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Abstract

This paper describes a modern approach for the protection of transmission lines to ensure
their safety against the faults occurred in power systems. Our approach uses a_Programmable
Logic Controller (PLC) to realize a transmission line as an over current protection relay. A
conditioning circuit was designed, implemented and tested to collect data obtained from Hall Effect
sensors which convert them to suitable analog values compatible with PLC's inputs. Results
obtained by our PLC control system are very similar to those obtained by the conventional relays
but more efficient. An Automatic Reclosing System (ARS) for remote faults is also included in this
approach. Our PLC control system and its algorithm are illustrated in this paper also. This
approach is designed to be used in electrical networks laboratories as an educational unit in
electrical departments of engineering collages and technical institutes; it can be used also in real
power systems through suitable interfacing facilities.
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Introduction

Recently, the trend in power and control
protection systems is to implement the
programmable protection systems that can
easily interface with transducers from one
side and the dispatch control center from the
other side[l]. This research attempts to
design and implement an over current
protection unit using a programmable logic
controller (PLC) to replace the classical
protection relay. The PLC (The Brain) will
cause the circuit breaker to trip when the load
current reaches the setting value in the PLC
as shown in Figure (1).
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Fig. 1. Building block of protection system

Due to its advantages as, low cost, easy
installation and programming [1,2], the usage
of PLC was investigated in this paper to
provide over current protection in power
transmission lines. Logic relations and related
control rules are realized through a
developed PLC program. The PLC system
hardware includes, in addition to its standard
components, analog Hall Effect transducers
as inputs and an operator's terminal (output),
as a Human Machine Interface (HMI). Also in
this paper, a simple Automatic Reclosing
System (ARS) is designed and automated to
protect the remote parts of the transmission
line from temporary faults by isolating the
faulty part of the distribution electrical
network.

Over Current Protection of a
Transmission Line

Over current protection is the most
popular and used technique in distribution
and protection systems. This technique
basically depends on over current relays
especially the inductive type which depends

in their operation on the interaction between

two magnetic fluxes @i, ¢2 and the induced
eddy currents in the moving part of the relay
[3]. The electromagnetic rotational torque T is
proportional to @i, ¢2 and the sine of the
angle between them [3]. In general,

Where 6 is the angle between @1 and @2 .

Torgues generated in the relay are [3]:
1- Operation Torque T1 which is proportional
to square of the relay's current.

Where K1 — Constant, | - Operating current of
the relay

2- Counter Spring Torque T2 which s
constant.

T2=K1lZ . i, 3)

Where I' - Pickup current

3- Suppression Torque Tz which s
proportional to the speed of the relay's disc.

Where d - Distance that the disc moves till it
closes its contacts, t - Time of disc's
movement, Kz - Constant

From equations 1, 2 and 3,
T=K.P-Kil?-K>(d/€)......c.cccvvvennn.. (5)

Where T - The resultant operating torque

The disc starts rotation when T =0, or

Ki(P-12)=K2(d/E)......c.c.cccoiviviinnnnn... (6)
Or
t=(Kd)/I2-T2) i @)

Where K = K2/K1

The relation in Equation (7) shows that
for given values of (d) and (I'), the operating
time (t) of the relay is inversely proportional to
the square of the current (I) passing through
the relay, because of that, they are known as
Inverse Time Relays, as shown in Figure (2).
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Fig. 2. Operating zone of inverse time
protection

Figure (3) shows the basic internal
construction of a classical electromechanical
over current relay.
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Fig. 3. Basic construction of an over current
relay

l

Where:
Ip- CT primary current.
Is - CT secondary current.
| - Operating current of the relay.
Iset - Operating current setting.
Tset - Time delay setting of the relay.

lset @and Tset in Figure (3) are used to
determine the operating zone of the relay as
shown in Figure (2). There are different
inverse relations between operating time and
current as shown in Figure (4), which are [4]:
1. Standard Inverse (SI).

2. Very Inverse (VI).

3. Extremely Inverse (El).

The over current relay can be used also
for Definite Time (DT) protection [4] by setting
the time and current of this type of protection
as in Figure (3). The characteristics and the

operating zone of the DT relay are shown in
Figures (4) and (5).
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Fig. 5. Operating zone of definite time
protection

PLC Implementation in Over Current
Protection

Most functions and operations provided
by very sophisticated and expensive over
current relays can be simulated by using PLC
in easier and much cheaper ways [5]. Our
approach is highly appreciated and valuable
for educational training in electrical networks
laboratories of institutes and universities by
using simple and inexpensive units.

By using PLCs in over current protection
of transmission lines circuits, all the various
facilities of the PLCs are transferred to these
circuits [6]. This gives the protection circuits
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more flexibility and makes their integration
with other protection and control circuits

A simplified flow chart of the PLC logic

program of over

easier.

current

protection for

transmission lines is shown in Figure (6).
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Fig. 6. A simplified flow chart of the PLC logic program

As shown in Figure (6), four types of over
current protection were studied and they are:

(magnetic type) when the current reaches a

e Instantaneous Over Current protection

(ITOC),

which operates

instantaneously

predetermined value. The logic configuration
[7] of this relay is shown in Figure (7-a) and
its characteristic curve [8] is shown in Figure
(7-b).
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Fig. 7-b. Characteristic curve of instantaneous
O.C. protection

e Definite Time Over Current protection
(DTOC), in this type of protection, two
conditions must be satisfied for operation
(tripping), current must exceed the setting
value and the fault must be continuous at
least a time equal to a preset time value[7].
Its characteristic curve is shown in Figures
(4) and (5), many parameters are taken into
account when designing the simulation
algorithm such as operating time is kept
constant and the operation of the system is
independent of the magnitude of current
above the pick-up value.
Inverse Minimum Definite Time over
current protection (IMDT), in this type of
protection, operating time is inversely
changeable with current. So, high currents
will operate the over current protection faster
than lower ones [7]. Its characteristic curve is
shown in Figures (2) and (4).
eVery Inverse Time over Current
protection (VITOC), this type of protection
gives more time inverse characteristics than
that of IDMT. It is used where there is a
reduction in fault current, as the distance
from source increases and when Fault
Current is dependent on fault location [7].
Very inverse over current protection is
particularly suitable if the short-circuit current

drops rapidly with the distance from the
substation and it is also suitable if there is a
substantial reduction of fault current as the
fault distance from the power source
increases [8].

Figure (8) shows a schematic diagram of
the designed and implemented system. This
system gets use of the characteristics of Hall
Effect sensors [9] which collect data (load
current) from the transmission line (0 — 16 A)
and convert it into an analog output voltage (0
— 10 V) which is proportional to its input
current and compatible with analog inputs of
PLC. An HMI [10] is used to enable the
student in a laboratory or the operator in a
control site to interact with the system. The
PLC's outputs are electrical signals that trip
the coil of the circuit breaker in case of a fault
and gives alarm signals, also they control the
operation of the ARS in case of temporary
remote faults.
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Fig. 8. Schematic diagram of the designed
protection system

A section of the PLC's program is shown in
Figure (9-a), this program was created using
Soft Comfort V6 software of SEIMENS and
implemented by LOGO! PLC V6.0 hardware of
SEIMENS [10].

A section of the PLC's program is shown
in Figure (9-a), this program was created
using Soft Comfort V6 software of SEIMENS
and implemented by LOGO! PLC V6.0
hardware of SEIMENS [10].
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Fig. 9-a. Main program of the PLC based Over Current Relay

Fig. 9-b. PLC's display output of the system

A simple but efficient automatic reclosing
system (ARS), which establishes a closing
sequence for a circuit breaker following
tripping by protective relays, is included in
designing this system to monitor and protect
the remote parts of the transmission line with
the ability of interaction between the student
or the operator and the protection system as
shown in the flow chart of Figure (6).

Figure (10-a) shows the main functions
of the over current protection unit which
utilizes PLC techniques including:

a. Modes of over current protection.

b. HMI Unit.

c. Interactive massages for ARS mode.

d. Selective switches for over current
protection modes.

e. ARS mode.

Figure (10-b) shows a close shot of the
HMI which is used to establish the interaction
between the operator and the protection unit
such as increasing or decreasing PSM or
TDS, browsing through or resetting the unit. It
is also used in ARS to send confirmation

signals to reset the system when the
temporary remote faults are cleared.

Fig. 10-a. PLC Over Current Protection Unit

Fig. 10-b. HMI of the PLC O.C. protection
unit
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Figure (10-c) shows how the protection
unit can be implemented to choose the type
of protection by the operator who sets all the
parameters by HMI.
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Fig. 10-c. O.C. Protection Unit in operation

Results

A comparison was established between
the operation characteristics for both types of
the studied over current protection relays (the
classical electromechanical inductive,
magnetic relays and the PLC based relay),
the results of this comparison were stated as
below:

1- The characteristics shown in Figure (11-a)
are referred to instantaneous over current
protection for both types of relays, as
ideally, the relay operates as soon as the
current in the relay gets higher than its pick
up setting current. There is no intentional
time delay applied. But there is always an
inherent time delay which cannot be
avoided practically. In practice; the
operating time of an instantaneous relay is
in the order of few milliseconds. PLC based
relay is faster than traditional relay.
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Fig. 11-a. Characteristics of Instantaneous
Over Current protection (ITOC)
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Fig. 11-b. Characteristics of Definite Time
Over Current protection (DTOC)

2- A definite time over current relay can be

adjusted to issue a trip output at definite
amount of time after it picks up. Thus, it has
a time delay and a pick up current
adjustments. As shown in Figure (11-b), the
characteristics of both types of over current
protection are created by applying
intentional time delay after crossing the
pickup current.

3- Inverse time/current relation is a natural

characteristic of any induction type rotating
device. This means that the speed of
rotation of rotating disc of the device is
faster if input current is increased. In other
words, time of operation inversely varies
with input current. This natural characteristic
of electromechanical induction disc relay is
very suitable for over current protection.
Although time inverse characteristic is
inherent to electromechanical induction disc
relay, the same characteristic was achieved
and simulated in our PLC based relay by
proper and efficient programming as shown
in Figure (11-c).

5
s 4 IMDTO.C.Protection
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3 == Eleectromechanical Relay
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2
15
1
05 Current (Amperes)
0
0 1 2 3 4 5

Fig. 11-c. Inverse Minimum Definite Time
over current protection (IMDT)



Thabet and Allu / Tikrit Journal of Engineering Sciences

4- Unfortunantly, the VIOC protection
electromechanical induction relay isn't
available in our electrical networks
protection laboratory. The characteristics of
these types of relays were simulated in our
algorithm especially the phenomenon [7]
which states that "When the CT becomes
saturated; there would not be further
proportional increase of CT secondary
current with increased system current”.
Hence, the characteristic is inversely related
in the initial part, which tends to a definite
minimum operating time as the current
becomes very high. Figure (11-d) shows the
result of the simulation which is exactly the
same as that of this type of the
electromechanical relay even no CTs were
used.
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Fig. 11-d. Very Inverse Time over current
protection (VITOC)

Conclusions

Using PLCs in over current protection
circuits, transfers all various facilities of the
PLCs to these circuits. This gives the
protection circuits more flexibility and makes
their integration with other protection and
control circuits easier. Over current protection
system model was designed to present an
over current protection relay.

PLC replicates conventional approach
with acceptable results. The proposed model
can be used in the real power system through
a suitable interfacing facility. PLC is easily
controlled and programmed to obtain the

desired operating characteristics. The over
current protection using PLCs provides high
sensitivity and stability against faults. The
designed unit is found to be a very useful as
an educational tool in the laboratories of the
electrical departments of  engineering
collages and technical institutes.
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