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The purpose of this thesis work was to investigate and compare Hitachi ABB Power Grids 
Finland’s switch heating solutions with each other and try to standardize these solutions. 
These switch heating solutions have three different approaches from manual to fully auto-
matic. The goal of the work was to create documents that could help engineers to save time 
when starting new switch heating projects. 
 
This thesis study compares voltage selection, isolation transformer and weather station 
switch heating systems. These systems were compared to each other for the heating pro-
grams typical for each of the systems and differences noticed in MicroSCADA. 
 
Instead of standardization, instructional documents were made, because every procedure 
could not be standardized. Each of the switch heating systems has been made an individual 
document. Documents explain what steps are needed to be taken to carry out the specific 
solution. 
 
This thesis study concludes that the weather station solution is best, because the sensors 
provided by the weather station improve the efficiency of the switch heating by eliminating 
the unnecessary heating. 
 
The limiting factor for what the existing system can be upgraded to is the physical system 
itself which defines what intelligent version it can be upgraded to. The result for standardi-
zation was instructional documents for the switch heating solutions that Hitachi ABB Power 
Grids Finland is currently offering in Finland. 
 

Keywords switch heating, MicroSCADA, remote terminal unit, programma-
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Opinnäytetyön tarkoituksena oli tutkia ja vertailla Hitachi ABB Power Grids Finlandin vaih-
teenlämmitysjärjestelmiä keskenään ja yrittää vakioida kyseisiä järjestelmiä. Kyseisillä 
vaihteenlämmityksillä on kolmea erilaista tekniikkaa käytössä manuaalisesta täysin auto-
matisoituun järjestelmään. Opinnäytetyön tavoite oli laatia dokumentit, joilla insinöörit voisi-
vat säästää aikaa uusien vaihteenlämmitysprojektien kanssa. 
 
Opinnäytetyössä verrattiin jännitepohjaisen-, erotusmuuntajapohjaisen- ja sääasemapoh-
jaisen vaihteenlämmitysratkaisuja keskenään. Vaihteenlämmityksiä verrattiin keskenään 
jokaiselle vaihteenlämmitykselle tyypillisen lämmitysohjelman kannalta ja MicroSCADA:ssa 
havaittujen eroavaisuuksien kannalta.  
 
Ratkaisujen vakioinnin sijasta luotiin ohjeistavat dokumentit ratkaisujen toteuttamiseksi, 
koska jokaista asiaa ei voi vakioida. Jokaiselle vaihteenlämmitystavalle on tehty oma doku-
mentti, joka selittää ratkaisun toteutustavasta etäpäätteen konfigurointiin/ohjelmointiin asti. 
 
Opinnäytetyön tuloksena todettiin, että sääasemaratkaisu oli paras vaihtoehto ratkaisuista, 
koska sääaseman tuomat sensorit parantavat vaihteenlämmityksen tehokkuutta jättämällä 
ylimääräisen lämmityksentarpeen pois.  
 
Rajoittavana tekijänä, kumminkin on vanhan järjestelmän fyysinen rakenne. Vaihteenläm-
mityksen fyysinen rakenne rajoittaa, minkälaisen älykkään järjestelmän ratkaisulle voidaan 
toteuttaa. Vakioinnin tuloksena on ohjeistavat dokumentit vaihteenlämmitysjärjestelmille, 
joita Hitachi ABB Power Grids Finland tarjoaa Suomessa. 
 
 

Avainsanat vaihteenlämmitys, MicroSCADA, etäpääte, ohjelmoitava lo-
giikka 
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1 Introduction 

Switch heating is a vital element for functioning train traffic, but it consumes a lot of en-

ergy and money. Choosing the right switch heating system is crucial when upgrading 

existing switch heaters to an intelligent switch heating system. Intelligent switch heating 

systems offer efficiency and reliability by removing some of the manual labour.  

This thesis study was commissioned by Hitachi ABB Power Grids Finland Oy. ABB 

Power Grids started as an independent company on November 1, 2019. Separation of 

Power Grids from ABB into an independent company was part of the process of moving 

Power Grids from ABB to Hitachi. The sale was completed on July 1, 2020, and currently, 

the company is known as Hitachi ABB Power Grids. [1.] 

This thesis presents the switch heating systems which are used in Finland and these 

systems structures, components, programs, and operating principles. The thesis goes 

through the intelligent switch heating solutions and how they differ from the previous 

switch heating system. At the end of this thesis documentation process for these solu-

tions is explained. 

2 Objective  

The original objective of this thesis work was to standardize Hitachi ABB Power Grid 

Finland’s intelligent switch heating methods which are described in this thesis and com-

pare their energy usage. Energy data would have been gathered by using MicroSCADA’s 

reporting tool and by reading energy meters from MicroSCADA. 

Energy data could not be gathered from MicroSCADA due to energy meters were not 

implemented in the MicroSCADA system. Instead, this thesis focuses on comparing 

these intelligent switch heating solutions on how they differ from each other and the 

standardization of these solutions. These switch heating solutions are compared from a 

MicroSCADA and PLC perspective. 

Hitachi ABB Power Grids wants these documents to make clear how these solutions 

diverge from each other and how to execute them. So, for standardization objective was 

to make documents for each of the intelligent switch heating solutions that could speed 



2 

 

 

up the design work and help engineers who are not familiar with switch heating projects. 

Every aspect of the switch heating projects cannot be standardized, and the documents 

created give general instructions on how to execute switch heating projects. 

3 Switch Heating Related Equipment and Programs 

Finnish railway has over 5700 switches and over 55% of the railway switches are 

equipped with electrical heating. All switches equipped with electrical heating are also 

equipped with electrical turning devices that also have electrical heating. There has been 

some consideration for alternative heating solutions such as geothermal heating and 

district heating. Alternative heating solutions haven’t proved to be as effective as electri-

cal heating because of easy access to electricity. Väylävirasto is researching further for 

alternative heating solutions. [2,28]. 

The main task of the switch heating system is to secure the function of mechanical parts 

of the railroad switch. Especially during winter when ice and snow can make switches 

difficult to move. In practice, this is accomplished by installing heating elements to sup-

port and string rail. Switches also include a rod pit heating which ensures electrical turn-

ing devices mobility. Relying just on switch heating is not enough and regular cleaning 

of the switches is mandatory to keep switches working. [3;4.] 

Figure 1 shows the skeletal structure of the switch heating system. 
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Figure 1. Skeletal structure of switch heating including main components. More information com-

ing in the following paragraphs. 1. Rail temperature sensor installed to rails lower surface, 2. 
Support rails resistor, 3. String resistor, 4. Bar pits resistor, 5. False alarm / armed cable, 6. Con-
trol and indicator cable, 7. The special cable coming with sensor delivery, 8. Weather station rail 
temperature sensor. [4,91.] 

3.1 Switch Heating Transformer 

Switch heating transformers are used to convert 27.5 kV voltage that runs in over-head 

wire for the usable voltage for the heating resistors. Railroad tracks that are not electrified 

heating resistors take power from the local electricity network. [6,37] 

Switch heating transformers that are commonly used are single-phased, air-cooled, oil-

insulated transformers designed for outdoors. These transformers nominal voltage is 25 

kV and secondary voltage is 400 V, 400 V / 230 V or 400 V / 347 V / 283 V. Commonly 

used transformer power 20 / 50 / 100 and 200 kVA. Used secondary voltage and power 

are dependent on the used heating method. [4,10-11.] 

Figure 2 shows the switch heating transformer structure and the components. 
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Figure 2. Switch heating transformer structure. 1. over-head wire, 2. support, 3. one-phased 

disconnector, 4. 25 kV support insulator, 5. fuse and chassis, 6. overvoltage protector, 7. Switch 
heating transformer, 8. electric track pillar, 9. electric track pillar foundation. [4;7.] 
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3.2 Switch Heating Center 

SHC (Switch heating center) is installed in the cable-sharing cabinet which is located 

near the switch heating transformer pillar. SHC works as a dividing point for ITs. (Isola-

tion transformer is a device that converts voltage from SHC to usable voltage for heating 

resistors). IT transfer power from SHC for the switch heating resistors. [4.] 

A signal system is a safety device that has connections to traffic control, where the switch 

heating remote control is located. Switch heating remote controls control cables run from 

the safety device cabinet or straight from the signal system to the SHC. Remote controls 

are used by the traffic control operator who handles switch heating which is executed by 

using MicroSCADA. More information about MicroSCADA in the third chapter. [4.] 

3.3 Isolation Transformer Center 

IT center is located near the switches that need heating. Depending on the switch type 

and length of the switch the amount of isolation transformers needed varies. The isolation 

transformer transforms the 25 kV voltage to 400V to the primary side that transforms 

400V to 230V voltage to the secondary side that is suitable for the heating resistors.  

Isolation transformers are used to transform voltage suitable for heating resistors and 

separating secondary sides components galvanically from the primary side and earth 

potential. By doing this returning the current rail is separated from the switch heating 

system and securing that rails security device system will not have any interferences. 

[4;8.] 

3.4 Switch Heating Resistors 

Heating resistors are installed on the support rail and string rail. When heated, they ra-

diate heat between support and string rail melting snow and ice. Support rails are 

equipped with heat insulators that reduce heat loss and enhancing energy and heating 
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efficiency. Switch heating resistors work with AC voltage and their power varies from 700 

– 2300 W and the most commonly used are 700 W, 1000 W, 1700 W, and 2300 W. [6;9.] 

Figures 3 and 4 display the switch heating resistors locations. 

 

Figure 3. Switch heating resistors in a switch. 1. Support rail heating resistor 2. String heating 

resistor 3. Reversing rods pit heating resistor under the snow protector panel. [5.] 
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Figure 4. Support and string rail switch heating resistor [10]. 

 

Switches that are equipped with string heating are also equipped with bar pit heating. 

Bar pit heating uses 600W heating resistors to keep switches turning mechanism dry 

during foul weather preventing moisture and freezing. Anyhow, only relying on switch 

heating to keep the rails operational during winter is not enough and manual snow re-

moval is occasionally needed. [4,30;10.] 

3.5 SCADA 

SCADA (Supervisory Control and Data Acquisition) system is a process control system 

that is vital to many industries. SCADA system makes it possible to control, gather data, 

and supervise the process. SCADA has good flexibility and scalability that makes it a 

good choice for industries that have systems in remote locations. [11.] 

SCADA is a multi-level system starting from the field devices to the supervisory computer 

figure 5 displays this structure. The field devices are connected to the RTU/PLC (Remote 
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terminal unit and Programmable Logic Controller) in switch heating application RTUs 

serve also as PLCs. The information from field devices is transmitted from RTU/PLC to 

the controlling computer, which contains SCADA. The communication path is either 

wired or wireless. In intelligent switch heating application wireless solution is used. The 

software in the controlling computer displays the data from the process allowing the op-

erator to monitor the system in real-time and act when necessary. [12.] 

 

Figure 5. SCADA system structure [13]. 

3.6 RTU and PLC 

RTU is a physical device that gathers information from various sensors and delivers in-

formation to the control room computer which is in this case MicroSCADA server. RTUs 

have I/Os (Input/Output) for measuring and transferring analog and digital signals. Ex-

ample of a power measurement at 4 - 20 mA or 0 - 10 V, which are common ranges of 

analogy signals nowadays. In this application, RTUs use RS-485 or fiber optical interface 

to transmit data. RTUs transmit the information to the MicroSCADA server by GPRS 



9 

 

 

(General Packet Radio Service) network if the 3G modem is used or by using the 4G 

network if the 4G modem is used. [14.] 

The role of PLCs in automation has increased over time. PLC systems vary in size, com-

munication, sensors, and control components. The sizes of PLC systems vary from the 

logics of a few digital I/O to an entity formed by several logics, which are used in this 

case for switch heating [15]. In switch, heating applications PLC programs are installed 

to SD cards (Secure Digital cards are used to store data inside and vary in size) 

RTU520CMD01 module.  

Hitachi ABB Power Grids railway applications use RTU520 and this is used to gather 

analogy data from temperature sensors and status information from actuator positions. 

For each different switch heating solution, there is a different PLC program used. These 

programs enable automatic and semi-automatic actions to take place.  

Figure 6 shows the used RTU which is used in switch heating applications. 

RTU520 modules that are used at the intelligent switch heating are the following 

• 520PSD01 power supply module 

• 520CMD01 communication module 

• 520AID01 analogy input module 

• 520BID01 binary input module 

• 520BOD1 binary output module 

• 520ADD02 input/output adapter to extend WRB (Wired or bus is a choice to transmit data 
by individual wires or a bus consists of many wires) to decentralized locations with RS485 
or fiber optical cable 

• 520ADD03 input/output adapter converting RS485 or fiber optical connections to WRB at 
decentralized locations 
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Figure 6. RTU520 which is used in switch heating applications [14]. 

3.6.1 RTUtil  

The RTUtil is a program that is used to configure RTUs and was developed by ABB 

specifically for use with the RTU560 model but can be used with all the models currently 

in use. RTU has three main configuration aspects, Network Tree, Hardware Tree, and 

Signal Tree. In network tree stations topology is described by attaching the main RTU 

lines to the other station nodes. In the hardware tree, the RTUs hardware is added so 

that the RTUs internal communication is formed. The signal tree is where all the process 

objects are added and given exclusive object identifier names. 

Figure 7 shows an example of the hardware tree in the RTUtil.  
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Figure 7. Example of an RTU Hardware Tree. 

3.6.2 Multiprog  

The Multiprog is a Phoenix Contacts program that is used to make PLC programs for 

RTU520. The RTU520 has a dedicated module for the PLC program. To create programs 

for RTU520 the Multiprog is used. From RTUtil an export file is made which builds a 

“foundation” for the PLC program automatically. Figure 8 displays an example PLC pro-

gram created in Multiprog. 
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Figure 8. Example of a PLC program in Multiprog. 

4 MicroSCADA 

Hitachi ABB Power Grids MicroSCADA is a programmable and distributed SCADA sys-

tem. MicroSCADA is computer-based meaning it runs on almost any available PC hard-

ware. MicroSCADA applications and configuration programs are built by using SCIL (Su-

pervisory and Control Implementation Language) it is a programming language used 

only in the MicroSCADA environment. MicroSCADA is generally used for substation au-

tomation and process industry applications. Currently, MicroSCADA can also be used in 

non-electrical applications such as heating, oil, water, and gas distribution processes. 

[16.] 

MicroSCADAs development begun in 1982 in Strömber Oy, a Finnish electrotechnical 

company. Strömber desired their own total automation system but lacked a proper con-

trol and reporting system. Strömber developed a new control system which was named 

a Strömberg Control System (SCS). SCS was renamed MicroSCADA when Strömberg 

joined ABB and is currently known as Hitachi ABB Power Grids. [17.] 

 



13 

 

 

MicroSCADA supports all the main process communication protocols, these are IEC 

60870-5-101/104, IEC 61850, ANSI, SPA, and Modbus. Between the system server and 

process devices communication protocol is used. Each protocol is distinctive, meaning 

that all the physical equipment and interfaces must support the used protocol. [18.] 

The MicroSCADA focuses on power system automation including the following products:  

• MicroSCADA X Control System SYS600 

• MicroSCADA X Compact System SYS600C  

• MicroSCADA X Distribution Management System DMS600 

MicroSCADA X product series is the updated version of MicroSCADA Pro and is cur-

rently available. The main differences between MicroSCADA X and MicroSCADA Pro 

are the updated user interface and programming language being changed from SCIL to 

JavaScript. This thesis focuses on MicroSCADA Pro since it is currently used in railway 

applications and more precisely SYS600. 

SYS600 is a programmable and scalable substation automation system being most used 

in an electrical power process. SYS600 can be used for supervision and control of many 

other industries [19,11]. SYS600C is a robust industry-grade computer that is a pre-con-

figured and compact solution for harsh environments [20]. DMS600 is a Distribution Man-

agement System that can be integrated with SYS600 offering an advanced database 

that can be used for improved network monitoring by using the geographical map [21]. 

4.1 MicroSCADA Application 

To fulfill the requirements of controlling and monitoring process devices MicroSCADA 

application needs a connection to the process equipment. The process equipment in-

cludes application and system objects. Application objects are used for the process de-

vices signals and the system objects are used to configure the system. [22,25-26.] 

SYS600 communication type and system communication are specified by programmable 

system objects. System objects are split into two main categories: base system objects 

and communication system objects. For base system configuration a base system 
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objects are used. While the communication system objects are used for describing the 

communication and configuration properties of process communication. [23,13.] 

Application objects are programmable and being used for many different tasks for exam-

ple of calculations, real-time supervision, and data registration. [24,12.] 

4.1.1 MicroSCADA Control Dialogs 

Figure 9 shows an example of a control dialog which are used to control and monitor the 

state of an individual device. Control dialogs contain various items, for example, images, 

menus, buttons, and texts. Control dialogs are called Visual SCIL objects (VSOs) in Mi-

croSCADA. [25,17.] 

Methods are used to program control dialogs which are SCIL programs that can be ex-

ecuted cyclically, by a user operation or a specific event [26,25]. Control dialogs actions 

are defined by methods. 

 

Figure 9. Example of a simple control dialog used in switch heating. 

4.1.2 MicroSCADA Subdrawings 

In MicroSCADA subdrawings are used when a symbol is being used numerous times in 

the same application figure 10 shows an example of this. Subdrawings represent states 

of the objects in MicroSCADA. Data variables and custom attributes define the behavior 

and appearance of the subdrawing [26,61]. MicroSCADA contains a various number of 

subdrawings for mainly used devices in substation and process industry applications, for 
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example, generators, breakers, and pipelines. Creation of new subdrawings and editing 

existing ones is possible in Display Builder.  

 

Figure 10. Example of a subdrawing used multiple times in a switch heating. 

5 Switch Heating Systems 

The heat control system can be considered the most important thing when it comes to 

switch heating. What system is used impacts energy efficiency and how efficiently it 

keeps switches working during winter. Switch heating uses the most energy during winter 

times and the amount of power it consumes yearly is increasing. The next paragraphs 

explain commonly used heating systems in Finland. [27,65;28.]  

5.1 Voltage Selection-based Adjustment 

Voltage selection-based heating is the oldest of currently used heating systems. Here 

the method is based on voltage adjustment on three different power levels: full power, ¾ 

power, and ½ power. By adjusting the voltage that the isolation transformer center re-

ceives as an output the voltage across the heating resistors can be adjusted in a three-

tier manner. By utilizing intermediate cut-outs, the following voltages can be used: 400 

V / 347 V and 283 V. [4.] 

Switches that are close to each other and at the same time under an equally powered 

phase can be heated and the heating is controlled manually by the operator. The switch 

heating center contains an outside thermometer that's mounted bottom of the switch 
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heating center's base. This thermostat denies switch heating to be turned on when ex-

ceeding setting value example +5 ºC while being in the remote-controlled state. [4;33.]  

Figure 11 shows the voltage selection-based system structure. Voltage selection-based 

heating is no longer recommended when installing new switch heaters because the sys-

tem is manual. 

 

Figure 11. Voltage selection-based adjustment structure. 1. Switch heating transformer, 2. The 

signal box, 3. Switch heating center, 4. Isolation transformer, 5. Control cable, 6. Heating resistor 

supply cable, 7. Isolation transformer supply cable. [29.] 

5.2 Isolation Transformer-based Adjustment 

In IT-based adjustment, switches are heated by adjusting power that switch heating cen-

ter inputs to the ITs. In IT-based adjustment, power regulation happens directly from ITs. 

This means that individual switch heating can be adjusted, and the adjustment occurs 

by ITs with temperature controllers that control the heating based on transmitted temper-

ature data gathered from the rail temperature sensors. An example of this is shown in 

figure 12. [4.] 
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Here SHC secondary voltage 400 V is used as the supply voltage for isolation transform-

ers and separations transformers output 230 V to switch heaters. By instructions of pub-

lication B17, ITs voltage is connected when the outside temperature is <+ 5 ºC. This 

actively demonstrates that isolation transformers are not always energized. The outside 

thermostat that's mounted at the bottom of the SHC controls when ITs are energized. 

[4.] 

By instructions of publication B17, temperature regulators have predetermined values. 

Predetermined values for normal heating are +10 ºC and power heating +40 ºC. In nor-

mal circumstances, normal heating is enough, but in case of foul weather, such as a 

blizzard that gathers a lot of snow and ice in a short amount of time, between the rail and 

string rail, power heating can be used. Power heating can be turned on manually by the 

operator and has a timer for 0 - 10 hours this timeframe is set for two-hour intervals. [4.] 

Figure 12. Isolation transformer-based adjustment. 1. Blue line indicates railroad heating detec-

tor cable, 2. Bus cable. [29.] 

5.3 Weather Station-based Adjustment 

WS-based adjustment (weather station) is the latest of these three heating systems. Pre-

vious systems were solely dependent on temperature sensors. WS-based adjustment 
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has in addition to the temperature sensor, optical rain sensor, air moisture meter, and 

wind speed sensor. With the addition of an optical rain sensor, the WS can recognize 

snowing which is great when comparing to the two previous systems. When the system 

takes snowing into account the operator does not need to use power heating as often 

and this decreases manual use of the system. 

If the WS has some sort of malfunction operator can remotely override WS controls and 

manually control turn on power heating. The power heating timer is set to between 1-5 

hours. [4.] 

WS-based adjustments can be installed stand-alone, or they can be added to the existing 

voltage selection-based and IT-based solution. Mainly WSs are added to ITs because 

they function automatically unlike the voltage-based system the figure 13 shows how the 

WS is implemented on the IT system. This thesis study focuses on WS system imple-

mentation on the IT system only. 

When the WS is added to the existing IT system, it becomes more energy-efficient since 

the additional sensors brought by the WS make the heat regulation more precise. Relying 

on the rail temperature sensors alone, the IT can keep itself energized for long periods, 

even if there is no need for heating. This is because the wind can trick the temperature 

sensor. The WS eliminates the wind factor because the WS has more sensors that inform 

the IT more accurately of the weather and when it needs to heat the switches. [29.] 

Figure 13. Weather station-based adjustment. 1. Control cable 2. Weather station [29]. 
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6 Intelligent Switch Heating System 

By using RTUs in switch heating allows usage of PLC programs since RTUs act as PLCs 

at the same time. The practice of PLC programs makes it possible to bring intelligence 

to switch heating. Hitachi ABB Power Grids has performed intelligent switch heating pro-

jects since 2015. 

The previous chapter explained the difference between switch heating solutions and how 

the different systems function. Now, these heating methods have been built as PLC pro-

grams and installed in RTUs which allows intelligence to the system. 

By using RTUs, it is possible to bring large areas effortlessly into the scope of intelligent 

switch heating. RTUs communicate through the GSM/GSMR with MicroSCADA, which 

means that it does not matter where the switches are located, they can be brought intel-

ligent switch heating network. MicroSCADA can be used to control several switches from 

one location individually or simultaneously. 

6.1 Intelligent Voltage Selection-based Adjustment  

To make the voltage selection-based adjustment intelligent the RAC (Remote access 

center) is installed on the side of the SHC figure 14 shows an example of this. RAC is a 

cabinet that has RTUs and a modem installed inside. The switch heating is controlled 

from the MicroSCADA server that the operator operates and gives commands to RTUs 

via the GSM/GSMR network. Now with RAC operator can control all the SHC that are 

implemented in the MicroSCADA. RTUs also send data to the MicroSCADA server of 

what heating power is enabled and if the switch heating has communication errors or 

other faults. 
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Figure 14. The current solution for the voltage-based solution. 1. RAC, 2. MicroSCADA server. 

 

Figure 15.  RAC.  
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The principle of the voltage-based adjustment is the same as described in chapter 4.1 

but now the heating method is made to the PLC program that runs switch heating. PLC 

program's basic principle is the same as before by controlling the voltage to adjust the 

heating. An addition here is if the connection to the RTU is lost over one-hour, the PLC 

program automatically switches on ½ heating and when the connection returns heating 

goes to the previous setting. This is the only automation that can be made to this solution. 

Switch heating is still manually controlled but now by using MicroSCADA. [30] 

Figure 16 shows an example HMI (Human-machine interface) view from MicroSCADA. 

1. These boxes represent the different SHC that are equipped with RTUs and have been 

implemented to MicroSCADA. 2. Control button opens a dialog window for the operator 

to control switch heaters individually. 3. Indicates if the connection to RTU is ok if this 

object is green stating that connection is ok if this is red stating that the RTU is offline if 

the color is purple indicating connection error. 4. These buttons allow control of all the 

switches simultaneously that are implemented in same HMI window in MicroSCADA in 

this case that would be six switches. 5. This is the control dialog opened by a control 

button in this window operator can enable the ½, ¾ and 1/1 heating on or by clicking Off 

button turning them off. The button with pale text is being in use currently. [31.] 

 

Figure 16. Example HMI view in MicroSCADA.  
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6.2 Intelligent Isolation Transformer-based Solution 

To make the isolation transformer-based solution intelligent RTUs are installed inside the 

SHC and ITs figure 17 shows an IT system structure. Inside the SHC a modem is also 

installed allowing the system to communicate with MicroSCADA. The RTUs inside the 

SHC act as the main PLC while the RTUs inside the ITs act as a field PLC. Field PLCs 

gather data from rail-mounted temperature sensors and transmit it to the main PLC. The 

main PLC decides if it is necessary to turn on the heating. If heating is necessary main 

PLC gives the field PLC command to turn on the heating. This data is also transmitted 

from the main PLC to the MicroSCADA server where the operator can monitor the situ-

ation and control switches. 

 

Figure 17. Intelligent isolation transformer-based structure.  

PLC program for this heating solution is as follows. When the system is on automatic 

setting outside temperature must be below >= +5 ºC for switch heating to be turned on. 

PLC program sets heating on and heats the switch to +10 ºC upon reaching this point 

heating is turned off and once reaching +5 ºC heating turns on. By doing this PLC pro-

grams try to keep the switches temperature around + 8 ºC. When power heating is used, 

the system will heat switch to +32 ºC, upon reaching this temperature heating is turned 

off, once the temperature hits + 22 ºC heating turns on. On power heating PLC program 
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tries to keep the switch temperature around +30 º C. Set temperature values can differ 

from IT to IT. 

Figure 18 has an example HMI view from MicroSCADA. Although the example figure is 

looking visually the same as in figure 16 this intelligent IT solution offers more information 

in MicroSCADA compared to voltage-based solution. The main difference can be seen 

in the control dialog that opens from SHC Example 1 which offers more information to 

the operator. 

 

Figure 18. Example HMI view from MicroSCADA.  

The figure below is an example control dialog window that shows SHC which controls 

the ITs. Figure 19. control dialog window was used before improvements done in figure 

21. control dialog window. Figure 19. shows the basic controls for switch heating. On 

button turns on the automatic heating which allows IT to operate automatically until the 

Off button is pressed which turns off IT. If the power heating button is pressed it gives a 

pulse which sets a two-hour timer for power heating. After the timer is expired the heating 

returns on the normal mode. [32.] 
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Figure 19. First example control dialog window.  

Figures 20 and 21 have an improved control dialog of figure 19. This control dialog has 

five ITs and each of the ITs controls an individual switch. This control dialog is currently 

in use since it offers additional information for the operator. Figure 20 control dialog mal-

function information is described below. 

Displayed information: 

• Fuse triggered 

• Transformer protection triggered 

• Power supply failure 

• Contactor K1 doesn’t pull 

• Surge protector replaceable 

• Bus failure 

• Undercurrent  
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Figure 20. Updated control dialog in MicroSCADA. 

Figure 21 shows dialog control options for switch heating. On the SHC Ex shows controls 

for all the SHC these controls include NORM = system runs automatically as described 

previously. POWER = system on power mode and operating as described before. OFF 

= everything is turned off. MAN = manual operating is possible for switch-specific heat-

ing. 

In this control dialog Meas.temp (Measured temperature) shows the temperature of the 

switches and Current shows the amount of current the heating is using. 

 

Figure 21. The second example of control dialog. 
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6.3 Weather Station Implemented on Isolation Transformer Solution 

This solution is based on the WS being implemented on the IT solution. This is because 

in voltage-based adjustment there is no automation and the whole system is operated 

manually the WS does not bring much of a difference although it could be implemented 

on that system also. While the IT solution is an automatic implementation of the WS 

allows this system to be more efficient on heating than the others. 

The intelligent IT system relied on temperature sensors alone and adjusts heating based 

on temperature data alone. The system can heat switches more than intended and this 

is due to the effect of the wind. Wind can make it seem to a sensor that it's colder than it 

is outside and keep heating at unnecessary times. This problem can be dealt with to 

some extent by implementing a WS in this system. As described in chapter 4.3 the WS 

has an optical rain sensor, air moisture meter, and wind speed sensor. The optical rain 

sensor brings the biggest difference by being able to detect snowing.  

Figure 22 shows an example HMI view from MicroSCADA with the WS-based imple-

mented on the IT system. On the left, WS information is displayed for the operator. On 

right, four SHC are shown, and on what settings they can be set to. One key difference 

between intelligent IT adjustment and WS implemented system is that WS system can 

automatically switch between all the modes that the PLC program includes.  

 

Figure 22. Example HMI view of the weather station adjustment view on MicroSCADA.  

Figure 23 has an almost identical control dialog as in the IT system in figure 20. The 

difference here is WS information is displayed on this control dialog. On the displayed 

information the surge protection and undercurrent have been removed.  
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Displayed information: 

• Fuse triggered 

• Transformer protection triggered 

• Power supply failure 

• Contactor K1 doesn’t pull 

• Contactor K2 doesn’t pull 

• Bus failure 

 

Figure 23. Example of a weather station control dialog.  

This control dialog includes all the previous functions of figure 21 but the key differences 

are the WS button for turning WS on/off. The second difference is seen on the temp set 

where instead of showing current for which is used for heating strings A and B are dis-

played. The two previous solutions heated the whole switch but here PLC program heats 

switch both strings individually. This can conserve energy due to the energy for heating 

is "halved". 
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Figure 24. Example control dialog of the weather station adjustment. 

The PLC program will automatically heat the switches when sees it necessary same 

principle applies for powered heating. Although the system is fully automatic and does 

not need an operator to control heating there is still a possibility for manually operate 

heating from MicroSCADA the figure 24 displays the WS control dialog functions. 

• POWER = Power heating when the outside temperature is <=0 C and is rain-

ing. 

• AUTO = Normal heating when the outside temperature is <= 1 C and is not 

raining or when the outside temperature is <= 3 C and is raining.  

• OFF = When thermostat detects that outside temperature is >= + 5 C 

• MAN = Manual switch overrides the system and allows all the switches to be 

controlled individually 

When the PLC program uses AUTO, it's trying to keep the switch's temperature around 

8 C. This is accomplished by the program turning on heating when string temperature is 

6 C and string is heated to 10 C. This loop runs as long as AUTO is on. For POWER 

PLC program is trying to keep the switch temperature around 30 C. This is accomplished 

by the program turning on heating when string temperature is 22 C and string is heated 

to 32 C. This loop runs for two hours on POWER after two hours PLC program returns 

to AUTO. 
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7 Standardization 

7.1 Research 

At the beginning of the standardization process, it was necessary to research how the 

intelligent switch heaters differed from the "old" switch heating systems. The research 

was conducted on the differences between the RTUs that have been used in the past, 

what other materials are used on these projects and what PLC programs are run in 

RTUs.  

A lot of documents were ready for the finished projects, but these documents were scat-

tered around the project network, therefore gathering the essential documents for stand-

ardization proved to be challenging.  

In the beginning, most of the time was used to sort out documents for each heating 

system. When examining the documents, the following issues had to be clarified.  

• What RTU should be used on future projects?  

• Which data transmission way should be used between RTU communications? 

• Is maintenance needed after implementation?  

• What RTU components are used on SHC and ST and how much?  

• Where/how the components will be installed? 

7.1.1 Choosing RTU 

RTUs used in the past projects were RTU560, RTU540, and RTU520 these RTUs are 

being shown in figure 25. These RTUs varied from project to project. The main reason 

for RTU variety was the time when these intelligent switch heating systems have been 

carried out. The start of the intelligent switch heating systems RTU560/RTU540 was 

used due to RTU520 was not sold at the time. For most projects, RTU560 was used at 

the beginning due to easy accessibility and familiarity to engineers. In a few projects, 

RTU540 was used on its size benefits compared to the bulky RTU560. The main differ-

ence between the RTUs in question is size and module variety. After the release of 
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RTU520, it has been used on these projects down to compact size and module variety. 

[32.] 

Key points being here are the RTU520 is compact in size compared to the RTU560 and 

is easier to attach SHC by installing a din rail which enables easy switching with RTU520 

modules if needed. The RTU560 needs a separate rack to be installed which can take a 

lot of space in an SHC. RTU520 has the same number of modules as RTU560 but more 

than RTU540 which only has 2 modules which makes it a better candidate for and com-

pared to RTU540. 

Figure 25. RTUs which are used on intelligent switch heating projects [35]. 

7.1.2 Communication choice and maintenance 

RTUs communication with MicroSCADA server is established with 3G/4G modems. The 

intelligent switch heating projects started with the usage of 3G modems, but 4G modems 

becoming more easily accessible 4G the usage of 3G modems were stopped. Currently 

4G modems are used for communication but in future, this could be established with 5G 

modems. Modems are in the SHC where they communicate over the 3G/GPRS or 4G 

with the MicroSCADA server. The communication between the RTUs which are in the 

SHCs and ITs is established with RS-485 or fiber optical interface. 
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Maintenance for RTU520 is essentially not needed after installation. One thing affecting 

RTUs lifecycle the most is choice with communication types between RS-485 and the 

fiber optical interface.  

If the RS-485 communication is chosen, the ITs must be equipped with surge protectors. 

RS-485 communication uses a twin cable that can conduct high voltage to the RTUs. A 

surge protector protects the RTUs from degradation in case of a voltage rises too high. 

Sometimes surge protectors break down due to high voltage and must be replaced.  

If the fiber optic interface is chosen over RS-485 surge protectors are not need due to 

fiber optic cables do not use electricity but light to transmit the information. Currently, 

RS-485 is used over fiber optical interface due to twin cable is less expensive than fiber 

optical cable. In the future fiber optical interface could be considered due to a lowering 

in price when fiber optical cable comes more widely used. In comparison, 100m of twin 

cable cost 600-700 € and fiber optical cable cost 1000-1100 € this adds up quickly when 

distances between RTUs are long. [33;34.] 

7.1.3 Modules 

RTU modules that were used in each of the methods proved to be repetitive. For choos-

ing the correct amount of RTU modules an excel worksheet was made. Figure 26 excel 

sheet was made by using past projects RTU numbers as a reference. This worksheet 

helps the engineers to pick the right amount of RTUs for SHC and IT. By entering the 

number of switches is implemented to the intelligent switch heating system the worksheet 

shows the number of modules is needed for the project.   

Figure 26 shows what kind of PLC licenses are needed to run the PLC program for the 

heating solution. In the worksheet License, PLC is for the main PLC and License, Basic 

is for the field PLC. The license size is depended on the number of switches are included 

in the new project and on the PLC program used. License sizes are 50DB, 250DB, and 

750DB (Data bits hold variables, these variables are used to configure a PLC program). 

Every PLC requires at least one PLC license to function. The PLC license is installed in 

the SD card which is installed in the 520CMD01 module. 

The amount of I/O needed for the intelligent switch heating version is determined in the 

RTU configuration which is done with the RTUtil program. The RTU configurations are 

ready-made which means the number of I/O is standard. [Appendix 1,2,3.] 
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Figure 26. Excel worksheet for choosing the right number of RTUs for separation and weather 

station solutions.  

Following RTU520 modules are used in the intelligent voltage-based adjustment. 

• 520PSD01  

• 520CMD01  

• 520BID01  

• 520BOD1  

Following RTU520 modules are used in the intelligent IT-based adjustment and in the 

WS implementation on the IT-based adjustment which are in the SHC. 

• 520PSD01  

• 520CMD01  

• 520BID01  

• 520ADD02  

RTU520 modules located in the IT. 

• 520PSD01  
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• 520AID01  

• 520BID01  

• 520BOD1  

• 520ADD03  

7.1.4 Installation 

SHC size affects if the modules can be installed inside the SHC in the intelligent voltage-

based adjustment. If the SHC is large enough the modules can be installed inside without 

having to make any modifications. But more commonly the modules do not fit inside the 

SHC which means the modules must be installed in a RAC figure 15. The only difference 

is when it comes to the installation of the modules is heating. The modules must be kept 

dry and for this, a separate heating element is must be installed inside the RAC. 

The addition of the heating element only affects the intelligent voltage-based adjustment. 

In the other two methods, all the modules are installed inside the SHC and IT which 

already are equipped with heating elements. 

7.2 Documents 

Each of the intelligent switch heating solutions an individual documents were made in-

stead of making one vast document which would include all the heating solutions. These 

document packages are written on the premise of engineers are familiar with the Mi-

croSCADA, RTUtil, and Multiprog when starting a new switch heating project. The doc-

uments are written in Finnish since this thesis was made for ABB Power Grids Finland 

and engineers employed are operating in Finnish.  

Document packages prepared include the following subjects: 

• What solution is used  

• How the implementation is carried out 

• Which RTU520 modules are being 
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• What kind of ready-made images and programs can be utilized in MicroSCADA 

• What RTU configuration is used 

• What PLC program is used 

All the documents begin by explaining what kind of solution is in question and how-to 

bring intelligence to this solution. Documents explain how to bring a one switch to intelli-

gent switch heating system from "old" switch heating system. Although documents ex-

plain how to bring one switch into an intelligent switch system the instructions are flexible 

that they can be used to bring multiple switches. [Appendix 1,2,3.] 

Generally, new switch heating projects are carried out as alteration work and these doc-

uments focus on that. Documents explain what are the changes which are required to 

be made to SHC and to IT depending on the switch heating solution which is being im-

plemented. For the intelligent voltage-selection solution RAC is occasionally being used 

to fit the RTU modules and modem for wireless communication as figure 15 displays. 

Documents explain where RTUs and modem will be located inside the SHC and IT in 

intelligent IT and WS solutions. [Appendix 1,2,3.] 

Documents have figures which explain how to attach the RTUs correctly to each other 

and where they will be located. Which RTUs are used for each of the solutions is de-

scribed in the 7.1.3 chapter. [Appendix 1,2,3.] 

Documents have instructions for ready-made subdrawing, dialogs, and events that are 

intended to be used for different switch heating solutions and where these can be found. 

It is crucial to use correct subdrawings, dialogs, and events, or else the control dialog 

will not display correct objects or ends up displaying nothing. [Appendix 1,2,3.] 

Figure 27 displays an error message because the wrong VSO is being used.  
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Figure 27. Dialog error when used wrong VSO files. 

There are ready-made RTU configurations for each of the switch heating solutions. 

These configurations are accessible with RTUtil.  

The RTU configuration includes the module configurations which are being used in the 

project. These configurations include line definition, IP address definition, and digital 

points assigned to modules, which are used when performing PLC configuration. Line 

configuration and IP address go hand in hand. In the line definition, it is determined at 

which substation the RTU in question will be called. The substation is given a certain 

number by using this number in MicroSCADA with an IP address, MicroSCADA can 

communicate with the RTU in the field. [Appendix 1,2,3.]  

Documents give instructions on what RTU configurations are meant to be changed pro-

ject by project and which configurations are meant to be untouched. Example in ready-

made RTU configuration RTU IP addresses are required to be changed project by project 
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but I/O are configured so that can be used by multiple projects. I/Os which are used in 

RTU configuration give "foundation" for PLC configuration [Appendix 1,2,3]. 

There are ready-made PLC configurations for each of the switch heating solutions. 

These PLC configurations are accessible with Multiprog. Documents give instructions on 

which ready-made PLC configuration needs to be used for each of the switch heating 

solutions. When using a ready-made PLC configuration, they include old variables which 

require altering. After the RTU configurations are done the file which contains the RTU 

configuration can be imported to Multiprog which contains the PLC configuration. RTU 

configuration overrides the past variables and gives a new project "foundation" with cor-

rect variables. [Appendix 1,2,3.]  

Sometimes when importing a new RTU configuration to Multiprog some of the ready-

made variables disappear for an unknown reason. If this occurs documents have instruc-

tions for what variables are required to be added for the PLC program to function 

properly. [Appendix 1,2,3]. 

8 Summary 

The result of this thesis study is three documents for each of the intelligent switch heating 

solutions which are potentially helpful for engineers who deal with intelligent switch heat-

ers. Also, the study concludes that the WS implemented on the IT system is the most 

efficient of these three systems presented in this thesis.  

An intelligent switch heating system is superior when compared to the "old" switch heat-

ing systems. Although the heating methods are the same as the intelligent and "old" 

systems the intelligent system introduces MicroSCADA which permits monitoring and 

management of the switches from one concentrated location. 

The usage of RTUs allows the usage of PLC programming which brings flexibility to 

switch heating systems for allowing changes to be made quickly and the possibility to 

update the RTUs over the GSM/GSMR network. 

Making of the different switch heating documents was time-consuming from the part of 

trying to piece together documents from scattered information. Eventually, the docu-

ments were completed and hopefully, they will speed up the designing part of delivering 

intelligent switch heaters to customers. 
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