
International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-5, Issue-6, Jun-2017 
http://iraj.in 

 Comparison of Reference Current Generation Schemes for Distributed Generation Units under Unbalance Faults 
 

20 

COMPARISON OF REFERENCE CURRENT GENERATION 
SCHEMES FOR DISTRIBUTED GENERATION UNITS UNDER 

UNBALANCE FAULTS 
 

PREETHA SREEKUMAR 
 

Member, IEEE 
 

 
Abstract— This paper investigates different current generation schemes for controlling positive and negative sequence 
currents of distribution generation units under unbalanced grid voltage conditions. A comparison of the reference current 
generation schemes, for a grid connected converter, during normal operation and unbalanced grid fault condition is also 
presented. This study may provide a performance evaluation of different reference current generation techniques and can 
help in the selection of suitable control during significant grid faults. PSCAD/EMTDC based simulation study is conducted 
to evaluate the performance of the current generation schemes. 
 
Index Terms—Microgrid, Grid connected control, Unbalanced faults, positive and negative sequence extraction 
 
I. INTRODUCTION 
 
HE Distributed Generation (DG), relying on 
renewable energy resources is gaining interest in 
order to minimize carbon emission and to minimize 
the dependency on nonrenewables to meet the energy 
demand. Most of the DG units are coupled with 
electrical network by means of power electronic 
interfaces [1]. During the normal mode of operation, 
DG system is grid connected and the inverter operates 
in current controlled mode [2-5].During severe faults 
microgrid will be disconnected from the main grid 
and operates in autonomous mode or islanding mode. 
But, transmission system operators demand that the 
microgrid should support the network during faults. 
Latest grid codes comply with this demand and 
requires DG to stay connected or ride through the 
fault at-least for 150ms during faults [6-8]. Hence the 
operation of DGs during grid faults is a recent topic 
of research. The grid faults can be mainly classified 
into balanced and unbalanced faults. Balanced fault is 
a condition in which voltage sag or swell in all the 
three lines are equal. But, such situations occur rarely 
in power systems. A more practical situation is an 
unbalanced fault. This occurs when one or two phases 
are shorted to ground or to each other. During 
unbalance faults, grid voltage consists of positive and 
negative sequence components. Owing to the 
unbalanced drop in grid voltages, negative sequence 
current flows uncontrollably from DG to grid. This 
negative sequence current has two undesirable effects 
which affects fault ride through.1) It may trigger 
protection devices and isolate the DG 2) negative 
sequence components in voltages and DG currents 
leads to double frequency oscillations in the system. 
Double frequency oscillations in the power injected 
by DG to the grid will appear as double frequency 
ripple in dc link voltage. If the maximum dc-link 
voltage is exceeded, DG will be tripped [9] [10]. The 
above mentioned issue has been addressed in [11] by 

flowing from DG to grid. Gurrero et. al. proposed an 
output impedance based approach to limit the 
uncontrollable current [12]. But, these techniques 
may not address the issue of negative sequence 
components. A double synchronous reference frame 
based controller using notch filter was introduced in 
[13]. In this method, positive and negative sequence 
currents are separately controlled using positive 
sequence and negative sequence reference frames. 
But, PI based schemes may not be able to completely 
eliminate double frequency oscillations (cos2� = 
�������  ) in voltage as the relation between 
dependent and independent variables are nonlinear. In 
[14] several current reference generation schemes 
based on power, voltage and current relations are 
presented. Reference currents are calculated 
mathematically considering the positive and negative 
sequence voltages separately. In this paper a detailed 
study of the performance of the different current 
generation schemes suggested in [14] is performed. 
The schemes are compared based on their 
performance under single line to ground fault and 
double line to ground fault. In [14] stationary 
reference frame based method is used to extract 
positive and negative sequence components of grid 
voltage. In this paper sequence extraction using 
stationary reference frame is compared with the 
sequence extraction using synchronous reference 
frame. 
 
II. CURRENT CONTROL STRATEGIES 
UNDER UNBALANCED FAULTS 
 
Instantaneous active power in three phase systems is 
given as 

 
is the phase lag of current with respect to voltage. In 
balanced systems, the double frequency terms 
(cos2�) adds up to zero and total active power of the 
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three phase system remains constant. The presence of 
double frequency oscillations in active power is the 
major drawback in unbalanced systems (also in single 
phase systems). Also, the active power injected by the 
DG into the grid drops which results in voltage rise in 
dc link voltage. If the negative sequence component 
of current is controlled such that the double frequency 
component of active power is cancelled, the dc link 
voltage can be maintained ripple free. This concept is 
applied to generate reference currents. Here, only 
reference current generation based on active power 
injection is considered. However, with minor 
modifications, it can be easily extended to reactive 
power injection as well. Fig.1. The distribution 
transformer, usually of the type deltawye, also has an 
influence on grid faults as seen by the DG. 

 
Fig.1 Configuration of the grid connected system 

 
If a severe fault occurs on the grid side, the fault 
appears on the DG side is also dependent on the 
transformer impedance. In this section, four different 
reference current generation schemes based on active 
power, is briefly presented. A. Instantaneous Active 
Reactive Control (IARC) IARC is the simplest 
reference current generation scheme. The 
instantaneous active power is the scalar product of 
instantaneous voltage and current. Therefore, current 
reference, �� ∗ can be generated by dividing power 
by voltage. As the objective is to inject only active 
power to the grid, the phase shift of �� ∗ is kept 
same as that of grid voltage. 

 
this case the converter is controlled to emulate 
symmetric resistance in all phases [16]. During grid 
faults, as the current is made proportional to voltage, 
the injected current contains uncompensated negative 
sequence components which results in double 
frequency oscillation. The grid voltage during 
unbalance can be represented as the sum of positive 
and negative sequence components, � = �� + ��. 
The denominator of (2) consists of (2��.��). The 
phase difference between �� and �� is 2θ. This 
gives rise to double frequency component in the 
current which is nothing but second harmonics. Thus, 
the injected current will be non-sinusoidal. IARC 
technique is undesirable if the quality of current 

injected to the grid is to be ensured. B. 
Instantaneously Controlled Positive Sequence (ICPS) 
The instantaneous active power, p active power is the 
scalar product of instantaneous voltage and current 

 

 
instantaneous voltage and current. In this case the 
instantaneous reactive power, 

 
uence terms give constant power and interaction 
between dissimilar frequency or dissimilar sequence 
terms give oscillatory power. From (5) it can be 
observed that, even though reactive power is set to 
zero, it will oscillate around zero. In IARC, active 
power delivered to the grid will be constant, but there 
will be oscillations in reactive power. 
 
C. Positive Negative Sequence Compensation 
(PNSC) 
In this method, the control objective is to keep the 
power oscillations zero. To achieve this reference 
current is calculated by imposing the constraints as 
given below 

 

 
currents are non-zero values. Reactive power consists 
of oscillations due to the presence of vector product 
of dissimilar sequence terms. 
 
D. Average Active-Reactive Control (AARC) 
This control scheme is the extension of IARC. In 
IARC, |�|� in the denominator consists of double 
frequency component which leads to second order 
harmonics in current. This double frequency 
component of the denominator can be eliminated by 
taking the average of the denominator. The double 
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frequency term adds up to zero while integrating and 
thereby giving a constant current reference. 

 

 
E. Balanced Positive Sequence Control (BPSC) 
BPSC is the preferred choice if the current injected to 
the grid should be balanced, sinusoidal. The reference 
sequence generation considers only positive sequence 
voltage. 

 
ence component. The instantaneous active power 
delivered to the grid will contain oscillations due to 
the interaction between positive sequence current and 
negative sequence voltage. 

 
Reactive power also contains oscillations because of 
the vector product of negative sequence voltage and 
positive esequence current. 
 
III. POSITIVE AND NEGATIVE SEQUENCE 
EXTRACTION 
 
The reference current generation schemes (except 
IARC) discussed in previous section requires the 
separation of positive and negative sequence 
components of voltage. In this section two methods, 
one based on stationary reference frame based and 
another based on synchronous reference frame for 
sequence extraction is presented. 
A. Stationary Reference Frame Based Sequence 
Extraction 
The representation of three phase signals in stationary 
reference frame (αβ frame) assumes that the signals 
are balanced. Generally, the theory fails for 
unbalanced signals. If unbalanced signals are 
converted to αβ components, they contain harmonics. 
A solution to this problem is to convert the 
αβ components further into two orthogonal signals as 
shown in Fig.2. Using a band pass filter, the 
fundamental component of the input signal can be 
extracted. The two orthogonal components, �� � 
and ��� � in Fig.2 are signals without any 
harmonic components. Positive and negative 
sequence 
components are extracted by implementing (14-17). 

 
The band pass filtered signal and its orthogonal 
component is obtained using Second Order General 
Integrator (SOGI). 

 
Fig.2 Sequence extraction based on αβ frame 

 

 

 
B. Synchronous Reference Frame Based Sequence 
Extraction 
Positive and negative sequence extraction using dq 
frames is a widely studied method. Here the angle 
information obtained from PLL is used to extract the 
positive sequence components. The negative 
sequence components are extracted from the dq frame 
rotating at theta. Fig.4 shows the block diagram of the 
sequence extraction using synchronous reference 
frame. 
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Fig.4. Sequence extraction using synchronous reference frame 

 
The positive sequence components appear as double 
frequency terms in negative sequence and vice versa. 
In order to eliminate the effect of opposite sequence, 
in sequence extraction, notch filter (band pass filter) 
at twice the fundamental frequency is used. A low 
pass filter may be required to eliminate switching 
ripples. But the use of low pass filters introduces a 
phase shift to the signals. The best possible 
way is to extract the fundamental component of the 
voltage/current signal immediately after measurement 
and use a low pass filter with higher cut off 
frequency. The signals can be converted back to abc 
frame using the same theta and –theta. Fig.5 shows 
the extracted d and q components of the positive and 
negative sequence voltages. 

 
 
For minor grid unbalances and single line to ground 
fault, sequence extraction using stationary reference 
frame gives good result. But with severe fault like 
double line to ground, synchronous reference frame 
technique is superior. The study presented in this 
paper implements synchronous reference frame based 
extraction. 
 
IV. SIMULATION RESULTS 
 
The performance of the different reference current 
generation schemes is compared using 
PSCAD/EMTDC based simulation study. The study 
is performed for single line to ground fault and 
double line to ground fault. This section provides an 
analysis and discussion of the nature of active power 
and reference currents injected into the grid with 
different reference generation schemes. The system 
under consideration is an11��,50�� grid as shown 
in Fig.1. To emulate the operation of DG, dc link 
capacitor is charged using a battery through a resistor. 
The dc link capacitor is 5�� and an �� filter with 

cutoff frequency 1��� is used. A delta-wye 
distribution transformer connects the DG to the grid. 
 
A. Single Line to Ground Fault 
In order to study an unbalanced fault case, phase A is 
grounded. The grid voltage profile is as shown in 
Fig.6. 

 

 
Fig.7 IARC Scheme (a) Active Power injected into the grid (b) 

DC Link Voltage (c) Reference currents 
 
i. Instantaneous Active Reactive Control 

http://iraj.in


International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-5, Issue-6, Jun-2017 
http://iraj.in 

 Comparison of Reference Current Generation Schemes for Distributed Generation Units under Unbalance Faults 
 

24 

The power injected by the DG to the grid, the dc link 
voltage and the current flowing from the DG into the 
grid are shown in Fig 7 (a)-(c). Fig. 7 (a) shows that 
the power delivered by the DG is less during fault. 
However, the dc-link voltage is maintained at 22�� 
without any ripples as shown in Fig. 7(b). Also, the 
reference currents shown in Fig. 7(c) are severely 
distorted. Hence, IARC is not a preferred option for 
SLG fault. Most of the grid codes demand the 
injection of good quality current into the grid. 
 
ii. Instantaneous Controlled Positive Sequence 
Fig. 8(a)-(c) shows the results of grid current 
injection with Instantaneous Controlled Positive 
Sequence. It can be noticed from Fig 8(a) and (b) that 
there are oscillations in the active power and dc link 
voltage. The reference currents shown in Fig 8(c) are 
not as distorted as with IARC case. But, it is still far 
from sinusoidal. The active power output is better 
compared to IARC. 

 
Fig.8 ICPS Scheme (a) Active Power injected into the grid (b) 

DC Link voltage (c) Reference currents 
 
iii. Positive Negative Sequence Control 
Fig 9. Illustrates the active power, dc link voltage and 
reference currents of DG with PNSC scheme. It can 
be observed from Fig 9 (a) that the power oscillations 
are minimal with this strategy. Fig. 9 (b) shows that 
the dc link voltage is well maintained. The grid 
currents, shown in Fig 9 (c), are sinusoidal and 
unbalanced. PNSC scheme injects negative sequence 
currents to cancel out oscillations in power. One 
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advantage of PNSC is , unlike the previous methods, 
the peak current during fault can be detected. 

 
Fig.9 PNSC Scheme (a) Active Power injected into the grid (b) 

DC Link voltage (c) Reference currents 

 
Fig.10 AARC Scheme (a) Active Power injected into the grid 

(b) DC Link voltage (c) Reference currents 
iv. Average Active Reactive Control AARC attempts 
to minimize the harmonic distortion in 
reference currents by averaging the denominator of 
IARC current calculation. As shown in Fig 10 (a) and 
(b), AARC 
shows huge power oscillations in active power and dc 
link. 
Hence, this is not a preferred option for reference 
current 
generation during faults. v. Balanced Positive 
Sequence Control Fig.11 shows the performance of 
balanced positive sequence control. It can be noticed 
from Fig. 11(c) that the quality of injected current in 
BPSC strategy is very good.Moreover, BPSC can be 
implemented using simple controllers as it is dealing 
with only positive sequence. However, it is worth 
mentioning that in BPSC, there will be double 
frequency 
oscillations in active and reactive powers due to 
interaction between negative sequence and positive 
sequence voltage. 
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Fig.11 BPSC Scheme (a) Active Power injected into the grid (b) 

DC Link voltage (c) Reference currents 
 
B. Double Line to Ground Fault (LL-G) The analysis 
of single line to ground fault shows that Positive and 
Negative Sequence Controller (PNSC) and Balanced 
Positive Sequence Controller (BPSC) exhibits 
superior performance compared to other schemes. 
The power oscillation is more with BPSC. But, it 
offers a pure sinusoidal reference current. In this 
section, PNSC and BPSC are compared based on 
their performance with double line to ground fault. 
Fig. 12 and 13 shows the active power and dc link 
voltage with PNSC and BPSC under LL-G fault. It 
can be observed from Fig. 12 (a) and (b) that the 
performance of PNSC is poor with LL-G faults. Fig 
13 (a) and (b) show that the active power and dc-link 
voltage is stable, with less oscillations, in case of 
BPSC. 

 
Fig.12. PNSC Scheme (a) Active Power injected into the grid 

(b) DC Link voltage with LL-G fault 

 
Fig.13. BPSC Scheme (a) Active Power injected into the grid 

(b) DC Link voltage with LL-G fault 
CONCLUSION 
 
In this paper five different control strategies to 
generate reference current to grid connected 
converter, during steady state and unbalanced 
operations is studied. The control techniques are 
compared based on their performance under single 
line to ground fault. It is observed that Positive and 
Negative Sequence Control and Balanced Positive 
Sequence Control offers better performance with 
single line to ground fault. Hence these two methods 
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are compared to analyze their performance with 
double line to ground fault. The performance of 
BPSC is proved to be superior in this case. However, 
based on the performance studies conducted, a 
suitable control scheme can be selected based on the 
requirement of the controller. 
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