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Abstract—The study of a distribution system is 
done on a radial system where the causes and 
effect of distributed generation (DG) are 
determined. The system is an industrial area or a 
weak power distribution system. DG presence in 
the system depends upon requirements by the load 
and as backup. A radial system for the study of 
voltage sag and overcurrent on different buses 
when connected to a distribution system with DG 
is analyzed and with respect to faults. However the 
impact of DG units on grid voltage is strongly 
dependent on voltage level, grid impedance and 
concerned grid. The protection coordination 
concept between protective devices located on 
different buses in the system is proposed.    

 
Index Terms —Distributed generation, Circuit-
Breaker, power quality, protection coordination, 
voltage sag. 

 
I. INTRODUCTION 

 
Developments on distribution generation (DG) 

grows significantly, driven by the environmental 
issues e.g. as an effort to lower the carbon emissions 
from conventionally fossil fueled power plants, as 
well as economic issues. When   Distribution 
generations (DG) are connected to the distribution 
network. DG is used for a backup or requirements as 
per the load. The DG used is on rise and further it is 
creating a new problem like overcurrent or the 
voltage sag. The DG use has defined old and 
modified scenarios by changing the old one, thus 
using more sophisticated protection devices that can 
be used which are synchronized with the distribution 
system scheme. In this paper the DG placement 
problem is solved by placing properly due to 
requirements on each bus while improving the bus 
voltages, DG located on each bus and its parameters 
for different buses are taken into account such that 
DG location on system may not result the system into 
deterioration. 

However protection devices used in systems, 
fuses in more numbers are used in distribution 
systems. Different protective devices are also used in 
system like Circuit breaker, like they have advantage 
with over the fuses as fuses tend to blow up in case of 
high overcurrent. Thus replacing the fuses by the 
circuit breaker in the system study can  be carried out. 
The operation of protective devices should be such  

 
these devices should be reliable so that they can be 
able to operate even in case of hazardous 
environment. In this paper study is done on simple 
radial system with different fault location system on 
different buses. Usually faults on the line are the main 
cause for overcurrent and voltage sag in the system 
and with DG connection in system these accelerates 
the fault operation. In this paper coordination analysis 
is done with protective devices in system such that 
the occurrence of fault on different buses and their 
effect on different buses is studied. 
 
II. Study of a Simple Radial System 

 

 
Fig. 1. Simple radial circuit for fault current and 

voltage sag studies 
 
The study is done on simple radial system with 

fault on one side and load connected on the other 
side. The system is an industrial area. Industrial area 
is operated radially due to cheap overcurrent 
protection device. The changes that can be made in 
protection of the distribution system in case when DG 
is used in the system in such a way that DG 
penetration is unlimited which when modified is a 
very costly, and perhaps an imaginary idea limited by 
research. The operation would be controlled under 
present scenario if operated radially. Occurrence of 
fault on system is done with single source in system . 
Systems which are operated with single source are 
not more prone to faults however chances of 
occurrence of single line to ground fault is more than 
three phase to ground. Temporary fault can become a 
permanent one and with interruptions are occurring at 
one moment and which then turned into sustained one 
and voltage sag which is followed by the outage. 
Fault operated  The present work is carried out from 
two points of view–voltage sags and overcurrent 
coordinationtheir effects on system and the useful 
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protective device need to studied for removing this 
faults in less amount of time. 

 
III. Radial Systemwith DG forVoltage Sag 
Calculations 

 
 

 
 

Fig 2.Circuit with voltage sag studies and fault current with 
DG 

 
When three phase fault occurs in the system the 

voltage of the load can be calculated by this formula 
 

VSE =1-IF ZS    (1) 
 
Which can be rewritten as 

+
f

S E
s f

ZV
Z Z


 

 
The circuit now includes the DG , the circuit of 

Fig.1 is transformed into the complex form of Fig. 2, 
in which the concept of PCC, in which energy flow 
direction is unique and is no longer valid for this 
circuit. The circuit now includes the DG and its 
impedance (Zd) which is non-constant value when 
connected to PCC and it has a interconnection 
impedance Zi. The two branches of the circuit (where 
load and the faulted branch are connected) could be 
placed anywhere in system either between the DG 
and the power system supply points. Depending on 
the each locations analysed with respect to fault 
branch and load, four main cases can be analysed. 
Case I – the faulted branch connected at the power 
system side and the load on the DG side, Case II – 
fault branch and load branch are located on power 
system side, Case III – both branches at the DG side, 
and Case IV–the load connected at the power system 
side and the faulted branch at the DG side. For each 
of the four extreme cases, the circuit behaviour and 
according to changes in valuesequations would be 
different. From a quick analysis of the cited cases, the 
following can be deduced. 

1. Cases I and IV:- Combination of power supply 
can determine voltage-sag magnitude at the load 
connection point. These minimum values, are 

expressed in per unit for case 1,  are for 

case a for Case IV. 

2. Cases II and III:- In this case due to DG it 
increases short-circuit current at the PCC, with Zi in 
series with ZD in the first case and source impedance 
alone in the second case. Depending on the power 
system, generator supply to load and depending upon 
requirement DG relative sizes can be determined and 
hence can be used, interconnection  impedance can 
represent a  short-circuit current limitation.  For these 
two cases, there are no minimum voltage sag values. 

On other hand DG can be used either to mitigate 
voltage sag values in two ways: by increasing the 
fault current level (reducing system ZS source 
impedance in parallel with ZD) and keeping up the 
voltage constant at the neighboring load (VLOAD) by 
continuously  feeding the fault. 

 
The voltage sag are characterized by the voltage 

sag depth and its sag duration an usually sag have 
effect on equipment. Much lower sag can cause much 
harm and hence in order sag cleared properly in 
appropriate way can improve power quality of system 
without causing and damage to equipment in system. 
Hence with the cases with introduction of DG can 
mitigate voltage sag in less time but in contradiction 
it raises fault current. 

 
For the circuit shown in Fig. 1, the coordination 

study carried out was relatively easy. When DG is 
introduced in system the circuit is transformed into 
complex one. Now, when there is additional circuit 
complexities, an additional uncertainty occurs at that 
instant when the circuit breaker of DG opens, altering  
the circuit behavior, and change in both fault current 
and voltage-sag magnitudes. 

 
IV. Radial Distribution Systemwith Faulton Buses 
 

Industrial area account for large operation in 
terms of large kW and adopting onsite DG 
equipments has increase the problems of overcurrent 
in case when protection device fail to operate cause 
of DG supplying its power. In such the protection 
device should be able to withstand under heavy load 
condition an occurrence of fault under this 
condition.Circuit breaker are the most efficient 
protective devices that are able to operate under 
severe fault condition. This breaker trip with 
occurrence of fault on line by sensing from relays and 
isolating the system where fault occurs and DG 
distribution generator supplying the load isolating 
system where fault continue to occur. From the given 
fig occurrence of fault take place on different buses 
and at different time.The probabilities of various fault 
are as follows: LG = 75%, 2LG = 17% , 3LG = 3% , 
2L = 3%  and 3L = 2%. Coordination is done on basis  
using three phase to ground fault as of its most severe 
fault and once analysis done with this other faults  on 
system can be properly coordinated 
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Fig 3. Typical rural radial system or industrial with distribution 
Generation 

 
1. Fault (F1): Generator supplying current to system 
and fault occurring on Bus 1 system would cause CB 
1 and if CB 1 fails to operate the fault would be 
detected by CB 2 and caused tripping and clearing of 
fault. DG used as back up for fault. 

2. Fault (F2): Generator  supplying current to the 
system and occurrence of fault on bus 2 would cause 
CB 2 to operate and if CB 2 fail to operate it will be 
coordinated by CB 3 located on bus 3 and its backup 
provided DG CB also trip in shorter or longer time  

3. Fault (F3): Generator supplying current to 
system and fault occurrence on bus 3 would cause CB 
3 to operate and coordination is provided by DG CB. 

4. Fault (F4): In case of fault the only Circuit 
Breaker need to operate is CB 4 if CB 1 properly 
coordinated would not operate. Failing of CB 4 
would cause CB 1 to operate; it is desirable DG CB is 
closed.  

5. Fault (F5): The only Protection Device that 
needs to operate is CB 5.If CB 2 if properly 
coordinated, would not operate. Also, it is desirable 
that the DG CB remain closed. Backup can be 
provided by CB 2.  

From all of the cases mentioned above, every 
circuit breaker is provided with backup in case of 
failing of breaker still fault current to be cleared out. 
DG CB trip in less time when coordination between 
two breakers fail to operate supplying that part of 
system from the generator. 

The coordination analysis is done using the 
circuit shown in Fig. 3,there are mainly large 
variation of the DG current supplied in short-circuit 
process. In our situation, the currents of G and DG 
currents through the system are determined and 
depending upon the current requirements by the load 
and the short circuit current value is observed and 
studied accordingly for coordination. 
 
V. Effectof Voltage Sag during Fault 
 Voltage sag are the most widespread power 
quality issues affecting distribution systems, 
especially industries where  losses involved can reach 
very high values. Short and shallow voltage sag can 
produce a dropout of the whole factory. The time 
necessary for full plant recovery i.e reaching the 
steady state may be too long, sometimes as long as 
several hours. In general, it is possible to consider 
voltage sag as origin of 70% to 90% of power quality 
problems.  Faults are the main cause of voltage sag in 
the distribution network. A fault in the distribution 

network can cause either an interruption or harm to 
equipment after recovery. Protective devices have 
strong influence on the voltage sag; they can prevent 
equipment from damage when sag occurs by clearing 
the fault in less time. When occurrence of fault takes 
place in the line there is occurrence of overcurrent 
and voltage sag. Analysis is done on system in order 
to determine if the voltage sag that rises by fault 
occurrence in system with fault current. Fault within 
the system have impedance which were assumed to 
initially produce a fault current 1 p.u.  Which is five 
times the prefault load, and a voltage sag as 0.45 p.u.. 
In conclusion, the coordination task to be carried out 
considering fault branch sensing the fault current and 
tripping of circuit breaker in short time capacity of 
line breaker current as a time function should be 
taken into account. The new situation needs to be 
considered when the DG breaker opens, if it happens 
to be within the system. If the current value is high 
enough is reached before breaker opening, the 
equipment would suffer a loss. The aim is to operate 
CB in proper time in case of fault and clearance of 
fault so that sag does not remain within the system 
that may cause an outage or damage to any 
equipment’s connected in system. The equipment’s 
that are sensible to fault is greatly influenced by the 
operating time of the breaker in case fail to operate 
and backup given by the DG breaker. The dropout 
could be avoided by delaying the breaker operation or 
by proper operating time of breaker. The CB delay 
needs to be considered carefully due to the least 
possible damage to equipment and hazard to 
personnel, even in the case of a weak distribution 
system. The system is run with sags that are mainly 
caused by the fault its location and its type, fault 
resistance and its duration of occurrence. 
 
VI. Proposed Methodology for Co-ordination 
between Protective Devices in the System 
 In order to carry out the coordination between 
different circuit breaker within the system, faults 
occurrence within the system on every bus is 
observed with fault current maximum, with normal 
current value. The system is tested without the DG 
and with fault occurrence and its response to system 
is being analysed. When DG is implemented in the 
system; the DG is connected to every bus of the 
system to every location and placement dependent on 
its size and requirements within the system. System is 
operated with common faults and with respective 
with its overcurrent values. The coordination is 
carried out with difference in fault current values with 
fault current If min and If max should be within this 
values only. The difference in values of current on 
different buses are with fault on every bus and 
correspondingly determining the values for different 
buses. 
 ANSI/IEEE Standard 1001 indicates that DG 
protection should trip for a voltage lower than 50% in 
less than six cycles. Application related to sensitive 
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equipment also to sensitive industrial plants, 
production lines, and parts of distribution systems, 
specific energy concept can also be proposed for the 
analysis of SE immunity. This concept can also 
determine coordination between SE ride through 
capability which can be used for removing voltage 
sag by proper coordination and by plotting the 
protective device time/current characteristics on 
time/voltage graph. 
 Proper application of this process begins with the 
analysis of the simple radial circuit shown in Fig.1, 
from which the expression for the voltage applied to 
faulted load was obtained. In addiction if fuse is used 
as protective device connected on the faulted branch, 
the fault current can be expressed as a multiple of the 
fuse current rating, with being the fuse rating current 
and being the multiplier. In similar way breaker used 
as protection device has the ability to withstand the 
severe fault current with no damage to load 
equipment which may not cause any equipment 
dropout. Operating time of CB is depending on the 
reach relay sensing the fault exceeding its normal 
value and tripping in no time causing it the fault to be 
cleared.   
 Following the same analysis, when DG is used, 
the load equipment and the faulted branch have two 
energy sources–the mains and the DG. When the fault 
starts, the PD of both sources would detect the 
overcurrent and one of the devices would be open at 
first, respectively tripping the alternate breaker 
controlling by appropriate time delay within this 
breaker. The proposed methodology would allow ride 
through analysis to be carried out, as the device 
opening account for clearance and respective changes 
in system. For instance, if a short circuit takes place, 
the voltage sag detected by the equipment would be 
80%. If, after one cycle, the source impedance is 
changed, the voltage would fall to 40%. In case of 
using more sophisticated PD, data management is not 
so easy as with due to the various current 
characteristic. Modern devices allow the modification 
to be done with both instantaneous and delayed trips, 
as well as with multiples of the pickup current.The 
study is carried out considering  fault current and 
faulted branch  being protected by breaker and that 
the DG possesses a CB commanded by a definite-
time relay operated mechanically sensing the fault. 
 
VII. SIMULATION RESULTS WITHOUT DG 

 
Fault 1 PreFault During Fault 

 Iline Vline Ifline Vfline 

I Bus1 4A 0.8p.u 12A 0.6p.u 

I Bus2 3A 0.7p.u 0.5A 0.2p.u 
I Bus3 1A 0.7p.u 0.3A 0.2p.u 

 

The fault in system occuring at particular time 
with    fault in bus 1. The occurrence of fault in 
system for particular time results into overcurrent 
within the system. 
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Fig 4: Time versus current output  at the time of fault 
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Fig. 5: Time versus voltage output curve at the time of fault 
Fault occurring in system cause voltage sag with 
decrease in power quality of system. Faults are the 
main cause of voltage sag.  
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Fig.6:CB1 operation and breaker mal-operation withfault current 
Fault sense by circuit breaker would cause tripping 
and isolating the fault. For instance when circuit 
breaker mal-operates the overcurrent in the system 
remains with still fault in line. 
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Fig. 7: Voltage sag recovery with sag in system 
 
Voltage sag recovered by operation of circuit 

breaker, with sag still remaining in system. Faults on 
account should not be more than causing the sensitive 
equipment dropout, however the sag recovered in less 
time by operating the relays would not hinder any 
losses in system and sag followed by any outage 
would not cause any harm as since coordination also 
depends on the operating time. 
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 Fig 8: Coordination between CB 2 in system. 
 
When circuit breaker fail to operate near to the fault it 
will be coordinated by circuit breaker located on the 
bus 2, thus clearing the fault.  

0.1 0.2 0.3 0.4 0.5 0.6 0.7
-1.5

-1

-0.5

0

0.5

1

1.5

Time  
                  Fig 9: Coordination by CB 2 and recovery of sag 

 
VII. SIMULATION RESULTS WITH DG 

 
Fault 1 PreFault During Fault 

 Iline Vline Ifline Vfline 

I Bus1 3A 0.9p.u 12A 0.6p.u 

I Bus2 1A 0.8p.u 4A 0.3p.u 
I Bus3 2A 0.8p.u 4.5A 0.3p.u 
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Fig 9: Time versus current output  at the time of fault 
When DG is used in system and occurrence of fault in 
system would cause some changes in fault current 
causing cause the circuit now includes the DG. 
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Fig. 10: Time versus voltage output curve at the time of fault 

 
At same time when fault occurs in system results into 
voltage sag decreasing the power quality of system. 

 
Fig. 11: CB1 operation and breaker mal-operation with fault 

 
 CircuitBreaker near to Generator would cause 
tripping by sensing the fault in line and when circuit 
breaker fails to operate the fault remain in system. 
When contactors fail to operate after sufficient time 
fault remain in system, tripping of circuit breaker 
depends upon the line current and fault current on 
account of in line. Operating time between circuit 
breaker should be considered carefully once for the 
system fault analysis as contribution of breaker in line 
is essential and hence when fault occurs in system the 
operating time of breaker far away from fault location 
should be more than as compared to breaker near to 
fault location. Hence it is necessary to carried out the 
detail analysis of protection coordination.  
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Fig 12: Voltage sag recovery with sag in system 
 At instant when fault in system the operation of 
breaker would cause some voltage recovery and 
breaker mal-operation would cause remaining sato be 
recovered.  
 

 
Fig. 13: Coordination between CB 1 and CB 2 and fault cleared 

 
 Failing of circuit breaker on bus 1 would be 
coordinated by the circuit breaker 2 located on bus 2 
thus clearing of fault in system. 
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Fig. 14: Voltage sag recovered by Coordination 
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Voltage sag recovered by tripping of circuit breaker 2 
coordinated with circuit breaker 1.   

 
CONCLUSION 
  
DG mostly by its presence influences its performance 
of distribution network. DG impact on the 
performance of the radial distribution network has 
been studied. The impact of DG with fault on line 
increases the overcurrent in the system. 
On account of DG increasing fault current with 
respect to the position of fault. DG can be used to as a 
backup in case on fault in line islanding the faulted 
part and supplying the load by DG. 
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