template

Import
variables

IEC61850 X v

IEC1

IECServer | 182168210

1

REX640

Figure 25. Configuration of driver
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5.2 Alarm Signals

After the circuit breaker was created for the bay, alarm boxes were defined to the
status pop-up window of the bay. This pop-up window opens by clicking the
symbol in the single line diagram. The alarm boxes were named in the default
variables of pop-up window. After this, functions were created for the alarm boxes
and an alarm status was set as its parameter. The next step was to select a
protection signal which activates alarm box, different signal was added for every

box.

The last step was to link the created function to the variable, to define lists where
the alarm is visible and acknowledgement settings. The settings are shown in
Figure 26. Acknowledgement was activated by adding an alarm status to the alarm
handling. It was possible to test the functioning of the alarm boxes by using the
runtime variable diagnosis feature, where changing of limit value was possible.

The bay status details window during the test is shown in Figure 27.

AR ENE 2
~{2) General
) Addressing Limits[2]
- Value calculation Limit value text: TRIP
-4 2) Write set value
4.5 Limit Values Limit Value: 1 [ Minimum/Maximum: | Maximu

_| Limit Value[1] Threshold value: 0.000000 ] Delay time [s]: ]

L5 Limnit Value[2] <no variz
) Alarm handiing [ Dynamic limit value active [Fvariable: “M0 vari
-2 Harddisk data storage

) Extended Trend AML/CELL2]
.| ) Additional settings In Alarm Message List In Chrenological Event List
-7 External settings To acknowledge [ZI] Comment required
-~ 2) Analyzer
[5) Process Recorder [] Alarm cause required [ Two-stage acknowledgement
[ Print

Alarm/event group:  <No alarm/event group linked=

Alarm/event class: 3 - @Alarm

Function[2]
Execute function instantly: Set SUB1-J-C02 Alarm 3

Figure 26. Protection signal variable’s settings
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Bay status details

MAIN MEASURE ADVANCED NOTES cusToM

Al
RESET

Alarm... Time received o Text e

5205 TRIP

05 TRIP

Q >>22/05/2022 20.52.05 TRIP

(<] >22/05/2022 205205 TRIP -

< 3

Figure 27. Bay status details and alarms
5.3 Circuit Breaker Control

During the creation of the bay, a circuit breaker was selected for the equipment
model of the bay and after this, the type of measurement pop-up was defined in
the ABB ZEE600 - object import wizard. The circuit breaker can be controlled via
the popup window, as shown in Figure 28. This pop-up window opens by clicking
the device symbol of the status pop-up and it is default pop-up of ZEE600. The
control feature requires a login to the system every time. Earth switches and

disconnector do not have remote control possibility in this case. °

10ABB. ABB ZEE600 v.2.0 Configuration Manual. Accessed 25.5.2022.
https://library.e.abb.com/public/97deff6da70a40b7b1f778c1d0af0fd1/ABBZEE600 v2.0 conf 2

NGA000150 ENb.pdf



https://library.e.abb.com/public/97deff6da70a40b7b1f778c1d0af0fd1/ABBZEE600_v2.0_conf_2NGA000150_ENb.pdf
https://library.e.abb.com/public/97deff6da70a40b7b1f778c1d0af0fd1/ABBZEE600_v2.0_conf_2NGA000150_ENb.pdf

Alarm 1 Qo1

Alarm 2

Alarm 3

Alarm 4

Alarm 5

&)
Alarm... Time received . Text
4
~

Bay Name

Position variable
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Qo1

| SUB1-J-QO01.Feature.SLD.CB[1].Pos

Gance|
Control variable |
Active action/command |
Active interlocking
Text | Type Active -

Figure 28. Circuit breaker control window
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6 SYSTEM DIAGNOSTICS

The tasks of the system diagnostics page is to show device-specific network
representations. Symbols have an icon that symbolizes the connection status and
these icons can be colored in different ways, depending on the status. The symbols
also have pop-up windows which opens by clicking symbol, as seen in Figure 29.

The task of these windows is to show more information about devices.

During this project, symbols were created for the ZEE600 server as well as for the
switches. The information fields and info panels of the symbols were defined in
the default variables. All these symbols are also buttons and info panel pop-up

functions were added for all of these. 1!

Info panel
@ Machine name ZEE600
Server Rol =
ZEEG00 ole erver
IP Address 172.00.1
OS system status 16% disk space used

Figure 29. Created system diagnostic symbol and information window

11 ABB. ABB ZEE600 Operation Manual. Accessed 25.5.2022.
https://library.e.abb.com/public/5c991f2dbfe847058cd216e35b652868/ABBZEE600 v2.0 oper

2NGA000149 ENb.pdf



https://library.e.abb.com/public/5c991f2dbfe847058cd216e35b652868/ABBZEE600_v2.0_oper_2NGA000149_ENb.pdf
https://library.e.abb.com/public/5c991f2dbfe847058cd216e35b652868/ABBZEE600_v2.0_oper_2NGA000149_ENb.pdf
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7 CONCLUSIONS

The aim of thesis was to standardize the most used subareas of the ZEE600 2.0
version and this way enhance engineering work. In the end created templates
were stored to the libraries where they are easily available. General templates
were modified to a clear and easy to use form. The features of single line diagram
and devices were implemented successfully, also the adding of desired variables,

functions and symbols to the project succeeded well.

The topic of thesis was very interesting and challenging enough. The SCADA
systems were a new field for me, but during the work my interest grew
continuously and working with the topic was nice and instructive. Software which
was in use during this thesis was new for me and it took some time to learn to use
them. The different sectors of thesis included many steps and remembering as
well as solving of these was sometimes difficult, but at the same time it was also

interesting. The schedule of thesis was also a somewhat challenging.

Work succeeded as a whole well and aim was successfully achieved. During this
thesis, the deficiencies of these templates were improved and after these new
templates were saved to the libraries where they are easily available. This speeds
up the engineering work of ZEE600 projects and makes the work more efficient.
The scope of this work was to standardize templates for substations but it is
possible that the standardization work of 2.0 version is extended till the future, for
example to the templates of industry. | also believe that the skills which | have

learned during the work are useful in future projects.
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