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Abstract—Virtual Oscillator Control (VOC) is a type of
nonlinear grid-forming controller for DC/AC inverters.
Compared with the droop control method, the original VOC has
a faster transient response in islanded mode. However, its
output voltage always contains a third-order harmonic,
resulting in a significant third-harmonic current, especially in
the grid-connected mode. In order to eliminate this harmonic, a
notch-type filter is typically employed, but it affects the
synchronization speed of multiple DC/AC inverters connected
in parallel in islanded mode. In this paper, by analyzing the
nonlinear dynamical equations of the oscillator and simplifying
its nonlinear current source, a novel VOC for three-phase
DC/AC inverters is proposed, which can successfully eliminate
the third-order harmonic in the output voltage of the oscillator.
Further, compared with the traditional VOC with notch filter,
the grid-synchronization response of the proposed VOC-based
DC/AC inverters can be significantly improved. A 3 kW/3-
phase/120 V experimental prototype system designed on the
DSPACE DS1202 platform has been developed to verify the
feasibility of the proposed control strategy.

Index Terms—Microgrids, virtual oscillator
harmonic elimination, grid synchronization.

control,

l. INTRODUCTION

Distributed power generation (DG) together with
Renewable Energy, such as photovoltaic and wind power
sources, has received a lot of attention recently [1]-[2]. DG
units play a significant role in improving the power quality
and reducing the transmission losses of electric power systems.
The majority of distributed power generation sources require
power electronic DC/AC inverters (voltage-source inverters)
to interface them into the grid through a line at the point of
common coupling (PCC). In grid-forming control, the control
object of the voltage source inverter is the output voltage of
the inverter, instead of the grid-injected current. Microgrids
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typically contain multiple DC/AC inverters connected in
parallel to an AC bus. Therefore, the overall system of DC/AC
inverters must support and maintain the voltage and frequency
of the microgrid. Droop control is a well-established method
that is applied for interfacing grid-tied inverters in AC
microgrids. The target of droop control is to emulate the droop
external characteristics of virtual synchronous machines
(VSMs), which achieve power balance by allowing a
deviation from the nominal voltage and frequency [3]-[6]. In
a resistance dominated network, the active power is closely
related to the voltage amplitude, while the reactive power is
related to the phase angle [7]-[8].

Virtual oscillator control (VOC) is an emerging advanced
decentralized control method that can simulate the dynamic
characteristics of limit-cycle oscillators [9]-[11], such as the
Van der Pol oscillator. VOC has been applied to a single-phase
microgrid in ref. [13] and a three-phase microgrid in ref. [14].
In ref. [13], a nonlinear analysis method was used to prove the
global asymptotic synchronization of the virtual oscillator in
an islanded microgrid. The analysis presented in [15]-[16]
demonstrates that a virtual-oscillator-controlled inverter
exhibits a droop-like behavior. In ref. [17], the comprehensive
requirement for the synchronization of grid-tied inverters with
VOC was presented in details. In order to achieve a seamless
control of active and reactive power, an additional power loop
was introduced into the VOC in order to track the reference
power set-point [18]-[20]. In [21]-[22], a complex-valued
parameter was introduced into the VOC to realize the
independent control of active and reactive power. The
dispatchable VOC methods (also named as dVOC) were
recently reported in [23]-[25]. Through the local measurement
and power set-points, dVOC can generate the grid-forming
behavior and change the power generation without an
additional power loop. The transient stability of a grid-
connected inverter controlled by a dispatchable virtual
oscillator has been evaluated in [26]. The virtual oscillator
control of distributed power filters for selective ripple
attenuation was introduced in [27].

A salient advantage of VOC is that the virtual oscillator is
a time-domain controller that reacts to the instantaneous
current without additional filters or power calculations. It
exhibits a fast response during transients and stabilizes the
dynamic response [28]-[29]. Compared with the droop control
technique, the amplitude synchronization speed can be
significantly improved. Although VOCs exhibit very good
dynamic response in islanded microgrids, their utilization is
still limited, due to the lack of compatible grid
synchronization techniques and the existence of the third
harmonic at the oscillator output voltage [30]. In ref. [30], a
comprehensive hierarchical control method has been applied
to the conventional VOC-based single-phase inverter to
reduce the error introduced by the primary control. In that case,
the third harmonic of the oscillator output voltage was
eliminated by an additional notch filter. However, the
synchronization speed is affected by this notch filter in the
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Fig. 1. The proposed VVOC-based three-phase DC/AC inverter.

islanded mode of operation. In ref. [31]-[33], a grid-
compatible oscillator based on the Andronov-Hopf dynamic
response was also proposed to eliminate the third harmonic.
Nevertheless, the Andronov-Hopf-based oscillator is designed
for three-phase system. Applying it to single-phase systems
requires further research.

In this paper, a novel VOC for DC/AC inverters is
proposed to eliminate the third-harmonic voltage of the
traditional one, without affecting its droop characteristics.
Compared with the traditional VOC [15], the response speed
of proposed VOC-based DC/AC inverters can be significantly
improved. Compared with the traditional VOC with notch
filter [30], the proposed VOC can successfully suppress the
third harmonic, without affecting the synchronization speed
under different initial conditions in the islanded mode of
operation.

The rest of the paper is organized as follows: firstly, in
Section Il, the three-phase inverter based on VOC is
introduced, and the disadvantages of the traditional VOC-
based inverters are analyzed. Then, in Section 111, based on the
analysis of the traditional VOC, a novel virtual oscillator is
proposed, which can eliminate the third harmonic without
affecting the response speed, while the corresponding grid-
connected synchronization measures are also introduced. In
Section 1V, the effectiveness of the proposed VOC controller
is demonstrated using a 3 kW / three-phase four-wire / 120 V
experimental prototype system. Finally, the conclusion is
summarized and the future potential is discussed in Section V.

Il.  BASIC MODEL OF VOC-BASED THREE-PHASE
DC/AC Inverters

In this section, the comprehensive average dynamic
equations of three-phase four-wire DC/AC inverters based on
a VOC are derived. It is also shown that there is a trade-off
between the dynamic response of the oscillator and the
harmonic voltage.

A. Orignal VOC-based Three-phase Inverters

Fig. 1 illustrates that the VOC-based four-line three-phase
DC/AC inverter is connected with the local RL load and the
power grid through an LCL filter and a static transfer switch

i(1)=av(r)

L HR TL

_ |

Fig. 2. The traditional virtual oscillator.

(STS). The LCL-filter is designed based on the rule given in
ref. [34]. The DC link voltage is symbolized as Ug.. The
inductor current and the grid phase voltage are symbolized as
iLo and vg, respectively. The voltages at the PCCs are
symbolized as vecc: and Veccz, respectively. The current
feedback gain and the voltage scaling factor of the oscillator
are symbolized as Kjand Ky, respectively. The parameters L,
and L,are the inverter-side inductor and the grid-side inductor
of the LCL filter, respectively, while R; and Ry are the
parasitic resistors of these two inductors. It is noted that Ct
denotes the capacitor between the two inductors. Also, Ly
correspond to the inductance of the electric grid lines. The
local load resistor and inductor are symbolized as R and Ly,
respectively.

+

W) == ¢

In a VOC-based three-phase inverter, the design of the
controller can be simplified through the coordinate
transformation [6]. In this paper, the controller is designed in
the of frame, where Lo is the output current of the three-
phase inverter. The a- and f- components of i o after
coordinate transformation are defined as i.(t) and ig(t), where
only iy(t) is provided as input to the proposed VOC.

Fig. 2 illustrates the structure of a traditional virtual
oscillator. It is noted that L and C are the oscillator inductor
and the oscillator capacitor, respectively. The oscillator
resistor is symbolized as R, where R = -1/5. The oscillator
current source is represented as is(t), where « is a positive
constant of the oscillator current source. The current flowing
through inductor L is denoted as i (t), and v(t) is the output
voltage of the oscillator. The nonlinear equations of VOC are
the following:
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Fig. 3. FFT spectrum of a traditional virtual oscillator: (a) oscillator output
voltage v(t), and (b) inductor current i,

di (1)
L? =V(t) @
¢ =i+ v -1, - K, 0 @

The output voltage of the oscillator is given by
V(t) = V/2Vas (t) COS(ct + O(1)) (3),

where

Vi 0 = (ZENT _EZK”KF“) y? 4)

w=0 + KK.QM) K‘;Q(t) (5)
2CVRMS (t)
and Vrwms(t) is the RMS voltage over one line frequency cycle,
while the oscillator output voltage frequency and phase offset
are symbolized as o and (7). The parameter of w"is the
nominal frequency of the inverter. It is noted that P(t) and O(t)
correspond to the average real and reactive power outputs of
the VO-controlled inverter at the switch terminals over an ac
cycle of period 2m/w* [15]. The detailed derivation of (4) and
(5) is given in Section I11-A.

The droop characteristic of the traditional VOC can be
written as follows

VRMS (t) :Voc +m, |5(t) (6)
=0 +myQ(t) (7,

where mp and mg, are the equivalent droop coefficients of

VOC and V,.=KyV20/3a is the open circuit voltage of the
oscillator, which can be obtained by substituting 2 = 0 in (4).

(2]
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Fig. 4. Synchronization error in the islanded mode of operation: (a)
traditional VOC, (b) traditional VOC with notch filter.

The values of mp and m, can be obtained by deriving (4)
and (5) as:

My =1 L ®)
20K, Vs (1)-BVeus (1)
KK, ©)

my, = ——-Y—
¢ 2CVRZMS (t)

B. Third-Order Harmonic Caused by the Original
Traditional VOC

In ref. [15], the perturbation methods and the method of
multiple scales [35] were used to analyze the harmonic content
in the oscillator. The output voltage of the oscillator is given
as follows:

V(z,,€) ~ 2 cos(z, +6,) — 808 2 sin(3r, +36,) (10)

where ¢=VL/C. The original time scale is denoted as z,,, and
7,=¢1, IS the slower time scale. It is noted that v is composed
of the fundamental wave and the third-harmonic components.

The FFT spectrum of the oscillator output voltage is
shown in Fig. 3 (a). It is observed that the output voltage of
the traditional VOC has an undesirable third harmonic
component (almost 1 %). In the grid-connected mode, the
third-harmonic voltage in the output voltage of the oscillator
will also generate a larger third-harmonic current in the grid-
side current. As shown in Fig. 3 (b), the third-harmonic in the
grid-side current i;, is close to 4%, which will severely
deteriorate the power quality of the electric grid.
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Fig. 5. The proposed virtual oscillator.

The relative amplitude of the third-harmonic component
to the fundamental is defined as ds.;, and the rise time of the
oscillator is defined as trse

é‘C‘s;lzg’trise = *L (11)
8 W o
It is concluded that the undesirable third-harmonic is
directly proportional to o, and the rise time tis of the
oscillator is inversely proportional to o¢. Reducing the third-
harmonic component by selecting appropriate parameters
will inevitably affect the transient response [15].

C. Effect on the Synchronization Speed of the Traditional
VOC with Notch Filter

To the best of the authors’ knowledge, only a notch filter
(12) has been employed to eliminate the third harmonic of
the oscillator output voltage [30]. However, the notch filter
should not be used in the islanded mode of operation because
it may affect the synchronization speed of the oscillator.

B s? +2§1(ha)o)s+(ha)o)2 12),
M (=2 o (heys - (he)’ (12)

where £1<<&, we=100z and h denotes the harmonic order.

Figs. 4 (a) and (b) illustrate the time required by two
parallel-connected inverters controlled by the traditional VOC
and the traditional VOC with notch filter, respectively, to
synchronize from arbitrarily different initial conditions. The
synchronization error veror can be defined as:

error |V V2 | (13) '

where v; and v, are the output voltages of inverter #1 and
inverter #2, respectively.

It is observed that the synchronization time of the
traditional VOC is less than 0.3 s, but the synchronization
time of the traditional VOC with notch filter is approximately
0.5 s. Therefore, it is concluded that the notch filter will
undoubtedly affect the synchronization speed of multiple
DC/AC inverters connected in parallel.

I1l.  PROPOSED VIRTUAL OSCILLATOR AND ITS
CHARACTERISTICS
In this section, an improved VOC is proposed, which is
obtained by improving the nonlinear current source of the
oscillator. Thus, it is capable to achieve better dynamic
characteristics and a reduction of the third-order harmonic
component.

A. Proposed Virtual Oscillator

In a traditional virtual oscillator, the nonlinear current
source is a cubic function of the oscillator output voltage

i, (t) = av*(t) = 2¢2aV3 s (t) *cos’ (wt + O(1)  (14).
By applying trigonometric identities, it is obtained that

cos’*(x) = %cos(x) + %cos(Sx) (15)

From (14), it can be derived that cos(3Xx) is the cause of the
third-harmonic voltage, so it is ignored when constructing a
nonlinear current source. Therefore, the non-linear current
source of the oscillator can be changed to

i, (1) = aVi(t) = 24/2aV 23 s (1) - cos(x)
3 (16).
= EaVRZMS t)-v(t)
Substituting (16) in (1) and (2) results in
c dzvgt) _ §VR2MS (0 dv(t) dv(t) _dig ()
dt 2 dt dt dt
(A7)
ELAC)
dt

Fig. 5 shows the equivalent circuit of the proposed virtual
oscillator. Note that in digital control, the proposed virtual
oscillator is realized with the mathematical model of the
improved nonlinear equation (17), so as to change the VOC
parameters in real time.

B. Droop Characteristic

A VOC is a time-domain controller that can emulate a
droop-like behavior, where the droop form of response is
inherent in the nonlinear nature of the oscillator. The
improvement of the nonlinear current source does not affect
its droop characteristics.

Considering the equivalent circuit of Fig. 5, the dynamics
of the proposed virtual-oscillator inductor current of i, and
oscillator output voltage of v, are given by

di_(t) _

L b v(t) (18)
¢ o 3va 00 +ov0 i 0 -Ki ) (19)
Substituting (3) in (18) results in

£%i(t) = Vo s (1) sin(t + O(L)) (20)

Next, with the coordinate transformation

Vs (6) = (i ()2 + V(1)

gi, (t)) (21)
v(t)

applied to (18) and (19), the evolution of Vrms(t) and (t) can

be expressed as:

Vo () 1 by,

ot +6(t) = tan™*(

o (V(t) = Viaus (1) V(1)) cos(wt +6(t))
dt  2C ; ©2)
_E Kii,, (t) cos(awt+6(t))
m e o .
ot ) —\/EVRMS OC (v(t)sin(wt+0(t)
- ngZMS (t)*v(t)sin(awt+0O(t))) (23)
1 . .
- m Kii, (t)sin(at+6(t))
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where f=3alc. The dynamic response expressed by (22) and
(23) is then averaged over 2z/w, resulting in the following
nonlinear differential equations

Ve (1) _ zj v(t) cos(at+a (1)) - g\ﬁfms () *v(t) cos(at+0 (1))

(o}
dt  27C23

K cos(et+a )t
o

_ 0 A7 ﬂ\7R3MS(t) _ KK, 5
7(VRMS(t)_ ) 2C\7RMS(t) P(t)

(24)

2”CVRMS )

0

da(t) o o Zf[ Veurs (1) COS(cot +8 () sin(awt + 0 ()
dt

AVoas (1) 2o i =
mcos(a)H 0 (t))sin(wt + (1)) ) dt

mjf. (1) sin(et+ (t))dt

. KK
(25)

where Vrus(t) is the average value of Vrws(t) in an AC cycle,

and P(t) and Q(t) correspond to the average active and

reactive, respectively, power output at the inverter terminals.
The equilibrium solution of (24) and (25) is given by

V() = (25N —alK PO (26)
., kKO0

W= 27
2c:v;MS (t) @7)

The maximum frequency of w is (1+5%)w”. Obviously, the
steady-state equilibrium solution of the proposed VOC is the
same as the traditional VOC. Therefore, the same droop
characteristics as the traditional VOC can be obtained. Also,
(26) can be written as follows

Vs O*K, =V, + m,P(t) (28),

where Vo=K, V20/3a and mp is the active-power droop
coefficient

m, = K, L 5 (29).
20K, Vaus (0)-BVeus (1)

The same droop-like behavior is also shown in the
frequency evolution equation as

w=0 + myQ(t) (30,

where m, is the reactive-power droop coefficient:

KK,

m =—— v (31)
° 2CV2(1)

It is not difficult to detect that the improvement of the
oscillator's nonlinear current source will not affect its droop
characteristics.

C. Elimination of Third-Order Harmonic

In this part, the harmonic content in the proposed VOC is
analyzed by the multiple scales and perturbation methods [35].
Considering the case of a virtual oscillator not connected to
the inverter, then (17) can be rewritten in the time coordinates

=0 t=(1/VLO)t as follows:
V—g(a—gav,f,\,ls)\'/+v:0 32)

where e—0.

Using a regular perturbation expansion, it can be assumed
that the approximate solution of the above equation can be
decomposed into the sum of components on multiple time
scales

V(z,, &) =V, (75, 1) + &V, (75, 7,) (33)

where 1 is the original time scale and r1=¢1o is the slower time
scale.

Substituting (33) in (32) results in
v, azv v,
Siv)+e +V, 42 1- Vo =0
or? o) ( 2t Tordr ol MS)aro)
(34)

In order for the equation to be true, the terms in the
brackets need to be equal to 0:

=

82
or?
=V (75, 7,) = a(7,) cos(z, + 6(7,))

0 +v,=0 (35)

where vo can be considered as the approximate fundamental
component of the oscillator output voltage, while a(z1) and
6(z1) are the amplitude and phase terms of the voltage.

Substituting (35) into (34) results in:

2 2
TN 4= R0 () 3Vausd )y iy )
0 or
299 cosz 1 0(z,)

1

(36)

The lower time scales of vi in the traditional VOC are
expressed as follows [15]:

0N =20 _ o)+ T a2 (@) sinte, + 0(z)
or, or, 2 37)
+2a(r,) %(Tl) cos(z, +6(7,))

1

+%a3(z-l)sin(310 +36(1,))

It can be inferred from (36) and (37) that by replacing the
nonlinear current source of the oscillator, the approximate
solution on lower time scales in the proposed VOC does not
contain the third-harmonic term.
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Fig. 6. FFT spectrum of the proposed VOC inductor current i ,: (a) oscillator
output voltage v(t), and (b) inductor current i,.

The value of v; of the proposed VOC can be deduced as
follows

v, = a, cos(z, +6,) (38),
and the value of v; of the traditional VOC is given by
v, =——2—sin(3r, + 6,) (39)

1 4\/E

The expressions in (38) and (39) indicate that the
unwanted third-harmonic component will not appear in the
proposed VOC, but it exists in the traditional VOC.
Considering that z; is the slower time scale, the term v; of the
proposed VOC has almost no effect on the steady-state
solution of v.

Fig. 6 () shows that by using the proposed method, the
third-harmonic component in the oscillator output voltage is
significantly reduced. In grid-tied operation, the FFT
spectrum of the inductor current i, is shown in Fig. 6 (b). By
using the proposed VOC, the third-harmonic component in the
grid-side current is reduced from 4 % to 0.2 %, which greatly
improves the waveform of the grid-injected current and makes
the DC/AC inverter more securely connected to the grid. It is
worth noting that, according to (4) and (5), the appropriate
values of the operating parameters can be selected in the
proposed oscillator in order to achieve a faster response speed.

D. Synchronization Speed Analysis in the Off-line Mode

The notch filter cannot be used in the islanded mode of
operation because it will affect the synchronization speed of
the oscillator.

Fig. 7 shows the synchronization error of the proposed
VOC in the islanded mode, where it can be seen that the

(o2}
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Fig. 7. Synchronization error of the proposed VOC in islanded mode.

synchronization speed of the proposed VOC is less than 0.3 s.
In Fig. 4 (a), the synchronization speed of the traditional VOC
is also 0.3 s. After the inverters are synchronized, multiple
parallel-connected inverters can realize the even distribution
of the load power.

Therefore, when the initial conditions of the oscillator
capacitors of the parallel inverters are different, the
synchronization time of the inverter with the notch filter will
increase, while the proposed oscillator will not affect the
synchronization time of the overall system.

E. Grid-Synchronization Measures

In the islanded mode, the droop characteristics of the VOC
will cause the amplitude and phase of the voltage at the PCC
to deviate from their nominal values. Hence, when a
VOC-based inverter directly switches from the islanded mode
to the grid-tied mode, a high inrush current will be generated.
Therefore, before connecting the islanded microgrid to the
power grid, some certain grid synchronization measures must
be addressed to ensure that the microgrid voltage is
synchronized with the grid voltage.

Since w"=+vL/C, by modifying either L or C in the
oscillator will also regulate »*. Based on this, an adaptive
integrator Pl compensator is introduced to modify the nominal
frequency «” in order to achieve closed-loop phase/frequency
tracking. The value of C is changed according to the phase
difference ey=0pcco-Opce1, Where Opcco and Gpccr are estimated
by using a Phase-Locked Loop (PLL) on Vpcco and Veccy,
respectively. PLL is only used prior to closing the breaker and
not for grid-tied operation.

Equation (40) is used to generate Cy for modifying the
capacitance C in (41) as follows

1 40

CO = (Ks +m)en ( )

C=C"+C, (41)

where C” is the nominal value of the oscillator capacitor. Kg
and z are the proportional constant and variable integral factor,
respectively.

The Pl compensator is used to adjust the voltage scaling
factor Ky and thereby to modify the output voltage amplitude
of the oscillator. The value of Ky is changed according to the
amplitude difference ey=vpcco-Vpcc: as follows

u, = (K + K, )e, (42)
S
K, =K, +u, (43)
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Fig. 9. Experimental setup with a 3 kW/3-phase/110V GCI.

where K, is a coefficient equal to the nominal value of the
output voltage, while K and K are the proportional and
integral, respectively, coefficients of the Pl compensator.

In order to verify the grid synchronization capability of the
proposed VOC-based three-phase DC/AC inverters shown in
Fig. 1, a simulation process was also carried out. The PCC1
voltage of vpcc1 and the PCC2 voltage of veccz in the grid
synchronization mode are shown in Fig. 8. Before 0.5 s, the
inverter is operating in the islanded mode. The
synchronization module was activated at 0.5 s, and the
amplitude and phase errors were eliminated within 0.2 s,
thereby achieving synchronized operation. After 0.7 s, the
inverter can be safely connected to the electrical grid.

IV. EXPERIMENTAL VERIFICATION

In order to verify the theoretical analysis and demonstrate
the effectiveness of the proposed method, a 3 kW/ three-
phase four-wire /120V LCL-filter-based experimental
prototype with the proposed control method has been
implemented by using the dSPACE DS1202 platform, which
is shown in Fig. 9. The Chroma 61830 three-phase grid
simulator has been used to simulate a three-phase grid. The
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Fig. 11. Harmonic distortion in gird-side current i;,,: (a) traditional VOC,
and (b) the proposed VOC.

Yokogawa DL 1640 digital oscilloscope has been used to
measure the grid voltage and grid-side current waveforms.
The values of critical parameters are listed in Tables | and |1,
respectively.

A. Grid Synchronization Operation

As shown in Fig. 10, when the inverter is operating in an
off-grid state, significant amplitude and phase differences are
developed between vpce1 and veeco. The gird-synchronization
measures are used to eliminate these amplitude and phase
differences. After about 0.2 s, the voltage and phase of Vecci
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and vecce are completely matched, and the DC/AC inverter
can be safely connected to the power grid.

B. Harmonic Elimination

The YOKOGAWA WT1600 Digital Power Meter has
been used to validate the proposed harmonic suppression
strategy. As shown in Fig. 11 (a), when the traditional
VVOC-controlled inverter operates in the grid-connected mode,
undesirable third-order harmonics will appear in the grid-side
current i 2. The RMS value of i 24 is 7.282 A, where the third-
harmonic content is 0.308 A (almost 4 %), the fifth harmonic
content is 0.074 A (almost 1 %), and the seventh harmonic
content is 0.047 A (below 1 %). Fig. 11 (b) shows the
harmonic content of the grid-side current iz in the grid-
connected operating mode of the proposed VOC. Obviously,
it can be found that the third-order harmonic component in the
grid-side current i 2, is significantly reduced. The proposed
VOC can effectively reduce the third-harmonic of the grid
current to less than 0.002 A (0.1 %). Thus, the experiment
effectively proves that the DC/AC inverter controlled by the
proposed virtual oscillator can successfully eliminate the
third-order harmonic component of the grid-injected current,
and thereby improve the performance of the inverter.

V. CONCLUSIONS

In order to eliminate the undesirable third-order harmonics
caused by VOC-based DC/AC inverters, an improved virtual
oscillator has been proposed in this paper. The overall
conclusions can be summarized as follows:

1) By reshaping the nonlinear current source of the
traditional VOC, the proposed VOC-based DC/AC inverter
successfully eliminates the third-order harmonic voltage.

2) Compared with the traditional VOC, the proposed
VVOC-based DC/AC inverter has a faster response speed.

3) Compared with the traditional VOC with notch filter,
the proposed VOC-based DC/AC inverter has a faster
synchronization speed in the islanded mode of operation.

The effectiveness of the proposed VOC has been fully
verified via a 3 kW/3-phase/120 V experimental laboratory
setup based on the dSPACE DS1202 platform.

TABLE I.
Oscillator Parameters
Symbol
Parameter Value U
Cc* Oscillator capacitance 0.1945 F
L Oscillator inductance 52.087 E-6 H
o Current source coefficeint 7.1975 AIV3
o Conductance 10.7962 Q1
Ki Current feedback gain 0.152 AJA
K'v Voltage scaling factor 120 VIV
TABLE Il
DC/AC Inverter and Controller Parameters
Symbol
Parameter Value u
Udc DC-link voltage 350 Vv
Vg Grid voltage 120 \
Kg Phase proportional constant -0.05 016
K; Voltage proportional constant 1 VIV
T Variable integral factor 5 016

Symbol DC/AC Inverter and Controller Parameters

Parameter Value U
K/ Voltage integral coefficient 1 VIV
L, Inverter-side filter inductor 12E-3 H
R, Parasitic resistor 0.1 Q
L, Grid-side filter inductor 12E-3 H
R, Parasitic resistor 0.1 Q
C, Filter capacitor 6 E-6 C
Ly Grid inductor 2E-3 H
R, Load resistance 22.12 Q
L, Load inductance 14.4 E-3 H
fs Switching frequency 10 kHz
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