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Abstract ¢

Protection system is used to protect components against fault as fast as po 'b%m also
to minimize the area around it from fault. Nowadays because of the existen@ tributed

Generation in power system, a change is needed to be im Ie nted for system at
ideri

distribution network in order to ensure the electricity can Iled to sumer safely.
With the presence of distributed generation (DG) uni s, the function of
relay protection is generally going to be changed. | aper {fg impact of installing Dis-
tributed Generation in radial system on the direction er-curre otection relay, in pres-

ence of a Thyristor Controlled Series Capacit fault co t is investigated. The relays
coordination scheme was developed throug lysis for fault location scenarios. A
realistic feeder system for a case study scher@rotection is developed in Matlab

software environment. K s&

Keywords: Power System&@ted Geperation, TCSC, IDMT, Over-current Relay,
Fault Current, Operation Tim \

1. Introductlon
The worldwide formty continues to grow even as energy conservation
e

measures and |n power sion efficiency reduce the consumption of individual
loads. To fe@e ergy. e of the world, renewable energy technologies are becoming
feasible and i eration options that enable consideration of the impact on the
environment and othe and economic factors [1].

The addition of gistfiluted generation (DG) to the electrical distribution system has been
one of the key s'in the evolution of distribution system analysis tools over the last 15
years. Threg-phasetcircuit modeling and other advanced features have been added to accom-
modate th of DG modeling.

Intro L@ DG into existing systems requires to be carefully integrated with the power
sy, erating practices [1]. The key concerns include:

tage rise and regulation,
Voltage fluctuations,
Protective relaying and control functions,
Impact on short-circuit analysis,
Impact on fault location and clearing practices,
Need for an interconnection transformer,
Transformer configuration,
Harmonics,
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¢ Response to system imbalances such as open-conductor faults due to failing splices.

The main objective of this study is to investigate the effect on fault current when installing
distributed generation on a radial system, the effect on the inverse definite minimum time
(IDMT) over-current relay in the presence of compensating series FACTS devises i.e. Thyris-
tor Controlled Series Capacitor (TCSC).

2. Distribution System Description

Distributed generation (DG) apply to the notion of generating power using a set of small
sized generators that produces power at low voltage levels and usually uses alternative fuel.
Distributed generators have been categorized as micro (~1W < 5kW), small (5kW < 5MV\Q,
medium (5MW < 50MW), and large (50MW < 300MW). The DGs are mainly desi Wbe
connected directly to the distribution network near load centres. There are seve%es of
DGs in the market. Some are conventional such as the diesel generators and s are new

technologies such as the micro-turbines. The major DG alteqﬂves are@ briefly in

the reference [2].

erse Definite Minimum Time) relays

3. Directional Overcurrent Relay Coordir@‘rQ
-

The current/time tripping characteristics of ID)M

may need to be varied according to the trippingti requn@ the characteristics of other
protection devices used in the network. For,t @ purposes, IBC 60255-3 defines a number of
standard characteristics to find the over@t relay\@tlng times which is defined by the

equation 1 [3]. Different characteristic dlcat% Igure 1.
Typically, the inverse time ov @ t relay (O consists of two elements, an instanta-
neous unit, and a time depenr&&n ; The # pendent unit has two values to be set, the

pickup current value (Ip), and the g (TDS). The pickup value is the minimum
current value for WhICh th y opera dthe time dial setting defines the operating time

(T) of the device forf, ent vaIE§ mally, the characteristics of the directional over-

current relay are curye versus (M), where M (multiple of pickup current) is
the ratio of the re rent ), ckup current value, (lp) [4].
T = TDS x and — 1)

Where, a and nstants depending on the type of selected characteristics: Standard
Inverse (SI) VeryNnverse (V1) or Extremely Inverse (EI).

<2>°O
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Figure 1. IDMT Rel haraae@cs

3.1. Backup-primary Constraint O

Each relay’s pickup current has mlﬁ and um values as shown in equation (3).
These values are chosen to be 1 @ times the imum load current which is seen by
each relay in a normal operaﬁ ilarly, time delay setting has a minimum and a
maximum limit based on the relay™s curr characteristic. The minimum and maximum
TDS are assumed to be 0. 0@1 1.2 res& Qe\y in all over studies [5].

TDS ™ < TDS | ’Q\Q Q* @)
‘ 6 ©

™) is the maximum value between the

max mi n)

The minimum pick rrent setting of the relay (Ip;
minimum availal ent setting and the maximum load current max (liagi > Ipi
Similarly, the ifhum pickup current setting (I5™) is chosen as the minimum value
ximum available current setting of the relay and the minimum measured fault
ari s 15" [6].
coordinate two over-current relays, one as main (primary) relay (i) and the other
relay (j), the difference between the operating time of backup relay and main relay
be more than the CTI (Coordination Time Interval). The constraints coordination of
overcurrent relays i and j will is in the form of inequality (4) [7]:

K K

T -7 > cCTl (@)

T,-K and T;: are respectively the operation time of backup and primary relay for a short cir-
cuit at k.

Copyright © 2014 SERSC 301



International Journal of Hybrid Information Technology
Vol.7, No.4 (2014)

CTl is the time interval coordination of primary and backup relay and it can take a value
between 0.2 and 0.5 seconds, it depends on the type of relays and generally is taken as 0.3 sec

[8-9].

4. Effect of TCSC on Directional Overcurrent Relays Setting

The basic Thyristor Controlled Series Capacitor scheme, proposed in 1986 by Vithayathil
with others as a method of "rapid adjustment of network impedance,” is shown in Figure 2. It
consists of a series compensating capacitor shunted by a Thyristor Controlled Reactor [10-

11].

(a) % OQ \/

\Oe T=@
X (o) . CEC

@S?in i ﬁ CsC
(a) Basic TCSC %& :

(b)

eand (b rent Reactance of the TCSC

The simpler TCSC mq ploits th?&pt of a variable series reactance given by.
2
XTCSC ()= X,_(Ot * (5)
X, (Q C \Q
&

X (a)=X_ - ) KX (@)

Where, ®
1

X, =Lo and =>—

(6)

()
C.o
The equh@ TCSC reactance is computed as:
Q . X . 28 +sin( 2) 4x . cos B (Kt KB —tan B)
= c ~ X + X ’ X
@ (Xo = X,) T (X = X.) (K*-1) T ®)
Where: g = = - « is the conduction angle.
(9)

"K” is a Compensation degree
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K= |-< (10)

The TCSC can be installed anywhere in the distribution circuit in order to control the pow-
er flow as a function of its capacitive-reactance. Since it is essentially a variable reactance, its
impedance will be added arithmetically to the system impedance and result in a reduction of
the fault currents.

5. Simulation Results

This section presents a computer simulation studies developed with MATLAB software to
demonstrate the effect of the DG and the TCSC on fault current and on the coord|0®0f
IDMT overcurrent relays.

The 4-bus radial test system shown in Figure 3 is employed to conduct og@rdination
studies [12]. Detailed parameters of this system can be found in,ithe Appen 'XQ

The short-circuit current is a function of the voltage an peda distribution
system. In order to calculate the short-circuit current for, vel; the first is

done by adding shunt impedance of DG, the secont@ |on se arlable reactance
Feeder E

O o@

N >

Load3 Load4
Figure 3. Si nple Distributiaf\Network with Three DG Units and a TCSC
Based on th ective TC &ance model given in (8), Figure 4 shows the characteris-

tic curve of the rectance TCSC with respect to the firing angle (o). The data used for
the simulation IS given in endix.
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Figure 4. Characteristic Curve Xrcsc (o) of the TCSC
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To coordinate overcurrent relays, as soon as a fault takes place, the fault is sensed by both
primary and backup protection. The primary relay is the first to operate, as its operating time
is less than that of the backup relay. A relay protection scheme in a simple radial feeder with
4 bus-bars (bus-A, bus-B, bus-C and bus-D) is shown in Figure 3. For a fault at point F1,
relay R3 is the first to operate. If the operating time of R3 is set to 0.2 second, then the relay
R2 should wait for 0.2 second plus a CTI.

5.1. Impact on Short Circuit Level

Short circuit level description is based on impact of fault on power and current. This de-
scription is criterion factor for increasing definition in fault and current. Fault level can be
formulated simply as below:

\,‘

\Y

(11)
Zth

In this equation, I is the fault current and Z, is the The\\% mpeda @ bus i.

Installing DG leads to placing impedance in parallel w t of ne , therefore the
impedance seen at fault location is reduced [5]. ‘

When only DG is connected, relays R, and Rz wi e the current for faults
in Bus-D.

It is important to note here that for any give@zvnstrea upstream fault, these relays
will sense the same fault current, as showa i res 5, 6 aN this result will create a con-
flict as these relays sense the same curre% ear| @r of these faults, and it is possible
to achieve coordination with the pairs

Because it is required to clear,0 faulted xn Rs; must operate before R, for fault
in Bus-D, and R, must operate_be foraf Bus-C. Relays R; and R, cannot isolate the
fault in Bus-B because the zone lays R

The fault is simulated b |tch|ng pedance Zpe at bus-C as shown in Figure 3.
Figures 5 show the Var of the a rrents curves as function of the angle o of the
TCSC for three fau

o°
k2 (@)
gy (@)

O
f@

Fault courrant

o” i A
T
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Figure 5. Variation of the Fault Currents Curves as a Function of the Angle a Of the
TCSC at each Lcation
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From the obtained results of faults current it can be observed that, the short circuit level in-
creases with the DG installed in the system. The short circuit level in the first case (Fault at
Bus-bar D) without DG is 10.3068 KA but after installing the DG the current becomes
10.3773 KA, it is larger than the previous because of the effect of the DG source in the sec-
ond case.

The TCSC can be installed anywhere in the distribution circuit in order to control the pow-
er flow as a function of its capacitive-reactance. Since they are essentially a variable reac-
tance, their impedance will add arithmetically to the system impedance and result in a reduc-
tion of the fault currents. That is clear in figure 5, with DG, and with the presence of Thyris-
tor Controlled Series Capacitor (TCSC) the three phase fault current increases in inductive
mode and decreases in capacitive mode.

L 4
5.2. Impact on the Operation Time of the Overcurrent Relay Yy
In the network shown in Figure 3, relay 2 will act as the backup of relay 3 forghefault F1,
and relay 1 will act as the backup of relay 2. As for relay 2, if a fault it bus-D, its

operation time should be larger than that of relay 3 at leastNoy~the CTI. re.6 shows a se-
lectivity diagram of relays R3 and R2 for a fault located a bar D.

The presence of DG and TCSC will change the a3 powe»% well as the short-
circuit current, which are not restricted to the conne pus. Figuge¥e/shows as well the pri-
mary/backup (P/B) relay pairs and correspondi erating times for the fault currents pass-
ing through them in presence of the DG a&B@ and nstalled in middle of branch

AB.
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Figure 6. Operating Times Characteristics of Primary and Backup Relays for Fault
located at Bus-bar D Without and with DG and TCSC

Figure shows R1 providing backup to relay R2 and their respective operating time.
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Figure 7. Operating Times Characteristics of Primar Backu or Fault
Located at Bus-bar C Without and w@ nd TC
t

Figures 8 show the operating time of R1 for a fau d at \a\!

Operating,Timeyof R, For F,

° L2
10 z N &P rrrrer
PRC N
\‘ e OT hithout DG and TCSC
N& g —Z= ith DG and TCSC
T
. E
2 Y
= \ Lo
2 -~ ¢ 4 s
Q 1 \ LeE
E 10
2 i
= I
©
2 =
#0

N ﬁs -
Q >
O 4@
10° 10° 10* 10°
multiples of pickup current (M) (A)

Figure$. rating Tmes of R; for F;in Pesence of DG and TCSC

In Fguren64 7 and 8 PRC, BRC and OT are Primary Relay Characteristic, Backup Relay
st Operating Time respectively.

and 8 show that the operating times of primary and back-up relays, the operat-
in f primary relays without TCSC are less than the operating times of primary relays
i@ inductive and capacitive mode, when a fault occurs at any bus of the network in the
presence of the TCSC. It can be seen as well that there is an effect of the fault in both induc-
tive and capacitive mode on the operating times.

6. Conclusion

The simulation results reported in this paper demonstrate that the integration of embedded
DG and TCSC have an effect on the settings of IDMT overcurrent relays devices installed on
the distribution feeders. In this paper the case studies have been conducted to determine the
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effect of the clearing time of a fault on any point of network. From the results it can be con-
cluded that the presence of DG and TCSC affect the clearing time of the protective devices
installed in the distribution feeders. Therefore care must be taken when DG are installed on
distribution network. In future, work can be conducted on the development of an algorithm to
optimize the relays operation time and revising the protection system by minimizing the
number of changes in relays setting caused by the presence of the TCSC.

Appendix

Power source: Us=11kV, f=50 Hz.

Impedance of line: Zag = 0.0922+j 0.0470 Q, Zpc = 0.4930+j0.2511 Q and ZCD = 0.3660+ j 0.1864 Q.
Loads data: Load 1: S; =100+j 60 KVA, Load 2: S, = 90+j 40 KVA, Load 3: S; =120+j 80 KVA and
Load 4: S, = 60+j 20 KVA. .
TCSC: L= 9.60 mH, C =212.2 yF. \/
DG: Ppe =5 MW, Zog = 2.3287 + j 22.8855 Q. v

IDMT over-current relay: Relay 1, 2 and 3: Normal Inverse, TC = 1000/5.
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