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ABSTRACT

Over current relays are widely used for protection of power systems, directional ones for transmission
side, and non-directional ones for distribution side. The fault direction may be forward (between relay and grid),
or reverse (between relay and source), the normal power flow being from source to the grid. Known directional
overcurrent relays rely on a reference voltage phasor for estimating the direction of the fault, requiring both
current and voltage sensors. This increases the cost of the relays, prohibiting the utilization of such relays in the
distribution side protection and automation, which is going to be a key part in the smart grid initiative. In this
paper a novel current-only directional detection possibility is highlighted. Breaker is developed in 13 bus bar
system.

Index terms—definite minimum time (dmt), distribution automation (da), fault detection, fault Direction,
forward current Reverse current, overcurrent, protection, smart grid, feeder protection.

INTRODUCTION
In this paper introducing about the distribution protection system. It is must for the directional fault

reasons understanding. which type faults occurs in a system .it might be faults of rising a forward current here
directional overcurrent relay must be used according its ampacity and voltage level. load increment terms is so
much important while defining the faults reasons.it is very easy to solving maintaining replacing the elements in
feeder protection system.
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Figure 01 relay connected in transmission line.
A 13 bus bar system are developed in MATLAB simulation. 13 bus bar system is distribution feeder

system. leeel3 node test feeder is very small and used to test common features of distribution analysis software,
operating at 4.16 kv. It is characterized by being short, relatively highly loaded, a single voltage regulator at the
substation, overhead and underground lines, two shunt capacitors, an inline transformer, and total 9 unbalanced
loads. TO generates a one-line diagram and adjusts the layout to accommodate new nodes added to the system.
Additional nodes are needed beyond the standard 13 nodes because of the “mid-nodes” that are created in-

between nodes to simulate distributed loads.
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Figure02 :one line diagram of the IEEE 13 node test feeder.

Power utility (slack bus) : the utility has been model as a 115 KV three phase source (figure 1). All other
parameters for the utility were kept at their default value as shown in model diagram. Transmission line
modelling power flow along a transmission line requires data including (1) line length between two nodes, (2)
line parameters and pole construction data at a specific bus.

Transformer model: transformer model data. Requires Z% and X/R ratio for modelling a transformer.
Substation transformer impedances are provided but they are not used by IEEE for power flow analysis. IEEE
reports results that assume voltage begins at the substation bus at the designated voltage. To address this issue, a
substation transformer has R% of 0.001% and x/R% of 1.001%.

Modelling loads : there are two types of loads in the IEEE test system. Spot loads — loads connected to a specific
node. And distributed loads- loads distributed between two connected nodes.

Spot loads: all spot loads have their respective load model (constant power, constant impedance, constant
current) type defined and are considered balanced across all three phases. These loads are modelled as three
phase with appropriate load model.

Distributed loads: modelling a distributed load requires creating an additional node between the two nodes
across which the distributed load is applied. For example, the IEEE test case provides information for
distributed loads that can be connected between two nodes. Extra node created at the midpoint between nodes
632 and 671 in figure 1. That distributed load is connected to that middle node.

Modelling underground cable: IEEE 13 node test feeder has two underground cable connection.

13 busbar system explanation :

Three phase source: three phase source 1 treated as ideal voltage source.in this 3 phase source 1 . Its phase to
phase rms voltage is 115 kv(115000*1.000729 with frequency is 60 hz and three phase has internal connection
of star.3 phase short circuit level at base voltage (va) is 100 e6  and three phase base voltage (rms -phase-
phase) is 115e3kv and x/r ratio-is 8 in load flow. Generator type is swing bus.

There is a first three phase v-i measurement (three phase voltage and current measurement .)The block can
measure output the voltages and currents in per unit. Values or volts and amperes.

Three phase thyristor block: it has an input from the three phase v -i measurement. To generate a pulse used of
pulse generator. Multi-meter used for measure the different magnitudes, current, voltage resistances and also
measure a line frequency and pulse generate for proper frequency and regulate the voltage. Regulator is added
with the circuit.

Substation transformer :Three phase transformer (two winding ) : this block implements a three transformer by
using three single three single phase transformer. set the winding connection to star when want to ® access the
neutral point of the wye winding 1 connection (abc) terminal delta (d1) and winding-2 connection (abc terminal
). Unit is a per units nominal power and frequency (pn ;(Va, fn (hz)). 5e® 60 hz. Configuration winding-1
parameter (v1 phase-phase (Vrms) is 115e%(115 kv). R1 is the 0.01 ohm and I1(p.u.) Inductance is 0.08 and
winding 2 parameter [v2 ph-ph (vrms)] is 4.16 €*, r2 p.u. Is 0.01 and 12 per unit is 0.08 and magnetization
resistance rm per unit is 500.01 and magnetization inductance Im pu is 500.01 and saturation characteristics i1,
0, phase i1 0.0024 i2(current) is 1.2 and phi2 is 0.9999 and 1.52 initial fluxes (PhiOa, phiOb phase ioc p.u. is
0.8001, 0.80001,0.700002.
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13 bus bar distribution feedr protection system.

Substation transformer :

Three phase transformer (two winding) : this block implements a three transformer by using three single
three single phase transformer. set the winding connection to star when want to “ access the neutral point of the
wye winding 1 connection (a b ¢) terminal delta (d1) and winding-2 connection (a b ¢ terminal ). Unit is a per
units nominal power and frequency (pn ;(Va, fn (hz). 5e° 60 hz. Configuration winding-1 parameter (v1 ph-ph
(Vrms) is 115e3(115 KV). R1 is the 0.01 ohm and I1(P.U.) Inductance is 0.08 and winding 2 parameter [V2 ph-
ph (vrms)] is 4.16 €3, r2 Per unit is 0.01 and I2 per unit is 0.08 and magnetization resistance rm per unit is
500.01 .magnetization inductance per unit is 500.01 and saturation characteristics i1, 0, ph i1 0.0024 i2(current)
is 1.2 and phi2 is 0.9999 and 1.52 initial fluxes (io a, phiOb phioc p.u. Is 0.8001, 0.80001,0.700002.Substation
bus 650, Bus-1 4.16e°v 0.979 p.u. 26.2 degrees.

601 2k Three phase P1 Section line (pie transmission line):

This block models a three phase transmission line with a single pi section. The model consists of one set of rl
series element connected between input and output terminal and two sets of shunt capacitances lumped at both
ends of the line. RLC elements are computed using hyperbolic corrections yielding an “exact representation in
positive and zero sequence at specified frequency only. To obtain , an extended, frequency response connect
several pie section blocks.in cascade or use a distributed parameter line. Parameter : frequency used for RLC
specification 60hz. Positive and zero sequence resistances ohm/ km [r1,r0]: 0.247, 0.309. And positive and
zero sequence resistances ohm/km [rl r0] 1.321e, 2.473e”. Positive and zero sequence capacitances (f/km)
[c1 c0] 5.398e 4.65e-9.Line length(km) is 0.6096.Bus 02 4.16e* v 0.2285 p.u. -3.888deg.
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602 block Three phase pie section line. This block models a three phase transmission line with a single pie
section. The model consist of one set of r-I series element connected between input and output terminal and two
sets of shunt capacitances lumped at both ends of the line .RI element are computed using hyperbolic corrections
yielding an excel represent in positive and zero sequence at specified frequency only .To obtained an
extended frequency response connect several pie section block.in cascade or used a distributed parameter line .
Parameter :Frequency used for RLC specification 60 hz. Positive resistances (ohm/km )[r1,r0] :0.471 0.561
positive inductances (h/km) [i1i0 ] 1.538e™ 2.692e™ and positive capacitances (f/km) is 9.882e™ and zero
sequence capacitances is 7.106e”. And line length in km is 0.1524.Bus 03 4.16 e* 0.9567 p.u. 144. Deg. 603
is the bus bar.

Block parameter transformer :Three phase transformer two winding mask link : this block implements a
three phase transformer by using three single phase transformer . Set the winding connection to yn. When y
want to access the neutral point of the wye (star). Configuration of this transformer windingl connection (a-b-c
terminals):yg and winding 2 connection (a b ¢ )terminals yg.

Parameters :Units is per unit .nominal power frequency pn (va) fn (hz),5 e5 60 hz..Winding parameters [v1 ph-
ph (vrms)= 4.16e° r1 per unit is 0.011 . L1 per unit is 0.02Magnetization resistance rm is per unit is 500.01, and
magnetization inductance I.m. Per unit is 500. And saturation characteristics il is zero. Phi1=0.002 .12 is 1.2 and
phi2=1.52 Initial fluxes (phiOa phiOb phioc) per unit. 0.80001 -0.8001 0.70002 break algebraic loop in
dissertation model bus 4 0.48e3 v 0.95Bus 634

Resistive load : this block connected with parallel RLC load 1, parallel RLC load 2 . There took out 1 out 2 out
3 scope 2 (discrete waveforms phase a phase b phase c .

603 0.3 km: This block models a three phase transmission line with a single Pi Section the model consists of
one set r-l series element connected between input and output terminal ad two sets of shunt capacitances
lumped at both ends of the line .

13 bus bar parameter table:

Bus no | parmmetery | Load flow

Base voliage | Swing bus or P\ Swing bus voltage i Buos voltage v load Bus voltage v
(Vs phase 10 bus voltags agle | flow per vt angle load flow
| | phiase | | legree
Bus 1 1. 16e? 1 0 i-r""«" 262
} 4 \
Bus 2 4 10e 1.02 0 | 0.228¢ P
| . | ;
Bus 3 4.16¢° 1.018 0 | 0.9467 144}
} | ! 1
Bus 4 i 16e° 0.9940 0 i-.i‘u 1441
4 4 4
Bus § 4 16¢! 0983 0 i 0 OIS 22.00
- 4 4 . 4
Bus 6 i 16¢’ 1.0311 0 | 0.2301 116.5
v . . |
Bus 7 4.16¢° 1.0329 0 i 0.220¢ 1164
} + + 4
Bus § I 16 | 0.9E8) 0 i 0.227¢ 125
Bus 1 16e 0.9 ) 09384 2224
' |
i | +
Bus 10 § 16e' 0.990 0 i' 227S LS00
Bus 11 4. 16¢’ | 0.990 0 i-w-u 2224
[Bus 12 | 416 | 10339 0 i-‘..u* 1163
' ! 4 4
Bus 12 Lloe’ 1.0329 0 C % 1163

www.iejrd.com SJIF: 7.169 _



http://www.iejrd.com/

Vol.6

International Engineering Journal For Vegearch & Debelopment Issue 4

L5+

v 2 4
P
LA S
V-

|
*..,
P
—y
LA
(|

' 2 8 248 4
|

oA

Figure :Distribution feeder protection connected with relay RA AND RB

Figure 03 IN MATLAB SIMULATION .Distribution feeder connected with RA AND RB

Results:
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Waveform 01.Waveform of directional over-current relay relay a and relay b (without fault).

Waveforms 02 .Waveforms for over current relay Relayb is tripped.

Breaker or directional overcurrent relay after fault waveforms.
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waveform 03.Relay b and relay a is actuate in fault condition of over-current tripping time is 5 second.
Figure 03 is diagram consist with a two transformer and two circuit breaker. And circuit breaker is connected
with the transformer. Relay is used for the fault protection. relay A is the side of sending end power system.
Relay B is the side of receiving end .it is a MATLAB simulation model. And above waveforms shows the status
of relay and voltages waveforms.in waveform 02 only RB Relay is tripped. And waveforms 03 shows the both

relay A AND B are tripped. this all waveform of breaker (directional overcurrent relay).

alavverincnnasrnne..

Waveform 05.Scope 1 status output waveforms.
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waveform 06.normal waveform of scope 2.
Above waveform shows the resistive current waveform. waveform 04 is the resistive current load waveform is
shown in scope 1. And waveforms 05 is a shows the status waveform of discrete signal of three phase

waveform. And waveform 06 shows the normal waveform of three phase.

Firstly , waveform 09 shows the resistive capacitive load waveform. And waveform 08 are only positive

waveform signal.it has time duration is 5 second only . this is discrete waveform signal by the scope .
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waveform 10.Scope 5 waveform.

Scope 5 waveform signal shows the capacitive waveform. It can shows the charging and discharging of
capacitor model. There charge current is rising in above direction inclined. And voltage discharge waveform are
goes to decreasing charging it means of discharge. waveform 12 is for the three phase dynamic load . how three

phase are continuously in same period . and same direction.

RELATED WORK

In this 13 bus bar system , to work on switch. which is connected in bus system.692 node is one type of switch.
In model there is used a breaker . it is developed in MATLAB simulation work. Both side of source and grid of

feeder distribution (transmission line). There applied a fault current and fault current voltages . so there effect of
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directional over current relays actuation of relay RA and RB . there is main purpose of operation of directional
overcurrent relay. There shows in first relay A status and second relay B status and beneath that is current

waveform of three phase waveform.

CONCLUSION
A directional overcurrent relay is a susceptible element in a distribution feeder protection system in a load

increased condition can be secured from the higher forward current as well as reverse forward current. A
directional element can be sense a current of bi directional in power system. It will be effectively work in feeder
protection also with secured sensitivity and properly region wise operate a directional overcurrent relay. Future
distribution feeders will be connected with the number of electrical appliances that’s why there will be a
creating region wise fault (forward reverse), fwd<- fault, rev <-rev+-), Directional overcurrent relay save the
feeders fault from this situation. To studying for the distribution feeder protection and secured power
distribution system can be developed with directional overcurrent relay. While duration of fault relay will
tripped the duration of the faults relay will tripped the power distribution system. So there is 692 node is
developed in MATLAB simulation to tripped the relay when fault is occurred. both relay are operated while

the fault occurred.
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