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I. INTRODUCTION

Electric power systems are becoming increasingly complex in nature due to integration of electrical power grids. This is a reflection of the increasingly dependence of the modern society on electrical energy so that a short interruption in electric supply can lead to a catastrophe. Continuous process industries, computer networks, communication networks, life support equipments all demand uninterrupted power supply. Hence an uninterrupted supply of high quality electric power to the consumers in a secure and economic environment is a goal of the electric utilities.
In an electric power system comprising of different complex interacting elements, there always exists a possibility of disturbance and fault. The advent of large generating stations and highly interconnected power systems makes early fault detection and rapid equipment isolation imperative to maintain system stability. An overhead transmission line is one of the main components in 
every electric power system. Transmission lines evacuate power from generating stations and also form a link in interconnected system operation for bi-directional flow of 
power. The transmission line is exposed to the environment and the possibility of experiencing faults on the transmission line (50% of total) [1] is generally higher than that on other main components. Line faults are the most common faults, they may be triggered by lightning strokes, trees may fall across lines, fog and salt spray on dirty insulators may cause the insulator strings to flash over, and ice and snow loadings may cause insulator strings to fail mechanically
Fortunately majority of the faults are transient in nature. There are 10 types of shunt faults viz. 3 single line to ground fault, 3 double line to ground, 3 line to line, and three phase to ground fault. Broken conductors constitute a series faults. Faults may be a single or combination of the above. Faults on power system transmission lines need to be detected and located rapidly, classified correctly and cleared as fast as possible. Fault detector module of a transmission line protective scheme can be used to start other relaying modules. Fault detectors provide an additional level of security in a relaying application as well.
II. NUMERICAL RELAYS SIMULATION IN MATLAB/SIMULINK
Firstly presents the synthesis of numerical distance relays, which form an important part of the tools available in the toolbox of a protection engineer. After this, exhaustive simulations are carried out on these relays to validate their operation. The schemes have been subjected to various faults to observe whether they operate as per the expectations of the numerical relaying engineer.
A. NUMERICAL RELAY
· Introduction


A numerical relay is a numerical relay, which operates when the circuit admittance, impedance or reactance (i.e. the complex impedance) seen by it falls below a set value. Numerical relays are used for primary protection of EHV transmission lines.

To implement a simple impedance numerical relay, the impedance (magnitude only) seen by the numerical relay is to be evaluated. This can be done using the RMS values of the current and the voltage signals of the system. The RMS value of the voltage is divided by the RMS value of the current in the circuit to obtain the magnitude impedance seen by the numerical relay. When this impedance falls below the set value the numerical relay should give a trip signal.
There are different types of numerical distance relays depending how the complex impedance is measured and compared with a complex set value to generate the trip signal. Various types of numerical distance relays are given in next section.
· Types of numerical  relays
The different types of numerical distance relays that have been simulated are:
1) Mho numerical relay

2) Overcurrent Relay

3) Negative Sequence Relay
4) Simple impedance numerical relay
5) Reactance numerical relay
Out of these five we simulate first three.
· Mho numerical relay
A mho numerical relay is a numerical distance numerical relay that operates when the magnitude of impedance seen by it falls below a complex set value. The main aspect of mho numerical relay is that the set value of the numerical relay adapts itself depending upon the phase angle between the voltage and current, i.e. Zr < Zn*cos((-() for trip.

Fig. 1 Characteristics of mho numerical relay

The characteristics of a mho numerical relay on R-X plane are shown in Fig.1. It can be seen that the mho numerical relay operates (i.e. issues a trip signal), when the impedance seen by it falls below the set value. The mho numerical relay takes into account both the magnitude of the impedance and the phase angle. The characteristics of the mho numerical relay are a circle on R-X plane, passing through the origin with Zn(( as its diameter. The shaded region in the Fig.1 shows the trip region of the mho numerical relay.

The mho numerical relay gives a trip signal when Zr is less than Zn*cos((-(). Ideally ‘(’ is equal to the characteristic angle of the transmission line but, in general it is taken slightly less than it in order to accommodate the fault resistance.
· System used for simulation of mho numerical relay
The system used for carrying out simulation to validate the operation of mho numerical relay is shown in Fig.2.
There is a CT and a PT at the numerical relay location and the numerical relay is given its current signal input through CT and voltage signal input through PT. The numerical relay internally implements the trip logic by evaluating the impedance seen from the RMS values of the current from the CT, voltage from the PT. A fault is created at 0.5 seconds and the response of the mho numerical relay is observed.
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Model 1. Mho Numerical Relay
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Fig.2 System used for simulation of mho numerical relay
The inputs to the numerical relay are the current signal from the CT and the voltage signal from the PT. The outputs of the numerical relay are trip signal generated, current of the system and the impedance measured by the numerical relay multiplexed together with the set value.

The parameters of the mho numerical relay are the impedance setting in ohms, maximum torque angle (MTA) in degrees. Impedance setting in ohms is the reference value for the numerical relay; maximum torque angle (MTA) is the angle where maximum positive torque is produced. 
The RMS values of the current and voltage signals from the CT and PT are calculated using a DFT block tuned to extract the fundamental frequency component set by the user. The magnitude of apparent impedance seen by the numerical relay is evaluated as 
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. The RMS value of the voltage is divided by the RMS value of the current using a product block. This is the magnitude of the apparent impedance of the system as seen by the numerical relay. This value of impedance is multiplied together with the ratio of PT and CT ratios. This gives the correct value of the impedance seen by the numerical relay from the CT/PT secondary side.
The (adaptive) set value of the numerical relay is obtained by multiplying the impedance setting with the cosine of the angle ((-(),where ‘(’ is the phase angle between the voltage and the current signals (phasors) and ‘(’ is the maximum torque angle.
The phase angle ((-() is in degrees and is converted into radians using a gain block so that cos ((-() is evaluated directly.

The apparent impedance seen, thus evaluated, is compared against the set value of the numerical relay and whenever this value falls below the (adaptive) set value the comparator output goes high resulting in the issue of trip signal from the numerical relay.
· Output of the Mho numerical relay
The output of the mho numerical relay for a fault on the system shown in Fig.10 is given in graph 1.
A fault is created at 0.1 seconds using a fault creator. The response of the mho numerical relay for this fault is shown in the graph 4. It can be seen that the numerical relay issues a trip signal as soon as the fault occurs. The current in system and the impedance seen together with the numerical relay setting can also be seen in graph 1.
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Graph 1. Output of the mho numerical relay
· Over-current numerical relay
· Types of over-current relays
The different types of over-current relays that have been simulated are:

1) Instantaneous over-current relay

2) Definite time over-current relay

3) Inverse time over-current relay

4) Directional over-current relay
· Instantaneous over-current relay
Instantaneous over-current relay is an over-current relay, which operates without any intentional time delay.

The characteristics of the instantaneous over-current relay are shown in Fig.3. From the characteristics, it can be seen that the instantaneous over-current relay operates (i.e. issues a trip signal), without any intentional time delay, after the current in the circuit exceeds the pickup value.

The only time taken by the instantaneous over-current relay to generate the trip signal is the time to detect the fault i.e. the time required to calculate the RMS value of current and compare it against the set value and this is very less.
Fig 3. Characteristics of instantaneous over-current relay

· System used for simulation of the relay
The system for simulation of instantaneous over-current relay is shown in the Fig.4.
There is a CT at the relay location and the relay is given its current input through this CT. The relay block internally implements the trip logic by calculating the RMS value of the current from the CT. A fault is created at 0.5 seconds and the response of the instantaneous over-current relay is observed.
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Model 2  Overcurrent Numerical Relay
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Fig 4 System used for simulation of instantaneous over-current relay

· Output of Overcurrent Numerical relay:

The output of the instantaneous over-current relay for the fault on the system shown Graph 2.
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Graph 2. Output of the instantaneous over-current Numerical relay

The fault is created at 0.1 seconds using a fault creator. The response of the instantaneous over-current relay for this fault is shown in the Fig.3. It can be seen that the relay issues a trip signal almost without any time delay as soon as the fault takes place. 
· Negative Sequence Numerical Relay
The relay is a negative sequence protection relay with universal application. It serves for negative sequence protection of three-phase generators. With a large number of different tripping characteristics and adjustment possibilities, the tripping characteristic can be made suitable for almost every type of generator with regard to its special thermal time-constant. There is a choice between an independent or an inverse time tripping characteristic. In case of low unbalanced- load, a warning is given after an adjustable time-delay. In case of inadmissible high unbalanced load, the relay trips in accordance with the set characteristic.

When compared to the conventional protection equipment all relays of the professional line reflect the superiority of digital protection techniques with the following features:

· High measuring accuracy by digital data processing.

· Extremely wide operating ranges of the supply voltage by universal wide-range power supply.

· Very fine graded wide setting ranges.

· Extremely short response time.
· Special Features
· Adjustable protective functions can be selected i.e. definite time overcurrent protection inverse time overcurrent protection.

· Consideration of the thermal generator time constant.

· Two steps each for warning and tripping, independently adjustable.
The secondary currents of the main current transformers of the protected object are converted to voltage signals in proportion to the currents via the burdened input transformers. The noise signals caused by inductive and capacitive coupling are suppressed by an analog R-C filter circuit.

The calculated actual negative sequence current values are compared with the relay settings. If a negative sequence current exceeds the pickup value, an alarm is given and after the set trip delay has elapsed, the corresponding trip relay is activated.
· System used for simulation of the relay
The system for simulation of instantaneous over-current relay is shown in the Fig.5.
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Fig 5. System used for simulation of Negative Sequence relay.
· Output of Negative Sequence Numerical relay
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Graph 3. Output of the Negative Sequence Numerical relay

III. APPLICATION
Selection of an appropriate numerical relay for a particular application requires evaluation of many different factors:

· Number and type of contacts - normally open, normally closed, (double-throw)

· There are two types. This style of numerical relay can be manufactured two different ways. "Make before Break" and "Break before Make". The old style telephone switch required Make-before-break so that the connection didn't get dropped while dialing the number. The railroad still uses them to control railroad crossings.

· Rating of contacts - small relays switch a few amperes, large contactors are rated for up to 3000 amperes, alternating or direct current

· Voltage rating of contacts - typical control relays rated 300 VAC or 600 VAC, automotive types to 50 VDC, special high-voltage relays to about 15,000 V

· Coil voltage - machine-tool relays usually 24 VAC or 120 VAC, relays for switchgear may have 125 V or 250 VDC coils, "sensitive" relays operate on a few milliamperes

· Package/enclosure - open, touch-safe, double-voltage for isolation between circuits, explosion proof, outdoor, oil-splash resistant. 
IV. RESULTS
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Graph 4. Result of the mho numerical relay
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Graph 5.Result of the over-current Numerical relay
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Graph 6.Result of the Negative Sequence Numerical relay

V. CONCLUSION
In this project various numerical distance relays such as, simple impedance numerical relay, reactance numerical relay and mho numerical relay have been simulated using the MATLAB software in its SIMULINK environment.
The trip logic of various numerical distance relays has been implemented using various functional blocks available in the software. The trip signals of these numerical distance relays have been observed by incorporating them in a power system modeled using the software. The working of the simulated numerical distance relays has been thoroughly tested under fault conditions. The schemes have been observed to operate as per expectation.
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ABSTRACT: - In this project an attempt has been made to simulation of protective relays. The trip logics of various protective relays have been mathematically implemented. The results obtained were up to the expectations. The platform used for this purpose was SIMULINK environment of MATLAB software. A number of functional blocks available in power system block-set and other toolboxes available in SIMULINK have been used for this purpose. The concept of protection is very intuitive and hardly needs any justification. Human body also inherently has a protection system (human immune system) to protect it from foreign bodies. Every system has to be provided with a protection system to protect it from the damages caused by abnormal operating conditions. Similar to other systems power systems are also required to have a protection system.
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