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Abstract. The aim of this study is to investigate and determine the effect of accounting for the non-
uniform distribution of magnetic induction (by detailing the stator tooth model) on the calculation
results of magnetic losses in the stator teeth of a switched reluctance motor in quasi-steady-state
modes. To achieve this goal, dependencies of phase flux linkage, electromagnetic torque of the motor,
and additionally, dependencies of the root mean square values of magnetic inductions in stator tooth
elements on the rotor angle and current have been determined using the finite element method. An
investigation of dynamic modes of the switched reluctance motor based on an improved simulation
model has been conducted at various values of constant load torque. Dependencies of magnetic
inductions over time for each stator tooth element for the studied quasi-steady-state operating modes
have been obtained. Magnetic losses have been calculated, taking into account the maxima of the
temporal dependencies of root mean square values of magnetic induction in stator tooth elements. The
most important outcome is a quantitative assessment of the influence of the non-uniform distribution
of magnetic induction on the calculated value of magnetic losses based on the detailing of the stator
tooth model in the operational modes of the switched reluctance motor compared to the traditional
approach. The significance of the work lies in developing an approach to refining the calculation of
magnetic losses by considering local saturation-in the magnetic circuit during the operation of the
switched reluctance motor.
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Calculul pierderilor magnetice cu distributia neuniforméi a inductiei magnetice in dintele statorului al
unui motor cu reluctanta comutata
Bibic O.V., Mazurenco L.I., Popovici O.M., Golovan L.V., Sthnenco M.O.
Institutul de Electrodinamica al Academiei Nationale de Stiinte din Ucraina Kiev, Ucraina

Rezumat. Scopul acestei lucrdri este de a cerceta si de a determina gradul de influentd a distributiei inductiei
magnetice neuniforme (prin detalierea modelului intrefierului statorului) asupra rezultatelor calcularii pierderilor
magnetice in dintii statori ai unui motor cu reluctantd comutatd (MRC) 1n moduri cvasi-statice. Pentru a atinge
acest obiectiv, a fost realizatd o modelare matematica de simulare a modurilor dinamice ale motorului cu reactie
pe baza unui model rafinat, ai carui parametri de intrare includ dependente bidimensionale (pe langa
dependentele legdturii fluxului de faze si cuplul electromagnetic a motorului) de inductie magneticd in
elementele intrefierului statorului pe unghi de rotatie si curent, calculatd prin metoda elementelor finite.
Pierderile magnetice se determind tindnd cont de dependentele maxime de timp ale valorilor radacind patratica
medie (rpm) ale inductiei magnetice in elementele intrefierului statorului MRC, obtinute prin analiza modurilor
cvasistatice studiate. Cel mai semnificativ rezultat este determinarea unei evaludri cantitative a gradului de
influenta a distributiei inegale a inductiei magnetice asupra valorii calculate a pierderilor magnetice pe baza
utilizarii detaliului modelului intrefierului statorului in modurile de functionare ale MRC in comparatie cu
abordarea traditionala. Un rezultat important al acestei lucrari este dezvoltarea unei abordari de rafinare a
calculului pierderilor magnetice la motoarele cu reluctantd comutatd, tinand cont de saturatiile locale ale
circuitului magnetic.

Cuvinte-cheie: motor cu reluctantd comutata, pierderi magnetice, detalierea intrefierului statorului, inductie
magnetica, mod cvasistatic.
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Pacyer MarHUTHBIX OTEPH NPH HEPABHOMEPHOM pacnpeieleHMM MATHUTHOM MHAYKIUM B 3y0Le cTaTopa
BEHTWJILHO-PEAKTHBHOIO ABUTATEJIS
budux E.B., Ma3sypenko JI.U., [TonoBuu A.H., I'osioBans U.B., Hlnxuenko M.O.

WucrutyT snekrpoannamuku HanmonaneHoM akaneMuun Hayk Ykpaussl, Kues, Ykpanna
Annomayusa. lensio naHHOW pabOTHI SBISACTCS WCCIEAOBAHHE W OIpPENCIICHHE CTETICHW BIHSHUSA ydera
HEPaBHOMEPHOCTH pPAaCIpee/icHHs MarHUTHOM WHAYKIUH (IyTeM IeTalu3aliid MOJETH 3yOma craTopa) Ha
pe3ynbTaTel pacuyeTa MAarHUTHBIX IIOTEpPh B 3yOIaxX CTaTropa BEHTHIHHO-PEAKTHBHOTO IBHTATENs B
KBa3MyCTAaHOBUBIIUXCA pekuMax. [ MOCTHKEHWS IMMOCTAaBICHHOW IIEJH: OIPENENIEHBI C TIOMOIIBI0 METOIa
KOHCYHbIX DJJIEMCHTOB 3aBHCHUMOCTH IIOTOKOCHCIIJICHUS (ba?,bl, QJICKTPOMArHuTHOI'0O MOMEHTA ABUTATECISA U
JOTOJIHUTCIIBHO 3aBUCUMOCTU CPE€AHCKBAAPATUYHBIX 3HAYEHUH MarHUTHBIX I/IH[lyKLII/lI‘/’I B DJJICMCHTaX 3y6ua
cTaTopa OT yriia MOBOPOTa POTOpa M TOKA; MPOBEJEHO HCCIEIOBaHHE TUHAMHYECKHX PEXKUMOB BEHTUIHHO-
PCAKTUBHOI'O0 JBUTraTcjid Ha OCHOBC yTO‘lHeHHOﬁ I/IMI/ITﬁIlI/IOHHOfI MOoACIM MHOpU pas3IMdHbIX 3HAYCHUIAX
IMOCTOAHHOI'O MOMECHTA HAarpy3kKu; IOJYUCHBI IJIA KaXXAO0Tro 3JIEMEHTa 3y6ua cTaTopa 3aBUCUMOCTH MAarHuTHBIX
UHJIYKUUH BO BPEMEHU ISl UCCIEAYeMbIX KBa3WYCTAHOBUBIIUXCS PEXHUMOB pabOThl. MarHuTHbIE MOTEPH
PACCUUTAHBI C YYETOM MAaKCHMYMOB BPEMCHHBIX 3aBUCHMOCTEH CpEIHEKBAJAPATHIHBIX 3HAYCHHUN MarHUTHOM
WHAYKIUH B DJIEMEHTaX 3yOIla CTaTopa W OIpPENeNICHBI IOJIHBIE MOTEPH B 3yOIle BEHTHIIEHO-PEaKTUBHOTO
IBUTATEIs. AHAJH3 WCCICJOBAHMI BBIOJHEH C TIIOMOINBIO CpPaBHEHHS OTHOCHTEIBHBIX PACXOKICHHHA
pe3ympTaTOB pacyeTa MAarHUTHBIX TIOTEph IPH HCIIOJB30BAHUH JIETATU3UPOBAHHON MOJCIH W MOJCITH
CIUTOTHOTO  3yOma  (TpamumuoHHBIN momaxom). Haumbomee  CymecTBEHHBIM — pe3ylbTaTOM  SIBISETCS
KOJIMYCCTBEHHAsI OILCHKA CTEIICHH BIIHMSHUS HEPaBHOMEPHOCTH pACIpElIeeHHs MArHUTHON WHIYKIMH Ha
pacyeTHYIO BENIMYMHY MarHUTHBIX ITOTEPh Ha OCHOBE JIETAIU3AIMK MOJETH 3yOIla cTaTopa B pabounx pexxumax
BCHTHUJIbHO-PCAKTUBHOTO JBUIaTCjid IO CPaBHCHUIO C TPAAMOHUOHHBIM ITOJAXOJ0M. Onpez[eneH YPOBCHDb
YBEJIMYEHHUS PACUCTHBIX 3HAUEHUI MarHUTHBIX moTeph (10 80%) Omaromaps ydeTy JOKaJbHBIX HACBIIICHUN B
JIETATM3UPOBAHHONW MOJieNn 3y0lia cTaTopa 1Mo CPaBHEHHUIO C UX OIpeAelieHHEM Ha OCHOBE PACUETHOW CXEMBI
CIUTONIHOTO 3y0I1a. 3HAYUMOCTh pabOThI 3aKITI0YAETCSI B pa3pabOTKe MOAX0/1a K YTOUHEHHUIO pacueTa MarHUTHBIX
MOTeph IMPH HEPABHOMEPHOM pACIPEICICHUH MAarHUTHOTO MOTOKa B MAarHUTOIPOBOJIC B PEXUMaxX pPabOTHI
BEHTHJIbHO-PEAKTUBHOTO ABHTaTeis. Pe3ynbraTel paboThl MOTYT OBITH MCIIOJNB30BAHEI JJII YTOYHCHUS pacyera
MOTEPb U SHEPTeTUYECKUX MOKa3aTeIel B METOANKAX MPOESKTUPOBAHUS BEHTHJIbHO-PEAKTUBHBIX ABUTaTEICH.
Knroueevie cnoea: BEHTWIHLHO-PCAKTUBHBIN JIBUTATENb, MAarHUTHBIC MOTEPH, ACTANU3alus 3yOlla craropa,
MAarHUTHasE UHIYKIUS, KBA3UYCTAHOBUBILIUICS PEKUM.

INTRODUCTION teeth and yokes of the stator and rotor changes at
. . . . . different frequencies. Based on the outlined
The issue of improving efficiency in the

. . . challenges, mathematical models for calculating
operation modes of adjustable electromechanical - ) .
. o . magnetic losses in SRMs must take into account
converters is of current significance. This

. . the magnetic state and the branched system of
emphasizes the importance of an adequate L
. . the magnetic circuit (toothed structure of the
assessment of the efficiency coefficient of

electric motors and, consequently, refining the stator and rotor), as well as the engine control

. : . strategy.
results of magnetic loss calculations in steady- )
“ & “ 4 The operating modes of SRMs are
state modes.

Determining magnetic losses in Switched characterized by continuous repeating transient

Reluctance Motors (SRMs), which consist of an Processes, leli;h are Qeternélned by ghage
inductor machine (toothed structure of the stator commutation. 1hese quasi-steady-state modes in
and rotor) with a reactive (non-wound) rotor and SRMs - occur .due to variations in the mptor
a semiconductor commutator with torque depepdmg on the rotor angle, even with a
microprocessor control, is a sufficiently complex constant reS}stance torque. .

task. This complexity arises from the nonlinear The .d651g1.l ({) rocess of SWI;Chid fr_eluctance
characteristics of the machine's magnetic circuit, Egtorliis nC;l;rcle sOlsltteiEss‘[a(%?S. tl?e t ;;:S;sStaffé
the distribution of magnetic flux in different develo egd i ac};or dance with the technical
parts of the magnetic circuit (stator yoke, stator L opea . . .
teeth, rotor yoke, rotor teeth), which strongly spemﬁcatl(?ns, and  static .two-dlmensmnal
depends on operating modes. Additionally, dependencies of phasg ﬂux. llnkage and root
significantly non-harmonic processes in SRMs mean square V.alue.:s Of induction in the clements
are dependent on the angular position of the rotor of the magnetic circuit model are formed based
and the spatial diswibution of magnetic on the rotor angle and phase current. These

. . . : dependencies are used as input data for the
induction. Moreover, the magnetic flux in the L. . .
second stage, which includes the investigation of
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dynamic modes as well as the calculation of
losses and efficiency indicators of SRMs in
quasi-steady-state modes. At this stage, tasks
related to the effective control of the rotational
speed of SRMs are addressed, considering the
patterns of changes in the torque of the working
mechanism.

Typically, the calculation of magnetic losses
in SRM operation modes is based on modeling
transient processes, assuming a uniform
distribution of magnetic induction in
conventionally defined sections of the magnetic
circuit. In operational SRM modes, significant
local saturations of the magnetic circuit occur
due to the changing mutual positions of the stator
and rotor teeth conducting the magnetic flux.
The maximum non-uniformity of the flux occurs
in the region adjacent to the air gap. The issue of
the significance of refining magnetic losses
considering local saturations in the crowns of
SRM teeth is relevant and qualitatively
addressed in this work by initially dividing the
tooth crown into a small number of elements.

LITERATURE REVIEW

In the design of electric machines, the
calculation of magnetic losses is carried out
based on the classical approach using the
expression [1], expressed in watts

n

F.=Pios ZK%j -k ’Biz -m, (D

i

where pi.s0 are the losses in 1 kg of steel at an
induction of 1 T and a current frequency of 50
Hz; n is the total number of sections in the
magnetic circuit (teeth and yokes of the stator
and rotor); fis the frequency of remagnetization;
a is the exponent, dependent on the steel grade
and the thickness of the magnetic circuit's steel
sheets; B;, T, m;, kg are the magnetic induction
and mass of the i-th section of the magnetic
circuit, respectively; ku is the coefficient taking
into account the increase in magnetic losses due
to incline during stamping and assembly
technology.

Traditionally, in electric machines, magnetic
induction is determined based on the theory of
magnetic circuits for sections of the magnetic
circuit [1], assuming a uniform distribution of
magnetic flux. This approach does not account
for significant non-uniformity in the distribution
of magnetic induction in the sections of the
magnetic circuit.

19

Well-known  methods for calculating
magnetic losses in SRMs are based on describing
the waveforms of magnetic flux in each part of
the machine's magnetic circuit, using an
idealized form of magnetic induction in the stator
teeth [2-14]. In study [3], these inductions are
determined graphically, and Fourier analysis is
employed to assess the frequency and amplitude
of each harmonic component of the flux. Article
[4] presents relationships of the flux in different
parts of the SRM magnetic circuit in the form of
matrix equations.

In [6], a simulation of magnetic losses in
SRMs is proposed based on an energy approach
[7]. When investigating dynamic modes, loss
calculation blocks in the stator and rotor are
incorporated into the SRM mathematical model
in[8,9].

Magnetic losses are calculated using various
methods based on the classical Steinmetz
equation or its modifications [9-12, 15-18]. In
the yokes of the stator and rotor of SRMs, zones
subject to different remagnetization frequencies
are identified [10-12, 15, 17, 18].

In the cited works, the models of stator and
rotor teeth are considered homogeneous (solid),
and the calculation of magnetic losses is based
on the spatially averaged and temporally
maximum values of magnetic induction.

The consideration of local saturation in the
teeth of the SRM stator and rotor is addressed in
[19], where this investigation is conducted using
a simplified analytical mathematical model.

In [20], a method for calculating magnetic
losses in SRMs is presented, utilizing network
analysis of resistances for calculating magnetic
inductions. The model comprises multiple
nonlinear resistances and inductances that
account for the variation in the distribution of
magnetic flux in the stator and rotor poles
depending on their positions in dynamic modes.

The article [21] introduces a method for
calculating losses in the steel of SRMs based on
determining static dependencies of magnetic
induction in the yoke and teeth zones with the
finite element method, considering the phase
current and rotor position of the SRM. Magnetic
induction in the stator and rotor teeth is
determined in three homogeneous elements: at
the base of the tooth, its middle part, and the
tooth crown. The obtained results are stored in
2D reference tables of the simulation model
created in Matlab/Simulink. Based on these data,
magnetic inductions are analytically calculated in
operating modes at different angles of SRM
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activation and deactivation, as well as load
torques.

To calculate and analyze magnetic losses in a
direct current motor, the authors of [22]
addressed the task of dividing the core into a
significantly  larger number of sectors,
determining for each (based on the results of
field analysis using the FEMM program) the root
mean square values of the maximum magnetic
inductions. This approach enables a more precise
calculation of losses in electric machines.

The calculation of losses in quasi-steady-state
operating modes of SRMs is based on modeling
transient processes [15, 16] using a mathematical
model presented as a system of differential

equations of electrical and mechanical
equilibrium:
d .
u(t)=R-i(t)+M
dt
Jo. 1 , )
L=—(M-M))
e J
where R, u, i are the active resistance,

instantaneous values of stator phase voltage and
current; w(6,i) is the flux linkage of the stator
phase depending on the rotor angle € and phase
current; «, is the angular rotation frequency of
the motor rotor w,=d6/dt; J is the moment of
inertia of the SRM rotor and the masses
associated with it; M. is the load torque on the
motor shaft; M is the electromagnetic torque,
calculated as the partial derivative of the
coenergy W' with respect to displacement [23-

25]:
m aW'(e,i)}
M=y =22 :
ZI:I: ae i=const

w'(6,i) :iiw(e,i)-di,

I
1

€)

“

where m is the number of stator phases.

The solution to the task of designing a SRM
as a whole, and specifically determining
magnetic losses, is accomplished through the
analysis of operational modes [23, 24, 26]. The
authors of the papers [17, 18, 21] employ a
method for calculating magnetic losses in the
SRM magnetic circuit, which includes:

1) Modeling the SRM based on the finite
element method to determine static dependencies
w(0,i), relying on the geometric dimensions and
material of the SRM magnetic circuit.

2) Modeling transient processes in the SRM
based on the system of equations (2), (3), and (4)
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considering the control
semiconductor converter.

3) Determining dependencies of magnetic
induction over time in various parts of the SRM
magnetic circuit.

4) Determining the demagnetization
frequency and the value of magnetic induction
for each section of the stator and rotor core in the
operational modes of the SRM.

5) Calculating the total magnetic losses,
which are divided into three parts: eddy current
losses, hysteresis losses, and additional losses.

The authors of this article conducted
theoretical and experimental studies on the
operational modes of a SRM from 2016 to 2021,
where magnetic losses were calculated based on
engineering design methods or determined
experimentally [23, 24, 27].

In this work, research was carried out to
determine the degree of influence of considering
the non-uniform distribution of magnetic
induction (by detailing the stator tooth model) on
the results of calculating magnetic losses in the
stator teeth of the Switched Reluctance Motor.
Magnetic losses were calculated, taking into
account the peaks of the temporal dependencies
of the root mean square values of magnetic
induction in the SRM stator tooth elements,
obtained through the analysis of the investigated
quasi-steady-state modes.

The aim of this study is to investigate and
comparatively analyze the influence of detailing
the stator tooth model on the results of
calculating magnetic losses in quasi-steady-state
modes of a Switched Reluctance Motor.

algorithm of the

I. RESEARCH METHODOLOGY

As the object of study, a switched reluctance
motor with a configuration of 6/4 (6 - the
number of stator teeth, 4 - rotor teeth) was
chosen. The stator core is laminated and made of
electrical steel grade 2013, with a sheet thickness
of 0.5 mm, steel filling factor £~=0,95, specific
magnetic losses of 2.5 W/kg for an induction of
1 T and a frequency of 50 Hz. The outer
diameter of the stator is 89 mm, the inner
diameter is 55 mm, the width of the stator tooth
is 14.4 mm, the height of the stator tooth is 11.3
mm, and the stator yoke is 6.0 mm. The width of
the rotor tooth is 8 mm, the height of the rotor
tooth is 10 mm, and the rotor yoke is 9 mm. The
air gap is 0.25 mm, and the active length is 60
mm.

Mathematical modeling was performed using
MATLAB-Simulink with the SymPowerSystems
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library. The mathematical model is described by
a system of differential equations of electrical
and mechanical equilibrium  (2). The
electromagnetic torque is determined through the
force of magnetic tension by Maxwell's equation:

M = cﬁ[i]ds, (5)

where § is the surface encompassing the volume

of the active zone of the SRM rotor; 7 is the
radius vector from the origin of the coordinate

system to an element dS of the surface S; T, is

the force of magnetic tension acting externally
on one unit of the surface S in the direction of the

normal vector 7.

A simulation model was used, implementing
control modes of the SRM with a semiconductor
commutator with a current limitation. To
investigate and analyze different methods of
calculating magnetic losses in dynamic modes,
this model is implemented with blocks

approximating static dependencies of the root
mean square B (6,i) and mean B(6,i) values of
magnetic induction on the rotor angle and phase
obtained from
The

current. These values are

preliminary field analysis. task of

determining the root mean square values of
magnetic induction in the sections of the SRM
magnetic circuit was solved in this article using
the COMSOL Multiphysics program.

The calculation of losses was carried out
through a differentiated computational scheme
for determining magnetic losses in the SRM
magnetic circuit, in this case, with the detailing
of the stator tooth model (on element #1 and
elements #2 — #5 in the crown area of the tooth),
as shown in Fig. 1.

The algorithm of computational studies
included: 1) detailing the stator tooth by dividing
it into individual elements; 2) determining, for
each element, based on the results of preliminary
field analysis, the dependence of the root mean
square value of magnetic induction on the rotor
angle and current; 3) using this information to
calculate the dynamic modes of the SRM and
obtaining dependencies of magnetic induction on
time; 4) determining, for each element, the
maximum in-time root mean square value of
magnetic induction; 5) calculating magnetic
losses for each element of the stator tooth,
followed by their summation.

Fig. 1. Fragment of the cross-sectional view of the SRM electromagnetic system
with stator tooth detailing.!

Magnetic losses, when detailing the stator
tooth, were calculated based on formula (1) for
each element, taking into account the maximum
values of magnetic inductions according to the
formula:

BZ

mkvj

P

2 =K Prosso (%j 'Z(mzsj )

J=1

). (©)

where 7 and j are the total number and the
number of the stator tooth element according to
Fig. 1; m.g; is the mass of the j-th element of the
stator tooth, and k.=2.

II. RESULTS AND DISCUSSION

Static dependencies of the root-mean-square
values of magnetic inductions on the rotor angle
and current were calculated with a uniform step
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from the minimum current density value
j=1-10% A/mm? (Curve 1) to j=5-10° A/mm?
(Curve 5). The graphs of these dependencies for
elements #2 — Bi2(0,i) and #3 — Bi3(0,i) and the
solid stator tooth Bi.(6,i) are shown in Fig. 2 q,
Fig. 2 b, and Fig. 2 ¢, respectively.

Operational modes of the SRM were
investigated for a range of resistance torque
values M. (0.6, 0.65, 0.725 N'm), a voltage of
150 V, and an inertia moment J=6,6-10"° kg-m?.
The results of the analysis of quasi-steady-state
modes of the SRM for M.~=0,6 N-m, turn-on
angle 0,,=42° and turn-off angle 6,,=72° of the
stator phase are illustrated in Fig. 3.

The period of rotor angle variation in
geometric degrees, which determines the angular
shift between interacting stator and rotor teeth,
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for the SRM configuration 6/4 is 90°. The angle
changes from the initial value (unmatched
position when the rotor tooth axis coincides with
the stator slot axis) to the maximum value
(matched position when the axes of the stator
and rotor teeth coincide). Figure 3 a shows the
temporal dependencies: rotor rotation angles
relative to stator teeth 6=f(?); in Fig. 3 b — phase
currents ig=f(¢); in Fig. 3 ¢ — electromagnetic

torque M=f(?); in Fig. 3d — angular rotation
frequency of the motor rotor w,=f{t).

The temporal dependencies of inductions in
the solid stator tooth Bn-(¢#) and its elements
Bijt) are presented in Fig. 4. For each
dependency, the maximum of the root mean
square values of magnetic induction B was
determined for further loss calculation using
expression (6).

Bxv,
4
1.6

12

04

Fig. 2. Dependencies of magnetic induction on rotor angle and phase currents for elements #2 (a), #3

(b), and continuous (c) stator tooth.?
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Fig. 3. Temporal dependencies of rotor angle (a), phase currents (b), electromagnetic torque (c), and
angular speed of the SRM rotor (d).
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Fig. 4. Temporal dependencies of magnetic
induction for elements #2, #3, and continuous
stator tooth.*

The results of magnetic loss calculations in
the stator tooth for the considered methods are

presented in Tables 1 and 2, and a comparative
analysis of these results is provided in Table 3.
Losses in the solid tooth (based on the traditional
approach) are calculated using formula (1) for
the temporal maxima of the root mean square
Buw and average B, values of magnetic
induction in space, denoted as Pz and Pgzss
respectively in Table 2.

The relative discrepancies in the results of
magnetic loss calculations with tooth detailing
(Table 1) compared to the solid tooth (Table 2)
were determined using expressions (7) and (8)
respectively:
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P,-P
A, =—2—=2.100%.

zs2

()

P, —P
Az — zs1 zs3 100%
zs3
The degree of discrepancy in the results of
magnetic loss calculations in the solid stator
tooth when using B or By, is calculated:

P

-P
A, =2 "3 100%. 9)
zs3

As a result of the analysis, it was determined
that with an increase in the resisting torque from

®)

M.=0,6 N-m to M=0,725 N-m, the
discrepancies in the calculation results A;, based
on the root mean square values of magnetic
induction, do not exceed 24%. Discrepancies in
results A> and A; increase from 35.76% to
83.22% and from 9.6% to 49.83%, respectively.

Considering that the research was conducted
through  mathematical modeling, further
development of the work involves comparing the
results of magnetic loss calculations for a
specific machine with experimental data.

Table 1°.

Results of magnetic loss calculation based on the detailed model of the stator tooth®.

Load Torque, |Magnetic Inductions and Magnetic Tooth Element Numbers of Stator Tooth
N'm Losses in Elements and Stator Tooth 1 2 3 4 5
Bukj, T 0,79 1,81 1,53 0,78 0,16
0,6 Py, W 0,358 | 0,254 | 0,149 | 0,039 | 0,002
P, W 0,82
Bukjy T 0,91 2,07 1,76 0,9 0.19
0,65 Py, W 0,423 | 0,296 | 0,176 | 0,046 | 0,002
Py, W 0,943
Bukj, T 1,08 2,48 2,11 1,07 0,23
0,725 Py, W 0,49 0,349 | 0,208 | 0,053 | 0,003
P, W 1,103
Table 27.
Results of magnetic loss calculation based on the solid stator tooth model?®.
Load Torque, N'm Operating Parameters, Magnetic Losses
@y, rad/s f, Hz Bmkvj, T stz, \%% Bm, T st3, \"%
0,6 158.8 101,1 0,88 0,662 0,84 0,604
0,65 144,6 92,06 1,01 0,778 0,89 0,604
0,725 125 79,58 1,2 0,902 0,98 0,602
Table 3°.  analysis of quasi-steady-state modes, has been

Comparative results of magnetic loss calculation
in the stator tooth'’.

investigated.
An increase of up to 80% in the calculated

Relative Load Torque, N-m Valu§s (?f magnetic los§es was identified by
discrepancies of | Ma=0.6 | Ma=0.6 5’ Ma=0.725 considering local. saturatlops in the stator tooth
caleulation o “o “ compared to their deteqnlnatlon based on the
results contln}lous-tooth calculation §9heme.
A% 2387 2101 3738 1Tllns'approach Sian be utilized to refﬁne loss
2 2 2 2 calculations an energy performance
Az, Z/O 3576 26,13 83,22 assessments in the design methodologies of
As, % 9,6 28,8 49,83 switched-reluctance motors.

I11. CONCLUSIONS
The effect of detailing the stator tooth model

on the results of magnetic loss calculations in the
switched-reluctance motor, obtained through the
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