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Abstract
Objectives: Power  electronic converters are usually utilized for interfacing Distributed Generation (DG) resources to 
power grids. This paper proposes a novel and simple control technique for connection of DG resources to Three-Phase 
Four-Wire (3P4W) distribution grids via interfaced converters. Methods: The differential equations of the DG system are 
established, and then the switching state functions of the grid-interfacing converter are achieved in order to improve the 
transient response of system and power quality of grid. Results: By means of the proposed approach, the grid-interfacing 
converter can transfer active power at main frequency from DG resources to grid, and also compensate all reactive, neutral, 
harmonic and unbalanced load current components with a fast transient waveform. Applications: The effectiveness of the 
proposed control technique is demonstrated by the simulation studies in MATLAB/Simaulink environment.

1.  Introduction
Electrical power grids are getting increasingly stressed 
because of the increment in the power consumption 
and also limitations on power transmission and sub-
transmission systems. Power injection from Distributed 
Generation (DG) resources (specially based on renew-
able) to distribution grids during the peak of power 
demand can decrease the stress from the grid’s point of 
view and the cost of power consumption from the cus-
tomer’s point of view. But, the high penetration level of 
DG resources in power grid may cause problems in the 
management and proper operation of the entire power 
system1–3.

In DG systems, the power electronic converters are 
essential interfaces to connect DG resources to power 
grid4. Since DG unit must not adjust the voltage at the 

Point of Common Coupling (PCC) as specified through 
the IEEE standards5, the current control of grid-inter-
facing converters plays an important role in enhancing 
power quality of grid. Thus, development of power elec-
tronic converters and its high-performance controllers 
make it possible to connect various kinds of DG resources 
to electrical power grids.

Numerous studies have been reported in the litera-
ture regarding the control of grid-interfacing converters 
for integration of DG resources to grid6–10. For instance, a 
comprehensive review on the topologies and control strat-
egies of grid-interfacing converters has been presented 
in11. In12, a control strategy has been suggested to miti-
gate the impact of DG resources on the protection coor-
dination. The proposed approach could limit the current 
injected from the grid-interfacing converter with regard 
to the DG unit terminal voltage. A cooperative imbalance 
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compensation technique for grid-interfacing converters 
has been designed via computation of negative sequence 
reactive power13. Based on adaptive linear neuron control, 
the grid-interfacing converter has been used to not only 
control the active power at main frequency, but also to 
mitigate the harmonic and unbalanced currents of the 
load, and to manage the reactive power flow of the net-
work14. A static var compensator by means of three-level 
gate turn-off thyristor converter has been discussed in15 
for high-voltage, high-power applications. In the pro-
posed model of this paper, the design of the controller 
has been carried out through the small-signal model. The 
proposed model do not have an overall description of the 
dc-link side and the ac side dynamics. In16,17, the hyster-
esis current controllers for grid-interfacing converters 
have been addressed. These schemes have the capability 
to transfer power generated by DG resources to grid and 
also to operate as a power quality compensator.

In this paper, a novel control technique is proposed 
for the proper and stable operation of the DG unit in 
Three-Phase Four-Wire (3P4W) distribution grids. The 
proposed technique removes overshoot during transient-
state condition and provides a short response time. In 
addition, the proposed approach in DG application can 
be used for the compensation of different issues under 
the connection of unbalanced nonlinear reactive loads to 
network.

2.  System under Study
Figure 1 shows the configuration of the system consid-
ered in this paper. The system consists of three main parts 
i.e., 3P4W grid, loads and DG unit. Three-phase and/
or single-phase (non) linear (re)active loads are con-
nected at the local bus. The DG unit is integrated to the 
grid in shunt connection type, which injects required 
current components to the PCC via a three-phase four-
leg Voltage Source Converter (VSC) used as interface 
between the DG Park and the network. The DG park 
illustrated in Figure 1 can include numerous dispatch 
able DG resources (such as fuel cell, photovoltaic, storage, 
etc). It can be seen that the interfaced VSC is connected 
to the PCC through the resistance RDG and inductance 
LDG of the DG unit filter. 

agi , 
bgi , 

cgi  and 
ngi  are the 

grid currents, 
aDGi , 

bDGi , 
cDGi  and 

nDGi  are the DG 
unit currents, 

ali , 
bli , 

cli  and 
nli  are the load currents, 

aPCCV , 
bPCCV  and 

cPCCV  are the PCC voltages, dcC is 
the dc-link capacitor and dcv is the dc-link voltage.

The averaged model of the grid-interfacing VSC can 
be given in the abc frame by:
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Figure 1.  System configuration.
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where, MNv  is the voltage between point M and N. 
Summation of four parts in Equation (1), it gives:

4

= =

= =

 
+  

 
 

+ = +

∑ ∑

∑ ∑

j j

j

b,c ,n b,c,n

DG DG DG DG
j a j a

b,c b,c,n

PCC jM MN
j a j a

dR i L i
dt

V v v � (2)

With the assumption that the voltages at PCC are ideal 
during the operation of the DG system, we can write:

0
a b cPCC PCC PCCV V V+ + = � (3)

On the other hand, we have:

0
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The switching function Sk ( )k a,b ,c , n= of the VSC 
can be defined as follows:
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where, the VSC gating signals Tk and T’k are binary val-
ues generated by Sinusoidal Pulse Width Modulation 
(SPWM). So, by writing kM k dcv S v= , Equation (1) 
becomes:
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The switching state function dk of the VSC is expressed by 
the following equation:

1
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Thus, the following relation is deduced:

( )n a b cd d d d= − + + � (9)

A synchronously rotating frame transformation is 
employed to express the equations of the DG system in a 
dq0 frame. The transformation matrix is as:
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where, tθ ω= and ω is the angular frequency of the grid.
By considering the direction of the reference vector 

of the PCC voltage in the direction of d-axis, the q- and 
0-components of the PCC voltage are zero. The trans-
formed model in the dq0 reference frame is as follows:
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where, 
dPCCV  is the PCC voltage in d-axis; 

dDGi , 
qDGi  

and 
0DGi  are the DG unit currents in d-, q- and 0-axes; 

dd , qd  and 0d  are the switching state functions of the 
VSC in d-, q- and 0-axes.

3.  Proposed Technique
To attain a fast transient waveform to supply load 
active, reactive, neutral, unbalanced and harmonic 
currents, Equation (11) should be controlled in 
three various and independent loops. By writing, 

( )DG DG DG DGL di / dt R iλ = + , the switching state 
function of the grid-interfacing VSC (original control 
inputs) can be achieved in the following form:
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The inputs dd  and qd  are combination of a nonlinear 
term and a linear decoupling one. In order to obtain a 
fast transient waveform and zero steady state errors, 
a Proportional-Integral (PI) regulator is required. 
Consequently, Equation (13) can be achieved as follows:
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Figure 2.  Current control loops.
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( ) ( ) ( )0 00 dq dqdq p DG i DGk i k i dtλ ∆ ∆= + ∫ � (13)

where, pk  and ik  are the proportional and integral 
gains, and 

dq0 dq0 dq0

*
DG DG DGi ii∆ = −  indicates a com-

parison of the reference current components and the real 
DG unit currents injected by the grid-interfacing VSC.

The transfer function of PI regulator for the control 
loops can be obtained by the following equation:
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In order to design PI regulator, it is needed to decouple 
the system equations for d- and q-axes, by means of add-
ing the d-axis measured voltage and crosscoupling parts 
as illustrated in Figure 2, where 

d

*
PCCV  and *

DGL  are the 
estimated parameters of the PCC voltage and the filter 
inductance.

Hence, the current control loops are simplified as 
illustrated in Figure 3. As shown in Figure 2, the current 
loops for d- and q-axes are the same. As a consequence, in 
the dq0 frame, the decoupled control of active and reac-
tive powers (including harmonic and unbalanced compo-
nents), and also neutral current is conveniently obtained 
via separately controlling the currents in d-, q- and 0-axes.

The transfer function of the current control loop is 
achieved by the following equation:
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The dynamic waveform of the currents is affected through 
the zero in Equation (15). For the optimal value of the 
damping factor 1 2/ξ = , the overshoot is 20.79%. In 
order to remove the impact of the zero on the dynamic 
waveform in Equation (15), a Low-Pass Filter (LPF) 

( ) ( )1p i pG s / s k / k= +  is employed as indicated 
in Figure 4. Therefore, the transfer function of current 
control loops will be without any zero. In comparison 
with general equation of a second order transfer function

( )2 2 22n n n/ s sω ξω ω+ + , the proportional and inte-
gral gains are calculated as follows:

2

2p DG n DG

i DG n

k L R
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where, nω  is the natural undamped angular frequency18.

3.1  Calculation of Reference Current 
Components
The reference current components of the DG unit control 
loop must be determined considering the objectives of 
the control strategy. Thus, injection of maximum avail-
able active power at main frequency, all harmonic cur-
rents, neutral current, unbalanced currents, and reactive 
power of load should be considered in the control loop of 
the DG unit.

Since the neutral current of the grid should be com-
pletely removed, therefore, the 0-component of the DG 
unit’s reference current is equal to the 0-component of the 
load current. On the other hand, the DG unit should be 
able to correct the power factor of the grid. So, the q-com-
ponent of the DG unit’s reference current is identical to 
the q-component of the load current.

The rest of the load currents in d-axis contains the 
positive and negative sequence components including 
harmonic components. The negative sequence and har-
monic currents of the load should be exactly extracted 
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Figure 3.  Simplified scheme of current control loops.
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in order to be compensated by the DG unit. In the dq0 
reference frame, the harmonic and negative sequence 
currents of the load appear as an alternative term. As a 
result, the harmonic and negative sequence currents of 
the load can be separated by means of a High-Pass Filter 
(HPF). In order to minimize the influence of the HPF 
phase response, the HPF can be achieved by using a LPF. 
However, for the calculation of the d-component of the 
DG unit’s reference current, the maximum capacity of 
the VSC for injection of the active power at the main fre-
quency ( )maxP  should be considered. According to the 
mentioned assumptions, the DG unit’s reference currents 
in the dq0 frame are expressed as follows:
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l
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where, 
dli , 

qli  and 
0li  are the load currents in d-, q- 

and 0-axes, respectively.

4.  Simulation Results
In order to evaluate the performance of the proposed 
nonlinear control strategy, a simulation model of the DG 
system, shown in Figure 5, was simulated by means of 
the “Power System Blockset” simulator operating in the 
MATLAB/Simulink environment. The parameters used 
in the simulation studies are given in Table 1. The maxi-
mum active power of the grid-interfacing converter at the 
main frequency is considered 7 kW, and it is assumed that 
the converter continuously injects this power.

At first, a single-phase resistive load of Ra=20 Ω in 
phase a, a single-phase resistive-inductive load of Rb=40 
Ω and Lb=0.15 mH in phase b, and a three-phase diode 
bridge rectifier with resistive load of R1=50 Ω are con-

nected to the grid and draw the unbalanced nonlinear 
reactive currents. This process is continued until t = 0.1 
s. At this instant, the DG unit is connected to the grid. 
Another three-phase diode bridge rectifier with resistive 
load of R2=30 Ω is added to the initial loads at t = 0.2 s, 
and disconnected from the grid at t = 0.3 s. Figure 6 illus-
trates the load, DG unit, and grid currents.

It can be observed that before connection of the DG 
unit, all the load currents are provided via the grid, but 
after connection of the DG unit, all the load currents 
are supplied through the DG unit and the grid current 
becomes zero. In addition, after connection of the extra 
load to the network, the power demand of the loads is 
more than the maximum power of the DG unit; then, 
the remainder of the power, which is a balanced active 
power at the main frequency, is provided by the utility 
grid. Furthermore, Figure 6 shows that after connection 
of the extra load, current provided from the grid is sinu-
soidal and balanced. By removing the extra load at t=0.3 
s, all the load currents are injected by the DG unit again.

Figure 7 indicates the currents of load, DG unit and 
source in similar phases after connection of the extra load 
to the grid, in order to better show the influences of the 
DG unit. It is seen that the source currents are sinusoidal 
and not in phase with the load currents (because of the 
compensation of the load reactive power through the DG 
unit).

Figure 8 shows the capability of the DG unit’s control 
loop to track the reference current trajectories of d-, q- 
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0
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Figure 4.  Final scheme of current control loops.

Table 1.  System parameters
Filter resistance 0.1 Ω
Filter inductance 15 mH
Rated dc-link voltage 800 V
Switching frequency 12 kHz
Grid voltage 380 V
Grid frequency 50 Hz
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Figure 5.  Schematic diagram of the simulated system along with control block diagram.
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and 0-axes, during the considered events. As can be seen, 
before connection of the extra load to the grid, the actual 
d-, q- and 0-axes currents of the DG unit’s control loop 
exactly track their reference trajectory. After connection 
of the extra load to the grid, the actual d-axis current of 
the DG unit tracks some of its reference trajectory which 
is related to the maximum active power of the grid-
interfacing converter at the main frequency, and all the 
reference trajectories of the reactive and neutral current 
change. As shown, after connection and disconnection of 
the extra load, the d-axis current of the DG unit has a 
delay of one cycle (0.02 s). This is because of the settling 
time of the minimal phase HPF. According to Figure 8, 

the transient performance of the tracking error is fast and 
zero steady-state error is achieved.

In order to evaluate the influence of the proposed 
control strategy for the compensation of the harmonic 
currents, the spectra of the load and grid currents after 
connection of the extra load to the grid are shown in 
Figures 9 and 10. Figure 9 shows that the Total Harmonic 
Distortions (THDs) of the load currents are 12.33%, 
18.51% and 21.63% in phases a, b and c, respectively. 
But, the THDs of the source currents are corrected to be 
1.93%, 1.92% and 1.92% in phases a, b and c, respectively, 
as indicated in Figure 10, which are well below the IEEE-
519-1992 standard requirements (THD<5%). The com-

0.24 0.25 0.26 0.27 0.28
-50

-25

0

25

50

Time (s)

i la
 , 

i D
G

a &
 i ga

 (
A

)

 

 

i
la

i
DGa

i
ga

0.24 0.25 0.26 0.27 0.28
-40

-20

0

20

40

Time (s)

i lb
 , 

i D
G

b &
 i gb

 (
A

)

 

 

i
gb

i
lb

i
DGb

0.24 0.25 0.26 0.27 0.28
-30

-15

0

15

30

Time (s)

i lc
 , 

i D
G

c &
 i gc

 (
A

)

 

 

i
gc

i
lc

i
DGc

Figure 7.  Load, DG unit and grid currents in phases a, b and c after connection of extra load.

www.indjst.org


Indian Journal of Science and Technology 9Vol 11 (30) | August 2018 | www.indjst.org 

S. Sajjad Seyedalipour, Gevork B. Gharehpetian, Moslem Darvishi and Habib Allah Aalami

0 0.1 0.2 0.3 0.4
-10

0

10

20

30

40

Time (s)

i ld
 &

 i D
G

d (
A

)

 

 

i
ld

i
DGd

0 0.1 0.2 0.3 0.4
-30

-20

-10

0

10

Time (s)

i lq
 &

 i D
G

q (
A

)

 

 

i
lq

i
DGq

0 0.1 0.2 0.3 0.4
-6

-3

0

3

6

Time (s)

i l0
 &

 i D
G

0 (
A

)

 

 

i
DG0

i
l0

Figure 8.  Load and DG unit currents in d-, q- and 0-axes during considered events.
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Figure 9.  Spectrum of load current in phases a, b and c.
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parison between this information verifies the capability 
of the proposed control strategy to compensate the har-
monic currents generated by nonlinear loads.

One of the advantages of the proposed control strat-
egy is its capability for correcting the power factor. As 
seen in Figure 11, the grid currents and PCC voltages are 
in phase in all three phases.

5.  Conclusion
This paper has proposed a multifunctional control 
approach for connection of DG resources to 3P4W grids 
by means of four-leg converters. The in-detail modeling 
and appropriate control of the DG system by using an 
effective and simple technique have been precisely carried 
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Figure 10.  Spectrum of grid current in phases a, b and c.
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out. By the use of the proposed approach, the converter 
has been utilized to perform harmonic compensation, 
reactive power compensation, unbalance compensation, 
grid neutral current elimination and active power injec-
tion. The main advantage of the proposed technique is the 
overshoot reduction and its damping during transient-
state condition, and hence improving the system stabil-
ity. The performance of the proposed control approach in 
both transient and steady-state operating conditions has 
been verified by simulation results. The suggested control 
approach of this paper can be utilized for connection of 

different kinds of DG resources to distribution grids in 
order to improve power quality indices.
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