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1 Introduction 

The digital protection relay system is a relatively new business. It was first tested in the 

early 1970s when the first microprocessor was developing, but it would last until the 1990s 

before they became a leading system to protect electrical systems. 

The modern society is very dependent on a solid generation and distribution of electricity. 

If the increasing consumption of electricity shall stay reliable, it is important that the 

electricity is supplied in an uninterrupted way. Our industries and power distributors have 

their high technological development levels and they are very dependent on a safe, reliable 

and economic supply of electrical power and energy. If power outages occur, big losses in 

the production will be caused for the company. For the regular consumer it may create a 

non reliable power supply and lead to disturbances in the communication systems and 

transportation, which could lead to big losses in the national economy.  

With today’s fast developing rate the future protection devices will get faster, smarter and 

more accurate. The result of power grid development will lead to a safer power grid, but 

likewise the newer power grid will also need to withstand more demanding situations. The 

increasing numbers of apparatus containing electronics e.g. modern compact fluorescent 

lamps are causing disturbances on the power grid. The disturbances result in a lower 

quality of power distribution and can cause failure in apparatuses sensitive to variations in 

power distributions. To prevent any damages caused by disturbances it is possible through 

digital protection relays to monitor the power grid and detect any disturbances.  

In a modern power grid, where power is going to be produced in several individual smaller 

power plants (e.g. wind power or sun power) there is also the need to change in order to 

suit a smarter way of managing individual power suppliers. The current power grids have 

their main foundations based on power being produced in big power plants. The power is 

delivered through a main power grid network not adapted to small power plants. With new 

products depending on a safe power supply, it will be even more important to protect the 

distribution and generating. This new consumption behaviour of power will produce more 

power grids to monitor and new products to protect. Therefore also more protection 

equipment is going to be developed for more specific purposes.  
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For a company that produces protection relays including many protection functions and 

different specifications, it is important to select a correct product that will suit the needs of 

the situation. With a growing number of products with different options, the choice is 

getting harder and harder.  

For companies it is important to have a good marketing strategy and therefore any helpful 

tool to select the right products will be very useful. One way of making the product 

overview more productive is to use some sort of product selectors. These are embedded in 

their digital marketing tools, such as web sites or business applications.  

By using a helping tool for the selecting process the user will get a simpler method to 

familiarise himself with the products. This will give a more accurate and faster choice of 

the right product. Depending on what type of products companies are selling, the selection 

process often works in a similar way. The user gives an input of different demands and 

specifications and then the selection application sorts out the products that match up.  

1.1 Objective and purpose 

The main objective for this thesis work was to develop a software based application to 

simplify the selection process. The selection would be based on a number of options that 

the user selects depending on what the intention is. He will then get a result showing the 

right product that corresponds to the user specification. The application will be used within 

Vamp’s sales and marketing sections. 

The other objective was to get a deeper insight into Vamp’s product range. I have studied 

the protection relays and got a basic knowledge of what their functionalities and 

differences are depending on what protection system they are aimed for. The products are 

often used in power electrical systems like distribution, transmission and generating 

systems, therefore it was required to get a general idea of how these function. Before 

developing an application to handle these systems it was necessary to get knowledge of the 

fundamental technologies used in protection systems. Based on the knowledge of the 

products and their characteristics I was able to develop a helping tool for selecting the right 

products based on the different criteria. 
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1.2 Structure 

The focus of this thesis work is mainly divided into two parts. The first part deals with 

protection relays and the second part describes the tools needed for developing the 

application. The first three chapters start with providing the information of the protection 

systems in different sections of electrical power systems.  

Chapter 2 describes the protection functions based on the type of product. Some 

differences between product types and common faults that may happen within distributions 

systems are also mentioned here. The chapter also gives basic knowledge that needs to be 

considered when choosing the correct protection relay for the right occasion. This chapter 

provides an overview of different product types and their functionalities.  

Chapters 3 and 4 describe the tools and technology for what is going to be needed for 

developing the application. Chapter 3 describes the technologies that were used in 

developing the application and it is also mentioned why these software are most suitable 

for this kind of application development. Chapter 4 describes and explains about the 

development process including planning, design and programming and testing. 

The final chapters present a conclusion of this work and list some of the problems that 

occurred. A little is also said about the learning process that was needed to complete this 

project and my own thoughts about the software that was used are presented.  
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1.3 Vamp 

The commissioning body for this thesis is Vamp. The main customers are companies 

within power distribution project. Typical markets where Vamp’s products are found are 

wind farms, industrial applications, power generation infrastructure projects and marine 

and offshore applications. 

The company is specialized in arc protection and protection relays and it also offers expert 

services for the market. Vamp’s sub-transmission and medium voltage protection relays 

are products that can be used in many various applications like overhead line feeders, 

substations, power plants and other industrial power systems. Vamp products are built 

based on a certified quality system according to ISO 9001:2000, and meet the standards 

and regulations of international qualification.  

Vamp was founded in 1994 and has its headquarters in Vaasa, Finland. They have a 

current staff of 40 employees. By the end of 2009 Vamp belonged to Vaasa electronics 

group. From 2010 the France Company Areva became the main shareholder. Vamp in 

Vaasa reports to the unit of Areva T&D substation automation solutions. Vamp’s brand 

and products will remain. Vamp is an international company and has an international 

network with subcontractors and partners. With the agreement with Areva, Vamp’s sales 

network was reinforced.  
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2 Protection relays specifications and differences 

A digital protection relay is defined and described as a device based on a microprocessor 

with software based protection algorithms. The algorithms are based on mathematical 

expressions created to detect faults within electrical systems. A protection relay can 

sometimes also be called a numerical relay. Protection relay’s general features are often 

listed as follows: 

• Fully digital signal handling through a microprocessor. 

• The relay has an analogue to digital conversion technique for the incoming voltages 

and currents. 

• The relay analyzes voltages and currents through a sampling process. 

• The relay is able to use advanced logic to decide if it should disengage the 

equipment. 

• The relay has communication and metering protocol ports, such as SCADA. 

• It includes a wide settings range for protection functions of various settings to 

configure the relay. 

The basic idea of all protection systems is to identify faults or detect when the operating 

conditions are acting abnormal. The protection system shall provide a necessary action to 

minimize possible damage of the equipment in the system. A protection system can be 

seen in figure 1 which shows a typical layout of a power grid. Protection relays must be 

able to gather a lot of parameters and evaluate them correctly, and launch the correct 

protection action if a fault is detected. A protection relay itself cannot prevent the error but 

it will protect the equipment from getting unnecessary damage which could have led to 

difficult repair work and be very expensive to fix.  
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Figure 1. A protection system for a power grid network (12).  

2.1 Background information of digital relaying 

Digital relaying had its beginning in the late 1960s and the early 1970s with the high cost 

of those early computers which could only perform simple calculations and were very 

slow, the result was that they couldn’t compete with the current protection systems. But in 

those early stages the products were only in an experimental stage and over time when 

minicomputers became faster, smaller and cheaper combined with improved algorithms, 

the developing process for digital relaying continued to move forward. 

Digital relaying became more popular during the early 1980s when companies like 

AREVA, ABB’s forerunner Asea and SEL introduced digital relaying based on number 

technologies. With the benefits of what a modern microprocessor could provide, the digital 

relaying technology could develop the work even more efficiently and replace the older 

systems that were based on analogue protection. The older systems were using old methods 

like solid state and electromechanical relay and couldn’t compete with modern computers. 

One of the many abilities that digital relaying has, is that it could perform a self-monitoring 

function, which means that the digital systems are continuously active. The function 

provides a self-diagnosis to detect failures within the system. This way the relays could 
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protect themselves from working incorrectly. This was a clear advantage over the earlier 

technologies used in protection systems.  

By the mid 1990s the digital relays in transmission line and generator systems had now 

almost replaced the older analogue protection. They were more economic, safer and had 

more flexibility. When new constructions were built they were often preferred. In other 

areas, the introduction of a newer system was not quite as efficient, but new products were 

still under development and after a few years digital relays were very competitive in most 

areas. 

The microprocessor revolution created a situation where digital relaying was the best 

choice in an economical view, because when the cost of microprocessor went down the 

other type of analogue protection system became more expensive to install. The digital 

protection system was more space saving in substations and didn’t need as many panels as 

an analogue system. The amount of wiring work was also smaller and in the end it was 

more economical and valuable than other systems. (3) 

2.2 Principles of digital relaying 

The basic principles for digital protection relay is based on a microprocessor with designed 

software that runs mathematical protection algorithms. These algorithms create functions 

that make it possible to detect potential fault which could damage the system. 

The devices are designed to use some type of numerical technology which means that all 

signal filtering, protection and control functions are implemented through digital 

processing.  

A protection relay uses the power system’s voltages and currents to gather data. Because of 

the fact that these signals appear in analogue values and microprocessors can only work 

with digital data it is necessary to create a digital representation of these signals. This is 

done by sampling the analogue signals, and using an appropriate algorithm to create 

suitable digital representations of the signals. 

Digital relaying is depends on the sampling process, which gathers data at a fixed rate 

according to the electrical power system’s nominal frequency. The sampling process is an 

essential part of the protection relay and is needed to be able to create data required for 

different protection functions to perform its necessary calculations. Different numerical 
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technologies can be used for this purpose and for example in Vamp’s products this 

sampling process is based on an adapted Fast Fourier Transformation (FFT). The Fast 

Fourier Transformation technology reduces the information size, which make the number 

of calculations stay on a reasonable level. 

The data can be managed through different communication technologies that are built in 

the relays. Modern relays can provide connection options in a wide range of selections like 

SCADA, DCS or SA systems. Protection relays can for example provide fault location 

information through any of these communications and send it forward to a monitoring 

station to help locating the fault. (3) (13) 

2.3 Measurement 

Protection functions are based on measurements gathered from the device. In a protection 

system some values are continuously monitored such as current, voltage, power, frequency 

and impedance. The measurements are monitored by instrument transformers that can be 

voltage or current type (see figure 2 for a typical installation). These transformers scale 

down the analogue signals to an acceptable level and the measured values are supplied to 

the relay system, if a fault happens the protection relay will send a command to a circuit 

breaker that then disconnects the faulted part of the system. 

 



9 

 

 

 

Figure 2. A typical installation for Vamp 255, measuring the necessary values. (13) 

Different diagrams can be created from the measurement. An example of a phasor diagram 

is shown in figure 3. The diagram shows the characteristics of a directional earth fault 

protection. 

Figure 3 Examples of phase diagram showing the characteristic of an earth fault 

protection. (13)  

Some protection function also needs a symmetrical component. The symmetrical 

components are used to simplify analysis of imbalance in three phase power systems. The 

symmetrical components are the linear transformation on voltage and currents of three 

phase network  



10 

 

 

 

Figure 4. Positive sequence voltage phasors, (b) negative sequence voltage phasors, (c) 

zero sequence voltage phasors. (1) 

The ideas of symmetrical components can be applied to current in the same manner. By 

help of these it is possible for the protection relay to calculate and get the positive, negative 

and zero phase sequence components. These are of importance in analyzing imbalance in 

three phase networks. (1) 

2.4 Type of products and their main protection functions 

The most important part of a protection relay is the underlying algorithm that is designed 

to perform the main protection functions such as overcurrent detection or differential 

protection. These protection functions are essential for the device to give a comprehensive 

protection for a specific device or system.  

In this thesis protection functions are generally described only by their basic 

functionalities. The details about the theory behind them are beyond the scope of this 

thesis. 

All protection functions are not described here but many functions have a similar 

behaviour to those described. Many of the Vamp products are similar but a few are 

designed to operate in more specific situations.  
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The entire product range for Vamp consists of: 

• Vamp 120 

• Vamp 121 

• Vamp 221 

• Vamp 220 

• Vamp 40 

• Vamp 50 

• Vamp 51 

• Vamp 52 

• Vamp 135 

• Vamp 140 

• Vamp 230 

• Vamp 245 

• Vamp 255 

• Vamp 257 

• Vamp 259 

• Vamp 150 

• Vamp 210 

• Vamp 265 

2.4.1 Arc flash protection 

Arc protection relay is a protection device to increase the personal safety and avoid 

possible damage to the equipment caused by an arc flash fault. Traditional protection 

function based on voltage and current measurements are not optimized to deliver a fast 

enough protection in case of arc flash fault. Therefore a special designed arc protection 

system is necessary. 

In a typical arc fault the burning time of an arc should be limited to less than 100 ms to 

avoid damage caused of the arc fault high current. Higher times than that will most 

certainly increase damage to the equipment. In a switchgear installation an arc fault would 

lead to high repair cost and unnecessary interruption of the power distribution.  
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The function of arc flash protection relay works by measuring the fault current, and if the 

arc option is available in the Vamp relay and is in use, the device will measure light from a 

possible arc through one or several separate light sensors. 

If a fault is detected by the arc flash protection system, it will prevent it and essential 

apparatus will be disconnected as quickly as possible. This function prevents further 

damage and isolates further spreading of the arc fault. 

A typical situation where an arc fault could happen is where a high-impedance earth fault 

may cause extended operation time of an earth fault relay and causes a big release of 

energy in a typical electrical arc. 

Arc flash protection is needed everywhere where high currents common and personal 

safety or equipment protection are of importance. Different market segments require 

different types of protection and so the protection system is optimized depending on the 

power system it will be used for.  

The arc protection can be implemented in four different ways (see figure 5 to get an 

example of the different systems implementations). The different systems are: 

• Central unit based system 

• Arc protection system implemented with other protection relay 

• Arc protection system with combination of a central unit and protection relays 

• System based only on light detection 
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Figure 5. Examples of four different ways to implement an arc protection system. (11) 

 

The product range for Vamp’s arc protection are: 

• Vamp 120 

• Vamp 121 

• Vamp 221 

• Vamp 220 

(12) 
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2.4.2 Feeder protection 

Feeder protection is an interconnected system and includes many of the primary relaying 

functions found in other power system protection. It is necessary that the product provides 

a desired selectivity and is able to cooperate with other devices within the system. In feeder 

protection operating times and settings to control disconnection is important.  

Some problems that feeder protection needs to be able to cover are selectivity, local and 

remote back up and zones of protection. When correct selectivity is used the relay’s 

operation results in minimum disturbance while isolating the fault. To achieve this 

selectivity it is possible to use different methods of relay grading. There are mainly three 

methods to achieve this, time grading, current grading or inverse-time overcurrent relaying.  

 

Figure 6. Principles of time grading and current grading. (1) 

Other protection functions that are commonly found in feeder protection systems are 

broken line and overcurrent protection. 

Broken line protection is aimed for protection in case imbalance load conditions are 

detected. An example of where a broken line protection is needed is if a transmission line 

with a heavy load is broken and this is not detected by earth fault protection. Then an 

imbalance in the system will follow and instead be detected by the broken line function. 

The broken line protection is based on comparing the negative phase sequence component 

I2 related to the positive phase sequence of I1, this is calculated from the phase current and 

with a method of symmetrical components. 

Overcurrent protection is used against short circuit faults and heavy overloads. The 

overcurrent function measures the fundamental frequency component of the phase 
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currents. Whenever this value exceeds the user's setting, a signal is sent to protect the 

system. The overcurrent protection can be adjusted for three different stages to protect 

different zones and get selectivity. 

Short circuit fault location means that an algorithm can locate a short circuit in a network. 

The fault location is given in a reactance value. The fault location is normally used in the 

incoming bay of the substation. 

Products suitable for feeder protection are: 

• Vamp 40 

• Vamp 50 

• Vamp 51 

• Vamp 52 

• Vamp 135 

• Vamp 140 

• Vamp 230 

• Vamp 245 

• Vamp 255 

• Vamp 257 

• Vamp 259 

The following product is especially suitable for transmission line protection: 

• Vamp 259 

(16) 

2.4.3 Transformer protection 

A number of fault conditions that can arise within a transformer are earth fault, core faults 

or phase-to-phase fault. Protection functions that are often found in transformer to protect 

against these conditions are overcurrent, differential, over excitation, imbalance and 

thermal protection.  

The overcurrent protection function provides the same protection as for power fuses but is 

able to be more sensitive than fuses. It is used against short circuit fault and heavy 
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overloads. The overcurrent function measures the fundamental frequency components of 

the phase currents.  

 

Figure 7. Basic overview for differential protection (1). 

Differential protection function is the main scheme for transformer protection. It is based 

on the winding currents. The currents on each side of the protected transformer are 

measured and compared in a differential circuit. If current values flowing in and out from 

the transformer windings are different, the protection function will operate the relay. The 

differential protection function enhances the total transformer protection and is one of the 

most usual protection functions for transformers. 

 

Figure 8. Transformer windings and measurement (1). 

Current imbalance protection function is based on the negative sequence current and 

protects the transformer against imbalance in phase current and single phasing. 

Earth fault protection function is a non directional earth fault protection used for earth fault 

in low impedance networks and can be used as a backup protection. 
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Thermal overload protection protects the transformer against excessive temperatures in the 

windings. Measurement is based on calculated RMS values of phase currents. 

Product suitable for transformer protection is: 

• Vamp 265 

(15) 

2.4.4 Generator protection 

The generator protection system is a special class of all the equipment, because faults in 

the systems are very rare but when they happen, the destruction of one fault can be very 

huge. A fault could lead to high repair costs for the damaged equipment. For the protection 

system it is also important to avoid unnecessary tripping error which could remove the 

generator. When a generator is removed in an unplanned way it could damage the whole 

power grid by decreasing the stability. If the generator is not operating the user will be 

losing out on non produced energy. Therefore a protection system for generators needs to 

be top notch and only remove the generator if it is an absolute requirement. 

  

Figure 9. Vamp 210 used for generator protection. (14) 
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Some common protection functions that are normally found in generator protection 

systems are reverse power, excitation surveillance, current imbalance and earth fault 

protection. 

Reverse power function can be used for generators against motoring and are also called 

anti-motoring protection. Under-power function can be used to detect loss of the 

mechanical load of a generator. If a generator is motoring it will cause undesirable effects, 

especially in the case of steam turbines, where it could lead to damaging the turbine blades. 

A way of detecting motoring is to monitor the flow of real power in to the generator. If the 

flow becomes lower than the user settings, the motoring will be detected and necessary 

action taken. 

The loss of excitation function protects the generator against the risk of losing the 

synchronism. If the excitation is too low and the field current is no longer supplied it could 

make the machine drop out of its synchronism. It is based on positive sequence impedance 

as viewed from the machine terminals. This impedance is calculated by using the measured 

value of all three phase voltages and phase currents.  

Current imbalance function is caused by a double frequency current on the surface of the 

rotor, which will lead to overheating the surface of the generator. It works by measuring 

the negative sequence of the base frequency phase currents. 

Unidirectional earth fault protection function is used to protect the generator stator from 

earth faults in low impedance earthed networks. The function is based on the fundamental 

frequency component of the residual current 3I0 . If the value exceeds the user’s settings, a 

trip signal is sent to disconnect the generator safely. 

Directional earth fault protection function is used to protect the generator’s stator. The 

protection is used in networks where a selective and sensitive earth fault protection is 

needed. Protection function is based on the fundamental frequency component of the 

residual current and zero sequence voltage and the phase angle between them.  

Overexcitation is caused by the saturation of inductive network components, for example a 

generator, and depends on the voltage and frequency. When the frequency is lowered, the 

voltage will also get lower. This creates more saturation than what a generator is rated for. 

The generator’s components are not designed to carry flux created by the saturation and 
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therefore this could lead to thermal or dielectric damage. The over excitation function 

protects the generator from this type of damages. 

Overvoltage protection function measures the fundamental frequency component of the 

line-to-line voltage. The function trips whenever any of these three line-to-line voltages 

exceeds the user's pick-up setting of a particular stage. 

The thermal overload protection function protects the generator stator windings from 

getting overheated. By using a thermal model and the RMS values of phase currents, the 

temperature of the windings can then be calculated and protected. 

Voltage restrained overcurrent function is used for generator short circuit protection in a 

generator application, where the static excitation system of the generator is fed only from 

the generator terminals. 

Products for generator protection are: 

• Vamp 210 

• Vamp 265  

(11) 

2.4.5 Motor protection 

Motor protection is similar to generator protection and includes many of the same 

protection functions. Some protection functions that are considered to be important for 

protecting a motor are imbalance, stall protection and overheating. 

Current imbalance stage function protects when a motor is causing double frequency 

currents in the rotor, which leads to overheating the surface of the rotor. The thermal 

capacity of the rotor is much more sensitive than the whole motor and needs its own 

protection function. 

Incorrect phase sequence protection function protects the motor from running in the wrong 

direction. The function works by checking the ratio between the negative and positive 

sequence currents. 
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Stall protection function protects the motor against delayed start caused by a stalled rotor. 

It works by measuring the start current and if a fault occurs, the motor is disconnected 

within a given time set by the user. 

Frequent start protection function protects the motor from overheating caused by too many 

repeated starts. When a motor starts, the start current is significantly higher than the rated 

current in normal use. This will lead to overheating the windings in the stator. This 

function works by counting the number of starts and if it exceeds the recommended 

number for the specific motor, the relay will prevent the motor from starting. 

Products suitable for motor protection are: 

• Vamp 40 

• Vamp 52 

• Vamp 150 

• Vamp 210 

• Vamp 230 

• Vamp 245 

• Vamp 255 

• Vamp 257 

• Vamp 265 

(13) 

2.4.6 Measurement and monitoring 

By using numerical signal processing in the products, measurements and monitoring tasks 

can be included in the devices. The devices especially designed for monitoring and 

measurement can produce a large range of different important information. The function 

list is different for these devices, as they don’t include any protection functions but only 

functions that are necessary for monitoring and measurement purpose. Some common 

protection functions for these products are disturbance recorder and power quality 

monitoring. 

The disturbance recorder can be used to record all the measured signals, which may be 

currents, voltages and the status information of digital inputs and digital outputs. 
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Voltage sags and swells monitoring is one of the more important power quality functions. 

They can be used to evaluate, monitor and alarm on the basis of the quality of the power 

grid. 

The device includes a function to detect voltage interruptions. The function calculates the 

number of voltage interruptions and the total time of the voltage-off time within a given 

calendar period. 

Product suitable for measurement and monitoring is:  

• Vamp 260 

(14) 

2.5 Communication 

Protection relays can handle a wide range of communication using different 

communication protocols like SCADA, RTU’s, PLC’s, gateway tec. The Vamp products 

cover many of these common industrial and utility standard open communication 

protocols. 

 

Figure 10. Communication options (13). 
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The communication options for a relay depend on their main features but also accessories 

that are possible to add in the relay. These can be installed as external option modules. 

The different communication media for Vamp relays are: 

• Fibre optic 

• RS-485 

• Ethernet/RS-485 

• Profibus 

• Ethernet 

• IEC 61850 

(13) 

2.6 Control options 

The control functions consist of output relays, analogue output and a couple of controllable 

objects. The output relays are also called digital outputs. The number of control options 

depends on the product and whether it has optional modules installed. The inputs and 

outputs are configurable and can be controlled by control function in the devices. 

With a specific control option it is possible to control different objectives, for example 

circuit breakers, disconnectors and earth connection switches. Controlling these objects is 

possible through one of the following options:  

• Through the local HMI  

• Through a remote communication  

• Through a digital input. 

2.7 Selection table and main protect functions  

All the protection functions and other functions explained earlier are all included in a table 

called “Selection table for Vamp protection products”. The table is mainly for marketing 

purpose and is also included in the company’s brochures for the customer to get a quick 

overview of all products and protection functions (see figure 11 for a quick view and for 

the entire table look in the appendices). 
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A part of the current selection process is based on a printed table on two pages. For persons 

familiar with Vamp products and what the table contains, they can quite easily use it to see 

what products have what functions, but for those that are not familiar with the products it 

could lead to some difficulties in sorting out the accurate product.  

 

Figure 11. Selection table including all functions and products. (17) 

 

In the selection table it is possible to get the protection function’s IEEE Device number, 

the IEC symbol, the name of the function and in which product the function is included. If 

a function is included in a product, the mark “x” is found in the product column. The same 

symbols and numbers are often used in one line diagrams to simplify which protection 

function that is being used. The row where function is described starts with which type of 

functions it is, followed by the IEEE device number. 

The IEEE contains the symbols created by the Institute of Electrical and Electronics 

Engineers or IEEE. The symbols are often used in the designing of electrical power 

systems. The IEEE device number is indicated with a standardized number which denotes 

what features the protection device supports. The device number can be followed by a 

suffix letter, for example suffix N means that the device is connected to a neutral wire and 

suffix G stands for ground. The device numbers may also be combined if the device 

supports multiple functions (see figure 12 for an example). (1) 
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Figure 12. Column in the selection table showing IEEE device number. (17) 

Next on the function row are the IEC symbols. These symbols are published by 

International Electrotechnical Commission which is an international standard organization. 

The IEC symbol gives a more describing image of what the function does, because it 

includes numbers, letters and also symbols you can figure out what it means (see figure 

13). The IEEE number only contains “random” numbers and maybe a letter. It can be hard 

to know the meaning of it without looking in a table. (1) 

 

 Figure 13. The selection table showing IEC symbols. (17) 
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The usage of either IEEE or IEC symbols depends on who the user is. Customers from 

North America use the IEEE symbols and Europeans use the IEC symbols. 

All functions are divided into six different categories depending on if it is a type of fault, 

measurement and monitoring, control option or communication. Each of these categories is 

then divided and sorted so that similar functions are in one place. The table starts with the 

main protection functions with a “type of fault” heading which explains the protection 

function, divided into five categories depending on which product type they are. The 

categories are: 

• Short circuit 

• Earth fault 

• Overload 

• Voltage 

• Arc protection 

These are followed by other protection functions than measurement, control, 

communication and finally general functions. 

The protection products in the selection table are shown in the first row and are divided 

into three different categories: 

• Feeder protection 

• Machine protection 

• Others 

If a product has any of the functions mentioned above it is marked with “x” or some other 

information, depending on the function alternative. 

The selection table is most useful for marketing purposes and is a little bit limited in terms 

of the control and communication overview. The selection table does not include a 

sufficient amount of information about accessories and specific product information like a 

product's code. To complement the selection table you need to add one table including 

each product’s product code definition and its accessories. Figures 14 and 15 show 

examples of the printed product code table and communication table. 
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Figure 14. Product code and accessories. (13) 

 

 

Figure 15. Communication and control option. (17) 
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3 Technologies and tools 

The technologies and tools described here are mostly only explained by their structure and 

functionality. Their usage is partially covered in chapter 4. Most of the tools are created by 

Microsoft, as the application is mainly intended for Windows operating system. The 

Microsoft software and the technologies behind them are very popular, which gives them a 

huge advantage in term of teaching material and supporter’s forum. 

3.1 Developing environment 

To develop an application the main tool needed is a software developing kit (SDK). To 

ease up the software development and make the work more pleasant you need a modern 

integrated development environment (IDE). Most IDE include many helpful tools to speed 

up the developing time and give support to the developer with smart tools. It includes a 

code editor, compiler and a debugger to make it easier for the developer to manage the 

sometimes quite complex programming code.  

Microsoft Visual Studio is an integrated development environment created by Microsoft. It 

is a common tool to develop application for console, web application and graphical user 

interface application for desktop environment. Visual studio built-in languages are Visual 

C++, Visual C# and Visual Basic. 

Visual Studio’s code editor supports a function called Intellisense which helps the user to 

find errors written by the user. Intellisense also helps the user to speed up the programming 

work by completing a started code segment and showing the available option for the 

written text as a pop up textbox. Visual studio includes a debugger that can be run on 

machine-level and source-level. The debugger can be run through the program step-by-step 

and in that way it makes it easier to spot errors in the code when or if the application 

crashes. 

Microsoft provides free editions of Visual Studio 2008 and these are divided according to 

the programming language you prefer to use. The different softwares are Visual Basic, 

Visual C# and Visual C++. The full edition of Visual Studio 2008 supports all these 

languages from start and a lot more built-in functions than the free editions have. 
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3.2 Programming language 

This chapter provides some basic information about what is available in the Visual Studio 

2008. With Visual studio it is possible to create an entire application and below is a short 

description of the technologies used for .Net framework including programming languages 

and user interfaces. 

3.2.1 .Net Framework 

.Net framework is a software framework that makes it possible to install an application on 

a computer with Windows XP or a newer operating system. It includes a large library of 

ready-edited code solutions. The application code runs on an installed virtual machine 

through the operating system that managed the code. The .Net framework’s main feature is 

to provide a common language platform that can communicate with many different 

programming languages such as Visual basic, C# and C++/CLI. 

After .Net framework was introduced it became very popular throughout the entire 

Windows product world. Today you could say that it is integrated in all Windows 

application that is developed with Visual Studio. The .Net was from the start a platform 

independent product, but it became a platform most connected with Windows systems. 

.Net framework is strongly adapted to Windows systems and you could say that .NET and 

Windows are synonyms. 

If you want to run an application based on .Net it requires that you have the .Net 

framework installed on the computer you are using. Microsoft Windows Vista and newer 

operating systems have these included from start. Older Windows XP Service pack 2 and 

later it can be installed separately through Windows updates. In general the user doesn’t 

need to install anything else than the application itself, because most computers have been 

updated to support .Net framework. 

Software developed for .Net should be platform independent but it needs the .Net 

framework installed. If the user uses a computer with Mac Os x or a Linux based operating 

system, the operating system needs to have a software called Mono software installed, 

which is a free open source project led by Novell.  

The .Net framework includes a graphical interface manager, which makes developing 

software for many different computer operating systems much simpler. Thanks to this it 
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speeds up the developing process, when there is no need to learn each system’s graphical 

management process. With the .Net framework installed the application doesn’t need do 

know about all different specifications for each computer it is used on. All the visual 

controllers and the functionality go through the .Net framework which then communicates 

with the computer’s hardware. The graphical interface tools in .Net framework are very 

similar independent of the programming languages used. 

When Windows Vista was released, the framework got a bigger update with the newer 

version .Net framework 3.0, which included many features to increase developer 

productivity and produce more functional applications.(18) (10) (6). 

 

Figure 16. Structure of the .Net framework. (18) 
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3.2.2 Visual Basic 

The first version of Visual Basic .NET was released in 2002 along with .NET Framework. 

Visual Basic was designed to increase productivity development work and was easier to 

learn than other programming languages but it did not offer the same performance as C# 

and C++ offer. (4) 

3.2.3 Visual C# 

C# is a programming language created by Microsoft in 2000 and is included in the .Net 

framework. C# is one of the programming languages which were designed to run in a 

Common Language Infrastructure. The programming language was intended to be a 

simple, modern, and object-oriented programming language. (5) 

3.2.4 C++/CLI Language 

C++/CLI stands for common language infrastructure and is a Microsoft Language 

specification to replace the older managed extension for C++. C++/CLI was developed for 

a better communication with the other languages within the common language 

infrastructure. This makes it easier to develop applications for people with different 

favourite programming languages. The C++/CLI is available in Visual Studio 2005 and 

more recent versions, and is also included in express editions. (18) 

3.3 Deployment tools 

A Windows based application can be deployed by using ClickOnce or Windows Installer. 

The ClickOnce was available from .Net 2.0 and later and was first implemented in Visual 

Studio version 2005. The differences compared to other methods are in general the 

ClickOnce deployment, which simplifies the process for installing and updating an 

application. The ClickOnce deployment tool can be used as a publish wizard to package 

the application and make it easy to deploy. The ClickOnce is mainly designed for 

installation from a web location but it is also possible to install from a storage device.  
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Figure 17. ClickOnce security request. 

The security in ClickOnce relies in Authenticode certificates to determine if an application 

should be installed. When installed with ClickOnce the application is automatically placed 

in the uninstall software on a Windows computer and it is easy to remove from the 

computer. (7) 

3.4 Information management 

The information from an Excel file can be imported to the application with help of a 

method named OLE DB which is a part of the .Net framework. The import function makes 

it easier for the programmer to create an application that can import and export data from 

different files. The database management code is implemented into Visual Studio which 

eases up the workload that the programmer needs to put in.  

The import of information from the Excel file to the application was managed with the use 

of OLE DB (Object Linking and Embedding, Database) which is an API design by 

Microsoft for accessing data from many different sources. OLE DB is able to connect to 

direct to a non-database, for example a spreadsheet page in a Microsoft Excel file (see 

figure 18 for an example of importing data from an Excel file). 
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Figure 18. Programming code for importing from Excel. 

To manage information about the protection relay, information was imported into an array. 

This is done when the application starts up, and by managing information through an array 

it gives the application better performance when not needed to establish a connection for 

the database. 

 

public void ImportFromExcel() 

{ 

string connectionString = 

@"Provider=Microsoft.Jet.OLEDB.4.0;Data 

Source=C:\Users\Desktop\Vamp \selectiontable.xls; Jet 

OLEDB:Engine Type=5;Extended Properties=""Excel 

8.0;HDR=YES"""; 

 

OleDbConnection cnn = new 

OleDbConnection(connectionString); 

            OleDbDataAdapter da; 

            DataSet ds; 

             

da = new OleDbDataAdapter("select * from 

[selection table$]", cnn); 

            ds = new DataSet("function"); 

 

            da.Fill(ds, "ftable"); 

 

            DataTable dtable = ds.Tables[0]; 

 

            foreach (DataRow dr in dtable.Rows) 

            { 

                ListViewItem lv = new ListViewItem(); 

                lv.Text = dr[0].ToString(); 

 

                for (int i = 1; i < dtable.Columns.Count; i++) 

                { 

                    lv.SubItems.Add(new 

ListViewItem.ListViewSubItem(lv, dr[i].ToString())); 

                } 

                lstVShortCircuit.Items.Add(lv);  

} 

} 
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Figure 19. Creating a product vector with information:  

When using the application the sorting process uses an” if” statement combined with some 

loops to compare specification from product to the selected functions that the user has 

chosen 

 

string[] arrVampRelay; 

arrVampRelay = new string[lstV40.Items.Count]; 

 

for (int i = 0; i < arrVampRelay.Length; i++) 

{ 

arrVampRelay[i] = lstV40.Items[i].ToString(); 

} 
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Figure 20. Compare User specification with product specification. 

The comparing process is done every time the user selects a function and is automatically 

updated every time a function is being clicked. This gives instant view over product 

matches. 

  

do 

{ 

spec = arrVampRelay [j3].ToString(); 

if (lstSelectedFunctions.Items.Count == 0) 

break; 

 

if (lstSelectedFunctions.Items.Count >= 0) 

                { 

                    chosen = 

lstSelectedFunctions.Items[selectedIndex3].ToString(); 

                    j3++; 

 

                    if (chosen == spec && (feeder || motor)) 

                    { 

                        ProductCheck = true; 

                         

                        if (selectedIndex3 < countLstSF3 - 1) 

                        { 

                            selectedIndex3++; 

                            j3 = 1; 

                        } 

                        else 

                            break; 

                    } 

                    else 

                        ProductCheck = false; 

                } 

            } 

 

            while (j3 <= countLstVR3 - 1); 

 

            if (ProductCheck == true) 

                

lstProductMatch.Items.Add(arrVampRelay[0].ToString()); 

            else 

            { 

                string IndexOf = valdProduct; 

                int indx = 

lstProductMatch.Items.IndexOf(IndexOf); 

 

                if (indx >= 0) 

                    lstProductMatch.Items.RemoveAt(indx); 

} 
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3.5 User interface 

The different graphical user interfaces which are most often used in software developing 

are included in Visual Studio 2008. These are Windows Forms and Windows Presentation 

Foundation. They are designed to be used for .Net framework. The graphical user 

interfaces included may be different depending on which version of Visual Studio you are 

running, the free version or the professional version. 

3.5.1 Windows Forms 

A Windows form is a graphical application programming interface (API) and is a very 

popular interface. The interface includes many of the common controls used in Windows 

applications. This API is often used for business application and tools built for the 

Windows platform. Windows Forms application can be connected to web services, data 

sources etc.. Windows Forms was created to replace the older and more complex MFC 

which is based entirely on C++ and is not included in .Net. (19) (8) 

3.5.2 Windows Presentation Foundation 

WPF is the next generation platform for building visual applications. WPF is similar to 

Windows Forms but handles the graphics in a different way. The layout is xml-based 

which gives support for scalable controls and can handle 3d- 2d graphics. Animation is 

much better in WPF than Windows Forms. WPF combines Windows forms, xaml, smart 

client, and 3d graphics. This allows the user to create a more graphic rich interface and 

includes more functions for the application. (9) (2) 
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4 Application 

In this chapter the application development is described as well as the programming 

language and the user interface and why they were chosen. The earlier chapters function as 

a foundation for what is needed to know when developing the application’s functionality 

and designing its layout. The basic idea behind this application was to create a user 

friendly application that could perform a selecting process based on a requirement 

specification and finally give a result showing a product and its accessories and product 

codes. 

During the development stage the application evolved and got more functions and some 

changes were made to create a better user experience and be more efficient. This is a 

common approach when software applications are created. From the beginning there was 

one idea and over time it developed to many more. The information management was also 

improved so it could handle more information about the product’s code, accessories, and 

communication. 

The goal was to create an application where a product’s functionality, specifications and 

accessories were all accessible from a database connected to the application. The database 

would still be easy to update and was able to connect to the current information database 

that excited in a form of an Excel file. The result would be a data file with the specification 

which could be printed or emailed or be just as an answer to the user specification enquiry. 

4.1 Application functionality 

The most important application function is that it would sort out products based on the user 

specification. The selection process should work in a similar way as the existing tables do, 

this would suit the regular user that is used to using the existing tables. The application 

should also show a reasonable amount of information to the user and give an easy 

overview of the product range. 

The information management can be made in different ways. It deals with how the 

application handles the data. The main software used for this purpose is Microsoft Excel. 

The existing information the application would use was already written in several different 

Excel files and are used and edited by many people. 
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The Excel files are a specification for the application itself and should be possible to 

configure if the data is old or need to be replaced. This makes it possible to change the 

application specification without making any changes from the application itself. The 

changes in the database cannot be changed from the application itself. Therefore a separate 

database software needs to be installed, in this case Microsoft Excel can handle the 

existing data files which are in the form of Excel spreadsheets. 

Another option was to use Microsoft Access and make a complete new database of the 

information that the application should handle. This gives more import/export options in 

the .Net framework and is suitable for large information management. This would have 

increased the work and learning that were needed to manage databases in Microsoft 

Access. 

A third option was to implement all necessary information into the application itself and 

create a database within the code. This may give a stronger structure to the application. 

This option would lead to more work, because an additional part to the application 

handling databases should have to been created. Handling these types of databases could 

be challenging if the information increases or changes over time. This option creates no 

alternative to handle data from outside the application and this makes it harder to control 

that the correct information is used in the application 

 

  

Figure 21. The main window with first tab showing 
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The application layout should be presented in a similar look as a “wizard”, the main 

window includes tabs for each type of information and should work as one question at a 

time divided into separate parts. The user should start with the product type, then choose to 

sort out products that don’t match up with that product range, and then you make a more 

specific choice based on protection functions, communication and accessories.  

  

Figure 22. Selected function and matching products. 

The protection functions that are partially explained in chapter 2 are chosen and the 

products that don’t have the specific functions are sorted out from the Products list. The 

Products list shows only available products that correspond with the current user 

specifications which are shown in the Selected functions list (see figure 23 on the right side 

on the main window).  
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Figure 23. Main window’s second tab showing protection functions 

The main window works by adding functions you choose and adds these to the list of 

Selected functions. When a function is added the sorting out process tries to find suitable 

products matching with selection. The tab where you select the control option you want 

differs from the others and shows all available control options based on the products that 

match the earlier choices (see figure 24). The options not available are dimmed out and 

cannot be selected. 

  

Figure 24. Control options tab. 
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The application consists of two windows, one main window and one smaller which is the 

Product code window and where one is able to specify the product code and then choose 

product accessories. In the main windows most of the selections are made and the product 

range is cut down and as a result of the selection a list of the products that match up with 

all selections is made.  

In the list you choose one product to get more specific information about the product. By 

clicking the product it becomes marked and then you click the product code button. The 

information is shown in a “popup“ window that allows the user to specify the product code 

(see figure 25). 

  

Figure 25. Product code window. 

In the same window there is also the product accessory list which may change depending 

on the communication or control options that are chosen in the main window. In this 

window it is possible to get more specific information you may want about the products 

that match up with the user specifications. This information can be shown directly on the 

screen, but it is also possible to save the information on a project file. This is one of the 

bigger advantages with this application, it gives you a quick access to all product codes and 

accessories, which was possible before only from looking in many different tables in 

manuals or data files. 
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Figure 26. Project file window. 

The project file is a file where it is possible to save information about many products and 

their different product specification. This file would work as a helping tool for handling 

project specific applications where many products are involved. The project file is a printer 

friendly file which is also possible to email and save on the computer and is saved as a text 

file. 

4.2 Graphical application user interface 

Chapter 3 was about different graphical user interface Windows forms , WPF and MFC, 

their benefits and functionalities. This application is a type of business application and 

because of Windows forms is often used in business. The Windows Forms was for that 

reason a preferred GUI over other options and was chosen to manage the visual part.  

MFC based on the complex C++ language is starting to get old and was not included in the 

free version of Visual tools.  

The WPF is a more modern version and is going to be more common in the future. WPF is 

still rather new and does not offer the same support on web forums and literature. 

Windows Form has been on the market for a few years and has many developers using it, 

this creates wide documentation selection. For this application the Windows Forms was 

chosen because it is very straight forward to use and has many familiar controllers 

included. 
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The graphical user interface was created in Visual Studio where it is installed as a template 

for creating a Windows Forms application. The component used for this application was 

the standard component included with Windows forms. The main components that were 

uses were: 

• Radio buttons 

• List 

• Listview 

• Checkbox 

Designing the graphical user interface in Visual Studio works with a “drop and drag” 

method. The controls are placed where you want them on the window. Depending on what 

functions you want to have on the controls, different specifications for the controls can be 

modified directly in a properties windows instead of changing the programming code. 

Windows Forms is based on the .Net framework and supports all the programming 

languages included for .Net. From start it was meant to be developed in the more complex 

C++ programming language modified to suit CLI and .Net framework. But with 

difficulties to find literature and support for this technique, it was ideal to use C# instead. 

This application was developed exclusively for .Net and this language worked better for 

the development. The programming codes created for .Net framework can communicate 

with each other and for the application functionality it would work in the same way, 

regardless of the programming language you use. This is one benefit of using the .Net 

framework as a foundation for an application. 

4.3 Developing application 

This sub-chapter deals with the planning process from start to finish and gives an overview 

of the entire project according to what has been explained in earlier chapters. 

The overall planning is a very important part in all projects. In order to make a successful 

project it was divided into several parts. The project was divided mainly in these different 

parts: 

• Planning the requirement specification 

• Designing graphical user interface 

• Programming the functionality for the application 
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• Developing necessary functions 

• Testing stage 

This creates a structure for the project, which you can find beneficial in the early stages 

and it gives a preview of what needs to be done and in what order the approach should be. 

From the start the learning process was not included for what would be needed to be 

learned. This is hard to estimate because in some area you need to go more into the depth 

of that subject. But some parts were given more time, due to the fact that a learning process 

was needed e.g. structure of the programming languages and the functionality for the 

application. 

At first some guidelines were drawn to get a feeling what needed to be developed. All the 

current information files and tables were overviewed to know what information was 

available. An example of a typical selecting process was replicated to show how the final 

application would work. 

To create a graphical user interface for the application, four different prototype layouts 

were designed. The different designs had similar functionality but with different layouts. 

The functionality was not embedded into the application yet and concepts were only shown 

as images. From these four layouts one was chosen that had the main window with similar 

functions as a Wizard and two smaller ones that gave a quick view of the products and 

selected functions. This layout was considered to be the most user friendly and gave a good 

information overview in comparison to other layouts.  

In the developing stage of the application it was often necessary to switch between 

different parts mentioned in the planning. To get a function to work properly you often 

needed to change things in the design or the programming code in order to get the 

functions right. In the testing stage problems were sometimes found and it was necessary 

to go back and change something in the function or programming code. 
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5 Results 

One goal with this thesis project was to create a working application for selecting Vamp 

products and to use it as a helping tool for the sales department. The final result for this 

application was to develop a business application suited for Windows desktop environment 

with functionalities to ease up the selection process. During the development the 

application got more functions than planned in the beginning, but this only resulted in a 

better functionality and a better user experience. 

The other goal was to get a deeper insight into the technologies that Vamp protection 

relays use. Similar technologies used in Vamp products are also used in many other 

products within the electrical power industry and this insight gave me a very good all-

round knowledge. 

In the future this application can be used by people both in the sales, marketing and 

product departments. The application can also be useful for customers and work as a 

marketing tool. 

As further development it was discussed to create a new better information database 

including more data about the products and accessories and be united in one database 

instead of many. This database would be more suitable to communicate with the 

application and manage changes in the product specifications better. 
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6 Discussion and conclusions 

When the ideas for this project started it sounded like a possible challenge, which would 

give me a very good insight into product technologies used for protection systems. The 

product range at Vamp is rather wide and touches many segments in the industry. This 

would give me a lot of knowledge about many products and their main customers.  

To begin with, the application that would be made for this purpose did not seem as 

challenging as it was going to be. The idea behind this function was well-reasoned and on 

paper it looked very good. The existing selecting process which was to choose products 

from a printed Excel table was not effective enough and did not make a precise enough 

selection of the product range. For a person that is not too familiar with the products, too 

much time was needed to sort out the right products. When the product range or function 

list grew it would take even more time to go through pages of information. The need of this 

kind of helping tool was obvious. A tool for selecting products seems to be popular these 

days and is often found in a company’s digital marketing material, either as a web site or as 

an application. But these are rarely user-friendly and can sometimes be very hard to use. 

Therefore I wanted to create an application with a nice looking user interface which would 

be effective in sorting out a product from a wide range of options and functions. 

The learning process that this project required was quite demanding. Software used for 

developing applications was pretty much new to me. But my own interest in these software 

and technologies was huge and therefore the necessary learning required was not an 

obstacle in my opinion. The biggest part that required most learning was to get into the 

way of working with programming application.  

The product that the application would select was for the most part known to me as were 

most of the protection functions and technologies that they use. I just had to get a deeper 

insight into the product range and get an understanding of the products and their 

specifications, accessories and the product codes from their documentation. 

The hardest part in developing the application was to establish a working connection to the 

Excel file and be able to import the data without getting it all wrong.  
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My work with this project took a lot more time than I could ever have imagined at the start. 

My understanding about protection relays and their principles was okay, but my 

knowledge of how to produce a working application from scratch was very basic in the 

beginning. 

To develop a working application was a challenging but very interesting task and I learned 

a lot about developing software applications during the entire project. 
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