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Abstract—Integrating solar through inverter brings 
about various challenges in the microgrids and the 
inverter itself. This paper aims to the study of problems 
in the operation of inverter during unbalance load 
and unbalance fault condition along with the possible 
control measures to mitigate those problems to ensure 
the safe and reliable operation of the inverter. A grid 
connected PV inverter is modeled using hysteresis band 
controller and implementing the MPPT of the PV system 
with the buck boost converter. During unbalance load 
and unbalance fault condition, the negative and zero 
sequence components of current exists. All the zero-
sequence component of current is delivered by the grid. 
The negative sequence component of current also flows 
through the inverter resulting in high value of current 
and loss of stability. Also, the voltage across the dc link 
capacitor increases during fault. The high value of 
current flowing through the inverter and high voltage 
across dc link capacitor may damages the inverter 
and capacitor respectively. An inverter dual current 
controller is introduced replacing the hysteresis band 
control such that the negative sequence component of 
current flowing through the inverter is almost mitigated 
from 600A to 10A and positive sequence current is also 
reduced relatively to a tolerable value 150A from 550A. 
The total current flowing through the inverter is limited 
to 200A from 950A and voltage across dc link capacitor 
is limited to 700V from 1050V during LG fault at the 
inverter side thus ensuring safe operation of the inverter 
during voltage dip condition. A further study can be done 
on limiting the positive sequence component of current 
to a rated value and improving the performance while 
operating in islanded mode. 

Keywords- Photovoltaic System (PV); solar irradiance; 
Maximum Power Point Tracking (MPPT); inverter 
current; voltage across dc link capacitor; sequence 
components of current; Dual Second Order Generalized 
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Introduction

With the demand of alternative source of energy, there is an 
increasing trend in solar power plants due to their reliability, 
less carbon emission and cost effectiveness however their 
intermittency and environment dependent factor affects the 
efficiency. The overall efficiency and the performance of the 
solar PV can be enhanced by integration with the utility grid 
through dc-dc converter and the inverterr [1]. To address 
the nonlinear behaviour of PV, the tracking of maximum 
power under changing environmental conditions is crucial 
to achieve optimum power outputt [2]. The various MPPT 
techniques such as FOCV [3], FSCC [4], CF [4], HC [5], 
INC [6], etc. have been used. These approaches differ in 
terms of their implementation, cost, speed, and efficiency. 

Zhong et al. [7], used a droop control in the three-phase 
three-leg inverter connecting the number of solar to the grid 
but limited to balanced condition. However, the grid has to 
supply both single phase and three phase loads causing the 
voltage of the inverter to be unbalanced [8]. The existence 
of negative and zero sequence components of current due 
unbalance load and unbalance fault causes increase in the 
current flowing through the inverter, large double frequency 
current/voltage ripples on the dc link [9], increase in the 
Third Harmonic Distortion (THD) [10] and hence degrades 
the power quality of the system [11] thereby the conventional 
droop control is difficult to realize [12]. 

Bases on grid codes [13], PV inverters should be connected 
to the grid during voltage dip conditions caused by the 
unbalance load and unbalance fault so the compensation of 
the negative and zero sequence components of the current 
is necessary. Fang et al. [12], proposed an advanced droop 
control where the sequence components of currents are 
controlled by the virtual impedance method in addition to 
conventional droop control. In [14], Active Power Filters 
(APFs) is used for compensating the load unbalances and 
harmonics caused by negative sequence current. Several 
control algorithms such as adaptive shunt filtering control 
[15], model reference adaptive system [16] and adaptive 
observer-based control [17] have been used for controlling 
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positive and negative sequence current but it doesn’t 
consider the zero-sequence current. Jiang and Shang [18], 
presents four leg inverter topologies where positive and 
negative sequence current is controlled using the fourth 
leg. Alternatively, the zero-sequence current can also be 
controlled in three- leg inverter with a D-Y transformer [19] 
or zigzag transformer [20] but it is heavy and costly. Chen et 
al. [21], proposed the Dual Vector Current Control method to 
limit the ripple power and peak currents. This paper proposes 
a dual current controller method, utilizing the DSOGI 
method for extracting sequence components of both voltage 
and current. The current reference generation is optimized 
to limit current and reduce DC-link voltage oscillations. For 
the effectiveness of this controller a standalone PV system is 
demonstrated through MATLAB simulations.

Methodology

A.	 Selection of PV Panel

The PV panel is selected in the MATLAB Simulink as per 
the following table.

TABLE 1 

PV SPECIFICATION

Components used 1 Soltech 1STH – 215 – P
Maximum Power 213.5 W
Open Circuit Voltage (VOC) 36.3 V
Short Circuit Current (ISC) 7.35 A
Parallel strings 11
Series-connected modules 
per string 22

Total open circuit voltage 36.3 * 22 = 798.6 V
Total maximum Power 22*11*213.5 = 51.667 KW

B.	 Grid connected PV System Using Hysteresis Band 
Controller

The grid connected PV system using hysteresis band 
controller is modeled in MATLAB Simulink to study the 
effect of unbalance load and unbalance fault.

Fig 1 Block diagram of grid connected PV system

Fig.1 shows the block diagram of Grid Connected PV 
System. The PV Array is connected to the inverter through 
buck boost converter to maintain the maximum power. To 
ensure maximum power tracking, it is crucial for the PV 
system to operate at the voltage that corresponds to the 
maximum power point. While a boost converter can be an 
option, it becomes ineffective when the PV voltage exceeds 
the maximum power voltage, requiring voltage reduction. 
However, this case is equivalent to open circuit condition 
which is rare during operating condition. So, for the efficient 
operation, a buck boost converter is used. The voltage across 
the PV and current flowing through the PV are sent to the 
MPPT which uses the P & O algorithm to generate a duty 
cycle that controls the operation of buck boost converter 
such that the PV works at the voltage corresponding to 
the maximum power. The voltage generated by the MPPT 
block is compared with the dc link capacitor voltage then 
uses PI controller to generate the reference d component of 
current. And then keeping the component zero as there is no 
consideration of reactive power, the 3-φ current reference 
is generated using dq - abc conversion. PLL block is used 
to generate the frequency of grid which is required for dq - 
abc conversion. The reference current is compared with the 
actual current flowing through the inverter to get the PWM 
signal to control switching operation of the IGBT’s used in 
the inverter.

C.	 Sequence Components Extraction

The initial step of dual current control method involves 
extracting of positive and negative sequence components. 
For this work, DSOGI method has been applied, which 
integrates the QSG along with calculations for +ve and 
-ve sequence component. DSOGI method has advantages 
in terms of accuracy, speed, and adaptability to varying 
frequencies improving the overall controller performance. 
Moreover, it acts as a bandpass filter (BPF) by effectively 
rejecting higher-order switching frequencies [22].

The stationary voltages are transformed into two components 
that are orthogonal to each other, differing by 90 degrees 
[22]. The transfer function of the SOGI-QSG scheme is:

D(s) =  =                  (1)

Q(s) =  =                 (2)
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Fig 2 Block diagram for extraction of sequence components of current 
using DSOGI

Fig. 2 shows the block diagram for sequence components 
extraction. The voltage is converted into sequence 
components in αβ voltages through an arithmetic calculation, 
commonly referred to as the sequence calculator, as 
demonstrated below.

Vα
+ =                                  (3)

Vα
- =                                   (4)

Vβ
+ =                                 (5)

Vβ
- =                                  (6)

D.	 Inverter Dual Current Control

Inverter dual current control is used as a replacement for 
hysteresis band control to control the sequence components 
of current limiting the current flowing through the inverter 
to a safer value. 

Fig 3 Inverter dual current control

Fig. 3 depicts the control design of the inverter used in 
this study. In order to regulate specific system states, a 
conventional PI controller is employed, utilizing proportional 
gain and integrator components. The PI controller receives 
the error from tracking the positive and negative reference 
current. Next, the feed-forward voltage is merged with 
the corresponding voltage calculation, resulting in the 
generation of commanded voltages for the d-axis and q-axis 
according to the given equation:

Ud = (Kp +  ) (id
*-id) – wLiq + Vd                        (7)

Uq = (Kp +  ) (iq
*-iq) – wLid + Vq                        (8)

The voltages Ud and Uq are initially expressed in the terms 
of d-q components, and it is necessary to convert them 
into stationary reference frame i.e., abc voltages using 
the conversion process from dq to αβ accomplished using 
equation shown below [22].

 =  =                 (9)

E.	 Overall Simulink Model

Fig 4 Overall simulink model of grid connected PV system using inverter 
dual current control

Fig. 4 shows the overall Simulink model of grid connected 
PV system using inverter dual current control mechanism. 
The PV_MPPT subsystem consists of the PV panel followed 
by the buck boost converter along with the implementation 
of MPPT algorithm thus maintaining the voltage of the PV 
panel and dc link capacitor corresponding to the maximum 
power at varying irradiances. The output of buck boost 
converter is then fed as an input to the three phase VSI and 
then connected to the utility grid through L filter. A LG 
fault is given at the output side of the inverter and various 
parameters such as current and voltages at various points 
are measured to observe the results. The voltage sequence 
extractor and the current sequence extractor subsystem 
splits the grid voltage and current flowing through the 
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inverter in terms of their sequence components respectively 
using DSOGI method and fed as an input to the current 
controller subsystem.  The current controller then compares 
the sequence components of current and voltage with 
their reference values and a reference current to be flowed 
through the inverter is obtained using inverter dual current 
control method. Thus, obtained reference current uses the 
sinusoidal pulse width modulation technique to generate the 
control gate signals to control the switching operation of the 
inverter.

Simulation Results

A.	 Problem Study

Fig 5 I-V and P-V characteristics of PV system at different irradiance level

Fig. 5 shows the I-V and P-V characteristics of the 
selected PV array. From the figure the current and power 
variation with respect to voltage level can be observed at 
different irradiance level. The maximum power point for 
different irradiance level can also be observed along with 
the corresponding voltage level. The voltage level for 
maximum power and the maximum power varies according 
to irradiance level.

Fig 6 MPPT demonstration

Fig. 6 demonstrates the MPPT system at work as the PV 
system power delivery and corresponding voltage level 
for maximum power point is tracked by the MPPT. We 
can see that at 1000 w/m2 irradiance the power delivered 
is maximum i.e., around 51KW and respective voltage is 
around 638 V. Similarly, the voltage level corresponding 
to maximum power is tracked at the output of PV terminal 
despite of the change in irradiance thus delivering maximum 
power at all varying irradiance.

•	 Theoretical current value

 For 1 KW/m2 irradiances, P= 51.58 kw

Then, max per phase peak current = 

                                                      = 105.28 A

Similarly, 

For 500 W/m2 irradiances, P= 26.13 kw

Then, max per phase peak current = 

					     = 53.33 A

Fig 7 Phase current delivered to grid for irradiance of 1000 W/m2

Fig. 7 shows the phase current delivered by the inverter to the 
grid for irradiances of 1000W/m2and fig. 8 is its magnified 
view whose peak value is around 105 A which is the actual 
theoretical value that should be flowing to the grid. As seen 
in the curve, the phase current delivered to the grid regulated 
by hysteresis band controller is not smooth. It is because 
we allow certain band limit in the hysteresis band controller. 
This is done so that the switching losses can be minimized 
which are quite high for low permissible error/deviation as 
switching is more frequent. The harmonics can be filtered 
out of the phase current smoothen it before supplying it to 
the grid.
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Fig 8 Magnified view of phase current delivered to grid for irradiance of 
1000 W/m2

Fig 9 Power delivered to grid for irradiance of 1000 W/m2

Fig. 9 shows the active power delivered to the grid for 
irradiances of 1000W/m2. At steady state, the power 
delivered is around 51 KW which is equal to the value 
observed.

Fig 10 Phase current flowing through the inverter for unbalanced load at 
the inverter side between 0.3-0.5 sec.

Fig. 10 depicts the phase current flowing through the inverter 
for the unbalanced load at the inverter side between 0.3-0.5 
second. We can see that the current supplied by the inverter 
remains doesn’t fluctuate much as portion of current goes to 
grid as well as unbalance load during unbalanced loading 
condition.

Fig 11 Phase current flowing through the inverter for the unbalance fault 
at the grid side between 0.3-0.5 sec.

Fig. 11 shows the phase current flowing through the inverter 
for unbalance fault at grid side between 0.3-0.5 sec. The 
inverter supplies the rated value of current to the grid during 
normal condition while the current increases by around 50 A 
during fault condition. The rise in current isn’t much though 
the fault current flowing through the faulty section is too 
high. It is because of the fact that majority of fault current is 
supplied by the load.

Fig 12 11 Phase current flowing through the inverter for the unbalance 
fault at the inverter side between 0.3-0.5 sec.
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Fig. 12 shows the phase current flowing through the inverter. 
Before fault occurs, the inverter supplies the rated value of 
current i.e., 105A. During fault conditions of duration 0.2 
sec, the inverter current rises significantly to around 1000A. 
This high current flowing through the inverter may damage 
the inverter. The current decreases suddenly and again start 
rising slowly leading a instability issue even after the fault 
has been cleared.

Fig 13 +ve,, -ve and zero sequence components of current flowing through 
the inverter for the unbalance fault at the inverter side between 0.3-0.5 sec.

Fig. 13 depicts the phase current flowing through the grid 
in terms of sequence components of current. At normal 
condition, there is the existence of positive sequence 
component of current equivalent to the rated value of current 
that should be delivered by the inverter to the grid while 
negative and zero sequence current are zero. After the LG 
fault occurs at the inverter side for a duration of 0.2 sec, 
there is fluctuation in the positive sequence of current as the 
inverter has to supply the current to the faulted line and there 
is also a mutual sharing to the load both by the inverter and 
the grid. And there is also increase in the both negative and 
zero sequence component of current. After the fault has been 
cleared, the negative and zero sequence current becomes 
zero but the positive sequence current increases to a high 
value and it goes on increases due to stability issue.

Fig14 Voltage across the dc link capacitor for the unbalance fault at the 
inverter side between 0.3-0.5 sec

Fig. 14 depicts the voltage across the dc link capacitor. It 
is observed that the capacitor voltage rises toa round 1050 
V from around 640 V. This high voltage may damage the 
capacitor and often required high rating of capacitor. And 
the capacitor voltage doesn’t settle down to its rated value 
even after the fault has been cleared, it goes on increasing.

TABLE 2 

COMPARISON OF CURRENT FLOWING THROUGH THE 
INVERTER AND VOLTAGE ACROSS THE DC LINK CAPACITOR AT 

DIFFERENT FAULT CONDITION

Disturbance 
Type

Current flowing through the 
inverter(A) Capacitor

Voltage 
(V)

+ve 
sequence

-ve 
sequence

Zero
sequence

Total

Normal 
condition

105 0 0 105 640

Unbalance 
load at 

inverter side

95 13 0 120 630

LG fault at 
grid side

155 5 0 160 655

LG fault at 
inverter side

550 600 0 950 1050

		 Conclusion obtained from unbalanced load at inverter 
side

	 Voltage across dc link capacitor doesn’t change much.

	 Inverter supplies the rated unbalanced load at the 
inverter side and rest is supplied to the grid.

	 Small presence of –ve sequence current and zero 
sequence current is zero.

	 Inverter operation isn’t affected by the unbalanced load 
and is safe.

	Conclusion obtained from unbalanced fault at grid side

	 Majority of the fault current is delivered by the grid 
and slight increase in the current flowing through the 
inverter if fault occurs at the grid side.
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	 No presence of –ve and zero sequence components in 
the current flowing through the inverter.

	 Both –ve and zero sequence components of current is 
supplied by the grid.

	 Voltage across the dc link capacitor changes within the 
permissible limit.

	 Conclusion obtained from unbalanced fault at 
inverter side
	 Voltage across the dc link capacitor increases during 

LG fault.
	 Majority of the fault current is delivered by the inverter 

and partially by the grid when fault occurs at the 
inverter side which may damage the inverter.

	 There occurs a stability problem when fault period 
exceeds 0.08 sec (where current passes above 800A).

	 -ve sequence component exists in both the current 
flowing through the inverter and the grid.

	 All the zero-sequence current is supplied by the grid.
B.	 Observations of Proposed system

Fig 15 Phase current flowing through the inverter for unbalance fault at 
the inverter side between 1-1.3 sec after inverter dual current control

Fig 16 Modified view of phase current flowing through the inverter for 
unbalance fault at the inverter side between 1-1.3 sec after inverter dual 

current control

Fig. 15 shows the phase current flowing through the inverter 
after the replacement of hysteresis controller by the inverter 
dual current control and fig. 16 is its magnified view. After 
the replacement of the controller, the current takes slightly 
larger time to settle down to its rated value in comparison 
to the hysteresis controller. But during fault condition, the 
inverter current reduces to around 200 A which is acceptable 
and prevent the inverter from damages. Also, the inverter 
current has been settled down to its rated value quickly after 
the fault has been cleared thereby solving stability issue.

Fig. 17 depicts the phase current flowing through the 
inverter in terms of its sequence components after the 
addition of new inverter dual current controller. It is 
observed that the positive sequence component of inverter 
current is now reduced to around 150 A from 550 A and the 
negative sequence current is reduced to almost zero from 
around 600A during unbalanced fault condition. Thus, the 
additional inverter dual current controller able to reduce 
the positive sequence current to an acceptable value and to 
mitigate the negative sequence current almost completely. 
The zero-sequence component of current isn’t considered in 
this case as it is being supplied by the grid. 

Fig 17 +ve and -ve sequence components of current flowing through the 
inverter

Fig 18 voltage across the dc link capacitor for unbalanced fault at the 
inverter side between 1-1.3 sec after inverter dual current control
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Fig. 18 shows the dc link capacitor voltage waveform after 
the addition of new inverter dual current controller replacing 
the hysteresis band controller.  The capacitor voltage 
now limits to around 700V from 1050V during the fault 
condition. And the voltage settles down to its rated value of 
around 640V after the fault has been cleared thus solving the 
stability issue and preventing the capacitor from damages.

Fig 19 Active power flowing through the inverter for unbalanced fault at 
the inverter side between 1-1.3 sec after compensation

Fig. 19 shows the active power flowing through the inverter 
after addition of inverter dual current controller. During 
faulty period i.e., from 1s to 1.3s the power flowing through 
the inverter is equal to power flowing through the inverter 
in normal operating condition. Thus, our designed inverter 
module is able to supply constant power even during 
unbalance load and fault condition.

TABLE 3 

COMPARISON OF RESULT BEFORE AND AFTER COMPENSATION 
FOR UNBALANCE FAULT AT THE INVERTER SIDE

Type of controller
Current flowing through the 

inverter (A)
Capacitor 

Voltage 
(V)+ve 

seq.
-ve 
seq.

Zero 
seq.

Total

Before
compensation

Hysteresis 
band 

controller

550 600 0 950 1050

After
compensation

Inverter 
dual 

current 
control

150 10 0 200 700

Conclusions

The problems caused by the unbalanced load and unbalanced 
fault condition is studied in grid tied PV connected inverter 
using hysteresis band control in MATLAB Simulink. The 
unbalanced fault at the inverter side is found to be more 
severe causing high value of current flowing through the 
inverter and increase in voltage of dc link capacitor affecting 
the stability of system. An inverter dual current control 
is introduced into the system replacing hysteresis band 
controller such that the current flowing through the inverter 
is limited from 950A to 200A and voltage across the dc link 
capacitor is limited to 700V from 1050V during LG fault at 
the inverter side. So, both current and voltage are limited 
to a tolerable value and it also addresses the stability issue 
ensuring safe and reliable operation of the inverter.
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