IMPACT: International Journal of Research in >

Humanities, Arts and Literature (IMPACT: IJRHAL) — T i=
ISSN (P): 2347-4564; ISSN (E): 2321-8878 H H fﬁl \,.) (G C L
Vol. 7, Issue 4, Apr 2019, 715-722 ) ‘ -

© Impact Journals & :

HIGH SPEED 8/6 CLOSED LOOP CONTROL OF SWITCH RELUCT ANCE MOTOR
POWERED BY SOLAR PHOTOVOLTAICS

Neeraj Solankt & Virendra Kumar Sharm&
'Research Scholar, Department of Electrical EngiimegrBhagwant, University, Ajmer, Rajasthan, India

Professor, Department of Electrical EngineeringaBtvant University, Ajmer, Rajasthan, India

Received:25 Mar 2019 Accepted: 15 Apr 2019 Published: 30 Apr 2019

ABSTRACT

The High Speed 8/6 Switched Reluctance Motor (SR )member of machine family. The motor’'s simplestruction,
ruggedness and inexpensive manufacturability mak@® attractive for industrial applications. Thewahtages of High
Speed 8/6 Switched Reluctance Motor (SRM) are yigHiable, good performance and reduce the mammer. The
absence of windings in rotor and permanent magagtiches probability to attain very high speeds amrned High
Speed 8/6 Switched Reluctance Motor (SRM) intoepedolution for operation in hard conditions likgesence of
vibration or impact. In this paper a detailed ansikyand modelling of three different types of coteve used in with the
four phase High Speed 8/6 Switched Reluctance M&#&M). These converts are R-Dump, Asymmetric #ildrBype.

Finally High Speed 8/6 Closed Loop Control of SkiReluctance Motor Powered by Solar Photovoltagrsposed in
this paper. Pl controller is used in closed loopdathe simulation results are presented by usingléiat Simulink

platform.

KEYWORDS: High Speed 8/6 Switched Reluctance Motor (SRM),v&ters, R-DumpAsymmetric, Bifilar, Pl
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INTRODUCTION

The Inherent simplicity, ruggedness and low cost éfigh Speed 8/6 Switched Reluctance Motor (SRMkerit a viable
for various general — purpose adjustable — speepticafions. From past two decades the developmeE&RM drive is
remarkably increased. The advantages over induatiotor and permanent magnet synchronous motor shoore
attention over SRM. Lesser price, enhanced perfoceaequal or better reliability, comparable ottdretfficiency, lower
volume and ease of production and storage in casgrato AC and DC motor drives are some advantfil3&$. Torque
Ripple is the major problem in the SRM drive duéhte lack of continuity in the generated torquerdLigh phase current
overlapping this can be diminished to a great a@xfEmerefore, the converters used for SRM drivedseseparate control
for each phase so that the torque ripples can dheceel by phase current overlapping. Also becaudsack EMF, the
stator current falls behind the reference curremind the commutation of each SRM phase currerit iffeans that during
commutation, the phase current reaches zero aitereference current which causes negative torgdarere ripples in
the torque produced by the motor. Thus, the coaverted in the SRM drive must have the quick coratrart ability of
phase currents, which will reduce torque ripplessterably. This is more important at higher spegldsre commutation
interval is very short [4].
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From recent years, the development of alternatiweep sources such as photovoltaic (PV) moduled, deks
and wind turbines has enthused due to the incredesednd for energy. The PV modules are predominaitttactive as
renewable sources due to their relative small simgseless operation, simple installation, and He possibility of
installing them closer to the user. In PV modutis, output voltage has a low dc amplitude valueortier to be connect,
the SRM drive need extra power electronics tectgyl@he PV modules output voltage should be booateHconverted

into an ac voltage with high step up dc/dc convesigh asymmetrical topology.

However, the conversion stages decrease the efficiand make the system more complex [4]. The fioamer
less centralized configuration with one- stage netbgy uses only one inverter and a large numbsenés connected PV
modules, called strings, are used in order to geeesufficient voltage to support the load [5]. Tife cycle of the solar
cell is more than 20 years, and it can minimizemegiance and management expenses. The output pbther solar cell

is easily changed by the surrounding condition$ suirradiation and temperature, and also itsieficy is low.

Thus high efficiency is required for the power cibiothing system (PCS), which transmits power frdm PV
array to the load. In general, a single-phase P% E@nsists of two conversion stages (i.e., dc/dwesion stage and
dc/ac conversion stage). In this paper presentsldntronic approach is based on optimizing therobparameters, which
include the supply voltage, turn-on and turn-offjl@s, and current level. The minimization of torqumgple through
electronic control may lead to a reduction in thierage torque, since the motor capabilities arébpatg fully utilized at

all power levels.
SRM CHARACTERISTICS

In a switched reluctance machine, the stator haslings and the rotor is made of steel laminatioitbout permanent

magnets or conductors. The basic structure of thhese 6/4 SR motor is shown in Fig.1, the SR miodsrsalient poles
on both stator and rotor, making it salient machiftee machine has 4 rotor poles and 6 stator pele stator poles has
a concentrated coil wound on it. Two coils on thpasite stator poles are connected in serial allegrmaking one stator

phase. The SR machine, when compared with the AM&hmachines, shows two main advantages:

It is very reliable machine since phase is largetiependent magnetically, physically and electhycabm the

other machine phases.
Due to the lack of the conductors or magnets ondeg, a very high speed (20000 - 50000 r.p.m)eaattained.
The Switched Reluctance Machine has some limitation
It cannot be run directly from a DC bus or AC litleys it must be commutated electronically.
Its salient structure causes strong non — lineanmidc characteristics, complicating its analysid eontrol.
The SRM shows strong torque ripple and noisy effect

Figure 2 explains a SRM with rotor tooth pair aédnwith the stator phase A-Al. The rotor is aligrestl
unaligned with the stator phase A-Al as shown iguFé 2 and Figure 1 respectively. The phase cunamhot produce
any torque at the aligned position as it is equilifm point, but a small deviation of the rotor awlagm this point will
produce a torque which will push the rotor back.comtrast, the unaligned position is an unstablgliegum point

because any small displacement of the rotor away that point results in the rotor moving away.
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Figure 1: Cross Section of a 6/4 SRM (Phase A Is Atnaligned Position)
Figure 2: Cross Section of a 6/4 SRM (Phase A Is Adigned Position)

NECESSITIES OF SRM CONVERTER

Selection of Converter topology is the major prabler certain application. Some of the essentigliements [6] of the

SRM Converter are:

In each phase of motor, there should be one switchimum) is capable to conduct freely. Before toaverter
enters into the generation or demagnetisation negicshould accomplish to excite the phase. Toeiase the converter
performance, the converter should satisfy someireopents like fast demagnetising time, faster axicih time, high

efficiency and fault acceptance [4], [7]-[9]-

The converter should allow phase overlap contrivices the converter energy can be provided to oreseh

whereas at the same time it is removed from therqihase.

For controlling the phase currents at low speedisePWidth Modulation (PWM) technique is used tatcol the

phase voltage in the converter.

At every operation point, the sufficient currenbshl be injected in the winding at high speedsessary high
driving voltage is important. This control systeraynbe hysteresis current control or single pulée demagnetising time

can be reduced for avoiding negative torque bygusiis device.

The dc source should be delivered the demagnetisatiergy from the leaving phase or should usa thé

incoming phase.

The hysteresis losses and switching losses carob#eased by the converter, because in order toceethe

switching frequency it is capable of freewheelingidg the chopping period.

The converter takes to be single rail of power sesibecause the voltage stress through semicomslsttould

decrease.

For reduction of the switching loss, the conveskould need resonant circuit to apply Zero-VoltageZero-

Current switching.
Number of semiconductor switches should be less.

To improve the power factor, the power factor dir@orrection circuit should be applied. Convergtould
require little complexity. Efficiency and applicati of this converter is defined by selecting th@rapriate switching

strategy, dwell angle and control technique.
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CONVERTER CATEGORIES IN SRM

The converter fed SRM is power-driven from fixedlihk voltage, which is established by an ac/dcvemter or directly
by a Battery. The group of suitable converter andtwl scheme depends on the performance and thessiges of
application of SRM [4], [10]. The features of SRMevation must be shown before the converter typedabe used.

Based on operation these features can be summéyzadasks [6]:
In the Inductance profile, the current should beptied into the phase only in the positive gradjgertiod.

During the phase energizing of the motor phasetdtggpie must be maximized. By shaping the phasecuby

maximizing the amount of it at rise time period d@heln minimizing at fall time period by this it che achieved.

During the commutation the stored magnetic energgtroe returned to the DC supply.
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R-DUMP CONVERTER

R-dump is one of the converters with one switchB(I(s and one diode for every phase. The resistandet&mines the

switch voltage and also the power dissipation.

To attain both realistic stress on the switch (biglesistance R increased), and suitable fall tfnéhe current
(lower resistance R increased) by changing theevafuesistance R. While the T1 switch is turned tbe current through

diode D1, charging capacitor CS, and afterward $ltéhvough the external resistor R.

This resistor moderately dissipates the energedtor the magnetized phase [11], [12]. R-dump cdpvéype is

shown in Figure 4.

ASYMMETRC CONVERTER

Asymmetric bridge converter is used for high switchvoltage to have fast developed of the excitataurrent.
Asymmetric bridge converter is shown in Fig.5. &ctle phase the converter consists of two powerrelsictswitches and
two diodes, so that the unipolar switching stratégwchieved. In every phase, the lower switchgeduin charge of

commutation, while the PWM switching control cangezformed by the upper one.

Every phase can be controlled separately. Magrietizademagnetization and freewheeling mode [4]dm#ned
as the three current modes of operation. in therimurrent control loop of the SRM drive, less eutrripple and a

improved frequency reaction can be obtained bygusitipolar switching approach.
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SRM is generally controlled by either voltage orreat control in the asymmetric converter. Phaseeti can be

controlled accurately that means torque is acclyratetrolled and the decrease of torque ripplaase is achieved.

This is the main benefit of current control ovettage control the main demerit is it requires @darheat sink for
cooling because the one switch that is always éndinrent conduction path increases the lossekeirconverter so it
reduces the efficiency of the system. From thisepaj is found that the asymmetric converter tigasuitable for very
high speed operation of SRM drive because of thekqise and fall times of current and moreovegiute negligible shoot

through faults.

Because of the nonappearance of the resistance a@tiom circuit or any coil that is added to thenwerter,
copper losses is not presented in the asymmetngerter. So, for high power SRM drives, Asymmetanverter is

considered as the most suitable converter.
BIFILAR CONVERTER

The two coils are main switch and the flywheel @iad per phase circuit as shown in Fig.6. The rsaiitch is connected

to main coil and the flywheel diode is connecteduailiary coil.

The main coil and auxiliary coil are wound into mietrically opposite stator poles parallel and thd ef the

bifilar coil is connected with reverse polarity.

The turns ratio is one for both the coils. The powsgpplies electrical energy to the main coil whie@ main
switches are turned on. Similarly the flywheel discconnected to the auxiliary coil are turned onthgy EMF of the

auxiliary coil when the main switches are turnefl of

Through the magnetic coupling of the main coil dhd auxiliary coil with the continuing current, tiséored

magnetic energy in the motor is released.

* L L L] L

Figared: R-dump Coaverter Figure 5: Asymmetric Converter Figure §: Bifilar comerter

Figure 4. Dump Converter, Figure 5: Asymmetric Conerter, Figure 6: Bifilar Converter.
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Comparison of the Three Phase Power Converter Maigircuit for Three Topologies

Table 1: Comparison of Three Topologies

Average supply voltage of phase winding Vs Vs Vs

Average commutated voltage of phaseBased on communicati Vs Vs

winding resistance

Rated voltage of the flywheel diodes Vs Vs >2Vs

No. of switche Vs Vs >2Vs

Independence of the circuit Independent Independent Independent
Loss in communication No of switches are .

Others ; 'l' High copper loss

resistance more

Proposed Model

In this paper a PV model is used for a dc suppltheoconverter and a dc/dc boost converter is assnl to boost the
output of the PV module. To form a closed loop &®titroller is used in the model, where in PID colfer the derivative
of the error is not used. In various industrial ttohsystems this control feedback mechanism igl.usée Pl controller
attempts to decrease the error which is the diffezebetween the measured values to the desirec.va@he PI

combination is used to eliminate the steady stater @nd to increase the speed of the responsecdinent value of the

error is equal to the output response of the pitogpaal term, whereas the integral term is propodiao both magnitude
and duration of the error.

SIMULATION & RESULTS
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Figure 8: Shows R-Dump Matlab/Simulink Model.
Figure 9: Shows Performance of the SRM Drive of R-Dmp Converter.

Figure 10: Shows Asymmetric Converter Matlab / Simiink Model.
Figure 11: Shows The Performance of the SRM DrivefdAsymmetric Converter.



Figure 12: Shows Bifilar Converter Matlab / Simulink Model.
Figure 13: Shows The Performance of the SRM Drivefdifilar Converter .
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Figure 14: Shows Closed Loop Bifilar Converter WithPI Controller Matlab / Simulink Model
Figure 15: Shows The Performance Of SRM Drive Of Bilar Converter With Pi Controller.

Figure 16: Shows PV Based Bifilar Converter Matlab/ Simulink Model.
Figure 17: Shows The Performance Of The SRM Drive OPV Based Bifilar Converter.
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CONCLUSIONS

Power systems control, adjustable speed drivestemuptible power supplies, power quality andrifateing drive control
are such fields in which power electronics appitrat requiring high voltage converters have beagglly increasing.
Most application demands high voltage gain converégplications to SRM drive. To develop the perfance, adapt to
necessities and avoid proprietary technologiesersé\converter topologies have been proposed initd@ature. This
paper deals with the PV based SRM drive with cloleg control. Therefore, improvements to the éficy of the
proposed converter have been accomplished. Thderg&l energy is effectively removed during then+operating
condition, without extreme duty ratios and turnsosg the proposed converter achieves high stepalfage gain and

supports the load condition, of up to 13 timesléwel of input voltage.
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