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A Simple Nonlinear Model of the Switched
Reluctance Motor

Vladan Vujiic and Slobodan N. Vukosavic

Abstract—The paper presents a simple nonlinear model of the they are unable to include effects of mutual interaction between
switched reluctance motor (SRM) which requires a minimum of = two or more simultaneously excited phases, which are important

precalculated or measured input data. Therefore, it is convenient , gesigning SRM drive with four or larger number of motor
for use in earlier stage of SRM design in order to minimize time phases [10], [11]

for finding optimal configuration. Moreover, it is shown that this . . .
model produces accurate torque shape for given current, and ac- A number of nonlinear SRM models, using magnetic theory

curate flux linkage—current relationships. This also provides reli- [12], [13], have been developed. In [12] a magnetic circuit
able results in dynamic regime. The simulation and experimental concept is used for computing SRM’s mean torque. Analytical
results are compared for available three-phase 6/4 motor. equations, which include the effect of iron saturation, are devel-
Index Terms—Modeling, reluctance motor. oped in [13]. These equations can well predict magnetization
(I — ¢) curves and static torque. However, where there is no
pole overlap, the model in [13] does not include saturation.
Thus, the greatest difficulty for this model occurs when the
HE SRM has very simple, cost effective construction, bubtor and stator pole overlap just begins.
determining its performances is difficult because of highly In this paper a simple nonlinear model of the SRM is pre-
nonlinear relationship between the torque and the excitation ceented. This model uses equivalent magnetic circuit of the motor
rent [1]. The nonlinearity is greatly affected by intense saturas a set of reluctances linked in series and in parallel. These
tion of the corners of partially overlapping stator and rotor polegsluctances have physical meaning and are found from funda-
The energy conversion principles show that accurate calculatipiental and some empirical considerations and knowledge. The
of produced torque may be obtained from the relationships baedel allows including into account mutual interaction between
tween the phase current i), flux-linkag®) and angular rotor phases as well as the nonlinearities. As an input it requires the
position (¢). Therefore, most of the existing SRM models arenotor geometry, some specific points of iron core B-H curve,
based on previously provided magnetization cus- i) for  and only one precalculated or measured magnetization 7)
a number of rotor position angles [2]-[4]. These magnetizatigint. For more accurate simulation the model allows fitting by
characteristics can be obtained from measurements on existisihg some other magnetizatiol — 7) points, and also allows
motor or from sufficiently precise numerical calculations sucfurther improvements.
as finite element (FE) analysis [5], [6] or some other method [7].
Such models are not suitable for computer-aided design (CAD) II. BAsiC CONCEPT
of the SRM drive because large time is needed to calculate nec- . . . . . . :
essary large numbers of magnetizatign— ) points for any In determlnling the basic equation which gives relatllqnsmp
variation of the motor geometry. betvye_en flux linkage W), phase current) and rotor pqsmgn
The performances of SRM drive strongly depend on appuéé@) it is assumed thgt reluctance of SRM njagne.tlc circuit can
control. The drive system, comprising signal-processing, po re_:presgnted by five reluctanC(.as linked in series. Than, this
converter and motor must be designed as a whole for the SE%gtlonShlp can be expressed as:
cific application. Therefore, a model suitable for CAD must be ou &
not only fast, but also it must be able to predict the static and = N2 ZRw 1)
the dynamic characteristics with enough accuracy. On an ex- =0
isting SRM drive such model can be used to optimize contrelhereN is number of turns per phase, and reluctanEgsire

I. INTRODUCTION

parameters. defined as:
Some models, as those based on “gage curve” [8], [9], use I
empirical knowledge and need only a few precalculated points R; = ﬁ7 (2)
V)

of the magnetizatio(W —¢) curves. The gage curve models have
ability to include into account all main nonlinearities. Howeveiwhere I;, 1; and A; are the length, permeability and the
cross section area, respectively, of the corresponding part of
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of reluctancer, increases, too. Therefore, the influence of the
other flux paths becomes significant. All the other air parts for
the flux flowing are represented by reluctanesg, .

In order to simplify further considerations, the expression (1)
can be written as:

4
. YR, ¥ . .
1(97 \Ij) = ) + F ZRJ = 10(97 \Ij) +7’fe(\11)7 (4)
j=1

N

where current, is related to the reluctandg, and current .
is related to the other reluctances.

In the proposed model, for the cases when only one phase
is exited, the entire flux flows through the patRs (; = 0 to
4), i.e. the leakage flux is neglected. The results of FE analysis
show that the leakage flux has a small value [10], [11], though
its influence is not negligible when the saturation level of the
iron core is higher. In the proposed model this phenomena are
included indirectly, which is explained in the latter section.

If more than one phase is excited, the parts of the reluctances
'\ﬁl andR, must be divided in the portions with different fluxes.
For example, when the two phases are simultaneously excited,
the fluxes in these parts are equal to the sum or the difference

of the phase fluxes, as shown in [10], [11]. Thus, our model can
be easily applied for multiphase regime.
L/2 Rep
R, Roo [ll. TowARDS THEDYNAMIC MODEL OF THESRM

Fig. 1. Defining equivalent reluctances of magnetic circuit of the SR
(example of 6/4 motor).

A. Some Simplifications in Determining Reluctadte

L/2 From (2) and from Fig. 2 it is obvious that for calculation of
reluctancel?, three effective parameters must be known. How-
ever, if, for reluctance?,,, we takey, = 1, andl = 2g (g—the

- Area of reluctance R. air gap length), only the effective cross section afigawill be
* the unknown variable:
- Area of reluctance R, R,
2
------ - Area of reluctance R, R, = J_. (5)
oo
Fig. 2. Defining reluctancé?, . Thus, the problem of calculation of the reluctadgis reduced

to the determination of the effective argdg which is function

. of flux linkage (¥) and rotor positior(4).
highly saturable parts of stator and rotor pole corners (seeOn the other hand, reluctance,., R.,, and R, can

Fig. 2). This reluctance varies with rotor positigh) and with : : _ -

the flux density (B) while the other reluctances vary only Witlgﬁ dw}gtten_ a?'?g"’ ; )ZO(\;\{rEZ F:?OO)Z’ R"é’n d_l l(g)r{a (/“é "fff’i‘ﬁge

the flux density. Precise determination of reluctaftes very Iengthg ,A_ z Lg’n dp A’ are effeO((:){ivépcross spection areas. and
00) op D ’

difficult. In the proposed model it is represented in the form i~ . !
of two reluctances in series and one in parallel with them, g§°’ Hop aNd 1, are the relevant permeabilities. It is obvious
"Mat oo = pop = Mo, lop = 2¢, and that the aread,,

shown in Fig. 2. Thus, reluctandg, can be found from: and A, are approximately equal to the cross section area of

1 1 1 overlapping rotor and stator poles (see Fig. 2). Therefore, if we
R, R.. + Rop+ Ry 3 take A,, = A,, and, in order to reduce number of variables,
we takel,, = 2g, than, using (3) and (5), we obtain:
Reluctancef, in (3) stands for the rotor and the stator pole A
corners, which come into saturation earlier than the other iron A, =A,, + 71, (6)
parts of the motor. This effect is the consequence of the small 1422

air gap in overlapped portion of stator and rotor poles, and the Hp

large lengths on the other air paths through which flux “flowsWwhere ., is the initial permeability ofp,, and & =
The reluctance of the airgap is included By,. When the flux 7,1, /(2g4150). Thus, the problem of determination of re-
has a relatively small values, it almost entire flows through tHectance R, is reduced to the determination of variables
parts with reluctance®,, and R,. However, with the greater A,, A,,, £, andu,. Note that quantitiesi, and 4,, depend
value of the flux, the flux density i, increases, and the valueupon the rotor positio# only.
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B. Further Development of the Model vyt Aol Area A,
The saturation in the area of reluctari€égis modeled by the A
Frohlich curve: 1= A 2
BpmH, o Yol
By = g () .
pm + Hp
Hpo
Here B,,, is the maximum flux density with a typical value of D21 et
2T for most commonly used materials. Frddy = ¥, /(N A,,), 0 . Amin| '/ ,
where¥, is the portion of flux linkagels which flows through 6, o ;9 6; e} J >
the areas with reluctancég, andR,,,, the permeability:,, can L ot TR Ve e;a' 0
be expressed from (7) as: : P P ;
B W 20 Xbo ):(1 )E(Z Xeo ;1 X
o =2 = Hpo | 1= 53— ), ®) : o
H, By NA, i1 I ]
The unknown variablé,, can be found from the equation: ; B g
ROO(\I/ - \I/p) = (Rp + ROP)\I/P' ) Fig. 3. Shaping ared;,.

Now, combining equations (4)—(6), (8) and (9), the relationsh

ip . — .
between flux linkagel, rotor positiond and current, can be This approximation does not differ much from the actdal.,

expressed as: and, for simplification, it allows:
Ap = Aio - Amin- (14)
P — 2
to = Co (1 — Col)r(/} — Cp1Co2 Tt Co1 (r(/} - 003)2 + Coq | » For the casell =2 0 we can USQLP = lipor andAo — Aio
10) in (14). Thus, by combining (6) and (14) the arda, can be

where:c,n = Ap/[2(Ap + Aoo)], co2 = BpmN[A, + (1 + determined as:
S)Aoo]y Co3 = BpmN[Ap + (1 - S)AOO]! 634 = 622 - 633 = A, = Apin + EA; 14+€&). 15
46B2 N2 A,0(A, + Aoo), ande,s = 29/(1oN2A,,). Coef- 0 = Auin +E4io/(14) (15)

pm

ficientsc.(k = 1, 2, -- -, 5) are functions of only three vari- Regarding (14) and (15), coefficients,(k = 1, 2, -+, 5) in

ables(4,,, A, and¢). Hence, determination of curred is (10) depend only on two variables;, and¢.

further simplified. We shall now introduced the normalized valgef the area
For the small flux linkagg V), the reluctanceR, is domi- Aio’

nant due to a high permeability of nonsaturated iron in all the g = (Aio — Amin)/(Amax — Amin), (16)

other parts of magnetic circuit. Permeabiljty has also very

high values and, therefore, reluctan€gis almost independent and the normalized valuefor current rotor positiorié):

of flux linkage (). As a consequence we can define the area

Ay = Ao(e,gtlf(g )0) as functionqonly of rotor positiofd). Re- e (9_ B 9’”’"’)./(9 ! 9’”’"’)'. (17)
ferring to (4) and (5), the ared;, has the same shape as unsaRividing the rotor position(#) into three regions, from the un-
urated phase inductance. Experience from previous works [3gned(6...) to the alignedé.;) position (see Fig. 3), we shall
[8] shows that this shape resembles Fig. 3. A minimum val§&scribed;, as:

Apin of the a_\reaAio is at the _unalig_ned rotor pos_itio(n?un), ayz? + byaP—L L 0<z<ay
and the maximum valud,,,... is attained at the aligned rotor B .
position(f,;). The constan,,;, can be determined from the yla) = Y1+ kao(x — 21) xS w <@
unaligned inductancgl,,,,) as: ar(1—2) +bpy(1—a2)t 41 | ap<a<l
18)
Amin =2 L'un N2 o). 11 (
9Ln /(N 110) (11) wherea, as, b1, by, p andq are constants;; andz» are nor-
The constant4,,,,. can be determined in a similar way: malized boundary angles between rotor position regionsyand
is value ofy for x = z1 (see Fig. 3). Functiog(x) and its first
Amax = 2gLoa,l/(N2N0)a (12) Y L ( g ) D( )

derivative(dy/dx) must be continuous and smooth in order to
where L,,; is unsaturated inductance at the aligned positic@et smooth calculated torque. This is consequence of the torque
(6,1). The ratio Anaxiio/(2g) is the airgap permeance at theequation including the ared;, and its derivativédA;, /d¢), as
aligned positiori,;), and, therefore, the constaty,,. mustbe it is shown in later section. The set of functions in (18) allows
somewhat larger than the cross section area of statordgle that this requirements are satisfied if constantsaz, b1, bz, p
[14]. For further simplification and reduction in the number o&ndq (p andg must be grater than 2) have values:= —kq(p—
necessary magnetizati¢i — ¢) points, the approximate value2)/(pz} "), b1 = ka/2 % p = 2kez1/y1, ¢ = 2ka(1 —
is used: x2), @y = ko(p— 2)/[p(1 — 22)P 7, by = —kqa /(1 — 22)P 2.
In the region Il (z; < = < ) the normalized areg is
Amax = Amin + Ao, (13) linear function of normalized angle. The constank, should
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equalize the gradient of,(dA,/d6) with the gradient of the  From (20) we find permeability,; as1/u; = H;/B; with
actual overlapping area, i.6:; = 1/(zco — %10), Wherez,, B; = ¥/(NA;). Thus, from (2) and (4) the curredlt. is found
andz., are normalized angles corresponding to the position a$:
the starting 6, ) and full overlappingé.,) of rotor and stator .
poles (see Fig. 3). Experiments show that atghas somewhat ife = eV + crea ¥, (21)
greater value than actual area of mechanical overlapping (ab\(/)v%tere'
five percent of stator ared,), i.e.:y1 = ko(x1 — x10) + ki, ) Lo H L(1 -
wherek;, has value from 0.045 to 0.05 for various motor con- ¢, = Z LQS, Crea = Z 17’712
structions. The best results are obtained if normalized angle i>1 N4 i>1 By N1 A7
and z; correspond to the position of about 1/10 and 2/3 of The phase curreritin (4) is now determined from (10) and
real overlapping area, i.ex; = zu, + (zeo — 10)/10 @aNd  (20). Note that for the multiphase operation, the equation (20)
T2 = Teo — (Teo — To) /3. has to be appropriately changed as it is mentioned in Section I1.

All constants in (18) are now determined, and the atea However, when the current overlapping between phases is rel-
can be easily obtained from (16) as: atively low, as it is the case in the most 6/4 SRM drives, this

equation can be used in original form (20).
Aio = y(Amax - Amin) + Amin- (19)

- . D. Calculation of Torque
Thus the coefficients,,(k = 1, 2, ---, 5) in (10) are en-

tirely determined from (11), (13)—(15), (17)~(19). The only un- Instantaneous torque can be calculated by defining magnetic
1 1 . ! . oy
known variable i€ which is introduced in (6). It depends on the O~ ENErgyV,,, as afunctlo_n of rotor positiafiand phase current
or by defining magnetic energy’,,, as a function of rotor

iron magnetic characteristics, rotor position, size of flux linkage " | : . :
and airgap lengths, and it must e< 1. Simulation results positiond and flux linkagel. Referring to (4), magnetic energy

prove that this factor can be used as a small constant. Furth‘gﬂl can be obtained as:
more, their sensitivity t¢ changes is found to be rather weak. yy7  — [ jqu :/iodqj+/if€dqj =Wpo + Winse. (22)
The best results are obtained when parangelers value within
0.02 and 0.05, for the most types of the motor. In (22) the energy¥,,.,, related to the current,, varies with
rotor positiond and flux linkage¥. Second terniV,,, +., related
to the current ., varies only with flux linkagel’. As conse-
guence, the produced torgileis determined as:

For determining the. in (4), the reluctances$t;, K., R aw,,, Woo  IWpnse W,
and Ry in (2) must be found from the flux linkag&. These T=-—0=""230 "3 ~— a0 @&
reluctances represent the overall iron reluctance exgludmg V:qr‘?ergmeo = [4,dy can be determined by substituting
area of the reluctanck,. The lengthd; andthe aread;(j =1 ¢, (10), which gives:
to 4) in (2) depend on the SRM construction and are shown in '
Figs. 1 and 2. Each parameigy, corresponding to the reluc- —s ll — Col
tanceR; (j = 1 to 4), can be calculated from B-H curve for ~ ™ 2
which we used the form:

C. Determining the Reluctance of the Iron

Co
”(/}2 - 6016021/) + 71(1/) - 603)

2
Co1C02Co3 Col1C
2 0 0 0 04
(P —coz)” + iy +

H; B; B, ° : ]
7~ B +(1 ’7)<BS> ’ (20) 1n <¢—cog+ (¢—c03)2+c§4>]
whereH; and B; are respectively field intensity and flux den- e (24)

sity in the area of reluctand®;, andv, «, H, andB, are con-
stants defining the B—H curve. The poi®,, H,) onthe curve where coefficients:,.(k = 1, 2, ---, 5) are defined in (10).
should have the value so that for the flux dendity smaller These coefficients are functions of the argg, and this area is
thanB,, the reluctance®; (j = 1, 2, 3, 4) is relatively low in the function of rotor positiod. Thus, the equation (24) can be
comparison with reluctancg,. Also, when the flux densitys;  written as:
tends to reach the valug, , the influence of saturation effect be- W dA.
comes significant (typical value @, is within 1.1T and 1.3T). T=_"m°
Parametety has value from 0.6—0.7 for the most commonly used 9Ai,  db
iron. If we chose exponent so that (20) matches well the realEquation (24) shows that for a smooth torque, the deriva-
B-H curve, we will get poorer results for magnetizatin- <  tive dA,,/df must be a smooth function of rotor positiénas
curves in the saturation region due to the leakage flux becomip@vided by (18).

more pronounced. Experiments show that this could be over-The torgue can be obtained by solving (25), or approximately
come by taking somewhat smaller value fofvalue ofa varies as:
from 7-13 for different irons and motor constructions). In the
case that on& — ¢ point in the saturation region for the aligned T—=— Wono (1), 0) = Wino(th, 0 — A9)7
positiond,; is known from the measurement or numerical cal- Ad

culation, the coefficient can be determined more precisely. whereAd is a small step in the calculations of rotor positthn

(25)

(26)
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0.08 . TABLE |
Flux linkage (V-s) . COMPARISON OFSIMULATION RESULTS OFTHREE METHODS
007 .. ... ST e
008l e iy || T Varinhle [Praposed [Miller [8][PC-SRD
""" Do supply valtags (V) | 24 4 |
oosp L\ L T Speed (rpm) 2000 | 2000 | 2000
004} Tum cia sagle () 47.5 475 | 475
Tumoffangke ("} | ®0 | 80 | 80
0.08r Pesk phace current (A) | 26.316 | 27473 | 26,193
o0zt g Mean phese current (A} 7.919 B.192 | 7.914
Shaft powver (W) | 271826 | 274,638 | 261.17
001} 4
% 5 10 15 20 25 30 35 TABLE |l
Phase current (A) SOME PARAMETERS OF EXPERIMENTAL MOTOR
Fig. 4. Magnetization curves (from unaligned to aligned positions with ste __Number of rotor poles 4 | Stator outer diameter |116mm
5°) and energy conversion loops for motor from [1], obtained by (a) mod _Number of stator poles 6 Stack Length 48mm
described in [8] and by (b) new model. Number of turns per pole| 590 Stator pole height |105mm
Stator pole arc 32° Rotor pole height | 21mm
E. Concluding the Section llI Rotor pole arc 30° Shaft diameter 19mm
Concluding this section, let us point out that our dynami Airgap length 0.5mm| Unaligned inductance | 48mH
modeling of SRM is based on two variables i.e. rotor posifion
and flux linkageW, which is calculated from the equation: :
t 0.8t Flux linkage (V-5)
P = /0 (v — Ri) dt, @7) 0.7 measured
where oBF Tttt calculated
v is the voltage applied to the phase winding, 05t
R is the phase resistance, and 0a
i is the phase current obtained from (4) for previous rotor ‘
positiond — A6. 0.3t
, , ) . , 02
For starting the SRM simulation, only the unaligned induc-
tanceL,,,, is needed in order to obtain the aréa;, from (11). 0.1
All the other parameters can be calculated from the motor di- 0 . ;
0 05 1 15 2 25 3 35

mensions and magnetization B—H data of the magnetic material.
For better results, the areh,,. can be precisely defined from
(12) instead of (13), if the unsaturated inductathgg, is mea-
sured or calculated. Also, if one magnetizatioh — ¢) point
in the saturation region at aligned positi is known, the pa-
rametery in (21) can be set more precisely. If the magnetizatigphase operations cases, which strengthen our confidence in
(W — ¢) curves are known for some positions by measurememioposed method.

or numerical calculations, parametétsey, x2, k, andy; can
be fitted for the best results.

Phase current (A)

Fig. 5. Magnetization curves for experimental motor (from unaligned to
aligned position with step® of rotor position angle).

V. COMPARISON OFSIMULATION AND EXPERIMENTAL RESULTS

For available three phase 6/4 motor, with parameter given in
Table I, we also performed the experimental measurements in

Dynamic simulation results are obtained for the prototyped@der to compare them with simulation results of the proposed
phase 6/4 SRM which parameters may be found in [1]. Simmodel.
lation results of proposed method and of the Miller method [8] The measured and the calculated magnetization curves of the
are compared in Fig. 4. The magnetizat{dn— ¢) curves from motor from unaligned to aligned position with step36fin the
unaligned to aligned rotor position with stepisfare shown in rotor position, are shown in Fig. 5. The results for static torque
Fig. 4. The energy conversion loops in Fig. 4 are obtained fare compared in Fig. 6. Good agreements in Fig. 5, and in Fig. 6
the input control data given in Table I. For the sake of compaare evident. The simulation results are obtained for nonfitted pa-
ison Table | gives the simulation results of the proposed and tta@neters in (18) and (20). As input data only two magnetization
Miller [8] models, as well as results, found in [1], of the wel( ¥ — ¢) points are used. One, which define unaligned induc-
known PC-SRD program package [15]. tanceL,,, is used for determining area,,;, from (11), and

The new method is compared with method in [8] for another, highly saturated point at aligned positign for pre-
number of motors and results are in good agreement for otise determining constait in (20). All the other parameters

IV. DYNAMIC SIMULATION RESULTS
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35 T " [4] W. M. Chan and W. F. Weldon, “Development of a simple nonlinear
orqueaENn;) 4 A 3.5A switched reluctance motor model using measured flux linkage data and
1 calculated -7%~----Toy curve fit,” in IEEE IAS Annual MeetindNew Orleans, 1997.

measured '," [5] R.Arumugam, D.A. Lowther, R. Krishnan, and J. F. Lindsay, “Magnetic

field analysis of a switched reluctance motor using a two dimensional fi-
nite element method/EEE Trans. Magn.vol. May-21, pp. 1883-1885,
Sept. 1985.
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[8] T.J.E. Millerand M. McGilp, “Nonlinear theory of the switched reluc-
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vol. 137, no. 6, pp. 337-347, Nov. 1990.

Rotor position (°) [9] T.J. E. Miller, M. Glinka, M. McGilp, C. Cossar, G. Gallegos-Lopez,
D. lonel, and M. Olaru, “Ultra-fast model of the switched reluctance
) . . motor,” in IEEE IAS, Annual Meetingst. Luis, 1998.

Fig. 6. ‘Measured and c‘omp‘uted static torque vs. rotor position angle for th[alo] A. M. Michaelides and C. Pollock, “Modeling and design of switched

motor with parameters given in Table II. reluctance motors with two phases simultaneously exciteBE

Proc.—Electr. Power Applvol. 143, no. 5, pp. 361-370, Sept. 1996.

r lcul from m r metrv. from B—=H char risti 1] P. Pillay, Y. Liu, W. Cai, and_T. Sebastian, “Multiphase_ operation of
are calculated fro otor geometry, fro characterist Cél switched reluctance motor drivesEEE IAS, Annual Meetindl 998.

25

of the used iron, or they are taken as empirical values. [12] J. Faiz and J. W. Finch, “Aspects of design optimization for switched
reluctance motors,l[EEE Trans. on Energy Conversipwol. 8, no. 4,
VI. CONCLUSION pp. 704-713, Dec. 1993.

[13] A.V.Radun, “Design considerations for the switched reluctance motor,”
In this paper a Simple and effective model of the SRM has IEEE Trans. on Industry Applicationsol. 31, no. 5, pp. 1079-1087,
been presented. It can include all the important effects inhere Sept/oct. 1995.
p N ’ p . rﬂf4] J. W. Finch, “Magnetic permeance of aligned doubly salient structures,”
to the SRM. As input, the model requires the main motor geom- ~ Correspondence, IEE Proceedings. B, vol. 133, no. 6, pp. 365-366,
etry, number of turns, some characteristics of the used magneti{:5 '\é%/-slgg% < Manualleg?
. S - ser's Man .
material, and only one precalculated or measured magneuzatl(gn ] ua
(¥ — ¢) point. If some other magnetization points are known,
the model allows correction of some parameters for more accu-
racy. Because of its features, the model is suitable to be used
for CAD of SRM drives as support in searching for optimayladan Vuji_(v:ié received the B.S. and M.S. degrees in electrical engineering
motor geometry, optimal number of turns, choice of power co 9s”g ézgvglr;'vers'ty of Montenegro, Podgorica, Yugoslavia, in 1993, and 1995,
verter topology and rating of semiconductors. The model giveSHe is currently a Teaching Assistant at the University of Montenegro and
gOOd instantaneous shapes of current and torque, and, therefugeking toward Ph.D. degree in area of switched reluctance motor drives. His
: P : s : - fesearch interests include power electronic applications, variable speed drives
|F may be _used for optimization in control_, a_s_lt is determlnegnd miCroprocessor control.
tion of optimal turn on and turn off angles in firing-angles con-
trol, shaping current waveforms for minimizing torque ripple or

maximizing torque per ampere.
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