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Microgrid fault detection technique using phase change of Positive sequence 
current
Yadala Pavankumar, Sudipta Debnath and Subrata Paul

Department of Electrical Engineering, Jadavpur University, Kolkata, India

ABSTRACT
This article presents a new algorithm for fault detection in grid-tied microgrids with inverter- 
interfaced distributed generators (DGs). To support the Grid codes, the DGs require a low voltage 
ride through (LVRT) capability. The control strategy used in the DGs results in large changes in the 
fault characteristics of the microgrid. Hence, it is required to study the fault characteristics of the 
DGs in a microgrid under various operating conditions. The study presents fault detection for 
microgrids with PQ-controlled DGs having LVRT capability under different DG voltage and different 
fault conditions (high impedance and low impedance). The fault location has been identified using 
the phase change in the positive sequence current at specific DG voltages. The reliability of the 
proposed scheme has been validated under diverse fault conditions through extensive simulations 
in the Matlab/ Simulink environment, and the comparison with other fault detection techniques 
proves the efficacy of the proposed scheme for fault detection in microgrids.
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1. Introduction

Technological advance in recent years has enhanced the 
penetration of clean renewable-based distributed gen
eration units such as solar and wind in microgrids. 
A majority of these renewable-based DGs are connected 
to the microgrid through power electronic inverters. 
The fault characteristics of these inverter interfaced dis
tribution generation (IIDG) units are dependent on the 
design and inverter control strategy used and also on the 
grid connection type. The maximum output fault cur
rents of the IIDGs are limited to 150% [1,2] of the rated 
current of the DG, which is very small compared to the 
conventional synchronous generation-based DG, which 
can be 10 times the rated current [2]. The microgrid can 
operate in grid connected mode or islanded mode, but 
the power distribution operators and utilities usually do 
not prefer the islanded mode of operation due to the 
intermittent nature of the DGs [3,4]. All these aspects 
make the protection of IIDG-based microgrids more 
complex compared to the traditional microgrid. 
Therefore, there is an urgent need to develop a proper 
fault detection technique for the microgrids.

The conventional fault detection schemes for the 
protection of the microgrid are over current principle- 
based schemes, distance-based relaying schemes and 
current harmonic distortion-based methods [5–7]. 
Most of these schemes are used for unidirectional 
power flow systems, but the integration of the 

renewable-based DGs into the microgrid makes the 
power flow bidirectional [8]. The conventional protec
tion schemes are incapable of protecting the renewable- 
based microgrid. Therefore, differential protection 
schemes [9–11] are proposed. In Ref. [9], the primary 
protection of the microgrid based on the classical differ
ential relay principle has been presented. The authors 
discussed the details of relay settings and communica
tion requirements needed for the current transformer 
selection and presented different protection strategies 
for different sections like feeder protection, DG protec
tion and bus protection. But the authors did not address 
the significant issues like data synchronization and 
charging current effects on differential protection. 
Comparing the sending end and receiving end spectral 
energy content of the current with the use of Stockwell 
transform (S-transform), differential schemes have been 
presented in Refs. [10,11]. But the complexity of the 
S-transform is very high, which is not desirable in prac
tical applications where fast response is demanded.

Wavelet transformation (WT) and Park’s vector 
approach (PVA)-based fault detection technique are 
given in Ref. [12]. The fault patterns are recognised by 
transforming the three phase voltages and currents to 
dq0 components, which are filtered through the wavelet 
transformation. But the algorithm has the limitation 
with high impedance fault resistances. Discrete wavelet 
transformation (DWT) and deep neural network-based 
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fault detection scheme are presented in Ref. [13]. 
However, DWT has the limitation in the low frequency 
band. To overcome the real-time limitations of the 
Wavelet transformation, the undecimated wavelet 
transformation (UWT)-based algorithm has been pro
posed in Ref. [14] for only PV-based microgrids. The 
authors in Ref. [15] proposed a method using mathe
matical morphology and recursive least squares method 
by measuring the voltage and currents data at every 
distribution line. However, due to high complexity, 
data overflowing may occur. In Ref. [16], the authors 
proposed central monitoring system-based methods by 
sensing the sending and receiving end current direc
tions, which require powerful monitoring system that 
is not economical.

In recent years, the researchers have put forward the 
fault detection techniques in microgrids based on the 
sequence components. Unlike the negative sequence 
and zero sequence phasors, the positive sequence pha
sors exist for all types of faults [17,18]. In Ref. [19], the 
authors proposed a fault detection technique in radial 
distribution systems using the phase change in the posi
tive sequence current considering the prefault current 
phasors. By using the phase change in negative sequence 
current, a directional relaying algorithm is presented in 
Ref. [20] although the fault detection in the branch 
feeders was not performed. The fault characteristics of 
the IIDGs will vary according to the control strategy 
implemented in DGs [21,22]. Therefore, consideration 
of the specific control strategy of the IIDGs is needed. 
The equivalent fault models and control strategies for 
IIDGs are presented in Refs. [22,23]. A fault detection 
method has been proposed in Ref. [24] based on the 
phase change in the positive sequence bus voltage and 
positive sequence feeder currents.

This article presents a fault detection method for the 
grid connected renewable-based microgrid using the 
phase change in the positive sequence feeder currents 
for different DG voltages. The PQ control strategy has 
been used in the IIDGs. The DGs are designed to 
support the LVRT requirement of the grid connected 
microgrid [25]. The fault characteristics of the micro
grid have been analysed for different faults, viz. LIFs 
and HIFs. To present the supremacy of the proposed 
fault detection method, different load power factors 
(pfs) are considered in the study. This article has 
been organised in six sections. In section 2, the control 
strategy of IIDGs is presented. In section 3, the pro
posed fault detection scheme is given. Simulation 
results are presented in section 4, and comparative 
assessment in section 5. Finally, the conclusion has 
been given in section 6.

2. Control strategy of inverter-interfaced 
distributed generators

The inverter-interfaced distributed generators (IIDGs) 
connected to the microgrid have different types of con
trol strategies, which use current control mode or vol
tage control mode based on the grid connection, i.e. 
grid-tied and islanded mode. The IIDGs are controlled 
using voltage control mode like V/f control and droop 
control in off-grid or islanded mode. V/f control is 
widely applied in IIDGs to sustain frequency and vol
tage stability in a microgrid, whereas droop control is 
used in IIDGs because of its advantages of virtual iner
tia, load sharing and plug and play characteristic 
[21,22]. On the other hand, the IIDGs are controlled 
in current control mode such as active and reactive 
power (PQ) control and constant current control to 
provide preset power to the utility grid in grid con
nected mode. In this study, the PQ control strategy is 
applied to the IIDGs to get the desired active and reac
tive power from the DG by controlling the change in 
active current and reactive current references.

The DGs (photovoltaic power generators (PPGs) or 
turbine generators (TGs)) in a microgrid should have 
the low voltage ride through capability to support the 
grid codes. This capability enhances the voltage level by 
supplying the reactive power when fault occurs in 
a microgrid. The DGs in a microgrid produce only 
active power under normal operating conditions as 
PPGs and TGs operate at unity power factor to avoid 
the losses. Therefore, the reactive current output of DGs 
is zero under normal operating conditions. There is no 
reactive current output supply if the grid voltage coeffi
cient is between 90% and 100%. The DGs in a microgrid 
should start to supply the reactive current output when 
the voltage sag exceeds 10%. When the grid voltage 
coefficient ranges between 50% and 90%, the DGs sup
ply 2% reactive current output for every 1% voltage 
drop. If the grid voltage coefficient falls below 50%, the 
DGs supply 100% reactive current output, which 
reaches its maximum value Imax and remains constant. 
In this case, the DG supplies only reactive power to 
support the voltage level and provides no active current 
output. Equation (1) represents the reactive current 
output Iq when the grid voltage coefficient ranges 
between 50% and 90%, 

Iq ¼ 2Imaxð1 �
Vd;f

Vn
Þ: (1) 

The maximum permissible value of the reference cur
rent is Imax, which is usually less than twice the DG rated 
current.

The active current output is given as 
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Id ¼

Pref =Vd:f ; 0:9Vn <Vd:f � Vn

min Pref
Vd:f

;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Imax2 � I2

q

q� �
; 0:5Vn <Vd:f � 0:9Vn

0; 0<Vd:f � 0:5Vn

8
><

>:

(2) 

Under normal conditions, the DGs are operated at 
unity power factor. Therefore, DG current (IDG) is in 
phase with DG voltage (VDG) as shown in Figure 1 (A). 
When the voltage sag is very small (the grid voltage 
coefficient between 90% and 100%), then the DG sup
plies only active current output and there is no reactive 
current output. Therefore, IDG.f is in phase with VDG.f. 
and the angle between them φ is zero. In this case, the 
post-fault positive sequence DG current IDG.f makes an 
angle θ with the pre fault-positive sequence current IDG, 
which is less than 90 °. As the voltage drop is small, the 
angle ϕ between VDG.f and VDG is small.

When the grid voltage coefficient is between 50% and 
90%, the DG starts to supply the reactive current in 
addition to the active current, and hence, the post- 
fault DG current starts to lag the post-fault DG voltage 
by an angle φ, which can increase maximum up to 90°, 
and therefore, the angle θ can be greater than 90°, as also 
shown in Figure 1 (B). When the grid voltage coefficient 
is below 50%, the DGs supply only reactive current 
output. Since the DG produces only reactive current, 
IDG.f lags with respect to VDG.f by 90°, and therefore, θ is 
more than 90° as shown in Figure 1 (C).

3. Proposed fault detection scheme

3.1 Test system

The simplified model of microgrid connected to the grid 
at the point of common coupling (PCC) is shown in 
Figure 2. The feeders connected to the buses at both the 
ends are known as main feeders (L3, L4), and the feeders 
connected to the bus at only one end are called branch 
feeders (L1, L2, L5-L8). The circuit breakers are placed 
at both the ends of main feeders, and for branch feeders, 
circuit breakers are placed at only the upstream end. 

The inverter interfaced wind generator PQ-DG is con
nected as DG1, and inverter-interfaced photovoltaic 
solar PQ-DG is connected as DG2.

From the analysis in section 2, it can be seen that the 
PQ controlled DG is equivalent to the controlled posi
tive sequence current source. Hence, when fault occurs 
at F1 in the microgrid, the positive sequence fault com
ponent of the network can be represented as shown in 
Figure 3.

3.2 Fault detection scheme for both DG voltages 
greater than 0.9

The fault analysis is carried out for the grid connected 
microgrid shown in Figure 2. As described in section 2, 
the DG characteristics will change when the grid voltage 
level changes since the DGs are having the LVRT con
trol mechanism. As the microgrid consists of DGs, the 
fault characteristics of the microgrid vary according to 
the DG voltage variations with respect to the voltage at 
the GCP.

When HIF occurs at F1, the bus voltage coefficients at 
bus A, bus B and bus C all range between 90%-100%. 
Then, both the DGs will supply only active power. From 
Figure 3, the following expressions can be obtained for 
bus B: 

Δ_IB2 ¼ � Δ_I1; (3a) 

Δ_IB3 ¼ Δ _VB=ZL2: (3b) 

Similarly, the following expressions can be obtained for 
bus C and bus A: 

Δ_IC2 ¼ � Δ_I2; (4a) 

Δ_IC3 ¼ Δ _VC=ZL3; (4b) 

Δ_IA1 ¼ Δ _VA=ZS; (5a) 

Δ_IA2 ¼ Δ _VA=ZL1; (5b) 

Figure 1. DG voltages and current phasors.
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Figure 3. Positive sequence network when F1 fault occur in the microgrid.

Figure 2. Grid-connected microgrid simplified model.
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Δ_IA3 ¼ � ðΔ_IA1 þ Δ_IA2 þ Δ_IA4Þ; (5c) 

Δ_IA4 ¼ ðΔ_IC2 þ Δ_IC3Þ: (5d) 

The positive sequence impedance of the load feeders 
in medium voltage distribution systems is usually 
inductive. When HIF occurs in F1, the phase difference 
of load feeder current after and before fault will be very 
small (post-fault positive sequence load feeder current 
almost in phase with pre-fault positive sequence load 
feeder current, which makes θ ffi 0°). Hence, the follow
ing conclusion can be obtained: 

argðIC3:f Þ � argðIC3Þ< t2 (6a) 

argðIB3:f Þ � argðIB3Þ< t2 (6b) 

where t2 is a threshold, which is very small.
According to equations (3), (4) and (5), the positive 

sequence current phasors in bus A, bus B and bus C are 
shown in Figure 4.

It can be observed from Figure 1 that θ lies between 
0° and 90°, but as fault occurred in F1, the phase differ
ence of the positive sequence post-fault and pre-fault 
feeder current is small and remains within the threshold 
limit. Therefore, 

argðIB2:f Þ � argðIB2Þ< t1 (7a) 

argðIC2:f Þ � argðIC2Þ< t1 (7b) 

where t1 is another threshold.
Now, the phase difference variations of positive 

sequence post-fault and pre-fault feeder currents at 
bus A are as follows: 

argðIA2:f Þ � argðIA2Þ< t2 (8a) 

argðIA4:f Þ � argðIA4Þ< t1 (8b) 

argðIA3:f Þ � argðIA3Þ � t1 (8c) 

From equations (6), (7) and (8), it can be observed that 
there is a significant difference in the phase angle devia
tion between the faulty feeder and healthy feeder. For 
faulty feeders, the phase difference variation is greater 
than the threshold value, which is not applicable for 
healthy feeders.

As seen in Figure 2, the branch feeders (L5-L6 and 
L7-L8) are connected to the main feeders (L3 and L4). 
Therefore, for any change in the branch feeders, the 
characteristics of the main feeders will be affected (i.e. 
if fault occurs in L5 and L6 feeders, the characteristics of 
the L3 feeder will vary). Hence, based on the main 
feeder current phase variations, the fault detection is 
carried further for branch feeders. The same analysis 
can be carried out for the faults F2-F7, and the flowchart 
shown in Figure 5 can be proposed to detect the faulty 
feeder when HIF occurs in the microgrid.

The steps to detect the fault in the microgrid when 
both the DG voltages are greater than 0.9 are given 
below:

Step 1: Measure the phase angles of positive sequence 
feeder currents. Find the phase change in the main 
feeder current IA3.

● If IA3.f is leading with respect to IA3 by an angle 
greater than or equal to t1, then the fault is at either 
at F1 or F2 or F6. Then, find the phase change of 
IB2. If IB2.f is leading with respect to IB2 by an angle 
greater than or equal to t1, then fault is at F6.

● If the phase change in IB2 is less than t1, then find 
the phase change in IB3. If it is greater than t2, then 
fault is at F2, otherwise fault is at F1.

Step 2: If the phase change in IA3 is less than t1, find out 
the phase change of IA4. If IA4.f is not leading with 
respect to IA4 by an angle greater than or equal to t1, 
then fault is at F5 and faulty feeder is detected.

Step 3: If IA4.f is leading with respect to IA4 by an angle 
greater than or equal to t1, then fault is at F3 or F4 or F7. 
Then, find whether IC2.f is leading with respect to IC2 by 
an angle greater than or equal to t1. If yes, then fault is 
at F3.

Figure 4. Positive sequence current phasors for both DG voltages > 0.9.
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Figure 5. Flowchart for fault detection in microgrids for both DG voltages > 0.9.
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Step 4: If the phase change in IC2 is less than t1, then 
find the phase change in IC3. If it is greater than t2, fault 
is at F7, otherwise fault is at F3.

3.3 Fault detection scheme for both DG voltages 
less than 0.9

When LIF occurs in F1, the bus voltage coefficient of bus 
A, bus B and bus C will range between 50% and 90% or 
may fall below 50%. In this case, the DGs will supply 
both active power and reactive power simultaneously or 
may supply only reactive power. Therefore, from 
Figure 1, the following conclusions can be obtained: 

0° � argðIB2:f Þ � argðIB2Þ< 180°; (9a) 

0° � argðIC2:f Þ � argðIC2Þ< 180°: (9b) 

The characteristics of the load connected feeders will 
not change. Hence, similar conclusions can be obtained 
as shown in equation (6a,6b), 

argðIC3:f Þ � argðIC3Þ< t2 (10a) 

argðIB3:f Þ � argðIB3Þ< t2 (10b) 

Now, as the bus voltages are below 90%, DGs are sup
plying reactive power in addition to the active power 
and the phase of post-fault positive sequence main fee
der current will change with respect to the phase of pre- 
fault positive sequence main feeder current. The phase 
variations of feeder currents at bus A can be summar
ized as follows: 

190° � arg IA4:f
� �

� arg IA4ð Þ � 180°or (11a) 

� 180° � argðIA4:f Þ � argðIA4Þ � � 90° (11b) 

� 90° � argðIA3:f Þ � argðIA3Þ � 90°; (12a) 

argðIA2:f Þ � argðIA2Þ< t2 (12b) 

The positive sequence current phasors in bus A, bus 
B and bus C when both DG voltages are less than 0.9 
are shown in Figure 6. It can be seen that from equation 
(11) that when fault occurs in the main feeder, the phase 
change of that main feeder current will be less than 90°, 
which is not applicable for the healthy main feeder. The 
faulty feeder in the microgrid can be detected by using 
the flowchart given in Figure 7 when both DG voltages 
are less than 0.9.

3.4 Fault detection scheme for one DG voltage 
greater than 0.9 and another DG voltage less than 
0.9

When fault occurs in F1, there is a possibility that the 
voltage coefficient at bus B is less than 90% since it is 
located downstream and the bus C voltage coefficient 
remains greater than 90%. Therefore, DG1 will supply 
both active power and reactive power simultaneously, 
whereas DG2 will supply only active power in this case. 
Similar conclusions can be obtained in this case as that 
of the previous two cases; therefore, the analysis is not 
repeated here.

It can be seen from Figure 2 that the feeders L3, L5 
and L6 are connected to bus B to which DG1 is con
nected. When fault occurs in these feeders, it is possible 
that DG1 voltage may fall below 90% with DG2 voltage 
remaining above 90%. Similarly, DG2 voltage may fall 
below 90% when fault occurs in L4, L7 and L8 with DG1 
voltage remaining above 90%. Therefore, the fault can 
be identified using DG voltage variation, and the flow
chart for faulty feeder detection is shown in the flow
chart in Figure 8.

4. Simulation results

To evaluate the performance of the proposed fault 
detection method, the grid connected microgrid as 
shown in Figure 2 has been simulated in the MATLAB 
platform. The frequency of the system is considered as 
50 Hz, and the two main 10 kV transmission lines in the 

Figure 6. Positive sequence current phasors for both DG voltages < 0.9.
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Figure 7. Flowchart for fault detection in the microgrid for both DG voltages < 0.9.
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microgrid are connected to the 110 kV distribution 
system through a step-up transformer. DG1 is con
nected to feeder L5 with the capacity of 500 kW, and 
DG2 is connected to feeder L7 with the capacity of 
600 kW. DG1 and DG2 are modelled according to the 

LVRT requirement of the system, and the rated voltage 
of the DGs is 10 kV. The positive sequence feeder 
resistance and reactance are considered as 0.38 
+ j0.45 Ω/km, and the zero sequence feeder resistance 
and reactance are considered as 0.76 + j 1.32 Ω/km. The 

Figure 8. Flowchart for fault detection in the microgrid for one DG voltage> 0.9 and another DG voltage < 0.9.
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threshold values t1 and t2 have been considered to be 5 
and 1.5, respectively, for both DG voltages greater than 
0.9, for both DG voltages less than 0.9, they are 10 and 3, 
respectively, and for one DG voltage greater than 0.9 
and other DG voltage less than 0.9, t1 and t2 have been 
considered as 8 and 3, respectively. Different load power 
factors are considered under different case studies. In 
case (i), all load pfs (LD1, LD2 and LD3) are considered 
as unity, in case (ii), the load pf for LD1 is considered as 
unity, for LD2, it is 0.95 and for LD3, it is 0.90. In case 
(iii), the load pf for LD1 is considered to be 0.85, for 
LD2, it is 0.95 and for LD3, it is 0.9. Different faults F1- 
F7 are considered to cover faults in all the feeders in the 
microgrid with different fault resistances. The simula
tion results are presented in this section under different 
DG voltage conditions with different faults F1-F7.

4.1 Simulation results for both DG voltages greater 
than 0.9

When HIF occurs in the microgrid, the DG voltage 
coefficients remain above 0.9. The fault types considered 
here are single-phase ground fault (SPGF) in F1, F5 and 
F6, phase-phase ground fault (PPGF) in F2, F3 and F4 
and phase-phase fault (PPF) in F7. The transition resis
tances of the fault points considered are 50 Ω at F6, 
100 Ω at F1, F4 and F5 and 200 Ω at F2, F3 and F7. 
Before fault occurs, both the DG voltages are at 1 p.u. 
When fault occurs at F1, the DG1 voltage drops to 0.985 
and DG2 voltage drops to 0.994. When fault occurs at 
F2, the DG1 and DG2 voltages are dropped to 0.986 and 
0.995, respectively. For fault at F3, the DG1 and DG2 
voltages are changed to 0.99 and 0.985, respectively. 
Similarly, for the remaining faults (i.e. F4-F7), both the 
DG voltages also remain above 0.9. Therefore, both DGs 
will supply only active power output and the reactive 
power output is zero.

Table 1 shows the phase angles of the feeder currents 
before and after fault when the load pfs are the same as 
discussed in case (i). For faults at F1, F2 and F6, it can be 
seen that IA3.f is leading with respect to IA3 by an angle 
greater than the threshold value t1 which is not true for 
any other faults. For fault at F6 only, IB2.f is also leading 
with respect to IB2 by an angle greater than t1. For fault 

at F2 only, the change in the angle of IB3 after fault is 
greater than threshold t2. Similarly, from Table 1, it is 
clear that for faults F3, F4 and F7 only, IA4.f is leading 
with respect to IA4 by an angle greater than the threshold 
value t1. For fault at F3 only, IC2f is leading with respect 
to IC2 by an angle greater than t1. For fault at F7 only, the 
change in the angle of IC3 after fault is greater than 
threshold t2. If neither IA3.f nor IA4.f is leading with 
respect to prefault currents by an angle greater than t1, 
then fault is F5.

Further simulation results are presented in 
Tables 2 and Table 3 for different load pfs as 
described in case (ii) and case (iii) for both DG 
voltages greater than 0.9. The pre-fault phase angles 
are different in each case due to the change in load 
pfs. From Tables 2 and Table 3, it is evident that the 
change in the phase angles of all the feeder currents 
follows the same logic as depicted in the flowchart in 
Figure 7. Hence, the proposed fault detection method 
is capable of detecting the faulty feeder with different 
load power factors.

4.2 Simulation results for both DG voltages less 
than 0.9

When LIF occurs in the microgrid, both the DG voltage 
coefficients fall below 0.9 and can drop below 0.5 also. 
The transition resistances of the fault points considered 
in this case are 0.01 Ω at F1, F3 and F6, 0.5 Ω at F4 and 
F7 and 1 Ω at F2 and F5. Single-phase ground fault 
(SPGF) is considered in F1 and F5, phase-phase ground 
fault (PPGF) in F2, F7 and F4 and three phase ground 
fault (TPGF) in F3 and F6.

Table 1. Phase change of positive sequence feeder currents 
when both DG voltages >0.9 (load pfs- unity).

Feeder 
currents

Pre- 
fault

F1 
fault

F2 
fault

F3 
fault

F4 
fault

F5 
fault

F6 
fault

F7 
fault

IA3 −64 −44 −46 −65 −65 −65 −45 −64
IA4 −64 −66.5 −66 −40 −40 −66 −66.5 −50
IB2 152 151.2 151 151 151.2 151.2 160 151.5
IC2 149.3 149 149 −73 147.5 148.6 149 148.5
IB3 −35 −35.5 −36.6 −35.5 −35.5 −35.5 −35.5 −35.1
IC3 −36.1 −36.4 −36.4 −37 −37.4 −36.7 −36.4 −38.8
IA2 −35.5 −35.8 −35.8 −36.2 −36 −37.2 −35.8 −35.7

Table 2. Phase change of positive sequence feeder currents when both DG voltages >0.9 (LD1-1 pf, LD2-0.95 pf and LD3-0.9 pf).
Feeder currents Pre-fault F1 fault F2 fault F3 fault F4 fault F5 fault F6 fault F7 fault

IA3 −102 −65 −67 −102 −102 −103 −65 −103
IA4 −111 −113 −112 −75 −7 6 −114 −113 −67
IB2 152.7 152 152 152.3 152.2 152 162 152
IC2 150.5 150 150.1 −152 149.3 149.8 150.1 149
IB3 −49.4 −50.1 −46 −49.8 −49.8 −50.1 −50.1 −49.9
IC3 −56.4 −56.8 −56.7 −57.4 −57.4 −57.1 −56.8 −50
IA2 −35 −35.5 −35.3 −35.3 −35.3 −36.9 −35.3 −35.5
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Table 4 represents the phase angles of the feeder 
currents before and after fault when the load pfs are 
the same as discussed in case (i). It is seen that when 
fault occurs at F1, the DG1 voltage drops to 0.59 and the 
DG2 voltage drops to 0.78. When fault occurs at F2, the 
DG1 and DG2 voltages are dropped to 0.79 and 0.89, 
respectively, for fault at F4, the DG1 and DG2 voltages 
are changed to 0.81 and 0.57, respectively, for F5, the 
DG1 voltage is 0.82 and the DG2 voltage is 0.83 and for 
fault F7, the voltages are 0.85 and 0.6 at DG1 and DG2, 
respectively. Hence, for all these faults, the DG voltages 
have dropped below 0.9 and remain above 0.5. 
Therefore, the DGs supply both active and reactive 
power simultaneously. For fault at F3, the DG1 voltage 
drops to 0.88, and DG2 voltage at 0.37, and hence, DG1 
supplies both active and reactive power, whereas DG2 
supplies only reactive power. For fault at F6, the DG1 
voltage becomes 0.2 and the DG2 voltage becomes 0.8, 
so DG2 supplies both active and reactive power, 
whereas DG1 supplies only reactive power.

From Table 4, it can be seen that for faults F1, F2 and 
F6, the change in the angle of IA3.f with respect to IA3 is 
less than 90°, whereas the change in the angle of IA4.f with 
respect to IA4 is more than 90°. Againm for faults F3, F4 
and F7, the change in the angle of IA4.f with respect to, IA4 
is less than 90°, whereas the change in the angle of IA3.f 
with respect to, IA3 is more than 90°. When the change in 
the phase angle of IA3.f and IA4.f is more than 90°, then 
fault is at F5. It is also observed that IB2.f is leading with 
respect to IB2 only when fault occurs at F6. The change in 
the phase angle of IB3 is more than threshold t1 only when 
fault occurs at F2. Similarly, it is seen that IC2f is leading 
with respect to IC2 only when fault is at F3. The change in 
the phase angle of IC3 is more than threshold t1 only when 

fault occurs at F7. Therefore, all the fault criteria as 
described in the flowchart in Figure 7 are satisfied. In 
Tables 5 and Table 6, the phase angle variation informa
tion of all the feeder currents is given for case (ii) and case 
(iii), respectively. The simulation results as depicted in 
these tables show that the proposed fault detection 
method presented in Figure 7 is capable of finding the 
faulty feeder in the presence of different load pfs.

4.3 Simulation results for one DG voltage less than 
0.9 and one DG voltage greater than 0.9

As two DGs are present in the microgrid, it may 
happen that DG1 voltage is less than 0.9 and DG2 
voltage is greater than 0.9. On the other hand, it is 
also possible that the DG1 voltage is greater than 0.9 
and the DG2 voltage is less than 0.9. Different faults 
are considered in this section, which satisfy these two 
conditions. The transition resistances of the fault 
points considered in this case are 2 Ω, 5 Ω and 8 Ω 
at (F1, F6), (F3, F4) and (F2, F7), respectively. Single- 
phase ground fault (SPGF) is considered in F1, F3, F4 

Table 3. Phase change of positive sequence feeder currents when both DG voltages >0.9 (LD1-0.85 pf, LD2-0.95 pf and LD3-0.9 pf).
Feeder currents Pre-fault F1 fault F2 fault F3 fault F4 fault F5 fault F6 fault F7 fault

IA3 −102 −64.6 −60 −104 −103 −104 −52 −105
IA4 −112 −113.5 −115 −60 −76 −115 −115 −58
IB2 153.2 152.4 152 152.2 152.6 152.6 −67 152.4
IC2 151 150.4 150.4 −152 150 150.2 150.3 148.9
IB3 −49 −49.6 −45 −49.5 −49.3 −49.6 −50.4 −49.8
IC3 −56 −56.4 −56.6 −58 −57 −56.7 −56.7 −47
IA2 −61.2 −61.6 −61.8 −62 −61.6 −50 −62 −62.1

Table 4.. Phase change of positive sequence feeder currents 
when both DG voltages <0.9 (load pfs-unity).

Feeder 
currents

Pre- 
fault

F1 
fault

F2 
fault

F3 
fault

F4 
fault

F5 
fault

F6 
fault

F7 
fault

IA3 −75 −80 −82.5 50 115 118 −79 75
IA4 −79 100 111 −84 −82 106 110 −83
IB2 152 120 137 140 115 140 −83 135
IC2 149 126 138.3 −88 110 131 136 112
IB3 −37.9 −39 −78 −37.4 −37.7 −37.6 −38.6 −37.6
IC3 −39 −39.5 −39 −37.5 −38.5 −38.9 −39.4 −80
IA2 −35.4 −37.9 −35.3 −35.1 −35.5 −80 −35.9 −35.3

Table 5.. Phase change of positive sequence feeder currents 
when both DG voltages<0.9 (LD1-1 pf, LD2-0.95 pf and LD3-0.9 
pf).

Feeder 
currents

Pre- 
fault

F1 
fault

F2 
fault

F3 
fault

F4 
fault

F5 
fault

F6 
fault

F7 
fault

IA3 −102 −81.5 −83 150 135 145 −80 120
IA4 −110 130 150 −80 −82 150 150 −82
IB2 152.7 122 124 132 130 132 −82 130
IC2 150.5 126 131 −80 110 131 129 110
IB3 −49.4 −50 −80 −50 −50 −49.5 −50.5 −49.8
IC3 −56.5 −56.7 −56.4 −58 −56.2 −56.5 −57 −80
IA2 −35 −35.3 −35 −35.5 −35.3 −80 −35.5 −35.2

Table 6. Phase change of positive sequence feeder currents 
when both DG voltages <0.9 (LD1-0.85 pf, LD2-0.95 pf and 
LD3-0.9 pf).

Feeder 
currents

Pre- 
fault

F1 
fault

F2 
fault

F3 
fault

F4 
fault

F5 
fault

F6 
fault

F7 
fault

IA3 −102 −80 −80 100 100 100 −80 115
IA4 −110 130 150 −81 −83 150 145 −82
IB2 152 70 124 127 125 127 −81 129
IC2 151 125 130 −82 110 131 128 113
IB3 −49 −51.5 −81 −50 −49.5 −49.4 −50.5 −49.5
IC3 −56 −57 −56.2 −57.7 −56.7 −56.3 −56.7 −80
IA2 −61.2 −62.2 −61.4 −62.1 −61.7 −80 −62 −61.6
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and F6 and phase-phase ground fault (PPGF) in F2 
and F7. Phase variation information for case (i), case 
(ii) and case (iii) is given in Tables 7-9, respectively. It 
can be seen that from the simulation results when F1, 
F2 and F6 faults occur, the DG1 voltage becomes less 
than 0.9 whereas the DG2 voltage remains above 0.9. 
Similarly, when F3, F4 and F7 faults occurs, the DG1 
voltage remains above 0.9 and the DG2 voltage drops 
below 0.9. For fault at F5, this condition does not arise 
as when fault occurs at F5, either both DG voltages are 
less than 0.9 or both are more than 0.9. From Tables 7- 
9, it is seen that the faulty feeders can be identified 
following the same logic as depicted in the flowchart 
shown in Figure 8 and described in the previous 
section.

5. Comparative assessment

The comparative assessment has been carried out with 
other recent fault detection schemes for the microgrids to 
highlight the robustness of the proposed fault detection 
scheme. In this study, the low voltage ride through cap
ability is included in the DGs to support the grid codes, 
which has not been included in other works 
[4,8,12,14,16]. Also, the specific control strategy (PQ con
trol) has been used and a new fault detection scheme has 
been derived based on the fault characteristics of the DGs 

in the microgrid. Unlike Refs. [4,8,14,16], different load 
power factors are considered in this study and the pro
posed scheme is able to detect the fault at different load 
pfs. The scheme is not dependent on the fault resistances, 
and it can detect the faulty feeder even when high impe
dance faults occur, whereas the schemes proposed in Refs. 
[4,12] can detect only low impedance faults. Different 
faults are considered in different feeders so that the pro
posed scheme can detect the fault in any feeder (main 
feeder or branch feeder), whereas in Ref. [16], the pro
posed technique can only detect fault in main feeders 
only. Therefore, the proposed scheme is not dependent 
on the type of fault and fault impedance. It can detect fault 
in all types of feeders and also insensitive to load changes. 
The proposed scheme did not utilize any transform-based 
or artificial intelligence-based technique ensuring low 
computational burden unlike Refs. [12–14], and the tech
nique is also independent of synchronization of signals. 
The technique proposed in Ref. [24] uses the phase angles 
of both voltage and current to detect fault, whereas the 
proposed technique uses only the phase change in current 
to detect the fault, and hence, the computational burden 
in the proposed technique is less. Moreover, in the pro
posed technique, tests have been performed at different 
sampling frequencies, viz. 6.5 kHz, 10 kHz and 20 kHz, 
and results have been validated.

6. Conclusion

This article presents a new fault detection scheme based on 
the phase change in positive sequence feeder current for 
microgrids with inverter-interfaced distributed generators. 
The low voltage ride through capacity requirement of grid- 
connected IIDGs has been considered in this study. The 
characteristics of the DGs are explained under different 
voltage conditions. The phase variations of the positive 
sequence feeder currents are examined under different 
fault conditions in the microgrid. The proposed scheme 
can detect faults in any feeder such as main feeders and 

Table 7.. Phase change of positive sequence feeder currents 
when one DG voltage <0.9 and other DG voltage >0.9 (load pfs- 
unity).

Feeder 
currents

Pre- 
fault

DG1 voltage<0.9 
DG2 voltage >0.9

DG2 voltage<0.9 
DG1 voltage >0.9

F1 
fault

F2 
fault

F6 
fault

F3 
fault

F4 
fault

F7 
fault

IA3 −69 −60 −64 −76 −81 −85 −86
IA4 −64 −108 −126 −87 −68 −62 −64
IB2 152 135 130 −93 151 150 150
IC2 149.3 145 148.2 149.2 −79 123 120
IB3 −36 −38.4 −66 −36.5 −36.8 −37.5 −37.4
IC3 −36.1 −37.5 −37.5 −36.2 −38.4 −37.9 −64
IA2 −34.3 −35.5 −35.8 −34.7 −35.1 −35.7 −35.6

Table 8. Phase change of positive sequence feeder currents 
when one DG voltage <0.9 and other DG voltage >0.9 (LD1-1 
pf, LD2-0.95 pf and LD3-0.9 pf).

Feeder 
currents

Pre- 
fault

DG1 voltage<0.9 
DG2 voltage >0.9

DG2 voltage<0.9 
DG1 voltage >0.9

F1 
fault

F2 
fault

F6 
fault

F3 
fault

F4 
fault

F7 
fault

IA3 −102 −78 −69 −80 −110 −112 −113
IA4 −110 −134 −132 −120 −72 −66 −67
IB2 153 128 125 −94 152 151 151
IC2 150.5 148.5 149 150.4 −80 122 120
IB3 −49.3 −50.5 −68 −49.9 −50 −50.9 −50.9
IC3 −56.5 −56.9 −57.5 −56.6 −58.7 −57.9 −66
IA2 −35 −35.5 −36.4 −35.2 −35.8 −36.4 −36.5

Table 9.. Phase change of positive sequence feeder currents 
when one DG voltage <0.9 and other DG voltage >0.9 (LD1-0.85 
pf, LD2- 0.95 pf and LD3-0.9 pf).

Feeder 
currents

Pre- 
fault

DG1 voltage<0.9 
DG2 voltage >0.9

DG2 voltage<0.9 
DG1 voltage >0.9

F1 
fault

F2 
fault

F6 
fault

F3 
fault

F4 
fault

F7 
fault

IA3 −102 −63 −65 −80 −111 −113 −114
IA4 −112 −127 −131 −121 −76 −66 −68
IB2 153 133 128 −99 152 151 152
IC2 151 150.5 150 150.9 −78 120 127
IB3 −49 −51.2 −65 −49.5 −50 −50.5 −50.4
IC3 −56 −57.5 −57.5 −56.1 −58.4 −57.9 −65
IA2 −61.2 −62.7 −62.8 −61.5 −62 −62.7 −62.7
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branch feeders, and also, it is not dependent on the fault 
resistances as it can detect both high and low impedance 
faults. This scheme has a low computational burden and 
does not need synchronization of signals. The simulation 
results show that the proposed scheme is not affected by 
the different power factors of the loads. From the com
parative assessment, it is evident that the proposed scheme 
is robust, efficient and reliable and suitable for practical 
applications.

NOMENCLATUR

Pref Reference value 
of active 
power

Un Voltage coefficient

Qref Reference value 
of reactive 
power

Vn Rated voltage

Imax Maximum 
reference 
current

VDG,IDG Phasors of pre-fault 
voltage and currents 
of DGs

RF Fault resistance
Id Active fault 

current output
VDG.f,IDG.f Phasors of post-fault 

voltage and currents 
of DGsΔ _V F Fault point 

positive 
additional 
source

Iq Reactive fault 
current output

IA2 - IA4,IB2 

- IB3IC2 -  
IC3

Positive sequence pre- 
fault feeder currents

Vd.f Positive sequence 
fault voltage of 
DG

Vd d-axis voltage at 
the GCP

ZL1-ZL3,ZAF,ZFB, 
ZS

Equivalent 
positive 
sequence 
feeder 
impedances

IA2.f - IA4.f, 
IB2.f -  
IB3.fIC2.f 

- IC3.f

Positive sequence post- 
fault feeder currents

DG1,DG2 Distributed 
generators

Ir Rated current

Load1- Load3 Loads _V A - _Vc Positive sequence bus 
voltages

L1-L8 Feeders θ Phase difference 
between IDG.f and IDGA1-A4,B1-B3,C1 

-C3,
Circuit breakers

t1,t2 Threshold values 
of phase 
angles

Δ_I 1,Δ_I2 Fault current 
components of DG1 
and DG2

; Phase difference 
between VDGf 

and VDG

φ Phase difference 
between VDG.f 

and IDGf

Δ_I A1- Δ_IA3, 
Δ_IC1- 
Δ_IC3, 
Δ_IB1- 
Δ_IB3.

Fault components of 
positive sequence 
currents at bus A, bus 
B and bus CΔV A - ΔV c Fault 

components of 
positive 
sequence bus 
voltages
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