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Modelling and performance testing of a digital over-current relay enhanced designed model

Introduction. The over-current relay is widely used to protect distribution and transmission electrical systems against excessive currents
occurring due to short circuit or overload conditions. Many works have been carried out in the field of models simulation design of
digital over-current relays in the literature, but unfortunately many of them are more complex design models, have very slow execution
time and only work in simple faults cases. Purpose. The purpose of this work is to present the performance of a modified and improved
model of a digital over-current relay designed in Simulink/MATLAB environment with more simplified design, faster execution time, and
able to operate under more complex fault conditions. Methodology. Before starting tests, modelling of over-current relay is presented in
details, of which the basic logics of the proposed model to implement inverse and instantaneous characteristics are well explained.
Afterwards, various tests are carried out for the performance analysis of the enhanced designed relay model in terms of: operating speed
for eliminating faults that has arisen, ability to distinguish between a fault current and load starting current, capacity distinguish
between real and temporary fault currents, the way to manage variable faults over time, and the degree of harmony between primary
protection relay and back-up protection relay. Originality. The originality of our proposed work consists in the development and
improvement of a digital over-current relay model designed in Simulink/MATLAB environment in such way that it becomes able to
operate under new harsh test conditions. This developed designed model is implemented and applied in a 400V radial distribution power
system with a load that causes a starting current. Results. The obtained values of simulation are compared with the theoretically
calculated values and known existing models. The obtained results after various tests validate the good performance of our enhanced
designed model. References 18, tables 3, figures 18.

Key words: digital over-current relay, inverse and instantaneous characteristics, load starting current, primary protection,
back-up protection.

Bcmyn. Pene nadcmpymy wiupoko 8UKOPUCMOBYEMbCA O 3AXUCTITY eeKMPUUHUX cUcmeM pO3noodiny ma nepeoadi 6i0 HAOMIpHUX
CmMpymie, wo 8UHUKAIOMb GHACTIOOK KOPOMKO20 3AMUKAHHA a00 nepeganmasicenus. Y nimepamypi Oyno euxonano 6azamo pooim y
2any3i MOOemOBAHHs YUPPoeo2o pere HaOCmpymy, dje, Ha JHcalb, 6aeamo 3 HUX € Oilb CKIAOHUMU MOOCISIMU KOHCMPYKYIL, 3 0yice
NOBINBHUM YACOM BUKOHAHHA, I 6OHU NPAYIOIOMb Julle y GUNAOKAX Npocmux HecnpasHocmel. Memow Oanoi pobomu €
npeocmaeients nPOOYKMUGHOCMI MOOUDIKOBAHOT Ma 800CKOHAIEHOT MO0 Yuhpoeo2o peie Ha0Cmpymy, po3podaeHol 8 cepedosuilyi
Simulink/ MATLAB, 3 6inbut cnpowyenoio KOHCMPYKYIEIo, WBUOUUM YACOM BUKOHAHHA MA 30amMHICMIO npayiosamu 6 0iibul CKIAOHUX
ymoegax necnpasiocmeil. Memooonozia. Ileped nouamrxom sunpodysans 0emanbHO NPeOCMAsieHo MOOETIOBANHS pelie HAOCMPYMY, 3
KO 00Ope NOSICHEHO OCHOBHI JIO2IKU 3anPONOHO8AHOT MOOeNi 05 peanizayii 360pomuux i mummesux xapaxkmepucmuk. Ilicis yvboeo
NPOBOOSMbCS PIZHOMAHIMHI UNPOOYBAHHS OISl AHANIZY NPOOYKMUBHOCI 800CKOHANEHOI pO3poONIeHol MoOdeli pele 3 MOYKU 30pY:
WBUOKOCMI pobomu 0N YCYHEHHA GUHUKIUX HeCHpagHocmel, 30amMHOCMI PO3PI3HAMU CMPYM HECNpAGHOCMI Ma NYCKOGUN CMpPym
HABAHMAICEHHS, MOJICIUBOCMI  PO3PIHAMU PealbHi Mad MUMYACO8] CMPYMU HECHPABHOCMI, CNOCiO YNpaeuinHg 3MIHHUMU
HeCnpagHoCmAMU 6 4aci ma CmyniHb i0No8IOHOCMI pelie NeP8UHHO20 3aXUCHy ma peie pe3epeHozo 3axucmy. Opuczinansnicmo
3anponoHO8aHoi Hamu podbomu nonfeae 8 po3pobyi ma B00CKOHANEHHI MoOoeli yugposozo peie HAOCMPYMY, pPO3POOIEHOI 8
cepedoguyi Simulink/MATLAB makum wunom, wjob 6ona cmana 30amuolo npaylosamu 8 HOBUX JCOPCMKUX YMOBAX 8unpobysans. L
PO3pobReHa moodenb peanizo8ana ma 3acmoco8ana y padianshoi po3nodinbyoi enepeocucmemi 400 B 3 nasanmasicennam, wo eukmuxkae
nyckoguti cmpym. Pesynomamu. Ompumani pesynbmamu MoOen08anHs NOPIGHIOIOMbCSL 3 MeOPemuyHo PO3PAX08AHUMU 3HAYEHHAMU.
Pesynomamu, ompumani nicisi pizHOMAHIMHUX GUNPOOYEaHb, NIOMEEPONUCYIONb XOPOULY NPOOYKMUBHICIb HAWOI NOKPAUeHOT
pospobaenoi mooeni. bion. 18, tabn. 3, puc. 18.

Kniouosi cnosa: uudppose pese HaICTPyMy, 3BOPOTHI Ta MHUTTEBI XapaKTepPHMCTHKH, IYCKOBHIl CTPYM HABAHTAKeHHS,
NEePBUHHMUIA 3aXMCT, pe3epBHMIi 3aXHCT.

Introduction. According to the International
Electrotechnical Commission (IEC), the protection of
electrical networks is the set of monitoring devices
intended for the detection of faults and abnormal
situations such as short-circuits, variation in voltage,
machine faults, etc. and ensuring the stability of an
electrical network with the aim of ensuring an
uninterrupted power supply and avoids the destruction of
expensive equipment. Generally, this protection is
provided by relays which are devices that continuously
compare electrical variables such as: current, voltage,
frequency, etc. with predetermined values, and when the
monitored value exceeds the threshold they automatically
give opening orders to its associated circuit breakers [1].
Many types of relays have been employed by electric
power utilities such as over- and under-voltage, over- and
under-frequency and over-current relays (OCR), etc.
However, this latter is the most commonly used, and they
can be applied in any zone in the power system for both
primary and back-up protection [2, 3].

Currently, in view of growing demand for precise,
selective and reliable OCR due to the increasing
complexity and capacity of power systems on the one
hand, and the development of logic, communication,
information storage and processing capacities of modern
microprocessors on the other hand, traditional
electromechanical and solid state relays are replaced by
digital relays which are faster, more compact, more
reliable in operation, ensuring minimal power outage in
case of fault and has advantages in terms of data logging
and adaptive functionality, etc. [2, 4, 5].

The goal of the paper is to present the performance
of a modified and improved model of a digital over-
current relay designed in  Simulink/MATLAB
environment for some new cases.

The performance of the proposed digital OCR is
sought and tested on a line between two buses of a 400 V
radial distribution power system where the objectives of
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this work are summarized in testing the following
characteristics: operating speed, ability to distinguish
between a fault current and load pickup current, capacity
distinguish between real and temporary fault currents, the
way to manage variable faults, degree of harmony
between primary protection and back-up protection.

The remainder of the paper is organized as follows.
First, the current-time characteristic of an OCR is
explained. Then, the OCR modelling is presented on
details. Next, the enhanced designed digital OCR is
implemented in a 400 V radial network to carry out a
different test. Finally, we conclude our paper with some
remarks, and a prospect.

Current-time characteristic of an OCR. OCR has
the function of detecting single-phase, two-phase or three-
phase over-currents. The protection can be time-delayed
and will only be activated if one, two or three phases of
the monitored current exceed the specified setting
threshold for a period at least equal to the selected time
delay also called «operating time», and is calculated
based on the protection algorithm incorporated in the
relay microprocessor [1, 6]. According to this delay the
current-time characteristic of a typical OCR shown in
Fig. 1 can be one of two as follows.
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Fig. 1. Current-time characteristic of an OCR

Inverse characteristic. This characteristic means
that the operating time of the relay is inversely
proportional to the fault current i.e. the higher the current,
the shorter the operating time (see curve AB in Fig. 1).
This characteristic is used for the protection of electrical
installations against excessive fault currents below severe
fault levels but able enough that they will damage such
installations if maintained for a certain period [2, 6, 7].

On the other hand, inverse characteristic of a relay
may have to be modified depending on the characteristics
and the required operating time of other protection
devices used in the electrical network. This is why IEC
defines several types of inverse delay protection which
are distinguished by the gradient of their curves: Standard
Inverse (SI), Very Inverse (VI), Extremely Inverse (EI)
and Long Inverse (LI) [7, 8].

The operating time in inverse characteristic of OCR
(noted T) is depicted as per IEEE standard by the
following general expression [3]:

K

T= , 1
i[,-/lp = M

where K is the constant for relay characteristic; / is the
actual fault current; /, is the pre-set current setting
threshold; # is the constant representing inverse-time type.

By selecting suitable values of n and K any desired
relay curve can be obtained. Equation (1) can be modified
in terms of actual faults as:

r==~. 2)

Iy
with 1, < I, < I, where I, is the short circuit current.

It is important to note that the fault current I,
detected by the relay is implicitly assumed constant.
Otherwise, during a transient or a variable fault current
this will lead to an inaccurate operating time by the relay.

Instantaneous characteristic. This characteristic
(shown in curve BCD of Fig. 1) means that the relay
operates in the fastest possible time i.e. as soon as the
fault current becomes greater than the value of the short
circuit current /;. In this case the operating time is only of
the order of a few milliseconds:

T=T, 3)
with ;> I, where T is the instantaneous operating time.

Relays with instantaneous characteristic are graded
by a time interval of Definite Time (DT sec) between
them, e.g. the relay R; imposed at the end of the network
of Fig. 2 is set to operate as fast as possible with an
instantaneous operating time Ts;, while its upstream relay
R, is set to a higher independent operating time
(Tsy=Ts;+DT). The instantaneous operating times of the
remaining relays increase sequentially at DT sec on each
section, moving back up to the source [9]

Lo
@_FEL'R] I[ I

Fig. 2. Graded relays in radlal network

Modelling of OCR. Digital relays also called
«programmable relays» based on microprocessors are of
great importance in the protection field, especially in
industry in view of their ability to protect against various
faults (over-currents, over-voltages, thermal overloads,
etc.) [10, 11]. The general functional diagram of a
microprocessor-based OCR implemented in a power
system is shown in Fig. 3.

Power system
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Fig. 3. General block diagram of a microprocessor-based OCR
implemented in a power system

The digital relay operation is based on continuous
data sampling [10]. Firstly, it takes the signal during run
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time via an analog-to-digital converter. Then, the digital
signal is filtered from any harmonics which can cause the
relay to malfunction as well as to avoid the operating time
reduction of the relay which causes coordination
problems [12]. After that, the relay calculates the peak

value of the measured fault current (f_f) (also noted 1),

then the data (I, I,, I,) entered into the relay logic
(u-processor) which finally gives the opening (0) or
closing (1) order to its associated circuit breaker (CB).

The global output of the digital OCR is the logical
multiplication (AND) of the outputs of inverse and
instantaneous characteristics elements [13].

Modelling of inverse characteristic. The basic
logic for implementing the inverse characteristic is
summarized as follows.

Measuring fault current peak value I To detect
the fault current, it must firstly compare the alternating
current value (/) of frequency (f) entering the OCR with
the pre-set current constant value of the latter. For this, it
is mandatory to convert the fundamental sinusoidal
filtered signal of the current into DC form [14, 15], and
by measuring its slope (S) at zero crossing we obtain its
peak value (/) as follows.

The instantaneous equation of the sinusoidal current is:

1(t)=1;-sin(2-7-f-1). 4)
The derivative of (/) as a function of time is:
d[—(t)=lf-2~7r~f~cos(2-7r~f~t). (5)

dr
The slope «S» at zero crossing is taken from (5) such
that = 0:

d(0)
S=——==1,2-7-f. 6
o T v (6)
From (6) we extract:
S
I,= . 7
S g (7

The designed block diagram of the peak current
measurement / calculated by (7) in Simulink is shown in
Fig. 4 in which the peak obtained at each zero crossing is
held constant by the sample and hold the block until the
next zero crossing.
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Fig. 4. Designed block diagram of peak current measurement

Frequency measurement and block design. The
fundamental signal frequency entering the relay is
determined by measuring the time between two
consecutive zero crossings (7} and T3), which gives half
the time period (7) [2]:

72=T1,-T,. ®)
From (8), frequency is determined by:
1 1
===, 9
") v

Figure 5 depicts the frequency measurement block
designed in Simulink. Firstly, the signal enters the «Hit
Crossing» block which transmits it only at its zero
crossings to the «If» block, and the latter sends the value
of the ramp signal at that instant to the output. The
duration of the generated ramp can be calculated and
saved in a variable «A». By temporarily storing «A» in
another variable «B» using the «Transport Delay» block,
«B» is therefore can be subtracted from the instant of the
next zero crossing «A» at any time and this will give half
of the period of time whose value is retained by the
«Sample and Hold» block, until the next zero crossing.
After having carried out the calculations according to (9),
on the value retained, we obtain the instantaneous
frequency [2].
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Fig. 5. Designed block diagram of frequency measurement

Measuring and design of the remainder basic
logic of the inverse characteristic. After measuring the
frequency and peak value of current /; the latter must be
compared with the constant preset value of pickup current
I, of the relay using the comparator block «Relational
Operator». If [>1, the value of I, is raised to an
appropriate power n to reach the desired relay curve, then
integrated in the «Integrator» block [2].

As long as I>1,, the integrator output continues to
increase until it becomes equal to the pre-set value of
constant K, causing the relay to send a trip signal («O»). If
the excess current is temporary (due to load starting, or
any switching action, etc.) and when it dies out to below
I, before reaching K, the rising integrator output is reset
by the feedback reset logic to prevent any relay
malfunction [2].

If the fault current is permanent and has a constant
level, the value of I/ will also remain constant and
therefore the output of the integrator will be:

t
C, = j Itde=1% . (10)
0

Equation (10) is the equation of a straight line with
slope /. On the other hand, the greater the fault current
magnitude, the greater the rate of rise of integrator output
and therefore a shorter time to reach the value of the
constant K.

Modelling of instantaneous characteristic. As
mentioned previously, when /,is greater than short-circuit
current [, OCR operates in instantaneous characteristic
mode and sends a «0» trip signal to its associated circuit
breaker after a shorter fixed delay of «7s» seconds. The
logic for implementing the instantaneous characteristic is
shown in Fig. 6 below.
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Fig. 6. Block diagram for implementing instantaneous
characteristics of a digital OCR

Simulation and performance testing. In order to
test the performances of the enhanced digital OCR model,
the considered power system is a radial distribution
network (see Fig. 7), with a load causing a starting
current. It is worth to mentioning that the considered
network is supposed without losses. Further, the electrical
network parameters are summarized in Table 1, where
U is the network voltage; P is the active power; Q is the
reactive power; Pp is the power factor; 7,. is the
accelerating period of the load; [ is the initial starting
current; /, is the nominal (rated) current.
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CB; CB, %
F
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cT | ? cT
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Load

Ri

Fig. 7. Single line diagram of the proposed radial power network
with coordination of relays (primary and backup protection)

Table 1

Electrical network parameters
UV I[P KW ]| OkVAr | P | fiHz | Tues | L A
400 100 61.97 0.85| 60 2 31,

Parameters calculation and relays settings choice.
In this sub-section, before starting to carry out the tests, it
is firstly essential to calculate some necessary parameters
and to make an adequate choice for relay setting of
primary protection as well as for relay of backup
protection. This choice is based on the parameters given
in previous Table 1 and those calculated.

Calculation of the rated current at full load and
the initial starting current. The rated current /. at full
load is calculated as follows:

Lm)=— P~ 100-10°
: 3-U-cosp  +/3-400-0.85
From (11), the peak value of 7, is:

~16981A. (11)

I, =+2-1,224015A . (12)
From Table 1 the initial starting current is Z;:
L (rms)=3-1, 250943 A . (13)

Continuous

b Trip|
c

powergui ©

~ L*lj
HOAIe = =
C |=——= B_\_!
Three-Phase Source BusA

The peak value of [, is:
e =215, 272044 A (14)
Relays settings choice. The pickup current /, (peak
value) must be set to a value greater than the rated current
I.. We therefore choose a value somewhat close
(I, = 250 A) and similar for both primary (R,) and
emergency (R;) protection relays. On the other hand,
severe fault current setting /; (as a peak value) must be

greater than the initial starting current (/;,=720.44 A).
Consequently, a relatively close value (I, = 800 A) is
chosen for the relay R,. In addition, the instantaneous
operating time is chosen as Tsg, = 0.1 s, and the constant
K is selected such that it does not cause false tripping
during start-up and transient conditions (Kg, = 900).

Furthermore, for a good relays coordination, R; must
have a higher setting of /, K and 7, than that of R,.
Therefore, the setting of these parameters is maintained
as: Iz = 1000 A, Kz; = 1000 and Tsz = 0.2 s. The
parameters settings of R; and R, relays chosen in this sub-
section are collected and tabulated in Table 2.

Moreover, in this work the constant representing
inverse-time type is chosen as n = 0.9, the total simulation
time is £ = 10 s and the contact operating time of circuit
breakers is assumed to be zero.

Table 2
Selected parameters settings of R1 and R2 relays

I A(eak) | I.A(peak) | K | Tns
R, 250 800 900 0.1
Ry 250 1000 1000 | 0.2

Test 1: Start-up, temporary fault and permanent
fault test. To see and verify the enhanced designed relay
behavior, it is considered three different situations:
starting period [0-2 s], temporary fault period [3-4 s] and
permanent fault period [5-end] whose fault current value
is /;=400 A. The models of [2], [16], [17] and [18] were
invested so that the inverse characteristic was added to the
last three models and the first model was developed and
improved and then the four models were combined to
obtain a final modified and improved model that
illustrated in Fig. 8 to be able to operate under hard
conditions tests.

Start-up period. From Fig. 9 below, during the
acceleration period, the initial starting current /. (peak
value) is greater than the pickup current /, of R,, which
increases the output of its integrator. At ¢+ = 2 s, when
I;<I,, the integrator output being less than K setting and
drops to zero, and R, is reset.

»[  Ich
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To Workspace
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-

-Three-Phase Fault
A a—d
\ B
‘C

Fig. 8. Overall developed simulation model of the two OCRs implemented in the power system
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The R,'s K value is deliberately set above its
maximum integrator output during the acceleration period
to avoid any false tripping of relays R, and R,.

On the other hand, it can be seen also that the line
representing R, integrator output in the load acceleration
period is not straight seeing that the starting current is
nonlinear (decreasing current). It is noted that if we
drawing slopes in some points of this line (see Fig. 9) we
notice that a large amplitude of the starting current
(beginning of the current) results in a higher rate of rise of
the integrator output and therefore a shorter time to reach
the value of the constant K. Consequently, this remark
applies to all other fault currents.
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Fig. 9. Relay performance for test 1

Temporary fault period. In this case, it is clear
from Fig. 9 above, that the R, integrator output is straight-
shaped seeing that the fault current in this case is constant
during this period.

As the fault is of a short duration (1 s in the interval
[3-4 s]), this can’t allow the output of the rising integrator
of R, to reach the value of K = 900; so it goes back to
zero. Relay R, stops counting its inverse characteristic
operating time:

T:1£”:43889 =4.1s. (15)
f

As the fault time (1 s) is less than R, relay operating
time (4.1 s), the latter therefore does not send any trip
signal to its associated CB and ensures continuity of
service at rated current /..

Permanent fault period. Contrary to the previous
case, R, relay integrator output in this situation has
sufficient time to reach the value of K = 900 after the
same operating time of inverse characteristic calculated in
(15) (T=4.1 s) counted from instant t =5 s.

Relay R, therefore sends its trip signal to its
associated CB at the instant: t=5s + 4.1 s =9.1 s, while
the backup protection relay R; remains inactive, as shown
in Fig. 10, 11.
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Fig. 10. R, status for test 1
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Fig. 11. R, status for test 1, 2, and 3

Test 2: Variable fault test. In this 2nd test, we will
create a variable fault current for a relatively long
duration of 3 s in the interval [3-6 s]. The considered
variable fault current starts from /,=270 A at =3 s until
I;=960 A at t = 6 s. From Fig. 12, it can be seen that
unlike the falling starting current whose rising integrator
output has the convex parabola shape, the rising variable
fault current is also having a rising integrator output but in
a concave parabola form. In addition, it is clear from the
Figure that before the R, relay integrator output reaches
the predefined value K = 900 (fixed only at 694.4 at
t = 5.35 s) so that R, gives its tripping order in order to
eliminate the fault current which is located in its inverse
operating zone, the fault current reaches the severe
current level (/;= 810.5 A > [, = 800 A) despite the long
fault duration and enter in the instantaneous operating
zone at ¢ = 525 s. Therefore, R, relay switches from
inverse mode to instantaneous mode and interrupts the fault
current after the pre-set instantaneous delay 7, = 0.1 s, i.e.
at t = 5.35 s (see Fig. 13). On the other hand, R, backup
protection relay remains inactive because there is no
reason to make it work (the same of Fig. 11).

The conclusion of this test is that the relay R, has
eliminated the variable fault in instantaneous operating
mode (7, = 0.1 s, [5.25-5.35 s]), but after a certain period
of inverse operating time (7;,, = 2.25 s [3-5.25 s]), so after
a total time of 77=2.35 s.
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Fig. 13. R, status for test 2

Test 3: Testing of a fault during the acceleration
period. In this 3rd test, a permanent fault current of
constant value /; = 780 A is considered, appeared at the
instant # = 1 s during the acceleration period [0-2 s]. In the
normal state, theoretical operating time of R, in inverse
characteristic is:

=5 _ 0 505

Iy 780%7

(16)

Hence, the fault theoretical interruption instant
counting from their appearance instant (r = 1 s) is:
1 s+2.25s=23.25s whereas according to Fig. 14 it can
be seen that the fault is eliminated in advance at
t=2.44 s. i.e. 0.81 s ahead. This is explained by the fact
that R, integrator output began to rising from the initial
start-up instant (¢t = 0 s), and at the fault appearance
instant (¢ =1 s) it has reached the value 319.25; therefore,
it needs only a little time to reach the pre-set value
K = 900. It should be noted that R, integrator output in
this case is a line composed of two parts of which the first
is a convex parabola in the interval [0-1 s] due to the
starting current, and the second is a straight line in the
interval [1-2.44 s] due to the constant value of the fault
current.
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Fig. 14. Relay performance for test

The status of R; and R, are shown respectively in
Fig. 11 (the same status of previous cases) and Fig. 15.
The performance presented by the relay according of this
test resides in that it has the ability to distinguish between
starting current which must let it to pass and fault current
which must eliminate it.

Status
I T I I I I I I
I L I I I I I I
1 T i e B S
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
08l — - J_ v o1 __1______|
| | | | I | I | I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
| | | | I | I | I
06 —-F---7r A"~~~ T- """ I- - -1~ [
I I I I I I
I I I I I I I I I
I I I I I I I I I
04 ——d4-——t+4-d-— -+ -— o - -t - ——m—— - ——-— — -
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
o2 - - J_ v o011
| | I | I | I | I
I I I I I I I I I
I I I I I I I I I
I I I I I I I I I
I I | | | | | | |
Op—=a3-—-1 T T T T T T T
I L I I I I I I
I L I I I I I L bs
0 1 2244 3 4 5 6 7 8 9 10

Fig. 15. R, status for test 3

Test 4: Fault test with broken down primary
protection. In this test, it is assumed that R, relay of
primary protection is broken down (cannot give its
tripping order to its associated CB). At ¢t = 3 s, a fault
current which exceeds the severe current threshold of R,
Iy = 840 A> Iy, = 800 A) is appeared. Thus, it was
supposed that R, must eliminate this fault after an
instantaneous operating time (7, = 0.1 s), but in view of it
is in break-down, the fault current still remains present.
Consequently, the back-up protection is activated to
operate through the R, relay; and since (/, < I; < L) the
fault current is therefore in the inverse operating zone of
R;, whose the operating time is:

,_ K _ 1000

I 840%°

=233s (17)

According to Fig. 16-18, it appears that R; relay
gives its tripping order at # = 5.33 s counted from the fault
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appearance instant (¢ = 3 s) i.e. after 2.33
the theoretically calculated value in (17).
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Fig. 17. R, status for test 4
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Fig. 18. R status for test 4

From this test, it appears the service continuity
performance guaranteed by both relays: R, of primary
protection at the receiving end of the network, and R; of
backup protection at the sending end to avoid any break-down
problem and ensure a good protection of the power system.

On the other hand,

some numerical data on

improving operating speed (operating time 7) of inverse
characteristic of OCRs used for eliminating faults that has
arisen are provided in the Table3.

Through the comparison table above, it is clear that
the operating time value obtained in our test 4 is exactly
the theoretically calculated value, as well as the higher
accuracy of the inverse characteristic of our modified
model compared to the results of other models.

Table 3
Operating time comparison with known existing models
Source Simulation Theoretically calculated value
value 7, s
K =3600;
1‘76540. 6540/~/2
S N
K =3600;
[13] 1.25 n=1, :Tzﬂzl.ll
(case 3) 4580/\5
7. 4580
S 2
K =1000; 1000
O?tz;fi“;“ 233 n=09 =T=——1-=23
1, =840; 840

*as a reminder: K is the constant for relay characteristic;
I, is the actual fault current; n is the constant representing
inverse-time type.

Conclusions.

In this paper, an enhanced designed model in
Simulink/MATLAB of a digital over-current relay used as
a primary protection and backup protection is presented
on details. The proposed model is tested in a radial 400 V
distribution network to carry out a various tests under
new harsh test conditions. The simulation results proves
the good and the high performance of the improved
designed over-current relay on terms of: operating speed
(time) for eliminating faults that has arisen, ability to
distinguish between a fault current and load starting
current, capacity distinguish between a real (permanent)
and a temporary fault currents, the way to manage
variable faults over time, and the degree of harmony
(coordination) between primary relay and back-up relay.
Finally, the enhanced designed digital over-current relay
can be extended to design a directional over-current relay
for a possible work in the future.
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