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Abstract— Harnessing wind power using induction generators have been widely practiced throughout the world. Hybrid wind
solar generation schemes are a good option in grid isolated places. This paper presents a single-phase dual stator winding
induction generator combined with a strategically connected photovoltaic panel for standalone operation suitable for
microgeneration. This scheme can be installed in remote and grid unreachable areas as a reliable electrical source of power. The
variable reactive power requirement of the generator is provided by a single-phase inverter. The variable frequency inverter
source regulates the load voltage during fluctuating loads or low wind speeds. The generated voltage is converted to DC and is
also assisted by the photovoltaic panel for battery charging. A fixed frequency inverter can then be used to supply the single-
phase domestic loads. Suitable simulations validate the proposed strategy backed by experimental findings on a 250W, 240V,

50Hz, 4-pole generator.
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L INTRODUCTION

There is a constant need for development of renewable
sources of power for generation purposes owing to the
increased use of diminishing fossil fuel. Fossil fuel usage has
not only resulted in increase in pollution but also led to
increase in green-house gases and overall led to weather
alterations. Wind is among a clean renewable energy source
but it is intermittent. Solar energy in combination to wind is
a great choice for hybrid generation purposes [1] since solar
and wind energy mostly complement each other. For
harnessing wind power, induction generators are commonly
used coupled to wind turbines for generation of electricity in
grid connected as well as standalone purposes [2]-[5]. For
supplying single-phase isolated loads, single-phase induction
generators are ideal candidates since most of the domestic
loads are of single phase type. These machines are generally
rated in fractional kW range which is an additional
advantage for their use in small standalone purpose for
supplying grid isolated, single-phase domestic loads.
Various generation schemes are available which proposes
single-phase induction machines as generators [6]-[8].

Increase in load or speed decrease will lead to the
generator’s increased reactive power requirement. Inverter
assisted control for the same is proposed previously to
increase the operating range and provide stable output for
single-phase induction generator [9]. With increase in load,
the steady load voltage buildup may impede without proper
control or at low wind speeds when generation may be
insufficient. It is generally observed that solar power is well
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complements wind power at various places generally at
onshore installations [1]. Thus use of PV panels with wind
turbine generators is also a well researched area [10]-[13].
However, not much research has been done for standalone,
small scale installation for operation of such a hybrid
system.

In this paper, a wind-PV hybrid generation scheme is
proposed with a 250W, 240V, 50Hz, 4-pole, single-phase
induction generator. The two windings present on the stator
are electrically isolated and are used as dual winding
machine. It uses a fixed capacitor for initial excitation of the
induction generator at nominal rotor speeds and no load
condition. The main winding is used for generation purpose
whereas the auxiliary winding is used for controlling the
generated output. The auxiliary winding has the single-phase
inverter assembly. The capacitor is connected across the
main winding terminals across which a rectifier and PV
panel is connected. The PV panel feeds it power to the dc
bus which is connected across a fixed frequency inverter.
When load increases or when the wind power becomes low,
the inverter assembly provides the necessary additional
excitation to maintain the magnetizing field of the generator
and thus keeping the real power constant at load terminals.
The generated power is augmented by the PV panel which is
helpful during low wind regimes.

The proposed scheme is discussed in details in the next
section, followed by the simulations and experimental
results, analysis and finally conclusions are drawn. The
simulation results along with experimental data justifies the
suitability of the concept for remote and grid isolated
purposes.
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II. PROPOSED HYBRID GENERATION SCHEME

In the hybrid generation scheme, a single-phase induction
machine operated as dual stator winding generator is
proposed which generates at wide range of speeds. The
induction machine’s main winding are connected to a
capacitor for providing the initial VAr requirement. The
generated voltage is converted into dc using a rectifier. The
PV panel is connected at the output of the rectifier to
augment the generation. The output of which is connected to
a fixed frequency inverter for supplying domestic single-
phase AC loads. A single-phase inverter is connected across
the auxiliary winding to provide variable excitation during
low wind or high loads. As the machine starts to generate,
single phase loads can be connected across the main winding
terminals across the fixed frequency inverter. The inverter
frequency is maintained at 50 Hz. The inverter along with
the battery is sized for low power rating as the reactive
power requirement is low. The block diagram for the
proposed scheme is shown in Fig.1.
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Fig. 1. Proposed hybrid generation scheme.

The single-phase inverter across the auxiliary is
controlled via a hysteresis controller which senses the
generated voltage and current to generate a current reference.
The induction generator is modeled using the generalized d-
g-axes machine model in stator reference frame as,

d
v, =R, i, +— 1
ds ds‘*ds dt Vs ( )
. d
Vs = Rq‘vqu +E‘/fq‘v 2)
. d
0= Rdrldr +El//dr + a)rl//qr 3)
. d
0= Rquqr + El//qr — DYy “)

where, Ry, R, are respectively the d and ¢ axis stator
resistances with iz, iy, iq and i, the stator d-axis and g-axis
and rotor d-axis and g-axis currents respectively. w, is the
speed of the rotor. Flux linkage relations can be given as,
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Yas = Ligglas + Lam Gas +1g,) )
Vs = L,qxiqs + Lqm (iq‘Y +i q,) (6)
Yar = Ligrlay + Loy g +ig,) (N
W = Ly + Ly Gigs +iy) 8)

where, Wy, Wqs War and y,, are the stator d- g-axes and rotor
d- g-axes flux linkages respectively, Ly, Ligs, Ligr and Ly,
are the stator d- g-axes and rotor d- g-axes leakage
inductances with L,, and L, are the magnetizing
inductances of d- g-axes.

The PV panel can be modeled using the voltage-current
relationship [14] as,

I, =Nplpy —Nplglexp(qV,, / NgKT-A)~1] €))

In (9) the Ipy is the photo diode current, I is the diode
saturation current, charge of an electron ‘q’. K is the
Boltzmann constant and the PV cell temperature is denoted
as T,, A as the ideal factor for panel. The PV panel is made
of series parallel connected PV cells. The number of
parallel and series connected cells are denoted respectively
as Np and Ng for the panel. Usually there are shunt and
series resistances in the PV panel model. It is assumed that
the shunt resistance is infinite and series resistance zero for
the PV panel considered. The PV panel approximate
equivalent circuit is shown in Fig.2.
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Fig. 2. PV panel approximate equivalent circuit.

Fig.3. shows the equivalent circuit of the induction
generator in d-g axes stationary reference frame from (1)-
(8). Fig.2 (a) and (b) are the d-g-axes equivalent circuits.
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Fig. 3. Induction generator (a) d-axis and (b) g-axis equivalent circuits.

III. SIMULATION AND EXPERIMENTAL RESULTS

A 250W, 240V, 50Hz, 4-pole, single phase, cage rotor
induction machine is used for the simulation and laboratory
experimental study. The terminal capacitor of 10 pF is used
for the initial voltage buildup at no-load condition. The
inverter is operated in a hysteresis band based current
controller. The controller block diagram is shown in Fig.4.
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Fig. 4. Single-phase inverter controller block diagram.

The simulation study is carried out using
MATLAB/Simulink R2012b platform. Initially with a set
value of 10 pF terminal capacitor for the induction machine,
the generation starts. As the IG reaches a cut-off speed of
1350 r/min, the generator initiates to generate. The simulated
generator voltage build-up is shown in Fig.5.
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Fig. 5. Simulated waveform for voltage build-up of the IG.

The plot for the main and auxiliary currents along with
speed fluxes and load at steady state are shown in Fig.6 for
the IG.
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Fig. 6. Simulated waveform for stator winding currents, flux-linkages and
generator speed.
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Fig. 7. Simulated waveform for DC voltage at output.

The simulated model uses a single phase inverter and
battery assembly as the inverter DC bus. The rectifier
output dc bus voltage is shown in Fig.7. The inverter
voltage is shown in Fig.8.
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Fig. 8. Simulated waveform for inverter excitation voltage.

Fig.9 (a) and Fig.9 (b) shows the fixed frequency inverter
filtered output voltage waveform in steady state and with
change in rotor speeds from 1600 r/min to 1650 r/min with
constant rated load. The generated voltage and frequency
remains stable as shown in the figures.

73



International Journal of Computer Sciences and Engineering

=
o]
=

T T T T T T T T T
of HAMAA it \|\\\.I\‘I‘Hl‘WJH\.\LW‘l‘l‘l‘\lu‘\\|\|M““ i il (LK [

| | | | | | | | |
62 64 66 68 7 72 74 76 18 8
fime (sec)

Generated
vgltage OV

.
-
=1

{500 i

0
400 T T T T T T T T

ol Rl AIAR(EARA RIARARIA MR ki

| | | | | | | | |
62 64 66 68 7 72 74 78 78 8
time (sec)

Generated Speed (r/min)

voltage (W)
s
[ ]
mo

(b)

Fig. 9. Simulated waveform for (a) fixed frequency inverter output voltage
and (b) output voltage with step change in speeds.

Fig. 10 shows the simulated waveform for the main winding
current and load voltage with step change in load from half
rated to full load. As shown with the proposed control, the
generated voltage at output remains almost constant.
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Fig. 10. Waveform for main winding current, speed and load voltage with
step change in load.
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Fig.11 shows the experimental load voltage waveform in
steady state.
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Fig. 11. Experimental waveform for load voltage waveform in steady state.

Fig.12 shows the experimental waveform of the load current
and terminal voltage when step variation of load similar to
simulation study is made. The experimental results as shown
are in good agreement with the simulated results.

Tek i @ Stop b Pas: —1.000ms

Application of rated ¥
load

s Y

AAAARAAARRAAAARARAL AL
VA

i Si0.0ms
1-Feb-16 1146

CH1 200mb CH2 100.0%
CHI: Y-anis = 2A div.
CH2: Y-axis = 200V/div.

Fig. 12. Experimental waveform for load current (CH1) and terminal
voltage (CH2).

IV. CONCLUSION
A wind-PV hybrid generation with single-phase

induction generator is proposed in the paper. The generator
scheme can be easily installed and used in remote and grid
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isolated areas with a wind turbine for household
microgeneration applications. The proposed control strategy
with single-phase inverter surmounts the problem of voltage
regulation effectively at load or speed transients. The PV
panel also helps in augmenting the generation thus serving
the induction generator to operate in isolated mode. The
single-phase induction generator along with its control can
be a suitable option for employing in wind-PV energy for
standalone, grid secluded applications.
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