Avrupa Bilim ve Teknoloji Dergisi : European Journal of Science and Technology

Sayt 19, S. 549-565, Agustos 2020 Py No 19, pp. 549-565, August 2020
© Telif hakki EJOSAT a aittir AT A Copyright © 2020 EJOSAT
Arastirma Makalesi www.gjosat.com ISSN:2148-2683 Research Article

Design, Modeling and Implementation of Multi-Function Protective
Relay with Digital Logic Algorithm

Javad Rahebi!”, Muhanned Mahmood Shakir Al-Shalah?

! Department of Electrical & Computer Engineering, Altinbas University, Turkey (ORCID: 0000-0001-5418-9601)
2 Department of Electrical and Electronics Engineering, University of Turkish Aeronautical Association, Ankara-Turkey

(First received 1 May 2020 and in final form 17 June 2020)
(DOI: 10.31590/ejosat.738337)

ATIF/REFERENCE: Rahebi, J. & Al-Shalah, M. M. S. (2020). Design, Modeling and Implementation of Multi-Function Protective
Relay with Digital Logic Algorithm. European Journal of Science and Technology, (19), 549-565.

Abstract

In this paper, three phase transmission power system with three different protective schemes such as over current relay, over and under
voltage relay and over and under frequency relay is developed using MATLAB/Simulink toolbox. The protective relay is tested for
different operating conditions of the transmission power system such as overload, over and under voltage, over and under frequency
conditions. Protective relays are explained with simple flowcharts. We used digital logic algorithm for implementation of protective
relay. In this paper, a digital multi-function protective relay was designed and implemented on MATLAB/Simulink. In this study we
also explore some current techniques ranging from the use of digital logic algorithms to system protection applications. Mother power
system protective relays are digital systems based on digital signal processing of power system voltage and current waveforms.

Keywords: Multi-Function, Protective Relay, Simulink Model.

1. Introduction

Inverse over current relay is implemented using 8 bit 8085 microprocessor. Integrated type and look up table based time-current
characteristics is realized using function generator program of microprocessor [1]. Field programmable gate array based on over
current relay is developed for 360 km long transmission line. Finite Fourier transform is used for filtering to avoid false tripping in the
circuit breaker. The status of the current is also processed and communicated to central control station [2]. FPGA based over current
relay, phase loss and locked rotor is simulated and implemented in Xilinx XC4020 FPGA [3]. ARM processor based protective relay
has been developed for transmission protection. In addition, DSP based supervised data acquisition for setting and monitoring data is
developed [4]. Microprocessor based protective relay has been developed for AC control power. The multifunction protective scheme
is designed in the microprocessor system [5]. Multifunction protective relay scheme has been developed for substation protection.
Protective scheme uses the microprocessor based monitoring and controlling system [6]. Microprocessor based protective scheme has
been developed for low voltage micro grids, also this scheme does not require communication tool for adaptive protection. Transient
time simulation was demonstrated for protective scheme using PSCAD/EMTDC software package [7]. COordinate Rotation Dlgital
Computer (CORDIC) algorithm based protective scheme has been developed for 75 km / 154 kV transmission line. This scheme was
tested for four cases such as single-line-to-ground, double-line to ground and three phase faults [8].

In a power system, fault occurs randomly irrespective of time. Due to faulty or abnormal conditions, the performance of the power
system will be affected i.e., the device connected to the power system will be damaged. In order to safeguard the device, relay and
circuit breaker has been developed. The protective relay is used to detect the abnormal conditions of the power system and send the
trip signal to circuit breaker for isolating the system from abnormal conditions. The protective relay plays an important role in the
power system protection and protective relay can be classified into four categories, which are:
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Electromechanical relay
Static relay

Digital relay

Numerical relay

o

1.1. Electromechanical relay

Electromechanical relay is the oldest type of relay and it has been used for so many years. This type of relay could be classified into
two, one of them being electromagnetic attraction type relay and the other one being electromagnetic induction type relay. Such a
relay has some limitations,

a) Speed of operation of relay is very low.

b) Due to ageing, changes in characteristics of relay occur.

c) Failure in relay operation due to component damage in the relay.

d) Size of this relay is normally bulky.

e) Data relevant to fault is not available in this relay.

f) Regular replacement of relay is needed for effective protection of power system.

1.2. Static relay

The next generation relay is static relay. There are no moving parts in the static relay and it consists of transistor, capacitor, integrated
circuit and small microprocessors. It also has some limitations:

a) For proper operation of relay, it needs auxiliary voltage.

b) This relay is sensitive to transient’s voltage of the breaker.

c) Voltage spikes for a small duration will affect the component of the relay.

d) The characteristics of relay changes with respect to changes in ambient temperature.

e) Data relevant to fault is not available in this relay.

f)  Proper isolation and filter circuits are needed for relay for electromagnetic inference protection.

1.3. Digital relay

Being an advanced version of static relay, this relay uses the advantages of microprocessors and microcontrollers. Analog signal is
processed in the static relay but in this relay analog signal is converted into digital signal using analog to digital converters. It also has
some limitations:

a) Lifetime of this relay is limited due to continuous development of new technologies.

b) The devices are outdated rapidly.

c) Due to power system transients there will be a malfunction in relay.

d) Regular maintenance is required for settings and monitoring of data.

1.4. Numerical relay

The electromechanical and static relays are hard wired relays and setting is changed manually but numerical relay is a programmable
relay. The characteristics and settings of these relays could be programmed. The operation of this relay is similar to the digital relay
except that the numerical relay uses the advanced digital signal processor as the main part.

1.5. Objective of this paper

1) Designing a protective relay for a three phase power system such as over current relay, over voltage relay, under voltage relay,
over frequency relay and under frequency relay.

2) Simulating above relay using MATLAB / Simulink toolbox.

3) HDL code generation and FPGA programming of above relay in the MATLAB Software.

Testing and RTL logic of FPGA code generated from MATLAB using Xilinx ISE 9.2i Software.

2. Design model of relay
2.1.Details of Power System

The details of power system is shown in table 1.
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Figure 1 shows the functional block diagram of the protection scheme of three phase distribution power system.
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Table 1. Details of power system

Parameter Value

The operating voltage 415 \olts

The operating frequency 50 Hz

The distance of distribution line 100 km

The resistance per unit length 0.01273 ohms/Km

The inductance per unit length

0.9337e-3 H/Km

The capacitance per unit length

12.74e-9 F/IKm

Rated load

3500 Watts

R Circuit
Y Breaker Load
B (CB)

Three phase AC
50 Hz supply
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Figure 1. Functional block diagram of the protection scheme of three phase distribution power system

The values of rated voltage and rated current is shown in table 2.

Table 2. Calculation of rated voltage and rated current

Sending End

Peak voltage of the single phase

338 Vpeax

RMS value of system

338
— =239 Volt

V2
Receiving End
Peak voltage of the single phase 295 Vyear
RMS value of system 295 — 206 Volt
V2
Current of the load 4.12 Amps

Settings of maximum and minimum limit of voltage, current and frequency of the relay is shown in table 3.
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Table 3. Settings of maximum and minimum limit of voltage, current and frequency of the relay

Sending End Voltage limit

Maximum Voltage 105 % of the RMS value
105 X 239 = 250.95 Volt
100 = . oLts

Minimum \oltage 95 % of the RMS value

95
— X = .
100 239 = 227.05 Volts

Sending End Frequency Limit

Maximum frequency 106 % of the rated value

106 so—s3H
100 ooz

Minimum Frequency 92 % of the rated value

92 L 50=46H
— X —
100 z

Receiving End Current Limit 5 Amps

Timer settings 5 Sec

2.2.Design of over current relay

Basic idea behind the over current relay is as follows; if actual current exceeds predefined value for a particular time span, then trip
signal is given to the circuit breaker for isolation of the system. Figure 2 shows the flowchart for the over current relay.

Initialize the over current value
(Ine) and
time of over current
(Toc)

.

Read the current value from the load side of the
power system (L)

Start the Timer
(Ts)

Trip signal to the Circuit Breaker

Figure 2. Flowchart for the over current relay.
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Algorithm:

i Initialize the over current value (loc =5 Amps) and time of over current (Toc=5 sec).
ii. Read the value of actual current (1a) from load side of the distributed power system.
iii. Check the current limit: If 1a> loc go to next step otherwise go to previous step.
iv. Start the timer (Ts) or counter for counting the seconds.
V. Check the Time limit: If Ts>Toc go to next step otherwise continue counting the seconds.
Vi. Send the trip signal to the circuit breaker for isolation of the power system.

2.3.Design of over and under voltage relay

Basic idea behind the over and under voltage relay is, if actual voltage exceeds predefined value (maximum and minimum voltage)
for a particular time span, then trip signal is given to the circuit breaker for isolation of the system. Figure 3 shows the flowchart for

the over and under voltage relay.

Initialize the over voltage value
(Vo).
under voltage
(V) and
time of over or under voltage
(Tov)

'

Read the voltage value from the power system
(Va)

A\ J
A

No

Start the Timer
(Ts)

Check

I's> Toc

Trip signal to the Circuit Breaker

Figure 3. Flowchart for the over and under voltage relay.

Algorithm:

i Initialize the over voltage (Vo = 250.95 volts) and under voltage (Vy = 227.005 volts) values and times of over and under
voltage (Tou =5 sec).
ii. Read the value of actual voltage (Va) from the source of the distributed power system.
iii. Check the voltage limit: If Vy>Va> Vo go to next step otherwise go to previous step.
iv. Start the timer (Ts) or counter for counting the seconds.
V. Check the Time limit: If Ts>Tou go to next step otherwise continue counting the seconds.
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Vi. Send the trip signal to the circuit breaker for isolation of the power system.

2.4.Design of over and under frequency relay

Basic idea behind the over and under frequency relay is, if actual frequency exceeds predefined value (maximum and minimum
frequency) for particular time span then trip signal is given to the circuit breaker for isolation of the system. Figure 4 shows the

flowchart for the over and under frequency relay.

Initialize the over Frequency value
(Fa).
under Frequency

(Fy) and

time of over or underF'requency
(Tov)
Read the frequency value from the power system

> <

(Fp)

Start the Timer

(Ts)

No
Check

Ts>To

Trip signal to the Circuit Breaker

Figure 4. Flowchart for the over and under frequency relay.

Algorithm:

i Initialize the over frequency (Fo = 53 Hz) and under frequency (Fu = 46 Hz) values and times of over and under frequency
(Tou= 5 sec).
ii. Read the value of actual frequency (Fa) from the source of the distributed power system.
iii. Check the frequency limit: If Fy>Fa> Fogo to next step otherwise go to previous step.
iv. Start the timer (Ts) or counter for counting the seconds.
V. Check the Time limit: If Ts>Tou go to next step otherwise continue counting the seconds.
Vi. Send the trip signal to the circuit breaker for isolation of the power system.

3. Simulink model and result

3.1. Simulink Model of Overall Power System with Protective Relay
Figure 5 shows the overall simulink model of the power system with protective relay. Function of each simulink block is explained in
the proceeding section.
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Figure 5. Simulink Model of the Overall Power system with Protective relay.

3.1.1. Three Phase AC Source

Figure 6 shows the simulink model and parameters of the three phase AC source. Phase to phase voltage of the system is 415 \Volts
and frequency of the system is 50 Hz.

Three-Phase
Programmable
Voltage Source

FN@BF

Figure 6. Simulink Model of Three Phase AC source

As shown in Figure 7, the amplitude of the source is 1 pu from 0 to 5 sec., the amplitude of the source is 1.5 pu from 5 to 15 sec, then
it is changed to 1 pu. This function is used to create over voltage conditions in the system. The same concept could be applied for
under voltage conditions in the system i.e., the amplitude of the source is 1 pu from 0 to 5 sec., the amplitude of the source is 0.5 pu
from 5 to 15 sec, then it is changed to 1 pu. The load flow parameter for the Three Phase AC source is shown in figure 8.
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\"ls, Block Parameters: Three-Phase Programmable Voltage Source ﬂ

Three-Phase Programmable Voltage Source (mask) (link) o

This block implements a three-phase zero-impedance voltage source. The common
node (neutral) of the three sources is accessible via input 1 (M) of the block. Time
variation for the amplitude, phase and frequency of the fundamental can be pre-
programmed. In addition, two harmonics can be superimposed on the fundamental.

Note: For "Phasor simulation" , frequency variation and harmonic injection are not
allowed. Specify Order =1 and Seq=1,2 or 0 to inject additional fundamendal
compenents A and B in any sequence.

Parameters | Load Flow ‘

Positive-sequence: [ Amplitude(Vrms Ph-Ph) Phase(deg.) Freq. (Hz) ] |
[415 050] E
Time variation of: lAmphtude '] |
Type of variation: [Table of time-amplitude pairs '] |
[7] variation on phase A only I

Amplitude values (pu):
[11.51]
Time values:
[0515]
]
[T Fundamental and/or Harmonic generation: L&
[ oK ] [ Cancel ] [ Help ] Apply |

Figure 7. Input Parameter for the Three Phase AC source

. 3
"k Block Parameters: Three-Phase Programmable Voltage Source ﬂ

Three-Phase Programmable Voltage Source (mask) (link) =

This block implements a three-phase zero-impedance voltage source.
The common node (neutral) of the three sources is accessible via
input 1 (M) of the block. Time variation for the amplitude, phase and
frequency of the fundamental can be pre-programmed. In addition,
two harmonics can be superimposed on the fundamental.

| Note: For "Phasor simulation" , frequency variation and harmonic I
injection are not allowed. Specify Order =1 and Seq=1,2 or 0 to I
inject additional fundamendal components A and B in any sequence.

| Load Flow

m

Generator type [PQ -
Active power generation P (W) I
3500
. } I
Reactive power generation Q (var)
500
| ‘
4 I 2 I

[ 0K ][ Cancel H Help ] Apply

Figure 8. Load flow parameter for the Three Phase AC source

From Figure 9, frequency of the source is varied from 50 Hz to 56 Hz from 5 sec to 15 sec. This function is used for over frequency
conditions in the power system. The same concept could be applied for under frequency conditions in the power system i.e., 50 Hz to
44 Hz from 5 sec to 15 sec.

e-ISSN: 2148-2683 556



European Journal of Science and Technology

\"& Block Parameters: Three-Phase Programmable Voltage Source Léj

Three-Phase Programmable Voltage Source {mask) (link)

This block implements a three-phase zero-impedance voltage source. The common
node (neutral) of the three sources is accessible via input 1 (N} of the block. Time
variation for the amplitude, phase and frequency of the fundamental can be pre-
programmed. In addition, two harmenics can be superimposed on the fundamental.

Note: For "Phasor simulation” , frequency variation and harmonic injection are not

allowed. Specify Order =1 and Seq=1,2 or 0 to inject additional fundamendal
components A and B in any sequence.

Parameters | Load Flow

Positive-sequence: [ Amplitude(Vrms Ph-Ph) Phase(deg.) Freq. (Hz) ]

[415 0 50]
Time variation of: [Frequenql -l
Type of variation: [Step 'I

Step magnitude (pu, deg. or Hz):
6

Wariation timing (s) : [ Start End ]
[515]

[7] Fundamental and/or Harmonic generation:

[ 0K ][ Cancel ][ Help ][ Apply ]

Figure 9 Load flow parameter for the Three Phase AC source

3.1.2. Three Distributed line Parameter

Figure 10 shows the simulink model and parameters of the distributed line. Number of phases is equal to three, frequency of the
distributed line is 50 Hz, resistance per unit length is 0.01273 ohms/Km, inductance per unit length is 0.9337 x 10 H/Km,
capacitance per unit length is 12.74 x 10-° F/Km and length of the line is 100 Km. The Input Parameter for the Distributed Line is

shown in figure 11.
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Figure 10 Simulink Model of Distributed Line

"L Block Parameters: Distributed Parameters Uni_ léj
Distributed Parameters Line {mask) (link)
Implements a N-phases distributed parameter line model. The rlc parameters are
specified by [MxN] matrices.

To model a two-, three-, or a six-phase symmetrical line you can either specify complete
[MxN] matrices or simply enter sequence parameters vectors: the positive and zero
sequence parameters for a two-phase or three-phase transposed line, plus the mutual
zero-sequence for a six-phase transposed line (2 coupled 3-phase lines).

Parameters

Number of phases [ M ]:

3

Frequency used for rlc specification (Hz):

50

Resistance per unit length (Ohms/km) [ MxN matrix ] or [ r1 r) r0m ]:
[0.01273 0.3864]

Inductance per unit length (H/km) [ NxN matrix ] or [ 11 10 [0m ]:
[0.9337e-3 4.1264e-3]

Capacitance per unit length (F/km) [ MxN matrix ] or [ ¢1 c0 cOm ]:
[12.74e-9 7.751e-9]

Line length (km):

100

Measurements [None =

[ OK H Cancel H Help ] Apply

Figure 11 Input Parameter for the Distributed Line
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3.1.3. Three phase circuit breaker

Figure 12 shows the simulink model of three phase circuit breaker. This circuit breaker can be configured into two operating modes,
these are external controlling mode and internal controlling mode. In external controlling mode, circuit breaker can be opened or
closed depending upon the external parameter variations. In internal controlling mode, circuit breaker can be opened and closed for
any particular time period which can be decided by the users. In our paper, external controlling mode operation is used. Circuit
breaker can be opened or closed by the trip signal comes from the protective relay.

T—=a|C cle,
Three-Phase Breaks

Figure 12. Simulink Model of three phase circuit breaker

The parameters of three phase circuit breaker in external controlling mode and parameters of three phase circuit breaker in internal
controlling mode are shown in figure 13 and figure 14 respectively.

"L Block Parameters: Three-Phase Breaker Iéj
_———-

Three-Phase Breaker (mask) (link)

Implements a three-phase circuit breaker. When the external
switching time mode is selected, a Simulink logical signal is used to
control the breaker operation.

Farameters

Initial status: [closed -

Switching of:

| Fhase A Fhase B Phase C
| Switching times (s): |[4/60 10/60] Bxternal ||

Breaker resistance Ron (Ohm):

0.001

| Snubber resistance Rs (Ohm):

leb

| Snubber capacitance Cs (F):
inf

Measurements [None -

[ OK ][ Cancel H Help Apply

(< - — =

Figure 13. Parameters of three phase circuit breaker in external controlling mode
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, : ,
4] Block Parameters: Three Phase Me" W e

Three-Phase Breaker (mask) (link)

Implements a three-phase circuit breaker. When the external switching
time mode is selected, a Simulink logical signal is used to control the
breaker operation.

Farameters

Initial status: ’closed -

Switching of:
Phase A Phase B Phase C

Switching times (s): [4/60 10/60] [C] Bxternal

Breaker resistance Ron (Ohm):

0.001
Snubber resistance Rs (Ohm): I
le6

Snubber capacitance Cs (F):

j[ inf

| Measurements ’None v]

[ 0K ][ Cancel H Help H Apply ]

8 4

Figure 14. Parameters of three phase circuit breaker in internal controlling mode

3.1.4. Three phase Load disturbance model

Figure 15 shows the simulink model and parameters of the three phase load disturbance model. Nominal RMS value of the load is 415
\olts, frequency of the load is 50Hz and rated real power of the load is 3500 watts. Three phase circuit breaker (Figure 16) is used for
switching an additional load (2000 watts) for particular time period from 20 sec to 27 sec (in this period, the total load is 5500 watts).
This function is used for creation of over current conditions in the power system. The Parameters of the three phase circuit breaker is
shown in figure 17.

4r_|—“ A
i B A\
al C
atl Three-Phase
- Parallel RL.C Load

A ale—al A
L
C cle—a| C

Three-Phase Breakerl

Figure 15. Simulink Model of three phase Load disturbance model
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i Block Parameters:
Three-Phase Parallel RLC Load (mask) (link)

Implements a three-phase parallel RLC load.

Parameters

Configuration [Y (grounded)

MNominal phase-to-phase voltage Vn (Vrms)
415

Mominal frequency fn (Hz):
50

[C] specify PQ powers for each phase
Active power P (W):
3500

Inductive reactive Power QL (positive var):
0

Capacitive reactive power Qc (negative var):
0

Measurements [None

\"is Block Parameters: Three-Phase Breakerl

[ OK ][ Cancel ][ Help

Figure 16. Parameters of the three phase Load

Three-Phase Breaker (mask) (link)
Implements a three-phase circuit breaker. When the external switching time

mode is selected, a Simulink logical signal is used to control the breaker
operation.

Parameters

Initial status: [open

Switching of:
Phase A Phase B Phase C
Switching times (s): [20 27] 7] External

Breaker resistance Ron (Ohm):

0.001

Snubber resistance Rs (Ohm):
le6

Snubber capacitance Cs (F):
inf

Measurements [None 7

[ 0K ][ Cancel ][ Help ] Apply

Eo]

Figure 17. Parameters of the three phase circuit breaker

Figure 18 shows the simulink model of the over current relay:
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Figure 18. Simulink model of the over current relay

Figure 19 shows the parameters of the switch block of the current limit checker. Switch block has three inputs, first and third inputs
are used to denote the over current status of the input current. Second input is used to check the over current status. If U2 > threshold
(5) then "1™ is allowed to be the output (over current event occurred) otherwise 0" is allowed to the output (Normal operation).

i - I
"% Function Block Parameters: Switch ' @

Switch

Pass through input 1 when input 2 satisfies the selected criterion;
otherwise, pass through input 3. The inputs are numbered top to bottom
(or left to right). The first and third input ports are data ports, and the
second input port is the control port. The criteria for control port 2 are u2
== Threshold, u2 > Threshold or u2 ~= 0.

Main | Signal Attributes

Criteria for passing first input: luz = Threshold -

||| Threshold:
15

Enable zero-crossing detection

J . [ 0K ]l Cancel II Help J Apply

Figure 19. Parameters of the Switch block in the current limit checker

The output of the switch block is multiplied with timer output. If over current event occurs then timer is going to start counting the
seconds step by step with 0.1 sec intervals, otherwise the output of the timer is zero. Simultaneously, the output of the timer is
compared with predefined time limit (50 means 5 sec in this case). If output reached predefined value then trip signal is sent to the
circuit breaker for isolation of the system.

3.1.6. Over voltage and under voltage relay

Figure 20 shows the simulink model of the over voltage and under voltage relay:
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Compare =
v(——l—)ik To Constant | -
Voltage Relational
Operator
g | Scope
M U
Compare Product] Increment Unit Delayl )
To Constantl Real World 2 Trp
oltage limit checking Timer Time Limit Checking

Figure 20. Simulink model of the over voltage and under voltage relay

In this relay, actual voltage of the source is compared with maximum (250.95 volts) and minimum (227.05 volts) predefined values of
voltage limit and the output of these two comparators is given to OR gate. If actual voltage is greater than or less than maximum or
minimum value then output of the OR gate is "1" otherwise the output is "0". The output of the OR gate is multiplied with timer then
timer output is compared with predefined time limit (50 means 5 sec). If timer value reaches predefined time value then trip signal is
sent to the circuit breaker for isolation of the power system.

3.1.7. Over frequency and under frequency relay
Figure 21 shows the simulink model of the over frequency and under frequency relay:

Dem Type-.:!wsrs
r:!ssng1 To Cormart

Frequency Conversion SEWM

. E n o=
Ssmple& Hold
From3 e

From2

Timer

Product! noement  Unt Dely2 i

Resl Warld Scope
Operstor

L R TH

Frequenc Ilmlt checking

: b—b.—bl
. "sm 4—
@—F . Cemam  DeeTime k
oT D =, Sample & a1
=
)

B

Figure 21. Simulink model of the over frequency and under frequency relay

In this relay, actual frequency of the source is compared with maximum (53 Hz) and minimum (46 Hz) predefined values of
frequency limit and the output of these two comparators is given to OR gate. If actual frequency is greater than or less than maximum
or minimum value then output of the OR gate is "1" otherwise the output is "0". The output of the OR gate is multiplied with timer
then timer output is compared with predefined time limit (50 means 5 sec). If timer value reaches predefined time value then trip
signal is sent to the circuit breaker for isolation of the power system.

3.2. Simulation result of over current relay

Figure 22 shows the simulation result for over current relay. Initially, load is maintained at 3500 watts and current through the load is
4 Amps. At 5 sec, 2000 watts load is added to the power system and load current is increased to 5.5 Amps. At this instant, load current
exceeds the predefined current value (5 Amps) which simultaneously makes the timer start counting the seconds at intervals of 0.1
sec. As the timer output reaches the time limit at 10 sec, relay gives the trip signal to the circuit breaker and load is disconnected from
the power system and load current goes to zero at 10 sec.
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Figure 22. Simulation result of over current relay

3.3. Simulation result of over voltage relay

Figure 23 shows the simulation result of over voltage relay. Initially, source voltage is maintained at 239 volts. When the time is 5 sec,
source voltage is increased to 280 volts (exceeding the maximum limit- 255 volts) simultaneously timer starts counting the seconds
with intervals of 0.1 sec. At 10 sec, timer output exceeds the time limit. At the same instant, relay gives the trip signal to the circuit
breaker and load is disconnected from the supply.
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Figure 23. Simulation result of over voltage relay
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3.4. Simulation result of under voltage relay

Figure 24 shows the simulation result of under voltage relay. Initially, source voltage is maintained at 239 volts. When the time is
exactly 5 sec, source voltage is decreased to 200 volts (going below the minimum limit- 227 volts) and simultaneously timer starts
counting the seconds with intervals of 0.1 sec. At 10 sec, timer output exceeds the time limit. At the same instant, relay gives the trip
signal to the circuit breaker and load is disconnected from the supply.
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Figure 24. Simulation result of under voltage relay

3.5. Simulation result of over frequency relay

Figure 25 shows the simulation result of over frequency relay. Initially, source frequency is maintained at 50 Hz. When time is exactly
5 sec, source frequency is increased to 56 Hz (exceeding the maximum limit- 53 Hz) and simultaneously timer starts counting the
seconds with intervals of 0.1 sec. At 10 sec, timer output exceeds the time limit. At the same instant, relay gives the trip signal to the
circuit breaker and load is disconnected from the supply.
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Figure 25. Simulation result of over frequency relay
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3.6. Simulation result of under frequency relay

Figure 26 shows the simulation result of under frequency relay. Initially, source frequency is maintained at 50 Hz.When the time is
exactly 5 sec, source frequency is decreased to 44 Hz (going below the minimum limit- 46 Hz) and simultaneously timer starts
counting the seconds with intervals of 0.1 sec. At 10 sec, timer output exceeds the time limit. At the same instant, relay gives the trip
signal to the circuit breaker and load is disconnected from the supply.
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Figure 26. Simulation result of under frequency relay.

4. Conclusions and Recommendations

Three phase distributed power system with three different protective schemes such as over current relay, over and under voltage
relay and over and under frequency relay are developed using MATLAB / Simulink toolbox. The protective relay are tested for
different operating conditions of the distributed power system such as over load condition, over and under voltage condition, over and
under frequency condition. At each one of operating conditions, the protective relays are working effectively as seen from the
simulation results. Protective relays are explained with simple flowcharts. From the logic of the protective relay it can be easily
deployed in the FPGA kit for real time environment. We used digital logic algorithm for implementation of protective relay.
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