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Comparative Studies Between Classical and Mutually Coupled
Switched Reluctance Motors Using Thermal-Electromagnetic

Analysis for Driving Cycles
G. J. Li, J. Ojeda, E. Hoang, M. Lecrivain, and M. Gabsi

Laboratory SATIE, ENS Cachan, CNRS, University of Paris XI, Cachan F-94230, France

This paper presents copper and iron loss models of a classical switched reluctance motor (SRM) and a mutually coupled switched
reluctance motor (MCSRM). The iron losses in different parts of machines are then detailed. Based on the power losses model, a lumped
parameter (LP) transient thermal model during driving cycles is performed, the analytical results are validated by the finite-element
(FE) transient thermal model. Special attention has been paid to model the salient rotor and a method to transform the salient rotor
into a nonsalient one has been proposed. A comparison between the maximum temperatures obtained by using different heat source
(average power losses or instantaneous power losses during driving cycles) is given. The experimental tests are also realized to verify the
analytical and numerical results.

Index Terms—Finite-element method (FEM), loss modeling, switched reluctance motor (SRM), thermal analysis, thermal resistance
network.

I. INTRODUCTION

S WITCHED RELUCTANCE MOTORS (SRMs) have
attracted increasing attention of electrical machine

researchers due to their simplicity, robustness, low cost manu-
facture and low cost maintenance as well as high torque density
[1]–[4]. All the active parts of the SRMs, e.g., the windings,
are in the stator. This causes the SRMs to be considerably
robust, and thus they can be applied in some harsh working
environments, e.g., high speed, high ambient temperature,
and high pressure [5]–[9]. In contrast to induction machines
or permanent-magnet machines, SRMs can have a relatively
simpler cooling system because it is often sufficient to cool the
stator where all the copper losses and most of the iron losses
exist. However, for induction machines or permanent-mag-
nets machines, the cooling of the rotor is often necessary to
protect the rotor permanent magnets or the isolates of rotor
induction windings. This is not easy to perform because of the
rotating rotor. Moreover, this certainly increases the cost of
manufacture.

Besides the previous advantages of the SRMs, some of their
drawbacks are also evident such as high acoustic noise and high
vibration. In order to decrease the noise emission and the vi-
bration, many studies have been performed and some efficient
methods have been proposed such as optimizing the motor struc-
ture [10]–[12] or the control strategies [1], [2], [13], [14], using
active materials such as piezoelectric actuators [3], [15], etc.
Another method, changing the stator winding distribution, was
studied in [16]; the authors have proposed a new phase winding
distribution as shown in Fig. 1(b) (the three phases are wound
as A+ A- B+ B- C+ C- ) while the phase winding distribu-
tion of classical SRMs is shown in Fig. 1(a) (the three phases
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Fig. 1. Stator winding distributions of the classical SRM and MCSRM and
flux lines with the phase A excited in constant current. (a) Classical SRM.
(b) MCSRM.

are wound as A+ A- B- B+ C+ C- ). In contrast to classical
SRMs, in which the mutual flux as well as mutual inductances
between phases are very low and often negligible (in Fig. 1(a),
the phase A is excited with constant current, there is nearly no
flux of phase A that crosses through other phases, e.g., phase B
and phase C), the new winding distribution leads that the ma-
chine has mutual inductances between phases, which are neg-
ative while their absolute values are approximately one half of
those of the phase self inductances. Due to the mutual induc-
tances between phases, this kind of motor could be classed into
the mutually coupled switched reluctance motor (MCSRM) cat-
egory as in [17], in which the notion of MCSRM is reported.
The authors in [16] have also found that, when the phases are
excited in rectangular waveform currents, due to mutual induc-
tances, the levels of vibration and acoustic noise of the machine
are dramatically reduced, and the converter circuit can be also
simplified. Further studies are reported in [6] and [7] showing
the comparison of different current waveforms. When the three
phases of the MCSRMs are excited in sinusoidal waveform cur-
rents, a strong torque augmentation has been observed at high
current densities. Moreover, the MCSRMs are found to be much
less sensitive to the magnetic saturation than classical SRMs.

To our best knowledge, few studies about the comparison of
power losses and thermal performances between the classical
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Fig. 2. Torque and mechanical speed versus time during one driving cycle (ma-
chine specification of the classical SRM and the MCSRM).

Fig. 3. Comparison of average torque versus current density RMS between the
classical SRM and the MCSRM (three phases excited in sinusoidal waveform
currents).

SRMs and MCSRMs have been performed in accessible litera-
ture at the present time. In this paper, the copper and iron losses
of the classical SRM and the MCSRM have been computed for
the same driving cycle, which is given in the machine speci-
fications as shown in Fig. 2. The period of a driving cycle of
these two machines is 6000 seconds. During one driving cycle,
the maximum and minimum torques are respectively 7 Nm and
0.5 Nm [see Fig. 2(a)], while the maximum and minimum me-
chanical speeds are respectively 7500 tr/min and 100 tr/min
[see Fig. 2(b)]. The lumped parameter (LP) transient thermal
model is realized, and the copper and iron losses are used as
heat sources to predict the variation of temperatures at different
parts of the machine during several driving cycles (after sev-
eral driving cycles, the thermal regime of the machine could be
permanent). The analytical results are also validated by the tran-
sient finite-element method (FEM) based on ANSYS transient
thermal 2D.

II. COPPER AND IRON LOSS MODELS OF SRMS

A. Copper Losses During One Driving Cycle

Without rotor windings, the copper losses of the SRMs are
primarily in stator windings, which can be computed as

(1)

Fig. 4. Total copper losses of the classical SRM and the MCSRM during one
driving cycle (three phases excited in sinusoidal waveform currents).

where ( m), (A/m ), and (m ) are the copper re-
sistivity (in this paper, is considered as independent of the
temperature variation), the RMS current density, and the total
copper volume of three phase windings of SRMs, respectively.
In order to calculate the copper losses during one driving cycle,
the key difficulty is to obtain the RMS current density versus
time during one driving cycle. Since the torque versus time
during one driving cycle is already given as in Fig. 2(a), it is suf-
ficient to obtain the average torque versus RMS current density.
This has been performed by the FEM 2D; the three phases of the
two machines are excited in sinusoidal waveform currents and
the results are shown in Fig. 3. Taking into account the magnetic
saturation and using the basic fitting method, the numerical re-
lationship between the average torque and RMS current density
can be then established as

(2)

where are constants depending on the magnetic
materials and the kind of machines. The copper losses during
one driving cycle of the foregoing classical SRM and MCSRM
are then obtained and shown in Fig. 4. A significant differ-
ence between the maximum values of copper losses is observed.
This is because that, in order to produce a maximum torque of
7 Nm, the classical SRM must have a RMS current density of
39 A/mm while the MCSRM should only have a RMS current
density of 15 A/mm . Thus, with the same copper resistivity and
the same total copper volume [see (1)], the maximum copper
loss of the classical SRM is 6.8 times higher than that of the
MCSRM.

B. Iron Losses During One Driving Cycle

The iron losses in stator as well as in rotor, as one kind of heat
source in the electrical machines, should be computed to pre-
dict precisely the temperatures of different parts of machines.
In contrast to some of the previous studies, in which the iron
losses are often computed at certain driving points or with duty
cycles, where the torques (corresponding to copper losses) and
the mechanical speeds (corresponding to iron losses) are often
fixed [18]–[27], the iron losses in this paper are instantaneous
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during one driving cycle. The stator and rotor iron losses den-
sities[ (W/m )] could be obtained using the general expres-
sions as follows:

(3)

where

rotor or Stator electrical
frequency;

A/m and
A/m

hysteresis loss coefficients;

(Tesla) peak-to-peak value of flux density;

Am/V eddy-current loss coefficient.

In this paper, the hysteresis and eddy-current loss coefficients
are obtained by experimental methods, the variation of rotor and
stator magnetic flux densities as well as their frequencies are
computed by time-stepping FEM 2D. In order to compute the
stator and rotor iron losses versus time during one driving cycle,
the relationship between the iron losses for unit speed (1 rad/s)
and the RMS current density is firstly established, and with (3),
the numerical relationship between the iron losses for unit speed
(1 rad/s) and the average torque could then be obtained, since
torque and the mechanical speed are given in the machine spec-
ification as in Fig. 2, the instantaneous stator as well as rotor
iron losses (sum of hysteresis and eddy current losses) can be
finally calculated.

The results of rotor, stator, and entire machine iron losses
versus time during one driving cycle are shown in Fig. 5 and in
Table I. The maximum and average rotor, stator, and total iron
losses of the classical SRM are approximately 2 times higher
than those of MCSRM.

During the procedure of calculating the rotor iron losses of
these two machines, it is found that the rotor and the stator flux
density frequencies ( and ) of the classical SRM as well as
stator flux density frequency of the MCSRM are identical,
while these foregoing frequencies are 2 times higher than the
rotor flux density frequency of the MCSRM. Thus, as shown
in (3), even if the amplitudes of rotor magnetic flux densities
of these two machines are identical, the rotor hysteresis and
eddy-current losses of the classical SRM could be respectively 2
times and 4 times higher than those of the MCSRM. This makes
the MCSRM a very outstanding candidate for the high speed ap-
plications, because the higher the mechanical speed, the lower
the rotor iron losses of the MCSRM compared to that of the clas-
sical SRM. Concerning the stator iron losses of these two ma-
chines, the harmonic analysis is performed to analyze their dif-
ferences. As mentioned in previous sections, the three phases are
excited in sinusoidal waveform currents, and the harmonics of
phase flux (phase A is chosen in this paper) versus RMS current
density for these two machines are shown in Fig. 6. It is found
that the classical SRM has important third and fifth harmonics
while the harmonics of the MCSRM are relatively low, since the
fundamental frequencies of stator flux densities of these two ma-
chines are similar, the classical SRM could consequently have

Fig. 5. Comparison of iron losses during one driving cycle between the clas-
sical SRM and the MCSRM. (a) Rotor and stator iron losses. (b) Total iron losses
(sum of rotor and stator iron losses).

TABLE I
MAXIMUM AND AVERAGE ROTOR, STATOR, AND TOTAL IRON LOSSES DURING

ONE DRIVING CYCLE

higher stator hysteresis as well as eddy-current losses. Further-
more, as shown in Fig. 6, in contrast to the classical SRM, the
phase flux harmonics of the MCSRM decrease with the increase
of RMS current density. Thus, at high average torque and low
mechanical speed, the stator iron losses of MCSRM due to har-
monics could be significantly lower than that of classical SRM.

III. TRANSIENT THERMAL MODELS (LP AND FEM 2D)

A. Lumped Parameter Transient Thermal Model

1) Thermal Conduction: Since the classical SRM and the
MCSRM have the same motor structure, the only difference is
the current distribution in stator windings, thus, the heat flux
paths should be similar. Furthermore, the heat flux is mainly
removed towards the outside of electrical machines in the radial
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Fig. 6. Harmonic analysis of one phase flux (phase A) when three phases ex-
cited with sinusoidal waveform currents. (a) Classical SRM. (b) MCSRM.

direction, thus, it is safe to study the comparison of temperatures
between these two machines in the radial direction. The general
expression of temperature ( ( C)) describing the heat transfer
is

(4)

where (W/m/ C), (kg/m ), (J/kg/ C), and (W/m ) are
thermal conductivity, density, specific heat capacity, and heat
source, respectively. As in some of the previous studies [28],
[29], the stator slots are considered as an equivalent homoge-
neous material. The equivalent thermal conductivity is obtained
by analytical method, and verified by finite-element and exper-
imental methods. In this paper, an equivalent thermal conduc-
tivity of stator windings of 0.84 W/m/ C is given for a stator
slots filling coefficient of 50%. In order to calculate the thermal
resistance in different parts of electrical machines, the identifi-
cation of limit conditions of (4) is important. Since the struc-
tures of these two machines are cylindrical, using two cylinders
to represent different parts of machines is thus possible, which
is shown in Fig. 7.

In Zone I, the Poisson’s equation should be solved, which is
the steady-state form of (4), while in the Zone II, the Laplace’s
equation should be solved. The Dirichlet conditions are imposed

Fig. 7. Zones describing the heat transfer at different parts of electrical ma-
chines. Zone I: with heat source �� �� ��. Zone II: without heat source �� � ��.

on the inner and outer surfaces, e.g., and .
The length in direction of the cylinders in question is , and
after the resolution of the Poisson and Laplace’s equations, the
thermal resistances of different parts are obtained as follows:

(5)

where (m), (m), and (m) are respectively the inner, the
middle, and the outer radii of the studied cylinder as in Fig. 7.

2) Thermal Convection: In electrical machines, there are two
kinds of thermal convection, e.g., between solid surface and
ambience (outer convection) as well as between solid surfaces
(inner convection). The thermal convection between the outer
surface of frame and the ambience is included in the first case,
while the thermal convection in the air-gap (between the rotor
and the stator), between the end-winding and frame inner lat-
eral surfaces are included in the second case. The foregoing
SRMs are designed for a variable stator vane (VSV) applica-
tion, which participate in the regulation of the aircraft reactor’s
regime. Thus, the machine should be an enclosed one, and the
only cooling system is the ambient air flow nearby the outer
surface of the frame [the air pressure nearby the aircraft reactor
is high ( Bars given in the motor specifications)]. After
the experimental tests by using a cylinder to replace the SRMs,
a convection coefficient between the frame outer surface and
ambience W/m / C is given in the machine specifica-
tions. Since the machine should be an enclosed one, and there
is no motor fan on the shaft in the machine, the axial air flow
in the air-gap is significantly low and thus can be ignored in
the practical calculation. Furthermore, even if the air flow in the
air-gap is turbulent, it could still be considered that there is a
thin layer of air nearby the rotor tooth tips, which is laminar,
and rotates with the rotor with the same peripheral speed. This
is the same case for the air flow inter-rotor teeth. The mechan-
ical speed of these machines is relatively low (maximum speed

tr/min); thus, the rotor slots will not affect
considerably the thermal convection and the thermal convection
coefficient in air-gap can be calculated as follows [29], [30]:

(6)
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where (rad/s), (m), (Pa s), and (m) are the Taylor
number, the rotor mechanical speed, the air-gap length, the dy-
namic viscosity of fluid in air-gap, and the average value of rotor
outer and stator inner radii, which can be
calculated from

(7)

For the narrow air-gap, with the measured correlation equations,
the Nusselt number for air-gap can be computed as [29], [31]

(8)

Once the Nusselt number in the air-gap is obtained, the thermal
convection coefficient [ (W m K )] and the thermal resis-
tance can be calculated as

(9)

(10)

where (m ) is the exchange surface, (W/m/ C) is the
thermal conductivity.

It should be noted that the precise computation of thermal
convection coefficient is a significantly demanding task. This
can be performed by lots of computational fluid dynamics
(CFD). While the CFD calculations are very time-consuming
and need a solid knowledge of mechanical fluid in air-gap,
this is certainly a very challenging task in the preliminary
conception process of the electrical machines. In the accessible
literature [29], an augmentation of 20% of surface exchange due
to the rotor slots are reported. In this paper, the rotor iron losses
are relatively low, and it is safe to use the foregoing method
to calculate the thermal convection coefficient. Since the rotor
speed is relatively low and the internal thermal convection and
thermal conduction are predominant, the thermal radiation is
then neglected in this paper [30].

3) Thermal Capacitances: In order to complete the transient
thermal model, the thermal capacitances of different material of
electrical machines, which are often used to describe the hys-
teresis phenomena of temperature variation, should be calcu-
lated. The general expression of thermal capacitance is

(11)

where (J/kg/ C), (kg), and (m ) are respectively the
specific heat capacity, the mass, and the volume of material.

After a series of calculations of thermal resistances, thermal
capacitances of different motor components, e.g., stator slots,
stator teeth, stator yoke, air-gap, rotor teeth, and rotor yoke, etc.,
the complete lumped parameter (LP) transient thermal model is
finally established such as Fig. 8.

In this model, the conductive thermal resistances and the con-
vective thermal resistances in air-gap are parallels. The shaft of
rotor is not taken into account because there is very little heat
flux being removed from the shaft towards the ambient. More-
over, the rotor iron losses are relatively low. After calculating

Fig. 8. Lumped parameter transient thermal model of switched reluctance ma-
chines (classical SRM and MCSRM).

all the thermal resistances and thermal capacitances, the tem-
perature at each node in the LP transient thermal model could
be obtained as [32]

(12)

where is a column matrix of thermal capacitances,
is a thermal conductance matrix, and is the

power loss matrix.

B. Finite-Element (FE) Transient Thermal Model

As mentioned in previous sections, the two machines are
doubly salient, thus, the air flow in the air-gap could be consid-
ered as turbulent. Furthermore, the rotor is mobile, the velocity
of which is variable during one driving cycle as shown in
Fig. 2. This makes the numerical simulation (ANSYS transient
thermal 2D) of the SRMs during one driving cycle very difficult,
and the thermal model at one rotor position as in steady-state
analysis is no longer possible. In this paper, some assumptions
have been proposed to obtain an equivalent nonsalient rotor
and the numerical transient model could be finally established.
As we know that the thermal time constant is much longer than
the mechanical period of these two machines, thus, the air at
the middle of air-gap could have enough time to be heated up
uniformly by the rotor tooth tip or the air inter-rotor teeth. As
a result, it could be considered that the air at the middle of
air-gap is isothermal, and the temperature of which could be
the average temperature between the stator inner and the rotor
outer radii. Moreover, since there is a fine layer of air nearby
the rotor tooth tip rotates with the rotor in the same peripheral
velocity, thus, to the immobile part of stator, the rotating rotor
part (the mobile rotor and the half of air-gap nearby the rotor)
could be considered as an equivalent homogeneous material.
In order to obtain the equivalent thermal conductivity of rotor
part, the method as in electrical network to simplify the thermal
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Fig. 9. Procedure of calculating the equivalent rotor thermal resistance of the
classical SRM and the MCSRM.

network should be employed to obtain the equivalent thermal
resistance. The method is described as follows.

In Fig. 9, for simplicity, the stator part is represented by only
one thermal resistance . (0 C in this paper) is the
ambient temperature, and are respectively the iron losses

and . The different thermal resistances in Fig. 9(a) and
(b) are calculated using the network of Fig. 8 as

(13)

The equivalent heat source and can be calculated as

(14)

The rotor part equivalent thermal resistance in Fig. 9(c) could
be finally obtained as

(15)

The shaft and rotor outer radii are kept constant; the equiva-
lent thermal conductivity could then be calculated by (5). Con-
cerning the equivalent mass density and equivalent spe-
cific heat capacity of rotating rotor part, which can be
calculated as follows:

(16)

where , and are respectively the volumes, the
mass densities, and the specific heat capacities of rotor iron. The
mass and thermal capacitance of the air in air-gap are neglected
[33].

C. Analytical and Numerical Results

With the structural and thermal parameters obtained in pre-
vious sections (see Appendix), the lumped parameter and fi-
nite-element models have been performed for the classical SRM

Fig. 10. Variation of maximum temperature in stator windings of classical
SRM and MCSRM during 4 driving cycles (heat sources are average iron and
copper losses during one driving cycle).

Fig. 11. Variation of maximum temperature in stator windings of MCSRM
during 4 driving cycles (heat sources are instantaneous iron and copper losses).

and the MCSRM. The analytical and the numerical results of the
maximum temperature in stator windings are shown in Figs. 10
and 11. In Fig. 10, the heat sources are the average copper and
iron losses (in this paper, all the mechanical losses are ignored)
while in Fig. 11, the heat sources are the instantaneous values of
copper and iron losses. In these two figures, a good agreement
between the analytical and the numerical results is observed. At
the same time, it is found that either with the average or the
instantaneous power losses, the maximum temperature in the
stator windings of the classical SRM is significantly higher than
that of the MCSRM. This leads that only the MCSRM can sat-
isfy the machine specifications in this paper, because the max-
imum temperature in the stator windings of the classical SRM
is so high that all the insulating materials will be damaged (the
temperature has exceeded the temperature limit of 300 C). It is
also very important to find when the heat sources are the instan-
taneous copper and iron losses, the maximum temperature of
permanent regime (after 3 driving cycles, the machines enter in
the permanent regime) of the MCSRM stator windings (220 C)
is much higher than that (170 C) of the MCSRM using average
copper and iron losses as the heat sources. This is because that
the variable copper and iron losses during driving cycles bring
temperature ripples, even if the average value is similar to that
obtained by average power losses, the maximum value of which
could be much higher as shown in Figs. 10 and 11. Thus, for the
machines with driving cycles, the transient thermal model with
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Fig. 12. Temperature distribution of MCSRM at different moments during one
driving cycle. Upper half part: at 600 seconds; lower half part: 6000 seconds.

instantaneous power losses as heat sources is considerably nec-
essary, otherwise, the thermal performances will be significantly
overestimated.

In order to decrease the maximum temperature of the elec-
trical machine, the minimization of the power losses is always a
good choice while enhancing the performance of cooling system
is also a good alternative. Several kinds of cooling fins could be
applied to increase the heat exchange area on external surface
of the frame. To evaluate the heat transfer on a finned surface
cooled by air, some methods have been proposed in [34].

Due to the thermal time constant and the variable copper and
iron losses during one driving cycle, it is also found that the
maximum temperature in the MCSRM could move from the
stator windings to the rotor. This is shown as in Fig. 12, at 600 s
of the driving cycle (upper half part of the Fig. 12), the max-
imum temperature is at the stator winding, because at this mo-
ment, the copper losses in the stator windings are much higher
than the iron losses in the stator iron as well as in the rotor
iron (see Fig. 4 and Fig. 5). While nearby the 6000 second,
the rotor iron losses could be higher than copper losses, more-
over, the air-gap is not a good thermal conductor. Thus, the rotor
temperature can rise relatively higher than the stator winding
temperature.

IV. EXPERIMENTAL VERIFICATION

The machine for experimental tests is a 6-slot, 4-pole SRM
(see Fig. 13), in which the stack length is 61 mm, the stator
outer diameter is 63 mm, the rotor outer diameter is 34 mm, the
air-gap length is 0.4 mm, and the filling factor is 0.3. The ex-
perimentation is realized by a dSPACE-based digital controller,
which will drive the classical and MCSRMs, and one DC ma-
chine is used as charge of the SRMs. By changing the RMS
current density of the SRMs, the output torque of the SRMs is
changed. After the experimental tests, the average torque versus
RMS current density is obtained, which is shown in Fig. 14. A
good agreement between the simulated and measured results is
observed.

In order to measure the temperature versus time, some
thermal sensors are respectively implemented in the middle of
the stator slots and at the outer surface of stator as shown in
Fig. 13. The convection at the surface of the machine is about

W/m / C and the equivalent thermal conductivity is

Fig. 13. SRM 6/4 for thermal and electromagnetic experimental tests. (a)
Stator. (b) Rotor.

Fig. 14. Results of average torque versus RMS current density, obtained by
simulation and experimentation.

0.15 W/m/ C for a filling factor of 0.3. As the thermal flux path
for these two SRMs is similar, thus, it is sufficient to use the
MCSRM for the thermal simulation and the experimentation.
The copper loss is 25 W and the iron losses are about 1.2 W for
a rotor speed of 1000 RPMs. In order to verify the two cases
as shown in Fig. 10 and Fig. 11, where the power losses are
respectively constant and instantaneous, we drive the machine
so that the copper iron losses are constant until 6000 seconds
and then, the supply of the machine is turned off and the
power losses become null. During this period, the measured
temperature versus time is obtained and the results are shown in
Fig. 15. The differences between the measured and simulated
results are mainly due to the neglect of the contact thermal
conductivity between the machine components, the end effect
of end-windings (the machine is relatively short), and roughly
estimated thermal convection in air-gap between stator and
rotor, etc.

V. CONCLUSION

The instantaneous copper and iron loss models during driving
cycle of the classical SRM and the MCSRM have been estab-
lished. The numerical results have shown that the copper losses
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Fig. 15. Variation of maximum temperature and the temperature of stator yoke
versus time for the MCSRM obtained by LP model and experimentation.

of the MCSRM are much lower than those of classical SRM
during the same driving cycle. Concerning the iron losses, be-
cause of its lower stator flux density harmonics and lower rotor
flux density frequency, the MCSRM has lower stator as well as
rotor iron losses than those of the classical SRM for the same
driving cycle.

The lumped parameter transient thermal model has been car-
ried out. In order to validate the analytical model by Finite Ele-
ment 2D, a transformation of the salient rotor into a nonsalient
one is performed. After a series of calculations, a good agree-
ment between the analytical and numerical results has been ob-
served. Due to its significantly lower copper and iron losses as
well as lower maximum stator winding temperature comparing
to the classical SRM, only the MCSRM can satisfy the fore-
going machine specifications in this paper.

One SRM 6/4 is used for the experimental tests, and a good
agreement between the simulated and the measured results is
observed. It can be concluded that for the electrical machines
with driving cycles, the transient thermal model using the in-
stantaneous power losses as heat sources is very important, be-
cause the temperature ripple could lead to a much higher max-
imum temperature than that obtained by steady-state or transient
thermal models using the average power losses as heat sources.
This should be taken into account in the preliminary conception
procedure of electrical machines.

APPENDIX

STRUCTURAL DATA FOR CLASSICAL SRM AND MCSRM

THERMAL DATA FOR CLASSICAL SRM AND MCSRM
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