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Abstract:- Power oscillation and current quality are the important performance targets for the grid-connected
inverter under unbalanced and distorted grid voltages. In this work, the inherent reason for the current harmonic
and power oscillations of the inverter are discussed. Then away from the positive and negative sequences
analysis, novel strategy to determine the harmonic components of the grid currents during constant power
control and to obtain relations for the power oscillations during sinusoidal current control are introduced. Based
on the introduced analysis, a power control strategy is suggested. The proposed power control strategy uses a
virtual power as a controlled variable. The virtual power depends on virtual grid voltages which can be
extracted from actual grid voltages by using second order generalized integrator. By controlling the virtual
power, sinusoidal grid currents with minimum THD is obtained under unbalanced and distorted grid voltages.
For constant power operations, the actual power is used as a controlled variable. Based on an adaptive
parameter, flexible control technique is used to switch between sinusoidal current control and constant power
control operations. Simulation studies are carried out to confirm the effectiveness of the proposed controller to
obtain constant power/sinusoidal current control operation under unbalanced and distorted grid voltages and to
confirm the correctness of the introduced equations to calculate the grid current harmonic components and the
power oscillations under unbalanced grid voltages.

Key-words: - Grid-connected VSI, unbalanced grid voltages, Power oscillations, Current harmonics,
Renewable energy.

Different improved VOC and DPC strategies were
1 Introduction proposed. Most of them need positive and negative
sequence decomposition of voltages and currents
components which needs long and tedious
computations. Various strategies based on VOC
have been proposed to cope with the voltage
unbalances. In [12], to achieve constant active
power, the current reference is derived and regulated
in positive sequence synchronous frame. However,
the control of the negative sequence current is
insufficient due to the absence of negative sequence
current controller. To achieve adequate control of
both positive and negative sequence currents, a dual
current control scheme is proposed in [13] to
regulate them in their respective synchronous frame.
Four proportional integral (PI) controllers and two
notch filters are required, which imposes much
tuning work and increases the computational
burden. To reduce the control complexity of dual
current controller, some improved methods have
been proposed by using PI plus resonant controller
[14], but they still require positive sequence and
negative sequence extraction of grid voltages. To
achieve symmetrical and sinusoidal grid currents, a
power compensation block is added to the reference
power of conventional DPC, which keeps the

The main control solutions for grid-connected
voltage source inverter (VSI) are the vector oriented
control (VOC) and direct power control (DPC) [1].
VOC decomposes the grid currents into active and
reactive power components in synchronous frame,
which are regulated by inner current control loops.
The obtained inverter voltage vector references are
subsequently  synthesized by space voltage
modulation (SVM). During balanced grid voltages,
good steady state performance and quick response
can be obtained in VOC, but it requires fine tuning
work and accurate system parameters [2]. DPC has
many obvious advantages under balanced grid
voltages operations, such as its simple structure and
rapid dynamic response, but it has disadvantages of
high and variable switching frequency operation [3].
However, the actual grid voltages are usually
unbalanced due to various grid faults and/or
disturbances, especially in the weak grid system,
which is common in renewable energy systems [4].
These unbalanced grid voltages influence the
performance of the VSls. Under unbalanced voltage
of the grid, many efforts have been done to improve
the grid-connected-VSI  performance [5-11].
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philosophy of DPC [15]. However, it needs a
positive sequence voltage angle and
positive/negative sequence extraction of grid voltage
and currents. The power compensation block is
simplified in [1] by eliminating the extraction of
negative sequence current and three selective targets
are implemented. Unfortunately, it still requires the
extraction of negative sequence grid voltages and
positive sequence grid currents to obtain the power
compensation [2], [16].

In this work, the inherent reason for the current
harmonic and power oscillations of the inverter is
discussed with a quantitative analysis. Second, a
new control strategy is proposed to achieve the
coordinate control of power and current quality. The
power control strategy depends on virtual power and
virtual grid voltages. The proposed power control
uses the virtual power as a controlled variable
instead of the actual power to obtain sinusoidal
balanced grid currents. The introduced solution is
very simple owing to the elimination of
positive/negative sequence extraction of grid
voltages/currents, current reference calculation or
power compensation block, as required in prior
VOC-based or DPC-based solutions.

2 Problem Analysis

A photovoltaic grid connected system which
consists of three phase two-level inverter connected
to the utility grid via 3-phase inductance is shown in
Fig. 1. Under unbalanced grid voltages operations
and away from the positive and negative sequences
analysis, the next section introduces novel strategy
to determine the harmonic components of the grid
currents during constant power control and to obtain
relations for the power oscillations during sinusoidal
current control.

Boost ]
Converter VsI

Fig.1 PV grid connected system.

PT diray

The folowing analysis uses the fundamental
component of phase-a as a reference such as:

Uy =U, sinat (1)

Assuming the unbalanced grid voltages have the
following forms:

u, =U,sin(at +¢,)

)
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Assuming the fundamental components of the grid

currents are i,and iy, while the harmonics

components are i, and i, Then:
i, =lysin(at +@) +i 3)
According to instantaneous power theory, the active

and reactive power for three phase system can be
expressed as follows:

ol ol

To determine the voltage and current components in
af3 stationary reference frame, the following
equation is used:

1 1

(4)

{xa}_g 2 2 Xa
Xg] 3, B VBl
2 2

Xe

Q)

Where: x represents the voltage or current of the
three phase system. From (4) the currents can be
calculated as follows:

ig] 3wZ+ul)|Us| 3uZ+ul)|U,

2.1 Constant power control operations

(6)

In the power control loop, the actual power will
follow the reference power. If the reference power is
constant, the actual power will be constant as well;
consequently, the current will contain harmonics if
the grid voltages are unbalanced. The next section
introduces novel strategy to obtain the harmonic
components of the grid currents during constant
power operations and unbalanced distorted grid
voltages.

2.1.1 Analysis of current harmonics under
unbalanced grid voltages

From (2) and (6) and assuming that (¢, =@z =0)

and Q =0, the following equations can be
obtained:

gPUasina)t
lo = -32 2 2 (7)
U, sin® et +U 4 cos” ot
EPUaSina)t
i, = 3 8)

1 1
E(uj +u§)+§(u§ ~U ) cos2at
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i, [UZ+U5)+U} —Ué)cosZwt]nguasina)t

9)
Substituting from (3) in (9):

UZ+U DI sinat +1,U 7 -U J)cos 2t sin ot

+H U2 +U 2)+i,, (U S -U ) cos2at :gPUasincot

(10)
By temporarily neglecting the fourth term of the left
hand side in (10) and doing some trigonometric
operations:

U2+U2)lsinat +'?1(u§ ~U 2)sin3at

—%(Ué—us)sinwtﬂah(us +U§)=%Puasina)t

(11)
By equating the wave forms which have the same
frequency in both equation sides:

2 12

oh =%%sin3ﬁ =l,3 (12)
ey,

|1:m (13)

I3 =13SIn3ak (14)

: ='—1—U§ _Ué (15)
2U7 +Uj

As it can be depicted from (12-15), the peak values
of the fundamental and third harmonic components
of the grid current can be precisely calculated based
on the reference power and the actual grid voltages.
By the same way, the next harmonic component can
be calculated by considering the fourth term in (10)
based on the following equation:

Ign =1, sinnat (16)
Uz-u;

|, =in2 e/ 17
2 Ug+Ujp
Where: n=3, 5, 7...

The presented equations (12-17) can be used as a
guide to determine the performance of any constant
power controller. Also, these equations can be used
to determine the grid current THD under defined
unbalanced grid voltages and constant power
operations.

The next analysis introduces another contribution to
determine and calculate the grid current harmonic
components under balanced and distorted grid
voltages during constant power operations.
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2.1.2 Analysis of current harmonics under
distorted balanced grid voltages

Assuming distorted balanced grid voltages with a
fifth harmonic component. The peak values of the
fundamental and the fifth harmonic component are
defined as U and Us in the following equation:
u, =U sinat +U g sin5at
(18)

Ug =-U cosat —U ;5 cosdat
Based on (18) the following equation can be
obtained:

2 2 H : 2
u“+u” =U sinat +UgsinSat

2+u?=( 5Sin5at) 19)

+(-U cosat —U 5 cos5at )

The following equation can be obtained by

neglecting the term of U/ :
u?+u?=U?+2UUssin5at *sinat +2UU 5 cos5at *cos ot

u?+u?=U?+20Us cosdat
(20)

From (18), (20) and (6) and for unity power factor

operation, the following equation can be deduced:

i,U? +2UU5cos4a)t]:§P(U sinot +U sin5at)

(21)
From (3) and (21):
(18inat +i, )U 2 + 20U cos4at)
2 . . (22)
=§P(U sinat +Ugsin5at)
1,U 2sinat + 21 UU s cos4at *sinat +i U 2
(23)

+2i ,,UU 5 cos 4t :éP(U sinot +U 5 sin5at)

Temporarily, by neglecting the fourth term of the
left hand side of (23), and by using trigonometric
relations and equating the wave forms which have
the same frequency in both sides of (23) the
following equation can be deduced:

. Usg .

i3 = |1U—5sm 3at (24)
By the same way and considering the neglected term
of (23), the next harmonic can be obtained as
follows:

. U .

i, = |1(U—5)2 sin 7ot (25)
From (24) and (25), it can be depicted that the fifth
harmonic superimposed on the grid voltages
introduces considerable third and seventh harmonics
in the grid current. So that, it can be stated that if
harmonic of order (n) superimposed on the grid
voltages will produce grid current harmonics based
on the following equation:
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igh = IlLlj—“sin(n -2)at + Il(Lil—”)2 sin(2n -3)at  (26)

The obtained result in (26) can be used to determine
the grid current THD under defined distorted grid
voltages and constant power operations. Also, (26)
can be used as a reference to determine the
performance quality of any constant power
controller. Super position theory can be used to
determine the grid current THD under unbalanced
distorted grid voltages during constant power
operation using the preceding equations.
With the system parameters listed in table 1, as an
example, the grid current harmonic components can
be numerically calculated as follows.

- During unbalanced grid voltages using (13):

8pu. Bx10000%283
I, = 32 2:3 - ~=24.93A
JUZ+U2  3*283°+250
From (17)
u2-u?2
1y =inz e =8 _lo2sg153 - 006171,
2 Ua +U,5 2

,=0.06171, =154 A
I, =0.06171,=0.095 A
- During balanced but distorted grid voltages
(U=311V, Us=0.1U):

§PU . 2*10000*311

3
l, = = =21.4A
TUZ+U] 3*311° 4310

|,=21.4%0.1=2.14 A
|, =21.4%(0.1)>=0.214 A

Table 1 Simulated System Rating

Uy | 300£0°y Uy 283/0° v/

Up | 250£-120°y | Up | 250£-90°
U. | 250£120°y | P | 10 kW

Vg | 560V | 0Var

2.2 Sinusoidal current control operations

Based on (6), to obtain sinusoidal grid current with
constant power, u,and u,must be balanced

sinusoidal wave forms. But for unbalanced grid
voltages and sinusoidal current control, the power
will contain oscillations. The next section introduces
novel strategy to obtain relations for the power
oscillations during sinusoidal current control based
on virtual healthy grid voltages and virtual active
and reactive power components. The virtual healthy
grid voltages supposed to have the following form:
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Ugr =U pax SIn ot

(27)
U gy =—U oy COS

Where: U, and U, represent the virtual healthy

grid voltages components in « — £ stationary

reference frame. The harmonics components of the
unbalanced grid voltages related to the virtual
healthy grid voltages can be obtained form (27) and
(2) as:

Uyh =U, U, =Usin(at +¢,) —U i Sin ot 29)
Ugn =Ug —Ug =-U gcos(at +¢g) +U qy COS
During balanced sinusoidal current control
operations, the grid current harmonics components
(low order) should equal to zero and the following
equation is valid for unity power factor (Q = odue to

power oscillations) :

i, =1ysinat

i 5 =—l,CcOst

The active and reactive power components based on

the virtual grid voltages can be calculated as
follows:

(29)

3 . .
P :E[(ual+uah)|al+(uﬁl+u/}h)|ﬂ1] (30)

3 . .
Q :E[(uﬁl +Ugp)igr —Ugr +Ugp )i gl
P—3(u i g +U i )+3(u i1 +Ughig)
—S\Mallal 1' g1 A WMahlal h'pB1
> plp) * 5 o) g
3 . . 3 . .
Q ZE(Uﬂl'al_Ual'ﬂ1)+§(uﬁh'a1_Uah'ﬁl)

The first term of (31) represents constant values Py
and Q; which are called “virtual active and virtual
reactive power”. The following relation can be
obtained wusing all preceeding equations and
assuming that (¢, = ¢, =0):

3l
P =P1+Tl((Uah +U )+ U g —U 4 ) COS 20t )
P=P+P,

(32)
3l .

Q =Q1 +Tl(Uah —Uﬂh)SIn 2(0t (33)
Q=Q;+Qy
Where:
P, =k; + Kk, cos2amt

3l
klle(Uah +U 4n)

3l
kZZT(Uﬁh —=Usn) (34)

Uanh =U 4 —U max
Uﬂh :Uﬁ_Umax
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Power oscillations can be accurately determined
using (32-33) which is one of the contributions of
this work. Most litretures introduces the power
oscillations in different ways based on positive and
negative sequence analysis.

As can be depicted from (32), power oscillations
mainly depend on the difference between the virtual
healthy grid voltages and the actual unbalanced grid
voltages. As the difference increases, power
oscillations increase as well. Also, the middle term
(k;) of (32) must be taken into acount to obtain
limited balanced grid currents. During balanced grid

voltages (less than the virtual grid voltages), U,

and Uﬁ,hare equal, consequently, the power

oscillations will disappear. In this case, the injected
power to the grid must be less than the reference

power by the term Kk to obtain limited current.

Injecting the same reference power to grid will
increase the grid curent and affect the inverter
switches and system protection.

With the system parameters listed in table 1, the
power oscillations, as an example, can be
numerically obtained as follows.

U,, =283-311=-28

U 4, =250~311=-61

P =10000-1431-530.55c0s 2wt =8569 —530.55c0s 2wt

Q =0+618.75sin 2wt

3 Suggested Solution

In the power control loop, the actual power will
follow the reference power. If the reference power is
constant, the actual power will be constant as well;
consequently, the current will be unbalanced with
unbalanced grid voltage. On the other hand, by
controlling the virtual power P; and Qg it will
follow the constant reference power and limited
balanced sinusoidal currents can be obtained. In this
case, the actual power will be free to follow its value
in (23-24). Then the proposed solution is to control
the virtual power not the actual power to obtain
sinusoidal current and to control the actual power to
obtain constant power. Adaptable control of current
harmonics and power oscillations can be achieved
by mixing the controlled variables based on the
following equation:

Pcontrolled =m Pl +@-m)P

(39)
Qcontrolled =m Ql + (1_ m) Q

Where: m is the adaptive coefficient. That is a very
simple and attractive solution to obtain switched
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control between sinusoidal balanced grid current or
constant power or mixing them to get the desired
performance with unbalanced grid voltages while
using constant reference power. There is no need for
reference power compensation. Also, there is no
need for any positive or negative sequence
component for any variable. The block diagram of
the proposed system is shown in Fig.2.

Then, the challenge is to find the virtual healthy grid
voltages components ual and ug at any condition
disregarding the condition of the actual grid
voltages to calculate and control the virtual power.

1| Vabe L
Depe Vs { Grid
T I ey fabe Habe \—
[y
l';‘T Va

Power
Controller

“\Q AP
o '
‘ Feont 5 1.0p

Actual & Virfual
Power Calenlations

elritle s

PV diray

m

Fig. 2 Block diagram of the proposed system.

3.1 Extraction of the virtual healthy grid
voltages ug; and ug;

First, to obtain pure sinusoidal reference signal
representing phase-a of the actual grid voltages, a
Second Order Generalized Integrator (SOGI) based
adaptive filter is used for filtering purposes and to
generate U, and ug, at the same time. The SOGI
block diagram is shown in Fig. 3, where more
details are available in [17-18]. PLL is used to
provide the operating frequency required to the
adaptive filter. The generated orthogonal signals ug
and ug, have the same peak value of the fundamental
component of phase-a. To obtain u,, and ug, which
are required to calculate the virtual power P,, the
following equation is proposed:

UpL] \Juge® +u g Y0

Where U, is the maximum value of the healthy

grid voltage of phase-a. By using (36), the virtual

grid voltages u, and uz; are available at any

condition disregarding the condition of the actual

grid voltages. Using these signals, the sinusoidal

reference current can be obtained, where:

U riaxuozzo U nzwxu 20
2

2 2 2
Ugo +Ugo  Ugo +Ujg

(36)

U§1+U/231= =U 2o (37)
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So, by controlling the virtual power P, and Q; and
substituting the virtual grid voltages instead of the
actual grid voltages in (6):

Iy 2R | Um 2Q, | Um

N e 2 I A Tr o

Ip ] VUmax [Yp1] Upmax [ “Uat
Using this strategy, the grid currents are sinusoidal
and balanced as it can be depicted from (38). The

next step is to design the appropriate power control
strategy.

(38)

Uy

Hg L £ 1
+i_/ v l +}f\ i( -

=3

@

Fig.3 Adaptive filter based on the SOGI.

3.2 Power control strategy

. Fig. 4 shows the simplified equivalent circuit for
ac side of the inverter in the a-P reference frame.

From Fig. 4, the relation between the inverter output
voltage (v) and the grid voltage (u) in a-p reference
frame during steady state operation can be given by:

—Ifaﬁ

YY)
I
"aﬁT VSI Grid T Ugp

Fig. 4 System model in stationary reference frame.

Vo] [u,®] [JeLi,®)
V) || up®)| 7] jelis0)

Assuming sinusoidal current operation during
steady state, hence:

(39)

ji,©] [-ip0)
Liﬂ(t)}_{ia(t)} 0
Substituting from Eqn. (40) into Eqgn. (39):
v, )] [u,@0)] [-eList)
oo Lo | @

The discrete form of (40) can be written as follows:
V()] [ugk)] [-eLisk)
_Vﬁ(k)}_{uﬂ(k)}{wLia(k)} )

To force i, andi, to follow reference currents i,

and iﬂ a current controller is required. If there is an
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error between the reference current values and the
actual current values, the current controller has to
change the inverter voltage to compensate this error.
To compensate this error during a time period T, the
change in the inverter voltage can be obtained as:

{Ava(k)}_L 7o (k) =i (K)
AV(K) | T {075 (k) —i 5(K)

To force the actual current to follow the reference
current by the end of a time period T, the adapted
inverter voltage can be obtained using Eqns. (42)
and (43) as follows:

Vo (k)] [Av, (k)] Ju,(k)
V() | Av () | T k)
. N . (44)
~oLip()] L[i% k) =i, K)
+ +—
wLi, (k) i 5 (k) =i 5(k)

(43)

T

To find a direct relation between the inverter voltage
and the active and reactive power, relations between
currents and power can be used. As discussed
before, it is proposed to calculate the reference
current based on the following equations:

e k)] 2
i) | 3ugi(k)+ufy(k))

Ugr(k) ugm(k) || P*(k)
g (k) (k) ]Q*(k)
For the virtual power to be controlled, the actual

current must be calculated based on the following
equation:

(45)

{ia(k)} 2 {ual(k) Up (k) }{Pl(k)}

() | 302 (k) +uZy(k)) | Up(k) —Ugr(k) [[Qu(k)
(46)

Using Eqns. (44), (45) and (46), the direct relation

between the inverter voltage and power can be
obtained as,

Ve (k) +av, (k)| fug,(k) 2L
= +
Vg(k)+Av (k) ug(k) 3T(u§1(k)+u;1(k))
><{Ual(k)(AF’(k )+ aTQy(k)) +u, (k)(AQ (k) — @l Py (k ))}
U (K) (AP (k) + @l Qq (k) —u,, (k) (AQK) — TPy (k)
(47)

Where:
AP(k)=P (k) -Py(k)

. (48)
AQ(k)=Q (k)-Qy(k)

Volume 10, 2015



WSEAS TRANSACTIONS on SYSTEMS and CONTROL

Using Eqn. (47), the required inverter voltage in a-8
reference frame can be calculated directly to control
the virtual power based on instantaneous errors of
active and reactive power. This voltage is able to
clear the power error by the end of the next sample.
In this equation there are two terms named cross-
coupling component terms (T Q,(k), @TP,(k) )

The proposed controller with these cross-coupling
components resembles the behavior of the
decoupling branches present in synchronous frame
controllers. Including these two terms, the proposed
controller can achieve nearly zero steady-state
tracking error in the controlled power signals. The
actual power can be controlled by using P and Q
instead of P, and Q, in the power control equations.
From Eqn. (47), the controller simplicity is clear.

4 Simulation Results

A MATLAB/Simulink program is designed to
simulate the proposed controlled system. Simulation
studies are carried out to confirm:

- The effectiveness of the proposed controller to
obtain  constant power operation under
unbalanced and/or distorted grid voltages.

- The correctness of the introduced equations to
calculate the grid current harmonic components
during constant power operation.

- The effectiveness of the proposed controller to
get grid current with minimum THD under
unbalanced and/or distorted grid voltages.

- The correctness of the introduced relations to
calculate the power oscillations during sinusoidal
current control under unbalanced grid voltages.

The obtained results are carried out in two

categories. The first one is for the constant power

operations and the second is for the sinusoidal
current operations.

4.1 Constant power operations results

Fig. 5 shows the system performance with the listed
parameters in table 1.

As shown in Fig. 5, the controlled variable is the
actual power where it follows the reference power
and constant power operation is obtained.
Consequently, grid currents are distorted with third
harmonic component as shown in Fig.6. The
harmonic analysis of the MATLAB analyzer shown
in Fig. 6 completely agree with the presented
analysis in section 2. Where the calculated
fundamental, third and seventh  harmonic
components are almost the same as obtained by the
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MATLAB/Simulink analyzer shown in Fig.6. (
I, =24.93A, 1;,=154A, 15 =0.095A ),

which confirm the correctness of the presented
analysis of section 2.

="l ~SAO0A
i DO BE@e

)
< OO A XK A X

O IR X Y v %
20 V4

10
B
E_’S

0
51
=20
o 1-

0.06 007 008 009 01 011 012 0.13 0.14 0.15
time (sec)

Fig.5 Constant power operation, from top to bottom:
unbalanced grid voltages, grid currents, actual
power (P), and actual reactive power (Q).

L)
o

L]
=]

Harmonic Content (%)
=

o

. m . _ — _ F—
0o 2 4 6 8 10 12 14 4 18

Order of Harmonic

Fig. 6 Current harmonics under unbalanced grid
voltages and constant power operation.

Using balanced grid voltages superimposed by a
fifth order harmonic component of 10% peak value,
Fig. 7 shows the system performance under constant
power operation. Fig. 7 shows the effectiveness of
the proposed controller to obtain constant power
operation under balanced distorted grid voltages. As
shown in Fig. 8, the grid current contains third and
seventh order harmonic components as captured by
the Matlab/Simulink simulator analyzer. The same
values are calculated based on (13), (24) and (25), (
I,=214A,1;=214A,1,=0.214A) which confirm
the correctness of the presented analysis of
section.2.
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Fig. 7 System performance under balanced grid
voltages superimposed by a fifth order harmonic
component.

0.12 013 0.14 0.15

Order of Harmonic

Fig. 8 Current harmonics under distorted balanced
grid voltages during constant power operation.

To improve the current THD, the virtual power is
used as a controlled variable as will be presented
next.

4.2 Sinusoidal current operation

By controlling the virtual power to obtain sinusoidal
current operations, Figs. 9-11 show system
performance under unbalanced grid voltages with
the same parameters of table 1. Using voltage signal
of phase-a, the virtual grid voltages are extracted
and presented in Fig. 9 with the actual grid voltages.
As shown in Fig. 10, the virtual power follows the
constant reference power of 10 kW. The actual
power is running free to maintain balanced limited
sinusoidal current. To limit the grid current to its
rated values, the average value of the injected actual
power is less than the reference power by the term
k,which can be calculated from (34). The actual

power contains second order harmonic oscillations.
The peak value of the power oscillations can be
calculated based on (32). The grid current has no
low order harmonic components as shown in Fig.11,
which confirms the superiority of the proposed
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controller to get grid current with a minimum THD.
Fig. 12 shows the effectiveness of the proposed
controller to obtain sinusoidal grid current under
unbalanced distorted grid voltages. Fig. 13 shows
the system performance under unbalanced and
distorted grid wvoltages for sinusoidal current
operation mode. The controlled variables are the
active and reactive virtual power. Also the figure
illustrates the tracking performance for step change
in active power.

TORGOGK
RLSGBOQNS
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X

X
X
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/

0.1 0.11
time (sec)

Fig. 9 Generating virtual grid voltage in off frame
under unbalanced grid voltages during step change
in phase-a voltage, from top to bottom, 3-phase grid
voltages, actual u,,,u, and virtual voltages u;, u .
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Fig. 12 System performance under balanced grid
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voltages superimposed by a fifth order harmonic
component (sinusoidal current operations).

B VLSRR NN SOARRA AR

200 ROV AN RAA R AR TIAN
L0 OO OOy

PN A

w
o
o

uabc (V)

W WA

AAANANNDAN
VYWY

VY YWVNYYVY

AN A A A A A A A,
IYATATEY IFATE AR TR S

A A
VAAY

m Q (kvar) Q1 (kvar) P (kW) P1 (kw)iabc (A)

0.05 0.1 0.15

time (sec)

Fig. 14 Switching between constant power control
and sinusoidal current control. Plots from top to
bottom: unbalanced grid voltages, grid currents,

virtual Py, actual P, virtual Q,, actual Q and adaptive
factor m.

0.2 0.25 0.3

E-ISSN: 2224-2856

606

Mahmoud M. Salem, Yousry Atia

Fig. 14 shows the flexibility of the proposed
controller to smoothly switch between constant
power control and sinusoidal current control based
on the value of the adaptive parameter m.

5 Conclusions

This paper introduces analysis and simulation of PV
grid connected voltage source inverter under
unbalanced and/or distorted grid voltages. The
constant power operation mode and sinusoidal
current operation mode are discussed and analyzed.
The paper introduces novel strategy to determine the
harmonic components of the grid currents during
constant power control. The presented analysis can
be used as a guide to determine the performance of
any constant power controller for VSI and used to
determine the grid current THD under defined
unbalanced and/or distorted grid voltages. During
sinusoidal current control mode, relations to
determine power oscillations are derived based on
healthy grid voltages.
generalized integrator based filter is used to extract
the virtual healthy grid voltages in o-f reference
frame. The new strategy to inject sinusoidal current
to the grid with minimum THD is based on virtual
power control. The virtual power is calculated based
on the extracted virtual healthy grid voltages.
Controlling virtual power leads to sinusoidal current
operation while controlling actual power leads to
constant power operation. Matlab/simulink program
is built to demonstrate the effectiveness of the
proposed control strategy. Simulation results
confirm the superiority of the proposed controller to
get grid currents with a minimum THD under
unbalanced and/or distorted grid voltages. Based on
adaptive parameter, the proposed controller can
smoothly switch between sinusoidal current control
and constant power control which confirm the
flexibility of the proposed controller.

virtual Second order
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