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Abstract: A new topology of a hybrid distributed generator based
on photovoltaic and wind-driven per manent magnet synchronous
generator is proposed. In this generator, the sources are together
connected 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.
Model of the proposed scheme in d-q axes 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 the
sources. The integrated operations of both the proposed
controllers for different conditions are demonstrated through
simulation and experimentation. Steady-state performance of the
system and transient response of the controllers are also
presented to demonstrate the successful operation of the new
hybrid system. Comparison of experimental and simulation
results are given to validate the ssmulation modedl.
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1. INTRODUCTION

A new topology of a hybrid distributed generatoisdsh on
photovoltaic and wind-driven permanent magnet syoubus
generator is proposed. In this generator, the ssurare
together connected to the grid with the help ofyamlisingle
boost converter followed by an inverter. Thus, cared to

earlier schemes, the proposed scheme has fewerrpowe

converters. Model of the proposed scheme dig axes
reference frame is developed. Two low cost cordrsllare
also proposed for the new hybrid scheme to separaigger
the DC-DC converter and the inverter for trackinge t

Princeton Institute of Engineering and
Technology for Women
Ghatkesar, Hyderabad, Ts, India

bus through individual power converters, then tit& lhus was
connected to the utility grid through an inverter.

Various possible combinations of hybrid PMSG-PVteys
are illustrated in the literature. Earlier, a sixraconverter
topology was attempted, in which the outputs of\adPray
and wind generator were subjected to a boost aperat
through individual switches to match the DC bustagé, a
hybrid wind-PV system along with battery was expéddl, in
which both the sources were connected to a comm@rbis
through individual power converters, then the DG hwas
connected to the utility grid through an inverte&rid
connected PMSG-PV hybrid system with battery backag
described, where the DC link voltage was fixed itdry
voltage, but the maximum power extraction from widri/en
PMSG was not performed. A grid connected hybrictesys
where the PV array and wind-driven PMSG were cotatketo
a common DC link through a multi input DC-DC corteer
was proposed earlier in. A PMSG — PV hybrid systgith
multi-input DC- DC converter and multi-input invertwas
also brought out in . In all the above hybrid DGteyns with
PMSG-PV attempted so far, the system either hatVicheal
power converters for each of the sources or a tyali@ckup.
Further, each converter was controlled using corple
algorithms for peak power tracking.

2. PROJECT DESIGN
A hybrid distributed generator based on photovoltand

wind-driven permanent magnet synchronous generator
proposed. In this generator, the sources are tegetinnected

maximum power from both the sources. The integrateto the grid with the help of only a single boostneerter

operations of both the proposed controllers forfedént
conditions are demonstrated through simulation
experimentation. Steady-state performance of tisesy and
transient response of the controllers are alsoepted to
demonstrate the successful operation of the newrichyb
system. Comparison of experimental and simulatiesults
are given to validate the simulation model.

In a hybrid wind-PV system along with battery waglained,
in which both the sources were Connected to a cambi©
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followed by an inverter.

and

2.1. Proposed System Technique

In all the above hybrid DG systems with PMSG-P\éapted
so far, the system either had individual power esters for
each of the sources or a battery backup. Furthach e
converter was controlled using complex algorithros geak
power tracking. In order to minimize the conductiand
switching losses of the devices, it is necessarhaee the
minimum number of power converters (power conversio
stages) and this has been attempted in this pepaddition, it
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is desirable that power supplies in consumer siemloy
fewer power electronic conversion stages in ordemprove
the overall efficiency.

2.2. Advantages of Proposed Technique
» Battery storage is not necessary.
e Switching losses is low
»  Continuity of power supply is possible
* Highly efficient

The block diagram of proposed DG scheme is givewtiare
a direct driven PMSG and a PV array are the sourtks

PV module when light radiation is available candohieved.
Both units can be generated power when both souaces
available. By providing the battery uninterruptecdwer
supply is possible when both sources are idle1Fghows the
functional block diagram of hybrid wind solar engystem.
The power generated from wind mill is of AC voltaghich is
converted through AC-DC rectifier. A special typd o
converter is used to step up or step down throu@SNET
switching called “SEPIC” converter for wind mill.oF solar
system cuk converter is used for the regulatiore Tticro
controller incorporated in this scheme, which ragyl refers
the operation of sources and switches the correlpgn

PMSG output is rectified and fed into a DC-DC boostconverters and fed into change the battery or ® ltad

converter. The rectifier output voltage varies witle wind-
speed. The PV array terminals are connected toukgut of
the DC-DC converter to form a common DC link foreth
proposed system. The inverter input terminals et to this
common DC link. The PV array voltage (VPV) is fixemlthel -
output voltage of the DC-DC converter (VDC) sindee t
output terminals of both the PV array and the DMDE
converter are tied together. The output voltagéhefDC-DC
converter is automatically varied by a PV MPPT colfer
(Controller 1) to PV array’s maximum power pointltage.
Under this condition, the maximum current for thiveg
irradiation is drawn from the PV array by the actaf current
controller (controller 2) of the inverter. The ba&terturb &
Observe (P&O) algorithm is employed albeit withiaverted
duty-cycle adjustment in controller 1. This revisetjustment

through inverters. The output of the inverter ismected with
the load and after that the voltage is stepped wypab
transformer. The driver circuit is used to give tiae signal
for the MOSFET of converters.

Photovoltaic solar power Solar panels are the nmedta

convert solar energy into the electrical energylaSpanels
can convert the energy directly or heat the watih \the

induced energy. PV (Photo-voltaic) cells are magefrom

semiconductor structures as in the computer tecigied. Sun
rays are absorbed with this material and electesasemitted
from the atoms .This release activates a currdmgtdvoltaic

is known as the process between radiation absashddthe
electricity induced. Solar power is converted itlie electric
power by a common principle called photo electffea. The

solar cell array or panel consists of an appropmatmber of

in the proposed scheme is because of the DC-DCtboogolar cell modules connected in series or parblised on the

converter being fed by a stiff DC source (rectifrutput)
instead of the PV array.

2.3. Maximum power point tracking (MPPT)

Maximum power point tracking (MPPT) is a technicgihat
charge controllers use for wind turbines and P\Arseystems
to employ and maximize power output. PV solar cormes
different configurations. The most basic versiome where
power goes from collector panels to the invertdtefovia a
controller) and from there directly onto the grill.second
version might split the power at the inverter. Tisiscalled a
hybrid inverter.

3. PERMANENT MAGNET SYNCHOROUS
GENERATOR

required current and voltage. 2. Wind Power Thedvanergy
is a renewable source of energy. Wind turbinesused to
convert the wind power into electric power. Elecgenerator
inside the turbine converts the mechanical poweo ife
electric power. Wind turbine systems are availataleging
from 50W to 3-4 MW. The energy production by wind
turbines depends on the wind velocity acting onttiveine.
wind power is able to feed both energy productiord a
demand in the rural areas. It is used to run a mithdvhich in
turn drives a wind generator or wind turbine to darce
electricity.[3] 3. Batteries The batteries in thestem provide
to store the electricity that is generated from wied or the
solar power. Any required capacity can be obtaibgderial
or parallel connections of the batteries. The pattéhat
provides the most advantageous operation in thar suoid
wind power systems are maintenance free dry tydeusitizes

where the excitation field is provided by a pern@naagnet
instead of a coil. The term synchronous refers hetbe fact
that the rotor and magnetic field rotate with tlagne speed,
because the magnetic field is generated throughhadt s
mounted permanent magnet mechanism and curremduséd
into the stationary armature.

performance for long discharges.[4] 4. Inverter fggestored
in the battery is drawn by electricals loads thioue
inverter, which converts DC power into AC power.€eTh
inverter has in-built protection for Short-CircuiReverse
Polarity, Low Battery Voltage and Over Load. 5.
Microcontroller The microcontroller compares thepub of

Solar-Wind hybrid Power system is the combined poweboth Power system and gives the signal to thequaati relay

generating system by wind mill and solar energyepdh also

and charges the DC Battery. The DC voltage is cdegédnto

includes a battery which is used to store the gngemerated AC Supply by Inverter Circuit. The MOSFET (IRF 548)

from both the sources. Using this system power igeioa by
windmill when wind source is available and genematirom
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connected to the Secondary of the centre tappedfiramer.
By triggering of MOSFET alternatively, the curreitaw in
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the Primary winding is also alternative in naturel ave get
the AC supply in the primary winding of the transfer.

4. DC-DC CONVERTERS

DC to DC converters are important in portable etetdt

devices such as cellular phones and laptop conguigrich

are supplied with power from batteries primarily.uc

electronic devices often contain several sub-disc@iach with
its own voltage level requirement different fronatsupplied
by the battery or an external supply (sometimesérigor
lower than the supply voltage). Additionally, theattery

voltage declines as its stored energy is draingdtcBed DC
to DC converters offer a method to increase voltiigm a
partially lowered battery voltage thereby savingapinstead
of using multiple batteries to accomplish the sainiey.

Most DC to DC converters also regulate the outmlitage.
Some exceptions include high-efficiency LED poweurses,
which are a kind of DC to DC converter that regesathe
current through the LEDs, and simple charge pumpitw
double or triple the output voltage.

4.1.
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Inverter
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Fig.1. Modules Description: Circuit Diagram

4.2. Operation Of Proposed Converter

The PMSG output is rectified and fed into a DC-D@o$t
converter. The rectifier output voltage varies witle wind-
speed. The PV array terminals are connected toukgut of
the DC-DC converter to form a common DC link foreth
proposed system. The inverter input terminals e to this
common DC link. The PV array voltage (VPV) is fixedthe
output voltage of the DC-DC converter (VDC) sindee t
output terminals of both the PV array and the DME
converter are tied together. The output voltagéhefDC-DC
converter is automatically varied by a PV MPPT colfer
(Controller 1) to PV array’s maximum power pointltage.
Under this condition, the maximum current for thiveg
irradiation is drawn from the PV array by the aotaf current
controller (controller 2) of the inverter. The ba&terturb &
Observe (P&O) algorithm is employed albeit withiaverted
duty-cycle adjustment in controller 1. This revisetjustment

in the proposed scheme is because of the DC-DCtboo:

converter being fed by a stiff DC source (rectifmutput)
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instead of the PV array. The output voltage of therent
controlled inverter is tied to the grid voltage ahd frequency
and the phase requirement for synchronization
automatically met. The current fed to the grid bg tnverter
(IGRID) follows the reference current signal (Irefyhich is
automatically varied by controller 2 for drawingetmaximum
current from both PMSG & PV array. In the proposeteme,
the setting of DC voltage reference of the DC-D@wenter to
the peak power point voltage of the PV array ardréfierence
current setting of current controlled inverter esponding to
the maximum current extractable from both the sesirc
results in peak power extraction from both the sesir

are

4.3 Model Of The Proposed System

A model of the proposed DG system is developed to
investigate the system performance. PMSG has besarided

by its steady state equivalent circuit. The restiiDC output
voltage (VR) and current (IR) in terms of statompé voltage
VS (rms) and stator current IS(rms).

Supply voltage varies with wind-speed and hencer¢kéfier
output voltage VR is a varying DC. This varying fg&ds the
DCDC converter. The output voltage of the DC-DC\eater
.whereis duty-cycle of the DC-DC converter. The rectifier
output is connected to the models of DC — DC caevePV
array and the inverter. Thé axis andq axis circuits of the
system . In the proposed schemieand Iref are varied to
extract the maximum IDC at any instant of time. piheposed
DG system can be simulated on any platform.
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4.4. Operation Of The Controllers:

Case 1 (PV and PM SG generating power)

The wind and solar sources are generating powestheg in
this case and the variation of duty-cycle of the -DC
converter will eventually disturb the PV array’srnenal
voltage (since VDC = VPV). The rectifier voltageries with
the wind-speed and the duty-cycle of the boost edev
needs to be automatically adjusted such that VDegjisl to
the peak power point voltage (Vm) of the PV array.this
point (VPV VDC
maximum current (Im) which is concurrently drawn the
current controlled inverter. The operatidrcontroller 1
is explained . As shown in the Fig. 5, the DC lugitage may
be, say V1 (B) or V2 (C) depending upon the presky-
cycle of the DC-DC converter. To operate the P\ayaat its
maximum power point (A), the DC-DC converter outfDC
link voltage) is adjusted to Vm by varying the datycle of
the DC-DC converter by controller .The duty-cyclkrigtion

of controller 1. wher&\dis the perturbation in duty-cycle, sgn
is Signum functionAP is the difference in PV array power

and AVPV is difference in PV array voltage before antbaf
perturbation. IfAP and AVPV are both either positive or
negative then the duty-cycle increases and viceavef

different.

The duty cycle variation in this scheme is hencacty

opposite to the duty-cycle variation of a P&O coliar used

in existing schemes, where a PV array precedes astbo

converter. The main objective of controller 2 désviary the
inverter output current fed to the grid. The refee current
(Iref) for this hysteresis current controller isrisled based on
the available maximum power from the both the sesifor a
particular condition (i.e. irradiation and PMSG fha
torque).VPV, is at maximum power point value by #ution
of controller 1. Current drawn from the boost catse (1b)
and PV (IPV) together is maximized by changing .Véhe
A(IPV+I1b) is the change in the sum of IPV and Ib &k the
step in perturbation of Iref. It is clear from, dtirrent to be
drawn from boost converter increases, Iref alsareiases
correspondingly. At steady-state, the referenceeotirvalue
or a particular condition of irradiation.

Case 2 (PM SG alone generating power)

It is obvious that during night time, the currerdansducer
connected to the PV terminal will not give any @sge. In
such a case, the controller 1 will skip the PV-MP&gdorithm
and work in a voltage control mode. By taking thatage
transducer output (VDC) as feedback signal, thetroter
lvaries the duty-cycle of the boost converter tantain the
DC link voltage to a DC value corresponding to tlated
RMS voltage of the grid. As IPV is zero in this eashe
controller 2.to extracts the maximum power from BSG
alone.

Case 3 (PV alone generating power)
When PMSG is not generating power, there is notitpuhe
DC-DC converter and hence no triggering pulse isegated
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Vm), the PV array delivers the

by controller 1. The controller 2 varies Iref sutiat to feed
the maximum power from PV array alone.

5. SIMULATION RESULTS

5.1. Hysteresis Current Controller (Controller 2)

The complete schematic of controller 2 is giveFig. 6. High
frequency op-amps (LM-318) are used to construct
hysteresis-current-controller. IPV and Ib are sdnbg the
current transducers and digitized by the intern@lCAmodule
of the microcontroller. Based on (15), Iref is detamed and
available as digital output from the microcontrollélhis
digital value is subsequently processed by a DigftséAnalog
Conversion (DAC) IC to obtain a DC value which

Corresponds to the peak value of Iref. This DC wals
multiplied with the sine wave reference extracteainf the
grid voltage, by a multiplier IC and fed to the teyesis
current- controller as the reference current sigidéhen PV
array (or PMSG) alone generates power, Ib (or IRM) be
zero and Iref is perturbed and adjusted autométitalkextract

th

the maximum power from PV array (or PMSG). Whenhbot

the sources are generating, Iref will be perturtbaskd on (15)
and adjusted to maximize the DC link current IDC fbe

corresponding irradiation and wind-speed conditiohs the

sine wave reference is taken from the grid, theiiter output
current will have grid frequency and will be in ghawith the
grid voltage.

5.2. Simulatio‘n Design
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