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Abstract - This paper presents a control strategy for oscillator
based inverter for microgrids to enable asymptotic
synchronization in order to produce a stable power system.
The microgrid is formed by paralleling of three 3-phase
inverters; the output of the inverter is programmed to outdo
the changing aspects of a non-linear oscillator. The virtual
oscillator within the controllers is implicitly coupled through
physical electrical network say RLC networks and coordinate
transformations. Due to the self-sustaining capability of the
oscillators, the inverter ac outputs are synchronized and
communication between the inverters is not needed as the
controller uses local signals as feedback elements. In this
paper, the methodology of the controller is framed in such a
way that the inverter output voltage is retained within
prescribed limits although there are fluctuations in load. The
simulation results prove that the controller retains the voltage
fluctuations within £ 5 %.

Keywords:  Virtual oscillator, Microgrid, Asymptotic
synchronization, Coordinate transformations, Dead zone
oscillator, MatLab.

I. INTRODUCTION

Microgrids are alternative approach for integrating small
scale distributed energy sources into low voltage electrical
systems. Microgrids offer improved reliability, reduced
transmission losses, reduces carbon footprint and are
isolated from any grid disturbance or outages [1]-[5].

In this paper, an islanded microgrid is considered. The
voltage source inverter is supplied through a DC source and
any shortage in power is supplied by energy storage devices
like battery, by this the system reliability can be improved
in case there is any intermittency in the energy generation.
The block diagram of the proposed system is shown in Fig
1.

The controller is designed to regulate the output voltage
without involving any communication between the
inverters. In this paper, the controller called virtual
oscillator control (VOC) is employed to emphasize the fact
that each inverter is digitally controlled to emulate the
dynamics of a nonlinear oscillator, termed as dead zone
oscillator. It is in self-sustaining oscillator. This control
does not need any supervisory control [6]-[11] so there is no
probability of single point failure and also there is no need
for any explicit sin 6 command, no phase locked loop and
also no PID controllers are required [12]-[17].
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The proposed controller
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Fig 1. Block diagram of the proposed model

II.DESIGN OF DIGITAL CONTROLLER

The digital controller comprises of a dead zone
oscillator along with transformations. The controller
provides  asymptotic synchronization, asymptotic
synchronization means that once synchronisation is
achieved, the effect of small perturbation that destroys
synchronisation is rapidly damped and synchronisation is
achieved again.

The dead zone oscillator comprises of a damping
element (R), a resonant LC tank circuit to set the system
frequency and a voltage dependent current source to
withstand the oscillations. A dead band (sometimes called
aneutral zone) is an interval of a signal domain or band
where no action occurs, and is used to prevent oscillation or
repeated activation-deactivation cycles. Because of the
inherent coupling between the oscillators provided by the
electrical network the output voltage is synchronize without
the need for any communication between the inverters.

As stated above the basic microgrid topology under
consideration comprises of three parallel voltage source
inverters connected to a load. Each inverter is controlled to
emulate the dynamics of the dead-zone oscillator by using
the digital controller. In this paper, the controller design in
the off frame is focused. Mostly aff frame is used in
inverters because it converts three phase variables into two
phase stationery reference frame thus making the
computation simpler [18]-[19].

The schematic diagram of the microgrid with digital
controller is shown in Fig 2.
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Fig 2. Microgrid composed of three parallel voltage source inverters

The relationship between the original three-phase
signals and the transformed signals in the of-frame is
related as,
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Three phase current i,, iy, i. is drawn from the inverter
after filtering. Then three phase to two phase transformation
is done for current, here aff transformation is done as it
converts three phase to two phase stationery reference
frame, the conversion matrix for the transformation is given
above. The association between the single phase equivalents
of the three phase inverter is got by extracting the current i,
from the virtual oscillator.

A. Parameter selection and operation:

The transformed current i, is given to the controlled
current source and the controlled current source supplies the
RLC branch. The values of R, L, C must be selected such
that

R>— 3)
(o)

1
LC =—5, where @ =27nf 4)
w

The output from the virtual oscillator is vc=V,, sin ot, the
current through the inductor is i;, the inductor current is
multiplied with oL thus gives inductor voltage v, then vc
& vp are converted to three phase signal using inverse
transformation.

The three phase inverter switching action is controlled by
modulation signal. The modulation signal is obtained by
multiplying the three phase output by v, where, v = V2 Ve
the output from v is clambered by a factor 2/V. , that is, the
dc-link voltage. This gives the three phase modulation
signal m,, m, and m,. The type of modulation used here is
amplitude modulation; the modulation signal is given as
input to mathematical sine source. The sine pulse width
modulation (SPWM) scheme is used for generating gating
pulse for switches in three phase inverter.

III. SIMULATION OF THE DIGITAL CONTROLLER FOR
MICROGRID

The system shown in Fig 2 is simulated using MatLab —
Simulink [20] and the MatLab schematic is shown in Fig 3.
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Fig 3. Simulation model of microgrid composed of three parallel inverters

The schematic of implementation of digital controller is shown in Fig 4.

In3

Fig 4. Simulation model of digital controller

The simulation parameters are listed in Table I.
TABLE II. THE PERCENTAGE VOLTAGE VARIATION WITH LOAD IV. RESULTS AND DISCUSSION
CHANGES The microgrid with the proposed digital controller is

P ‘ val simulated and the load voltage and load current waveforms
arameters alues are shown in Fig 5 and Fig 6.
Input Specifications <00
Input Voltage 415V z
Frequency 50Hz s Y
__I=
Oscillator parameters 00
0.18 02 022 024 026 028 03
Resistance 10Q Time (s)
Induct 250uH Fig 5. Output voltage of microgrid composed of three parallel inverters
nductance u
= 20
; =
Capacitance 24mF z o
Inverter output filter parameters g o 1
. . E 710 -
Switching frequency 10kHz E
S 20
. 0.18 0.2 0.22 0.24 0.26 0.28 0.3
Resistance 0.1Q Time (s
Filter inductance 250 uF Fig 6. Output current of microgrid composed of three parallel inverters
Filter capacitance 30mF
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The output voltage of the system should be within
prescribed limits for variation in load. This is validated for
the proposed system and the variation of the load voltage
with respect to load changes are presented in Table II and
Fig 7. Moreover the variation in voltage and current total
harmonic distortion (THD) with load variation is shown in
Fig 8 and Fig 9 respectively.

TABLE II. THE PERCENTAGE VOLTAGE VARIATION WITH LOAD

CHANGES
Load (kW) | Voltage variation (%)
0.1 241
0.5 1.24
1 0.72
5 0.24
10 -0.07
15 -0.97
20 -1.7
- 3
=
g 2
2
g1
8 Load (kW)
; ]
=1 15
81
S
)

Fig 7. Load changes versus % voltage variation

The main aim of the controller is to maintain the output
voltage within prescribed limits even for large load
variations. The table and graph shows that the load voltage
is maintained within £5 % of the rated voltage.
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Fig 8. Load changes versus load voltage THD

According to IEEE standard 519, the voltage THD must
be within 5 % for voltage rating less than 69 kV. The graph
shows that THD limits are satisfied for various loading
conditions.
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Fig 9. Load changes versus load current THD

According to IEEE standard 519, the current THD must
be within 5 % for current rating less than 20A. The graph
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shows that THD limits are satisfied for various loading
conditions.

V.CONCLUSION

A method for controlling a system of parallel inverters
without communication between the inverters was
introduced and the developed using oscillator- based control
scheme in this paper. The concept is used for the design of
microgrid for maximizing the energy availability even
though there is any ambiguity in ambient conditions and
variation of load. The current from the inverter is given as
input to the controller, thus the controllers only require local
measurements available at the ac terminals; thus shows that
communication between inverters is not necessary. Each
inverter is provided with a controller, this ensures that there
is no centralized control hence there is no single point of
failure and also any number of inverters can be connected in
parallel. It was shown that due to the self-sustaining
capability of the oscillators the system of three inverters
synchronizes their ac outputs and share the load. Simulation
results demonstrates that the system of inverters continually
adjust their output to match load and the load voltage is
maintained within = 5 % of the rated value.
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