
International Journal of Electrical, Electronics and Data Communication, ISSN (p): 2320-2084, Volume-1, Issue-3, May-2013 

 Distribution Feeder Protection With And Without PV System 
 

30 

DISTRIBUTION FEEDER PROTECTION WITH AND WITHOUT PV 
SYSTEM 

 
1PADMAVATHY.P, 2PARTHASARATHY.S 

 
Department of Electrical and Electronics Engineering, Valliammai Engineering College, Anna University, Chennai. 

Email: padupadma@gmail.com 
 

 
Abstract— This paper deals with the enhanced fault analysis methodology enabling protection engineers to design a 
distribution protective system. This paper also deals with the determination of operating time of the protective devices on 
distribution feeder with and without photovoltaic systems along with the computation of fault current and its variation on 
using photovoltaic (PV) system. 
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I. INTRODUCTION 
 
         Electrical power distribution systems connect 
customers to distribution substations through feeders. 
Most feeders are radial, which means that the 
electricity flows only through one path from the source 
to each customer. Protection is normally based on 
over-current relays with settings selected to ensure 
discrimination between upstream and downstream 
relays. 
      A fault on a downstream feeder must be cleared by 
the relay at the source end of the main feeder. It must 
not result in the operation of any of the relays on an 
upstream feeder unless the downstream relay fails to 
clear the fault. This will result in a blackout in a part of 
the network that should not have been affected by the 
fault. If generation is embedded into the distribution 
system, the fault current seen by the relay may 
increase or decrease depend on the location of the 
relay, the fault and the distributed generators.  
    A feeder may consist of a three-phase primary 
feeder, laterals (three-phase, two-phase or 
single-phase), loads, transformers, shunt capacitor 
banks, and protective devices .There are a large 
number of apparatus in distribution systems. These 
apparatus age over time, this may lead to defects. 
Furthermore, most distribution systems are overhead 
systems, which are easily affected by changing 
weather conditions, animals, and traffic accidents. 
     Distributed generation (DG) sources when 
connected to the distribution network create some 
problems for the control and protective devices of the 
distribution network. This is so since conventional 
power distribution system is radial in nature, i.e. a 
single source is feeding a network of downstream 
feeders. 
      Protective schemes for distribution system are 
designed assuming the system to be radial. Earlier 
stage of the power network system, the traditional way 
to supply power to end-users was from a centralized 
power generation plants  

 
via unidirectional transmission and distribution 
systems.  
     But now-a-days all the big companies, industries 
and also the house-hold customers are generating their 
own electricity to meet their demand as well as supply 
to the main grid which generates a bi-directional 
power flow in the network. This end-user generation is 
mainly from renewable sources such as wind, solar 
and so on. Single-phase Consider distributed 
generation (DG) sources, as Photo-voltaic (PV).This 
paper deals a method which can provide an estimate of 
fault current variation on PV in distribution feeder 
during the few second of the fault occurrence. This 
enhanced fault analysis method will enable the 
protection engineers to design and protection schemes 
on PV-dominated distribution feeder. 
 
II. PROTECTION IMPACTS OF DG 
 
      Most utility systems use a traditional radial feeder 
system to delivery power to customer loads and 
implemented protection schemes only considering 
power flow in only one direction. The addition of DG 
changes energy flows which now can flow in either 
direction through system protection devices. The 
protection problems can be shared to four categories as 
follows.  
Sensitivity problems 
    The operation of feeder protection may become 
disturbed by the contribution of DG. This may result 
in undetected faults or delayed relay operations and 
further in safety hazards or damages. Delayed fault 
detection may also cause instable operation and hence 
unnecessary tripping of DG units located on other 
feeders of the network. 
Selectivity problems 
    DG may result in unnecessary disconnections of the 
feeder it is connected to. The DG unit itself can also 
become disconnected unnecessarily for instance 
during voltage dips or faults elsewhere in the network. 
These are mainly power quality issues. 
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Reclosing problems 
   The rapid auto-reclosing sequence may become 
disturbed if the DG units remain connected during the 
auto-reclosure open time. This results in longer 
interruptions but also in damages to the DG unit. 
Islanding problems  
   Islanding means a situation during which the DG 
unit remains feeding a part of the network without a 
connection to the main system. Presently, all 
unintended islanding must be prevented to assure the 
safety of the network and quality of power. 
 
III. KEY DEVICES FOR FEEDER 

PROTECTIONS 
 
The following provides a brief description of two key 
devices used for feeder protections. They are 
protective relays and reclosers.  
(a) Protective Relays: Relay is a device that reacts to 
signals from current and/or voltage sensors and 
operates contacts based upon predetermined criteria. 
These contacts are wired to the trip coil of a circuit 
breaker. A relay is also a control device to operate a 
circuit breaker after a preset time interval. 
Inverse Time-delay overcurrent relays: These relays 
respond to the magnitude of their input current, but 
with an intentional time delay. The time delay 
depends on the magnitude of the relay input current. If 
the input current is a large multiple of the pickup 
current, then the relay input current trips after a small 
time delays. For a small multiple of pickup, the relay 
trips after a longer time delay. And if the input current 
is less than the pickup current, the relay remains in the 
blocking position. For time-overcurrent relays, the 
magnitude of the applied or operating current 
determines the time to operate. Electromechanical 
devices had a disk that looked much like the ones in a 
conventional residential power meter. 
 

                   (1) 

                        (2)                                                                                                                                                           

Where , 
=Restraininig spring torque 

I=applied current  
Ip=pick up current  
Kd=disk damping factor 

=angle of disk rotation (proportional to time dial 
setting (TDS) 

         (3)                                                            

 

TDS= (trip time )             (4) 

Trip time =   TDS=TDS    (5) 

Where M is the multiples of pickup current =I/IP and 
A= . 

    The IEEE Standard C37.112, “Inverse-time 
characteristic 
 equations for overcurrent relays,” expressed the  
character 
 -istic of the overcurrent relay as 
   = +B    for M                      (6) 

(b) Reclosers: A recloser is a protective device that 
combines the sensing, relaying, fault interrupting, and 
reclosing functions in one integrated unit. The 
recloser detects a fault, clears the fault, and attempts to 
restore service. If the fault is permanent, the recloser 
will follow a predetermined sequence of open and 
close operations before locking out in the open 
position. 
 
IV. PROTECTIVE SCHEME OF 

ABNORMAL CONDITION 
 
       Abnormal conditions can occur on the 
distribution feeder that requires a response from the 
connected PV system. The abnormal distribution 
feeder conditions of concern are voltage above or 
below the values and the complete disconnect of the 
distribution feeder .A PV system should sense feeder 
conditions and cease to energize the feeder line when 
the sensed voltage lies outside the values. 
     The protection scheme used for distribution feeder 
table.1 show a protection scheme for abnormal 
condition or PV system. 

Table 1.Response for abnormal conditions 
 

Voltage range 
(p.u) 

Trip time  

V<0.5 6 cycles 

0.5 ≤ V<0.88 120 cycles 

0.88≤ V<1.1 Normal operation 
1.1 ≤ V<1.37 120 Cycles 

         1.37  V 2cycles 

   
V. TEST FEEDER WITHOUT AND WITH PV 

SYSTEM 
 
         In this study we consider residential customers 
installing PV systems on their rooftops and 
connecting directly to the distribution system through 
the 240 AC interface. It is assumed that each PV 
system can generate up to maximum load of the 
residential unit. 
        Protecting and operating the issues being 
brought up by high penetration of PV systems, an 
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actual 230kV/22.86kV substation along with its one 
22.86kV distribution feeders being fed from this 
substation in the Raleigh area which is considered as 
the test case in this study, have been selected and 
implemented in MATlab code. To create a common 
12kV system, we reduce the substation voltage to 
69kV/12kV and increase the substation transformer 
reactance and the neutral reactor to keep the fault 
current levels the same as what they were with the 
original voltage. 
       These possible fault scenarios have been 
simulated on the test case system. In this section 
three-phase faults with varying resistances and in 
different locations have been applied to the test case 
system to see how the PVs affect the operating time of 
the protective devices (PD). Fig. 1 shows test feeder 
without PV system and Fig. 2 shows test feeder with 
PV system. The fault has been placed at the closest and 
farthest points with regard to the breaker to see how 
the PVs affect the reach and operating times. 

            The feeders are three-phase with numerous 
laterals. Several single-phase underground laterals tap 
off from the main three-phase feeders to feed the 
costumers within the same neighborhood. However 
since it was not possible to simulate all the loads 
dependently, the loads on the single-phase laterals of 
each three-phase line section have been aggregated 
and implemented by one load model.  
        As shown in fig. 1 and 2, feeder1 is protected by 
a circuit breaker located at the substation and 
re-closers (RCs) located on one of the branches of the 
feeder 1. Also, to increases the system reliability, the 
horizontal branch of feeder 1 and there are 
geographically located in woody areas, have been 
equipped with re-closers 
 

 
 

 
 

Fig. 1   Test feeder without PV system  
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Fig. 2   Test feeder with PV system  

 
 
VI. RESULT AND DISSUSSION 
 
       To study how the PVs will affect the operating 
time of the protective devices on the test feeder, and 
also different faults at different locations have been 
applied on the test system. Also to study the range of 
fault current variation a PD will observe, faults are 
placed at the closest and the farthest points in its 
primary zone of protection. This set of tests has been 
applied on the breaker and the re-closer of the feeder 
.The faults are shown in fig.1 and 2. The following 
annotations can be derived from the matlab coding. 
    The PV system increases or decreases the operating 
times of the PDs when the fault if of the three-phase 
type. This means that the PV generation reduces both 
reach and speed of the PDs .Result of comparison of 
operation time of protection device with and without 
PV system show the table 2 distribution feeder without 
and with PVs on the operating time of breaker and 
re-closer on feeder 1. 
 
Table 2 : Operating time of PD without and with 

PVs on feeder 1. 

 
Fault 

condition 
Without PV With PV 

Fault closest to 
CB1 

0.158 0.132 

Fault farthest 
from CB1 

0.500 0.780 

Fault closest to 
recloserRCL1 

0.085 0.0697 

Fault farthest 
from re-closer 

RCL1 

0.0830 0.0780 

 
CONCLUSIONS 
 
           In this paper, new guidelines for design of 
protection schemes for renewable energy (PV system) 
have been proposed. Distribution Feeder protection 
with and without PV system is demonstrated. 
Procedure to find the fault current in distribution 
feeder with and without PV system is also presented. 
A program is developed in MATLAB software to 
accomplish the above objective. The effectiveness of 
the system is tested using standard test feeder. The 
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results show that the comparison without and with PV 
system on the operating time of protective devices 
(PDs) on feeder. By this comparison, it is seen that the 
test feeder with PV system will not affect the 
protection devices (PDs). 
 
APPENDIX-test case distribution system 
          Substation specification: substation voltage =69 
KV/12 KV, transformer capacity =30MVA, 
transformer impedance =19%, Transformer winding 
type =delta/wye, neutral reactor =0.315Ω.Capacitor 
bank rating: C1=400, C2=200.Per length of the 
feeder: R(ohm/Km)=0.112 ,L(H/Km)=0.0009   
 
Table 2: Length of the line sections  

 
Line section number Line length (km) 

Line 1 7.141 
Line 2 4.37 
Line 3 0.356 
Line 4 1.239 
Line 5 2.939 
Line 6 2.596 
Line 7 1.739 
Line 8 4.047 
Line 9 4.647 

 
Table 3: Load ratings 

 
Load no Phase A Phase B Phase C 

KW KVAR KW KVAR KW KVA 
Ld 1 57.75 81.62 165.5 110.11 112.4 66.99 
Ld 2 532.0 273.35 734.8 364.99 338.8 173.2 
Ld 3 0 0 141 68 14.63 7.7 
Ld 4 20.02 10.01 10.01 1.54 85.47 43.1 
Ld 5 651.4 332.64 171.1 80.08 100.1 56.98 
Ld 6 544.3 278.74 56.98 29.26 254.1 120.1 
Ld 7 145.5 74.69 112.4 57.75 245.6 120.1 
Ld 8 597.5 304.92 510.5 253.33 733.8 389.5 
Ld 9 535.1 272.58 530.5 261.8 520.5 264.8 

 
REFERENCES 
 

[1] M. E. Baran, H. Hooshyar, Z. Shen, and A. Huang, 
“Accommodating high PV penetration on distribution feeders,” 
IEEE Trans. Smart Grid, vol. 3, no. 2, pp. 1039–1046, Jun. 
2012. 

[2] T. S. Sidhu and D. Bejmert, “Short-circuit current contribution 
from large scale PV power plant in the context of distribution 
power system protection performance,” in Proc. IET Conf. 
Renewable Power Generation RPG, Sep. 6–8, 2011, pp. 1–6. 

[3] F. Katiraei and J. R. Aguero, “Solar PV integration challenges,” 
IEEE Power Energy Mag., vol. 9, no.3, pp. 62–71, May/Jun. 
2011. 

[4] J. Gao, W.Hu, Z. Shi, and B. Tang, “Research of effect on 
distribution network with penetration of photovoltaic system,” in 
Proc. 45th Int. Universities Power Eng. Conf., 2010, pp. 1–4. 

[5] R.A. Walling, R. Saint, R.C. Dugan, J. Burke, L.A. Kojovic, 
“Summary of distributed resources impact on power delivery 
systems”, IEEE Transactions on Power Delivery, Volume 23, 
Issue 3, July 2008, Pages: 1636 – 1644. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[6]H. Cheung, A. Hamlyn, L. Wang, C. Yang, R. Cheung, 

“Investigations of impacts of distributed generations on feeder 
protections”, IEEE PES General Meeting, 26-30 July 2009, 
Pages: 1 – 7. 

[7] K. Maki, S. Repo, and P. Jarventausta, “Protection planning 
development for DG installations,” in Proc. 20th Int. Conf. 
Exhib. Electr. Distrib.,Jun. 8–11, 2009, pp. 1–4. 

[8] F. Katiraei and J. R. Aguero, “Solar PV integration challenges,” 
IEEE Power Energy Mag., vol. 9, no. 3, pp. 62–71, May/Jun. 
2011. 

[9]Chen Haiyan, Chen Jinfu, Duan Xianzhong,”Study on Power 
Flow  Calculation of Distribution System with DGs[J]” May 
2011. Automation of Electric Power  Systems, pp-30(1):35-40. 

[10]Sheik Mohammed.R,” Modeling and Simulation of Photovoltaic 
module using MATLAB/Simulink”, October 2011, Volume 2, 
No.5 International Journal of Chemical and Environmental 
Engineering. 

[11]Singh N.K, Sambhi D and Smith K.S "Modeling and system 
level study of a network powered by Photovoltaic solar 
generation", in Proc. 2010 IEEE International energy 
Conference and Exhibition pp.57-62. 

 
 
 
 
 
 
 
 

 
 


