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Abstract

The applications of Switched Reluctance Motor (SRN)es has increased in the recent past becafiselvantages
like simple structure, no rotor winding, high torgteeweight ratio, adaptability to harsh environmefikge coal mining etc. But
the main disadvantage is that torque ripple is higitause of the double saliency. This paper presemigh dynamic control
technique called Direct Instantaneous Torque Con(RITC) where in the torque is maintained within ateyssis band by
changing the switching states of the phases in magmg or freewheeling or demagnetizing.Thus torgpple minimization is
an inherent property of DITC. DITC based SRM drivesimulated in MATLAB/SIMULINK environment and resudte
discussed elaborately
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1. Introduction

The applications of SRM drive has increased in rdeent past because of advantages such as simple
mechanical structure, high torque/inertia ratioa@dble to hazardous environment, high speed aperatc.,
[1],[2]- The main drawback of the motor is thabh@s highly non linear torque characteristics agth horque ripple,
which causes noise and vibrations. The popularsdinventional control technique of SRM drivesysteresis
current control [3]. It has the disadvantage ohhigrque ripples. Hence different techniques haentproposed in
the recent past to minimize torque ripple. Manyhamical techniques such rotor skewing and polpisgawere
suggested by the researchers to minimize the taigpke, which unfortunately reduce the overaligiee producing
capability of the machine. Electronic methods whach basically concerned with profiling the phaseent in such
a manner as to minimize the torque ripple compon&ht most popular electronic method for torqueplap
reduction is based on the optimization of contmithgples, which include the supply voltage, turn-and turn—off
angles of the converter and current levels. But thethod has the disadvantage that it leads toctieduin the
overall torque [4].

L. Venkatesha et al. [5] proposed the torque rippirimization by suitably profiling the phase curte
But the method is quite involved and the computatime is high. The neuro-fuzzy control techniquepmsed in
[6] adds a compensating signal to the Pl controlBert the stability of this method depends on talecion of
suitable value of the stopping time. P. Srinivaalef7] discussed the torque ripple minimizatidr8(6 SRM using
fuzzy logic controller for constant dwell anglesorgue ripple reduction is achieved by employingoeqtie
controller for limiting the phase current, and then-on, turn-off angles are adjusted using fuzgid controller in
[8]. But the method is limited to low speed regidrhe problem of the torque ripple is minimized byavel
technique called direct instantaneous torque cbfgt$10].

This paper presents direct instantaneous torqueatai 4 phase 8/6 SRM in which the converter shéts
are controlled in such a manner as to ensure higatstimated shaft torque is held at the referéorcgie within a
hysteresis band.

2. Prinicipleof DITC
The DITC controller identifies the incoming and thetgoing phases based on the information obtained

from the position sensor and on the turn-on and-tdfif angles. Based on the present states of th@mimg and
outgoing phases the controller decides the nex¢staf the incoming and outgoing based on the ntsteous
torque i.e whether torque is greater than the upyysteresis band or lesser than the lower hysterdesnd.
Asymmetrical converter is used to excite the phasdhe motor. It has three possible voltage stéas 1 shows
the asymmetrical converter for one of the four plsagig. 1 (a) shows that when both the switcheswaned ON,
currents flows through two switches and winding d an positive voltage is impressed across the mplase
winding. The voltage state for the given phasesiingéd as ‘magnetizing’ (state 1). When one swiscturned OFF,
current freewheels through the diode and motor @heieding and a zero voltage loop occurs and thte St
defined as ‘freewheeling’ (state 0). This is shawrFig. 1 (b). Fig. 1 (c) shows that when both wétches are
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turned OFF, the current flows through the dioded awotor phase winding. In this case negative velté
impressed across the motor phase winding and dite istdefined as ‘demagnetizing’(state-1).

Figure 1. SRM voltage states (a) state 1 (b) &tdt state -1

SRM normally operates in single phase conductiomenand during commutation two phases conduct
simultaneously. In single phase conduction, onlg @hase will be excited. Thus, there are only tlpessible
switching states i.e 1, 0,-1. In single phase cotido torque hysteresis controller regulates theetibgped torque of
one phase. If the developed torque is less tharefeeence torque, the switching state of the pilsgade equal to
1.If it is more than the reference torque it is mad O or -1. During phase commutation, the torgtithe two
adjacent phases is controlled indirectly by colfitrglthe total torque. The torque is maintainechiitthe upper and
lower hysteresis band, by changing the states efotitgoing and incoming coming phases between dnd-1
depending on the value of instantaneous torque.

3. Block Diagram of DITC
Fig. 2 shows the overall block diagram of DITC. Treéerence torque and the actual torque are given t
torque hysteresis controller which outputs incregsir decreasing torque signal. If the torque gEeer by the
motor is less than reference torque, the torquimdeeased by turning on the top and bottom switobieshe
converter to enter into state 1. If the torque ttgved is more than the reference, then it is redimeturning off
either top or bottom switch or both the switchegnter into state O or -1. Switching control urded the following
operations
(a) It detects the outgoing and incoming phasesdaa the position sensor signal, turn-on and tdifiangles.
(b) Torque is maintained between upper and lowstengsis levels by hysteresis comparator. Basdtieopresent
states of the incoming and outgoing states, referdnorque and the developed torque the next statheo
incoming and outgoing phases is decided to mainkeariorque within hysteresis band.
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Figure 2. Block diagram of DITC
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4, Modeling of SRM

To investigate the behavior of SRM, dynamic modetkiquired. The dynamic mathematical model [1], [21]
of a SRM is composed of a set of electrical equatimr each phase and equations of mechanicalnsyétg. In a
typical m-phase SRM, the machine’s voltage equat@mbe expressed as
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Wherey; is the terminal voltage of phapén Volts, i; is phase current in Amperes,is phase winding resistance in
Ohms, 4; is the flux linkage in Weber-turns arflis rotor position in degrees. The flux linkageaigunction of
current and rotor position.

The mechanical dynamic equations can be expressed a

dé
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WhereT; is the phase torque in N, is the load torque in Nm anelis angular speed in radians per secdrahd
B represent the moment of Inertia in kgamd coefficient of friction in Nm/rad/s respectiyel
The speed equation can be rearranged as

dw 1| & .
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The dynamic model of 4 phase 8/6 SRM drive is dgwedl using (2), (3) and (5). The specifications of
motor are shown in Appendix. Two lookup tables nigmeosition-fluxlinkage-currentd - A- i) and Position-
current-torque 4 i-T) are obtained by conducting Finite Element Anay8fEA). The look-up tables were
formulated for 61 rotor positions from 0 to°&ihd 31 different current values from 0 to 30A lsing FEA [3],[12].
The FEA diagrams for the aligned and unalignedtjwos are shown in Fig. 3(a) and Fig. 3(b). Mesttpbf two
lookup tables are shown in Fig. 4(a) and Fig. 4(b).

5. Simulation and Results

To analyze the performance of the drive, a nediepemodel of the motor is required. Using the dyita
mathematical equations the model of 4 phase 8/6 $Rdbnstructed in the MATLAB/SIMULINK environment.
The complete model of the 4-phase 8/6 SRM with Didddtroller is shown in Fig. 5 (a). The model cstsiof
electrical system, mechanical system, positionisgnasymmetrical converter and DITC controlletodss. DITC
program is written in the embedded function bldeig. 5 (b) shows the single phase model. The siphéese model
has two look up tables. ITBL is the Position-fluskage-currentd — 4 - i) look up table and TTBL is the Position-
current-torque { - i - T) look up table. The same is repeated for the reimgithree phases but each phase is
displaced from one other by the stroke angle. Titws angle for 4 phase 8/6 SRM i’15

The performance of the DITC based SRM drive isyaal for a Fan load of 4 Nm at a speed of 800 rpm
with dwell angle of 22 Fig. 6 (a) shows the total torque developed lgyrtiotor. Total torque is maintained at 4
Nm by setting a hysteresis band of 5% of rateduerd he torque is found to be between 3.895 Nm4ath@5 Nm
which gives a torque ripple of 5.25%. Fig.6 (b) & &hows the voltage applied across two consecuyiinases
respectively. Phl is the outgoing phase and Ptiisncoming phase. The voltage in each phaseat@nany of the
three discrete voltages i.e. +120V, 0V or -120V eleping on the torque error to maintain the torqgeaéto the
load torque. Fig. 6(d) shows the torque sharingvbeh two successive phases, while maintaining tlezage
constant torque of 4 Nm in steady state. It is nlezkthat during phase commutation, torque of thigaing phase
is decreasing and the torque of the incoming iseising but the total torque is maintained constanDITC
controller by changing the switching of the phaisethree states. Fig. 6 (e) shows the current im plvases. The
maximum current in each phase is 6.41A. Fig. 7 shilvwe zoomed version of the Fig. 6. Fig. 8(a) shthestorque
response of the four phases. The current wavefofrall the four phases are shown in Fig.8 (b).&{g) shows the
total torque response over the entire simulatioetiFig. 8 (d) shows speed response.
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Figure 5. (a) Simulation model of 8/6 SRM with DITC (b) Sieqphase mod:
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Figure 8. (a) Phase torques (b) Phase curreni®(a) torque (d) Speed
6. Conclusions
The performance of the SRM drive is analyzed witif@controller. The SRM is modeled by developing
two lookup tables namely Position-fluxlinkage-cuntrand Position-current-torque using FEA. The driith DITC

controller is simulated for a Fan load of 4 Nm watlhysteresis band of 5% and maximum speed is 8&Carpm.
The dwell angle is set at 2Based on the value of load. It is observed thaatlerage motor torque is maintained at
4 Nm with a hysteresis band of 0.21 Nm. The catedlaorque ripple is 5.25%. Thus, it can be conetuthat the
torque ripple reduction is the inherent propertypdf C and does not require any torque sharing fanstor current
shaping techniques as used in conventional methgibd.
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Appendix

Specifications of SRM
Voltage: 120V DC
Maximum Current 30A
Maximum Flux 0.3 Wb
Stator poles: 8
Rotor poles: 6
Stator diameter: 143 mm
Rotor diameter: 69 mm
Air gap: 0.4 mm
Stack length: 143 mm
Stator tooth arc: 0.416 radians
Rotor tooth arc: 0.492 radians
Stator yoke thickness: 12.1 mm
Rotor yoke thickness: 9 mm
Stator tooth height: 24.5 mm
Rotor tooth height: 12.5 mm
Shaft diameter: 26 mm
Coil turns: 180
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