ENERGY ENGINEERING AND CONTROL SYSTEMS

Volume 2, Number 1, 2016

Controlled Switched Reluctance Motors with Energy Capacitor

Vasyl Tkachuk, Lidiya Kasha", Ihor Bilyakovskyy, Mykhajlo Haj
Lviv Polytechnic National University, 12, S. Bandery St., Lviv, 79013, Ukraine
Received: June 30, 2016. Revised: November 28, 2016.  Accepted: December 23, 2016
© 2016 The Authors. Published by Lviv Polytechnic National University.

Abstract

One of the most simple in terms of construction, the most practically feasible and reliable motors is a switched
motor with salient-pole stator, concentrated coils and its winding and toothed passive rotor. Such motor is simpler,
cheaper and more practically technical than asynchronous motor and by control characteristics does not concede to
DC motors. The basic electrical scheme of a commutator with capacity buffers of energy of switched reluctance
motor and circumscribed, the new phase-width mode by regulating frequency of reversion of such drives is offered.
The width-phase speed control, where there is a functional relationship, is described in this paper.
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1. Introduction and problems, which are appeared

Wide distribution of the switched reluctance motors (SRM) is kept back by low energy coefficients. That is the
cause of dispersing the energy which is accumulated in electromagnetic field during current commutation by
transistors in section, and which is the condition of overvoltage protection. Striking example of this problem is the
SRM with half-wave stabilitron commutator [1]. Therefore, problem of developing the brash-less motor on the basis
of simple, cheap and technological inductor motor is added up to the necessity to create new electrical schemes,
which will permit to use energy accumulated in magnetic field of rotor winding’s section, for execution yield.
Structural and schematic circuits of electronic commutator are designed on the basis of electrical machines in the
decision of this problem. This commutator is more reliable in service and supply recuperation of energy in magnetic
field of section which are commutated [2].

Structural and schematic schemes of electronic switches with high reliability which ensure the re-usage of the
magnetic field energy sections that commute [3] are developed by the department of electrical machines of Lviv
Polytechnic National University in addressing this problem.

Complexity of SRM can be used for the execution of not only setting in motion mechanism, but also for point-
to-point operation, torque drive etc. Availability of full-drive electronic reverser (electronic commutator) (EC) and
primary rotor position sensor (RPS) allows organizing different mode of drive operation without small power
additional schemes of forming the regulation signals [8].

Choice of the operating mode depends on concrete mode conditions and type of electromechanical converter.
Pulse-impulse modulation is acceptable for electromechanical converter (EMC), but it is the cause of increase in the
losses on power transistors switches [5]. Width-pulse modulation causes the extra losses from higher harmonics in
electromechanical converter and increase in dynamic losses on transistor switches [6]. It is necessary to supplement
the use of automatic control system for stiff speed-torque characteristic by the above mode of regulation.

2. Addressing the problem and discussion of the research results

Width-phase regulation employment allows getting rigid speed-torque characteristic without the organization of
the automatic control additional system. Main point of the method consists in the fact that the forced interval of
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commutation of the SRM section is formed by logical multiplication of the RPS signals and signals of time delay
oscillator. This is due to the change of average voltage value which is supplied to the SRM section. Thus the creation
of such method for SRM speed regulation is the goal of the paper.

Schemes and diagrams of impulses of three-section SRM with one-wave electronic commutator and width-phase
regulation are given in fig. 1.
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Fig. 1. Simplified (a) and impulse (b) diagrams of SRM with width-phase regulation

Sections of SRM w; — w3 are connected to DC voltage source U through power switches of EC VT1 — VT3.
Output signals JITIP1 — TIP3 of RPS take control of power switches through regulation schemes, which consist of
time delay creators ®U31 — ®UY33 and logic scheme &. Value of time of delay t; is detected by signal Uy. Impulse of
RPS was characterized by angle of signal sector y, in electric radians and start phase of forced commutation interval
of section . Output impulses 1-3 of controlled schemes detected forced interval of SRM section commutation vy, in
electric radians. Average voltage, applied to section of SRM, is characterized by rotation speed and relative value of
forced commutation interval [4]
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Width-phase regulation employment allows taking regulation characteristics at the expense of relative
commutation interval variation by amplitude and phase. At the same time functional connection is obtained and it was
equal to negative feedback. Thanks to last inflexibility of speed-load characteristics.

The problems of creating new type of electrical motors, which include salient-pole switched reluctance motors
with capacity storages of energy, will be solved successfully only using precision tools for the calculation of the static
and dynamic characteristics of SRM.

Nowadays, series of theories are created. All of them allow calculating periodic processes in electromechanics,
that is to say when currents, interlinkage, voltages, angular and linear motions were periodic time functions.

For m-sections EMC with passive rotor, magnetic insulated sections and electronic commutator with series
capacity storages in each of section, the mathematical model of SRM are described by the next system of differential
equations (2) [7]. Given mathematical model [6] is the basis for making the numeric models of electric drives with
switched reluctance motors with capacity storages. It is enough to apply operators which modeling synchronized
signals time delay and multiple of it on according RPS’s signals in equation of absolute K; for creating the computer
simulation of electromechanical process of SRM with width-phase regulation [2, 4].

3. Results of computer simulation

The example of computer simulation of section, capacitor voltage and electromagnetic torque of 3-section SRM
with width-phase regulation and series capacity storage in each of section is given in Fig. 2.



3 Controlled Switched Reluctance Motors with Energy Capacitor

di. A,

7;:|:u,i+R.l,i+i(u,i_R.l,i+RS.lSi)_B,ia):|/A,i

dig . .

d_;:_(Rslsf""uj_R'lj)/La

dug; i )
o -k, -k, )2 @
dt ( J .1+m)C

do > Z, . —a(i;+ig )sinG w(i; +ig) Z.

= —’l~< COSG.' x(l—e j s yo_ J j -M “r

7 {ZL() PR M

do

2w

dt

Mathematical model (2) given in paper can be used for calculating the static characteristics of electric drive on
the basis of SRM with buffer of energy and width-phase regulation of the rotation speed. To do this, nonlinear system
of differential equations will be integrated by different value of load moment and constants of all other parameters.
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Fig. 2. Current of section, voltage on capacitor and electromagnetic torque of SRM with width-phase regulation:

a —load moment 2 Nm; b — load moment 0.5 Nm

Results of computer simulation of the natural and custom-made static characteristic of SRM by voltage 24 V,
switch-on angle 8 = 10 electric degree, commutation interval y, = 145 electric degree, capacity storages 20 mcF.
Value of time delays — 5 and 3 mksec accordingly for curves 2 and 3 are shown in Fig. 3.
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Fig. 3. Static characteristic of SRM with buffer of energy and width-phase regulation
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4. Conclusions

Width-phase control methods in EC of SRM allows, in a simple way, getting speed characteristics due to changes in
magnitude and phase of enforced section switching interval .

Comparison of calculation results with the experiment oscillation diagrams, and also average value of torque,
speed of rotation and parts of losses for SRM prototypes with nominal torque from 0.05 Nm till to 20 Nm are
indicated that differences are not above 5 %. Adequacy of mathematical model (2) to SRM prototype is the result of
that.
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KepoBaHi BeHTHWIbHI peakTUBHI ABUTYHH 3 Oy(depamu eHeprii

Bacunb Tkauyk, Jlinis Kama, Irop butsikoBeekuii, Muxaiino Xait

Hayionanvnuii ynieepcumem «Jlvsiscoka nonimexuixay, eyn. C. banoepu, 12, Jlveis, 79013, Vkpaina

AHoTalia

OfHUM 3 HAWIIPOCTINIMX 33 KOHCTPYKINEI, TEXHOJIOTIYHUM 1 HaJiMHUM € BeHTWwIbHUE aBuryH (BJl) 3i 3y0-
YacTHM TACHBHUM pOTOPOM. 3aKiajieHy y)Ke IPHHIMIIOM po0OTH cKiIagHicTh BJl BapTo BUKOpHCTATH IS
MO3UI[IHHOTO, MOMEHTHOI'O TOINO IPUBOAIB. HasBHICTH MOBHICTIO KEPOBAHOrO €JIEKTPOHHOIO iHBEpTOpa Ta
TIEPBUHHOT'O JIaBaya MO3UI[IIHOI0 3BOPOTHOrO 3B’ 3Ky JIa€ 3MOT'Y 13 3aJIy4EHHSIM TiJIbKH MaJIONOTYXHUX JOAATKOBUX
cxeM (OpMyBaHHS KEpPYBAIbHHX CHIHAJIB OpraHi3oBYBaTH I pexumu poboTH. Bubip cmocoly perymtoBaHHS
3aJIOKUTh BiJl KOHKPETHUX YMOB pPOOOTH TNPHBOLY 1 TUIY E€JIEKTPOMEXaHIYHOTO IepeTBOpIOBaYa: aMILTITYIHO-
IMITYJIbCHa MOAYJISILS, IIUPOTHO-IMITYIbCHA MOJIYJIALIS, TUCKPeTHO-(a30Bi crocodu perymoBaHHs. [Iporte Taki
CHCTEMH MaroTh CYTTEBHH HENOIIK, SIKUH TONATae B HHU3bKIH IepeBaHTaXyBaJbHIH 34aTHOCTI. 3alpoNOHOBaHO
HIMPOTHO-(PA30BUHA CIIOCiO perynroBaHHS 4yacToTu obepranHs BJ, 3a skoro icHye (yHKIIOHAJbHUH 3B’SI30K, KU
€KBIBAJICHTHUH 3a JII€I0 BiJl’€MHOMY 3BOPOTHOMY 3B’SI3Ky 3@ IIBHIKICTIO, IO Mi/IBUIIYE >KOPCTKICTh MEXaHIYHHX
XapaKTEePUCTHK.

Knaro4oBi ciioBa: BeHTHILHUI peaKTUBHUIN JBUTYH; Oydep eHeprii; IHpoTHO-(a30Be KepyBaHHsI; €JIEKTPOHHUH
KOMYTaTop.



