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Abstract: A hybrid distributed generator based on photovoltaic and wind-driven permanent magnet
synchronous generator is proposed. In this generator, the sources are connected together to the grid with
the help of only a single boost converter followed by an inverter. Thus, compared to earlier schemes, the
proposed scheme has fewer power converters. A model of the proposed scheme in the d g-axis reference
frame is developed. Two low-cost controllers are also proposed for the new hybrid scheme to separately
trigger the dc—dc converter and the inverter for tracking the maximum power from both sources. The
integrated operations of both proposed controllers for different conditions are demonstrated through a
simulation model.

Keywords- Grid-connected hybrid system, hybrid distributed generators (DGs), smart grid, wind-
driven (PMSG), photo voltaic (PV)

1. INTRODUCTION

A grid connected PMSG-PV hybrid system with a battery backup was described in where the dc-link
voltage was fixed to the battery voltage, but the maximum power extraction from the wind-driven PMSG
was not performed. A grid-connected hybrid system where the PV array and wind-driven PMSG were
connected to a common dc link through a multi-input dc—dc converter was proposed earlier. A PMSG-PV
hybrid system with multi-input dc—dc converter and multi-input inverter was also brought out in. In all of
the aforementioned hybrid DG systems with PMSG—PV attempted so far, the system had either individual
power converters for each of the sources or a battery backup. Furthermore, each converter was controlled
using complex algorithms for peak power tracking. In order to minimize the conduction and switching
losses of the devices, it is necessary to have the minimum number of power converters (power conversion
stages), and this has been attempted in this paper. In addition, it is desirable that power supplies in
consumer sites employ fewer power electronic conversion stages in order to improve the overall efficiency.
It should be noted that losses in conversion stages have to be compensated by increasing the sizes of the
generators. This, in turn, increases the cost of the hybrid generator. Generally, the efficiency of a de—dc
converter is maximum around 95% when it is operated in full load condition. Since source powers are
varying, it is not always possible to operate the dc—dc converter at its maximum efficiency. In the
aforementioned context, the proposed new topology avoids 5% loss in efficiency by eliminating an
additional conversion stage.

2. HYBRID POWER GENERATION

The hybrid generator has a PV array being directly connected to the dc link of de—dc converter. The
dc-link voltage is varied by a dc—dc converter interposed between the rectifier fed by the PMSG and the
grid-connected inverter. The output voltage of the dc—dc converter forms the load line for the PV array now
the inverter current is varied to extract the maximum current from both sources using current control
strategy. The proposed topology could thus dispense with a dc—dc converter, which, in earlier schemes, was
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connected after the PV array for maximum power extraction. Two new controllers are attempted for the
hybrid scheme proposed in order to achieve the maximum power extraction from both sources. Ad g-
axis model of the scheme has been developed and validated.

The successful operation of this scheme in extracting maximum power from both sources or from each of
the sources has been established through simulation investigations
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Figure 2.1 Structure of a Hybrid distributed generators

Furthermore, the proposed scheme is also for employment by domestic consumers in a smart grid
scenario and hence maintenance-free simple operation is envisaged. The proposed scheme is for a grid-
connected operation and hence battery storage is not necessary is main advantage of the paper where the
capital cost of the generator is very low because of the absence of battery.

2.1 PROPOSED SYSTEM
OPERATION OF THE CONTROLLERS

PV and PMSG energy generators

The wind and solar sources are generating power together in this case, and the variation of the duty
cycle of the dc—dc converter will eventually disturb the PV array’s terminal voltage (since Voc =Vpv).

Figure 2.2 PV and PMSG generator simulation circuit
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The rectifier voltage varies with the wind speed, and the duty cycle of the boost converter needs to be
automatically adjusted such that Vpc is equal to the peak power point voltage (V) of the PV array. At this
point (Vev = Vpc= Vn), the PV array delivers the maximum current(I,)which is concurrently drawn by the
current-controlled inverter.

To operate the PV array at its maximum power point (A), the dc—dc converter output (dc link voltage) is
adjusted to Vi, by varying the duty cycle of the dc—dc converter by controller 1.

The duty cycle variation of controller 1 is given
onew = dold + sgn(AP)sgn(AVPV)AS
where
AGJ is the perturbation in duty cycle
AP is the difference in PV array power
AVPV is the difference in PV array voltage before and after perturbation.

If both AP and AVPV are either positive or negative, then the duty cycle increases and vice versa if
different. The duty cycle variation in this scheme is hence exactly opposite to the duty cycle variation of a
P&O controller used in existing schemes, where a PV array precedes a boost converter.

The main objective of controller 2 is to vary the inverter output current fed to the grid. The reference
current (Irer ) for this hysteresis current controller is derived based on the available maximum power from
both sources for a particular condition (i.e., irradiation and PMSG shaft torque). Vpy is at maximum power
point value by the action of controller 1. The current drawn from the boost converter (Iy) and PV (Ipv)
together is maximized by changing Iy as

Iref(new) = Iref(old) + sgn [A(Ipv + I1)] K
Where,

A(Ipy + Iy) is the change in the sum of Ipy and I, and K is the step in perturbation of Ir.r. It is clear ifthe
current to be drawn from the boost converter increases, Irer also increases correspondingly. At steady state,
the reference current value for a particular condition of irradiation and wind speed is

Iref=\2( VpvIpv+ IrVr)

Varid

2.2 METHOD OF WORKING
2.2.1Maximum Power Point Tracking (controller 1)

Investigations on MPPT Operation In order to ascertain the successful operation of the hybrid
generator for different irradiation and PMSG shaft speed conditions, the following investigations were
carried out in the laboratory prototype. The experimentation was conducted when the irradiation has
been constant without major variations. The variations of these parameters with respect to the
Generator power variations with PMSG shaft speed and irradiation.
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Figure 2.3 Simulation circuit of MPPT

(a) PMSG power, boost converter duty cycle, and reference current variation with PMSG shaft speed. (b)
PV power, boost converter duty cycle, and reference current variation with ISC of the PV array.DC motor
speed (PMSG speed) are depicted. It is clear that, when the PMSG shaft speed had increased, the PMSG
output power also had correspondingly increased and the current reference generated by controller 2 also
had increased proportionally in order to extract the available maximum power. As the dc motor speed
increases the input voltage to the dc—dc converter also increases, and hence, the duty cycle of the boost
converter automatically decreases to maintain the dc-link voltage to the PV’s maximum power point
voltage. The ISC of the PV array is directly proportional to irradiation. Hence, the variations of the PV
power, duty cycle of the boost converter, and reference current with the variation of ISC (instead of
irradiation) are given. It can be found that, when ISC (irradiation) increases, the voltage corresponding to
its maximum power point also increases and the duty cycle of the boost converter correspondingly increases
to match the maximum power point voltage of the PV array. At the same time, the reference current value
also proportionally increases to extract the available maximum power from both sources as expected

2.2.2 Hysteresis Current Controller (Controller 2)

The complete schematic of controller 2 is given in Figure.2.4High-frequency op-amps (LM-318) are used
to construct the hysteresis current controller. Ipy and I, are sensed by the current transducers and digitized
by the internal ADC module of the microcontroller. Based on It is determined and available as a digital
output from the microcontroller. This digital value is subsequently processed by a digital-to-analog
conversion IC to obtain a dc value which corresponds to the peak value of L.

Current Controlling System

This dc value is multiplied with the sine wave reference extracted from the grid voltage by a
multiplier IC and fed to the hysteresis current controller as the reference current signal. When the PV array
(or PMSGQG) alone generates power, Ip(or Ipy) will be zero, and I.ss perturbed and adjustedautomatically to
extract the maximum power from the PV array (or PMSG). When both sources are generating, I.r will be
perturbed based on and adjusted to maximize the dc-link current Ipc for the corresponding irradiation and
wind speed conditions. As the sine wave reference is taken from the grid
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Figure 2.4 simulation circuit of hysteresis current controller

3. SIMULATION RESULTS
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Figure 3.1 waveform of photovoltaic energy

By giving the constant 5v it has been observed that the PV array is producing power

Figure 3.2 current waveform of wind energy
The above simulation waveform for current flow of wind energy system
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Fire 3.3 Inverted ltage vefform
By combining the both PV and PMSG the converter produces the output voltage waveform by hysteresis
controller the observed waveform is taken before followed by the inverter.

Figure 3.4 output voltage waveform
The observed clear output voltage waveform that obtained from the inverter.
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Figure 3.5 inverted current waveform
Inverted current waveform that produced by hysteresis current controller before feeding into the inverter.

Figure 3.6 output current waveform
Current waveform generated by the inverter is observed.
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Figure 3.7 Output power generated
By combining the both PV and PMSG the output power waveform is produced

4. APPLICATIONS
The hybrid power system may includes various types of application some of the main applications are
listed below
MOBILE POWER
BUILDING
WATER PUMPING
VENTILATION
REMOTE LIGHTING
SECURITY

5. CONCLUSION

A new reliable hybrid DC system based on PV and wind driven PMSG as sources, with only a boost
converter followed by an inverter stage, has been successfully verified using MATLAB. In addition, it has
been established through simulation that the two controllers, digital MPPT controller and hysteresis current
controller, which are designed specifically for the proposed system, have exactly tracked the maximum
powers from both sources. Maintenance-free operation, reliability, and low cost are the features required
for the DG employed in secondary distribution systems. Steady state waveforms captured at the grid side
show that the power generated by the DC system is fed to the grid at unity power factor. Perturb and absorb
algorithm can be replaced by current sweep and constant voltage algorithm in future scope for the better
improvement of power and efficiency factors
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