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ABSTRACT

This paper presents performance analysis of a single-phase self-excited induction generator
driven by photovoltaic (PV) system with maximum power point tracking (MPPT) system for
low power isolated stand-alone applications. A single-phase self-excited induction machine
can work as a self-excited induction generator (SEIG) when its rotor is driven at a suitable
speed by a photovoltaic powered dc motor. Its excitation is provided by connecting a single-
phase capacitor bank at stator terminals. Either to augment grid power or to get uninterrupted
power during grid failure stand alone low capacity ac generators is used. These are driven by
hybrid PV- battery system. Self-excitation with capacitor at the stator terminals of the
induction machine is well demonstrated experimentally on a PV powered dc motor-induction
machine set. The parameters and the excitation requirements of the induction machine run in
self-excited induction generator mode are determined. The operating modes of (MPPT)
system, terminal capacitance and load power factor (P.F.) on the machine terminal voltage are
studied.

INTRODUCTION

Owing to increased emphasis on renewable resources, the development of suitable isolated
power generators driven by energy sources such as photovoltaic, wind, small hydroelectric,
biogas and diesel has recently assumed greater significance. A single-phase self-excited
induction generator has emerged as a suitable candidate of isolated power sources. Over the
years, different types of generator have been developed and their performance analyzed.
However in almost all such cases the machine used is of synchronous type. They are normally
used for low power rating and have brushes and slip rings in the rotor. They are less reliable
due to need for continuous maintenance and susceptibility to failure. An electronic voltage
regulator is required to alter the field current to obtain the required terminal voltage at varying
loads and finally they lack an enclosing frame. The reliability of the system depends upon the
reliability of the components used therein. All theses negative points can be eliminated by
using single-phase capacitor self-excited induction generator. Single-phase self-excited
induction generator has been found to be an alternative proposition in view of certain inherent
advantages over synchronous machines such as ruggedness, brushless rotor, absence of a
separate dc source, less maintenance, decreased unit cost, compact and built in totally
enclosed fan cooled frames. System is self-regulating for constancy of terminal voltage and
dose not requires an electronic voltage regulator. In addition to these technical advantages, the
new system is cheaper due to smaller size, reduced materials and ease of manufacture.
Photovoltaic generator convert solar energy to dc electrical power, which may be used
directly by some loads where energy is stored in storage units such as batteries, capacitors [1]
and superconducting magnets [2] or converted to ac power using dc-ac inverter [3]. The



simplest way in order to avoid additional costs such as inverter unit and storage unit is to
convert PV power to mechanical as to drive a dc motor [4].
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Fig.1: System Configuration

SYSTEM CONFIGURATION
The system considered here consists of the following subsystems (Fig. 1):

» PV Generator

» Voltage regulator and control unit for maximum power point tracking

» Storage batteries

» DC motor

» Single-phase self-excited induction generator
Each system has its own operating characteristics, which is the volt-ampere characteristics for
the PV generator and the dc motor, and torque-speed characteristics for the induction
generator. The dc motor drives the induction generator whose torque requirements depend on
its electrical load, exciting capacitor and speed. The dc motor is supplied from the storage
batteries whose state of charge (SOC) depend on the solar radiation variations of the PV
generator and on the current drawn by the dc motor [5]. There is a unique point on the volt-
ampere characteristics at which power output from the PV generator is maximum and for
optimum utilization, the equilibrium operating point coincide with this point (Fig.2).
However, this can be obtained using maximum power point tracker (MPPT) system.

I. SINGLE-PHASE SELF-EXCITED INDUCTION GENERATOR

The system consists of an induction generator and a combination of capacitors connected to
its terminals. A fixed capacitor is connected in parallel with one stator winding, termed as
excitation winding and another fixed capacitor is connected in series with the second stator
winding termed as load winding. The auxiliary winding is used as the exiting winding while
the main winding is used for the loading purpose. This it may be noted, has been done with a
view to extracting more power from the given machine as the volt-ampere rating of the main
winding is larger than that of the auxiliary winding.

When the squirrel cage rotor of the generator is spinned at constant speed by the dc motor
prime mover, a small voltage is induced in the excitation winding due to the residual flux.
Due to capacitor self-excitation phenomena, the resultant flux in the air gap is increased,
which increases the voltage induced in the winding. This cumulative process continuous till
the voltage across the capacitor matches the induce voltage due to magnetic saturation is
reached so that no further rise in voltage or current is possible. The steady ac current flowing
in the winding establishes an air gap flux pulsating in time, due to which an induction of
voltage takes place in the load winding via the rotating rotor. A current flows in the load
winding when an external electric load is connected. As the loading is increased, load current
increases and the terminal voltage decreases. The series capacitor connected with the load
winding counters voltage reduction so that the variation in terminal voltage from no load to
full load is with in acceptable limits at different operation power factors.



II. PV GENERATOR
A PV generator consists of an array of PV modules connected in series parallel combinations
to provide the desired dc voltage and current. The overall volt-ampere characteristics of the
array depend on the number of cells in series and number of parallel strings. For a typical PV
generator consists of 18 parallel strings, 324 cells in series per string, such that the overall
volt-ampere characteristics are given by [6].
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III. CONTROL UNIT FOR MAXIMUM POWER POINT TRACKING (MPPT)

As well as seen from fig.2, the operating point of photovoltaic cells depends intensively to
environmental factors, i.e. radiation and temperature. Therefore, with smallest variation in
these factors the operating point of PV modules is changing from MPP. After variation in the
environmental conditions, input resistance of system must be regulated in such way that PV
modules work in a new operating point. This regulation is applied by MPPT circuit. The
MPPT circuit consists of two basic parts: 1) DC to DC converter 2) Control system.

A buck chopper is used in the DC to DC converter. In this converter always, the output is
lower than input voltage. Fig.3 shows the function of this converter. When transistor T1 is on,
the input energy transfers to load (storage batteries), and some of it is stored in inductor L and
capacitor C2.
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Fig. 3: DC to DC Converter

During the cut off time of transistor T1, the stored energy in inductor L is returned and
transferred to load by diode D. Also at this time, the capacitor C2 operates as an output
voltage regulator. When all of the energy in the inductor L is returned to load, diode D is



turned off and capacitor voltage is discharged. Therefore, after this time the output voltage is
reduced. Finally, transistor T1 turns on and the above cycle is repeated. Therefore, this
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Fig.4: Control system for MPPT

In this paper the control system is used for turn on and off of transistor T1 (switch) in this
circuit the voltage and current of reference module is measured and sampled and finally the
pulses of switch (T1) is generated as shown in Fig.4. The power of modules is calculated by
multiplying the measured voltage and current. In this paper for calculation, the oscillation
parts of modules power is used a high pass filter. The out put signal of this filter is applied to
a comparator in order to generating binary signal Xp as below:

If %<0 then Xp=0 If %>O then Xp=1

Like above procedure, the voltage variation of modules is applied to another comparator and
finally binary signal Xy is obtained as below:

If (jj_\:<0 then Xy=0 If (ij_\t/>0 then Xy=1

The Xp and Xy signals through a XOR logic gate are applied to a latch (D-flip flop) for

generating the pulses of switch (T1).Table 1 shows the operating modes of MPPT control
system.

Table 1: Operating modes of MPPT control system

Condition | dp/dt dv/dt Xp Xy S Switch A/
V<:V* >0 >0 1 1 Opens Increases
V<=V* <=0 <=0 0 0 0 Opens Increases
V>V* > () <= 1 0 1 Closes Decreases
V>V* <=0 > () 0 1 1 Closes Decreases

IV. PERFORMANCE OF THE SEIG ON LOAD WITH PV DRIVEN DC
MOTOR
Following test were performed on 0.75 kW, 230 V, 2 pole, 50 Hz, 6.0 A, single phase self-

excited induction generator [7][8], when single-phase self-excited induction generator
coupled with photovoltaic powered dc motor.

» Performance on resistive load with Cgpyn=46uF



The single phase self-excited induction generator was driven with the help of PV power
driven dc motor, and an external resistive load connected to its main winding. Different
experiments carried out to achieve the best voltage regulation from no load to full load. A
shunt capacitor was connected in parallel with the auxiliary winding to ensure the self-
excitation. The test results testify the fact that the induction machine works satisfactory in the
generating mode. However, it is found that the terminal voltage reduced from 260 V on no
load to 200 V on full load.

» Performance on resistive load with Cgpyn=46UF and Cqeries=100pF
By obtaining the load characteristics of single-phase self-excited induction generator without
series capacitor in the circuit, the voltage regulation in this case was found to be 25% as
voltage was varying over the range of 262 V to 200 V. When a capacitor of 100uF was
connected in series with the main winding and the load, this results the improvement of the
voltage regulation from 25% to 20%.

» Performance with inductive load of 0.8 P.F.
This time the resistive load was replaced by an inductive load of 0.8 P.F. . A small change in
voltage regulation was observed from 20% to 22% with 0.8 P.F. load.

» Effect of auto-transformer
By adding an auto-transformer in the circuit, the voltage the voltage regulation gets improved
from 22% to 10% as shown in fig. 5. Therefore in the course of these tests, one comes across
an interesting finding i.e when an auto-transformer is added to the circuit the best voltage
regulation from no load to full load is achieved.
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Fig.5: Single-Phase SEIG Load Characteristic (Current and Voltage)

V. CONCLUSIONS

The main objective of this investigation was to examine the possibility of using a self-excited
induction generator driven by a PV powered dc motor. The result of the investigation reported
confirmed the fact that normally designed single-phase squirrel cage induction motor can be
used as a self-excited induction generator for supplying the load demand and it is found to be
a perfect match for the PV powered dc motor. The load characteristics of single-phase self-
excited induction generator for isolated and stand alone application based on capacitor self-
excitation phenomena is presented here. Experiments are conducted on a PV powered dc
motor induction generator set to determine the parameters and the requirements of the
induction machine in self-excited mode. Due to their simplicity, ruggedness and low cost of
construction, squirrel cage induction machines offer a relatively inexpensive alternative to ac
generation using renewable energy systems in stand alone mode in parallel with battery
storage system or in parallel with other conventional sources like diesel in an hybrid PV or
wind-diesel isolated power system.
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FOTOELEKTRIK MONBODON QIDALANAN, AZ GUCO MALIK AVTONOM
SISTEM KiMI TOTBIQ OLUNAN, SABIT COROYAN MUHORRIKLI BIRFAZLI
INDUKSION OZUHOYACANLANAN GENERATORUN
XARAKTERISTIKALARININ ARASDIRILMASI

OXRAVI M.C.

Moagqaladoe fotoelektrik monbaden qidalanan sabit cerasyan miiherriki ilo herokete gelon
Oziithoyacanlanan birfazli induksion generatorun xarakteristikalar1 arasdirilmigdir. Maginin
nominal ¢ix1s gorginliyinda, is rejimi, ¢ixih tutum veo ¢ixis giicii todqiq edilmisdir.

AHAJIN3 XAPAKTEPUCTUK CAMOBO3BY KJAIOIMEIOCS OJHOPA3ZHOI'O
UHAYKIIMOHHOI'O TEHEPATOPA C IIPUBOJIOM OT JIBUTATEJISI
MOCTOSIHHOI'O TOKA, MUTAIOIIETOCS OT ®OTOSJIEKTPUUYECKOI'O
HNCTOYHUKA JJIsI TIPUMEHEHUS B KAUECTBE MAJIOMOIITHOM
ABTOHOMHOM CUCTEMBI

OXPABH M.]Tk.

B crarbe npezacraBieH aHalW3 XapaKTEpPUCTUK OJHO(A3ZHOrO0 MHIYKIMOHHOI'O IeHepaTopa ¢
caMOBO30Yy X /IeHUEM, IPUBOJUMOIO B JABMKEHHE JIBUTATEIEeM IMOCTOSHHOIO TOKAa C MUTaHUEM
oT (oTodrneKkTpruecKkoro ucrouHuKka. OmnpenencHpl MmapaMeTpbl M YCJIOBUS BO30YKICHUS
MHIyKIIMOHHONW MallMHbI, paboTaromeil B pexxuMe reHeparopa. M3ydeHbsl pexuMbl paboThl,
BBIXO/IHAasE €MKOCTb M BBIXOJIHas MOIIHOCTh MPU HOMHHAJIBHOM BBIXOJHOM HAampsyKEHUU
MallluHBI.



