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Impact of Distributed Generation on Coordination
of Protective Devices
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Abstract

The Increasing penetratian of distribated geoeration (DC) added 1o the distribution poser tysiein
creales new techmical and econoinicsl challenges. If will be aeccssary fo investigale mauy e
concerning (hese chaflenges, In terma of physical infegration, protection is ane important lopic of these
challenges.

F'; this paper, the interconnection of DG unity with power syslemy from protection paint of view s
discussed. The overcurrent profection of radisl lne using fuses and sutoreclosers before and after
integraling o DG source v onalyzed, A MATLAB SIMULINK Model of the system is done

Since there ks not any element in SimPowerSystema (SPS) ta represent the fuse or recloser, two
madels are deslgned for slmulnting the aperation of Lath fuse and recloser. These models could be used
far any ather appllention. A deinlled simulailon 8 performed to slady the impact of DG inlegration jo he
tystem from the proapective of protection devices coordinstion. Alsg, the suitebility of the clawical
protection for the systam after DG integradion b imvestigated

This study proves that coardinafion befween fuses and reclosers bn & distribolion system can be
digrupted with subsiantial peneiration of distributed generntion. The effect of DG on protective device
coordination is senslibve to datribmtlon system configuration, DG sie and location,
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1. Introduction

Distributed gencralion is a new concept
in the economics literature about electricity
markets, and iz a result of the apphication of
deregulation in the electric power sector [1].
DG bas many definitions becoause it is o new
trend in electric power syslem.

Generally speaking, it con be delined as
“the development of xmall, modwlar eleciric
gemeration  cloxe o the  poimt of
consomplion” [2].

DG has been impacted the power system
industry and these impacts can be
categorized as, financial, techmical, and
regulatory impacts [1-6].

The increasing penctration of distnibuted
peneration (DG) in the power system creates
new challenges and problems for network
operators. [t will be necessary to investigate
many  issues  concerming  lechmical,
economical and regulatory problems,

networks for a passive paradigm, ie mo
generation are expected in the distribution
network For future distribution system, the
networks get active and the conventional
protection tumns oul 1o be unsuitable [7]. Asa
resull, the edditional faull current supplied
by DO can cause relays to under-reach or

various locations. The resultant impacts on
the recloser and fuses were also discussed.

In the report [10], the authors have
investigated some protection tssues include.
protective device coordination problems due
to infeed and bi-directional curreni flow,
effects on synchronizing and autoreclosing,
the potential for forming small slanded
systems; and issues related to ground faul

In [11] Sukumar, et al suggesied an adaptive
proicction scheme 10 investigate effect of
high DG penetration on protective device
coordination. They explored the cffect
size, type, and placement of DG on

In [12], Jager et al, have investipaied n
networks with numerous DG uniis and
network. They concluded that the
inverse time charactenstics can

determine the maximum sizes of DG sources
to maintain the existing protection scheme.

In [15) the authors have studied the effect of
DG on aulomatic reclosing and suggested
telecommunication based protection to solve

Most of these surveyed researches
didn't simulate the operation of protective
devices 1o explain the operation and
performance of the system under study.
Also, they didn't investigate the coordination
problem in their work. By
didn design no models for
recloser, just simple calculation.
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This research will focus on over current
prolection of radial line and ils protection
devices coordination in DG environment.
Two control circuits are designed for
simulating the operation and performance of
both fuse and recloser. These simulation
madels are used 10 investigate the impacts of
DG  on fuse-fuse and recloser-fuse
coordination.

2. Overcurrent Protection of a
Radial Feeder

1.1. Proteclion of Classical Distribution
Systems

Protection of three phase distribution
translormer in radisl distribution  system
using fuses is considered 10 be classical
protection system. [t is general praclice o
install 2 fuse on the primary (incoiming) line
side of cach distribution (ransformer. This
may be a transformer internal fuse or an
external fuse installed in a culout. Automatic
circuit reclosers are applied 10 protect the
entire system against temporary faults; they
should be installed on the main feeders due
10 cconomic considerations. Figure | shows
a part of a classical distribution system with
distnbution transformer and recloser-fuse
explanztion [17]
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Figure | Classical distribation systems [17]

Correct  protection of  disinbution
transformer against overloads and short
gircuits  has  an  essential  influence  on

ol

E Il
consumers supply continuity and sefety of
people,  Many  years of  domestic

imginienances expericnces proved that the
cheapesi as well as effective disinbution
transformer  protection against results of
overioads and shont circuits are properly
selected fuses. Rated current and breaking
capacity of a fuse are selecied according to
the basic rules taking nte consideration
permissible transformer overloads or the
maximum rating of the transformer,
Nowadays the nature of distribution
system is changed due to the addition
generating units to the distribution network.
Compichensive siudies are required to
explore Ihe problems retated 1o imegrating
NG with the classical diziribution networks

2.2. System under Study

The charactenistics of short circuit current
and hence the retings of the protection
devices are depending on the network
structures [12]. In this study we propose a
system composed of radial feeder, a
disinbution transformer, and two secondaries
ended with two loads, Figure 2, shows a
schemaltic diagram of the proposed system in
case of using reclosers lo protect the main
feeder, and fuses (o protect the secondanes.
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Figure 2 Schemaiic disgram of the propored system

2.3 Coordination Scenarios

To 1ackle coordination problem we have
to do two sleps. The first step is to determine
the appropriste prolective devices size
(fuses, reclosers), 1o do that we have 1o
compute the normal current in the sysiem
branches Based on those currents, the
appropniate sizes of protective devices are
chosen. Second step is o perform a short
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circuit analysis to explore the coordination
between protective devices. After that we
have to investigate whether each fuse
(recloser, fusel, fuse2) will isolate only the
faulted section, or there is a mis-coordination
and some non-faulted sections are isolated
Figure 3 shows the different locations of
proposed faults used in this study to explore
the coordinations between different fuses.

Tractlermer

Fipure 3 Fault locations on the proposed system

3. SIMULINK Model

The studied system is madeled using

SIMULINK and SimPowerSystems (SPS)
toolbox of MATLAB 7.5 {18, 19]
SIMULINK is used as an enavironment to
simulate the whole system, but SPS is used
to simulate the individual components of the
syslem. As described in SPS manual, not all
power system components could be modeled
using that toolbox [19]. In SPS, there is not
any element to represent the fuse or recloser.
SPS models only the switch element (ideal
switch, breaker), The switch model can work
in two ways; first it could be set to a specific
time to respond. Second 1t could be respond
to external signal which has to be achieved
using external control circuit.
To simulale the operation of different
protective devices using the switch model,
we have to design an external control circuil.
This means that the switch model will
respond externally. That control circuit will
determine the required time to activale a
protective device according to its TCC (Time
Current Curves) and to sends the open signal
to the swilch thal opens the circuit .

The structure of the simulated protective
device using external control circuit and
switch model is shown in Figure 4, where §
and I, are the currents passing through the
protective device, The TCC curves for all
fuse and recloser used in the feeder are
altached in a lable inside the control circuit.

Control
Clreuft

I N 1
Swilch -

Figure 4 The Prosecilve device model

The circuit will be used to implement
the fuse and reclosers models. The fuse and
reclosers models are explained in details in
the following section.

3.1 Fuse Model

The fuse can be represented cither by an
ideal switch and an external conirol circuit,
or a breaker block with an external control
circuit. The ideal switch is preferable in this
case since it lakes no time to operate, which
is a case similar 1o the fuse operation. The
fuse is blown up according 1o its TCC time
only. The breaker can be used to represent
the recloser since it has mechanical
characteristics similar to a circuit breaker.

A control circuit has been designed to
represent the operation of a fuse so that it can
open and isolate the faull according to its
TCC. The proposed control circuit, shown in
Figure 5, composed oft an RMS block and a
Gain block 10 measures the root mean square
vaiue of (he instantaneous current passing
through the fuse, and obtain its peak. A
Function block: the output of this block 1s a
time corresponding to the passing current,
which have an inversely proportional
relation. 4 Variable Time Delay block: this
bleck has two inputs: a data 1npul and a ime
delay input and it delays the input by a
variable amoum of time. The block's cutput
at the current time step equals the value of 1ts
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data imput st & previows time equal o the
current simulation hime minus 3 delay tume
specified by the block’s ime delay inpul. The
input data to the block i3 a zero signal so that
is outpul will be the same signal afier the
delayed time (ie (o open the fuse circuit
after the delayed time). Trigpered Subsysiem
block receives the oulput signal of ihe
Variable Time Delay block as an inpul. It is
a subsystem (hat execute cach time a trigger
event occurs. A falling tngger 15 used so that
the subsysiem execubion occurs, when the
control signal falls from a positive or a zero
value 10 o negative value (or zero il the
initial  value is positive). For nonmal
operation, the output of the inggered
subsysiem is always zero. Logic NOT block
is used 1o invert the oulput signal, so Lhat the
ideal switch still close, Otherwise, when a
fault occurs, inggered subsysiem s excculed
and w3 outpul s |, this output will be
imverted 1o 0, whach cause the sdea! switch o
open

3.2 Recloser Model

The recloser can be represented by a
breaker block with an external comtral
circuil. For a reclosing device, the control
cucuil also sends the closing signal 1o the
switch when the reclosing time (s achleved.
A control eircut has been designed 1o
represent the operation of a recloser which

1
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sutomatically trip and reclose s preset
number of tumes 1o clear temporary el
and 1solste permanent faulis. The proposed
control circunt, shown in Figure 6, composad
of: RMS block and a Gain bock with the
same [unciions explained in the fuse control
circuil. The peak value will pass 0 two
blocks; the first s a Function Block
parameier which contains the fast curve of

be stick with |. Variable Time De
receives the outpul of the previous two
blocks a5 an imput. The oulput o
will be either 0 or | after a delayed time. Il a

relay output will be 1, 3o that the breaker
switch closes.
L gk
Ty Bty .
=it
T

Figure § The proposed control circult for o Fuse
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Figure & The proposed coniral elrcnid for n Recloser

These two models can  completely
simulate the operation of both fuse and
recloser im Simulink environment and can be
used for any other system.

4. Coordination Analysis

To simulate the proposed model we use
nhrpuhﬁulnﬂu:iun-lhlll"wl
Thes system 3 composed of a three phase
Y¥, 15 MVA, 150000400 V, 50 Mz
diginbution iransformer, & 10 km lumped
primary feeder connects the transformer 1o 2
substation represented by a 10 MVA_ |5 kV
three phase source The transformer supplies
iwo J- phase RLC loads (20 and 50 kW)
through two 035 km secondanes The
simulation stages can be summanized as

o Simulate the system under normal
operation 1o determine the appropriste
sizes of fuses and recloser

o Simulste the system at different fauh
conditions before integrating DG, w0
explore  the  protective  devices'
coordination of the onginal system.

* Simulste the system at normal operation
with [XJ 1o explore the impact of DG on
normal operation of the sysiem.

* Simulaie the system st different fauh
condmions afier adding DG o explore
the impact of DG on the protective
devices coordination.

The sumulation ix done as follows.

4.1 Determination of Appropriate Sises of
Fuses and Recloser

The system 15 modeled and simulated in
normal case before adding any protective
deviee. The simulation is done to measure
the currents flow in each branch of the
proposed sysiem. Based on these currents,
the appropriate sizes of fuses and recloser are
chosen.

The results of this simulation show that
the following current passes in each feeder:
Linel = [2ATA, Line2 = 66.352A, and
Lind=110A. Based on that measured values
ratings of the recloser and fuses [20] are
chosen as- 15A, BOA and 125A respectively.

4.2 Exploring the Protective Devices

Ceordination before Adding DG

The system is then simulated without DG
for a three phase 1o ground fault at the three
proposed faults locations (F, F1, and F2) as
previously shown in Figure ). The
simulstion i3 performed to wvalidate the
operalion of the proposed system and 1o the
adapuability of the designed control circuits.
The  fuse-fuse and  reclosers-fuse
different cases The analysis is dope for

performed. The following item explains the
protective devices coordination analysis.
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4.2.1 Recloser-Fuse Coordination

The recloser automatically Irips and
recloses a preset number of times and
isolates permanent faults. We  will
investigate both permanent and temporary
faults to validate the operation of the
proposed control circuit of the recloser. The
coordination between recloser and both fuses
(fusel, fuse2) will be achieved if the fusel
clear a fault near loadl faster than the
recloser, and fuse2 clear a fault near load2
faster than the recloser. Table 1 gives the fast
curve used in this study for the recloser [2]]:

Table 1 Recloser fast curve

Time Current
__(sec) (A)
0.36 275
0.20 300
0.10 350
0.06 458
0.05 527
0.04 650
0033 800
0.03 1100
0.02 1500
0.01 3900

A. Temporary fault at the end of the primary
Jfeeder

To validate the control circuit design,
the model is simulated for a lemporary fault
at the end of the primary feeder before
transformer; the fault duration is 0.04 sec
(starts at 0.02 and ends at 0.06). Figure 7
gives the output of the simulation. The fault
current passes through the recloser; it trips
and opens the circuit to clear the fault. When
it recloses the circuit for the first time given
fault cleared, it will not open again.

Figure 7 shows that the normal current
passes through Load] and Load2 before fault
starts. During the fault there is no current
passes in both loads.When the recloser
recloses again finding that there is no fault it
will allow the load currents passing
normally. This means that the contro] circuit
doing well and this is a good validation of
the control circuit,

E. IS5

B. Permanent fault at the end of primary
Seeder

The model is simulated for a permanent
fault at the end of the primary feeder to
validate the operation of the proposed
control circuit of the recloser in case of a
permanent fault. The results are shown in
Iigure 8.

C. Permanent faults near loadi and load2

This case investigates the coordination
between the recloser and Fusel. The fault
current passes in both of them. Fusel clears
the fault before the recloser open the circuit,
which means that the recloser-fuse
coordination is achieved. After clearing the
fault the loadl is isolated and normal
currents passes in other branches. The same
behavior of the system occurred for a
permanent fault near Load2.

From simulation results explained in this
section, the system behaves as expected for
both temporary and permanent fault and the
recloser-fuse coordination is achieved, which
means the targeted recloser or fuse operates
at the suitable time to isolate the fault.

4.3 Impact of DG on normal operation of
the system

The impact of DG on normal operation
of the system can be investigated by
integrating a DG source to the system.
There are lwo scenarios of this integration :

« First scenario is to integrate many DG
to the system. At that scenario add-
remove DG and measure branches
currents will be the case.

e Second scenario is to integrate one DG
at a specific busbar, change the DG
values and DG location to get branches
currents.

At this research we stick with this
second scenario. The system is simulated for
different penetrations of a DG source
connected to specific bus bar. DG source is
connected to three distribution buses: bus
Ll, bus L2, and transformer bus Tr

respectively. Figure 9 shows the circulation
of current in different branches of the system
with DG connected 1o bus L2.
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