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Abstract— This paper present the results from a study of
two-phase V-shaped permanent magnet synchronous
machines, used in hybrid cars. The analysis based on the main
harmonic of the magnetic flux density in the air gap and emf.
Also has been made a comparison between this machine and
synchronous machines with three-phase winding (both
machines have the same geometry), used Clarke
transformation. The comparison of the electromagnetic torque
produced by both machines is presented. The analysis is
performed by finite element magnetic field modeling and
program modules for of magnetic flux density and emf.

Cross-section of the three-phase machine is shown in
Fig.1. Cross-section of the two-phase machine is shown in
Fig.2.
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I.

INTRODUCTION

The synchronous machines with V-shaped permanent
magnets in the rotor (SMPM) are very often used as a
traction motors in hybrid vehicles. The reasons for this are
the following: high reluctance torque, wide speed range, high
power density and high efficiency [2, 5]. One of the ways to
achieve these features is through the optimization of the
stator winding. There is a huge variety of windings uses in
SMPM, They are two, three, five, twelve-phase. [1, 6]. The
variety of SMPM research methods is also immense. One of
them is by finite element magnetic field modeling used in
analyzing electrical machines [3,4]. The aim of this paper is
through modeling of the magnetic field of the synchronous
machines with V-shaped permanent magnets in the rotor and
determine the main harmonic of the magnetic flux density in
the air gap and emf. Clarke transformation is used to be
make a comparison between this machine and synchronous
machines with three-phase winding.
II. MACHINE CONFIGURATION
The geometry of the analyzed machine is presented in
Table 1.
TABLE I.

DATA ABOUT THE MACHINE

Fig. 1. Cross-section of the three-phase machine

On the figure are presented depicted the axis of the phase.

Fig. 2. Cross-section of the two-phase machine

The machine have three-phase or two-phase stator winding.
The angle between the axis of the two types of stator winding
is Υ. Transformation from coordinate system “abc” to
coordinate system “αβ” by Clarke transformation is
presented on Fig. 3.
The transformation is presented by formula [1] to

Number of phases
Number of slots per pole and phase
Air gap
Rotor stack length
Stator inner diameter
Stator outer diameter

mm
mm
mm
mm

3
q=2
0,7
90
184,2
242

2
q=3
0,7
90
184,2
242

Number of stator slots

-

60

60

Angle between two slots in
electrical degrees

deg

30

30

Width of slots

mm

5,8

5,8

Height of slots

mm

18,1

18,1

Outer rotor diameter

mm

182,8

182,8
Fig. 3. Clarke transformation
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formula [5].
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time line for each calculation. Distribution factor (kd3F =0.96)
of the stator three- phase winding is beiger then distribution
factor (kd2F =0.91) of the two- phase stator winding. The
flux line path of the electromagnetic field (above- two- phase
stator winding , down- three-phase stator winding) is shown
 on Fig.5. Fig.6. shows the electromotive force as time
function. The main harmonic of the magnetic flux density at
different moment of time is presented on Fig.7. Fig.8. shows
the relationships between the flux linkages and time. Fig.9.
presents the changes of the flux linkages at different stator’s
slots. The main harmonic of the electromotive force,
electromagnetic torque and the total harmonic distortion
 (THD) are presented in Table 2. Electromotive force for the
second to twentieth harmonic are presented on Fig.10.
Fig.11. shows the electromagnetic torque as time function.
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Where iA, iB, iC are stator currents in coordinate system “abc”
and iα iβ in coordinate system “αβ”. The stator wending is
shown in Fig.4.

Fig. 5. Flux line path of the electromagnetic field
Fig. 4. Stator wending

III. ANALYSIS
The two type of the stators’s windings are analyzed with
stator current is equivalent to the current densities in the
stator is equals to 20 [A/mm2]. The analysis carried out starts
at the time instant when the instantaneous value of the
current densities in phase A equals its maximum value. The
instantaneous values of the currents densities in phase B and
C are equal to half the maximum value and are negative
(about three-phase stator winding). When the stator winding
is two- phase the start point in time is the moment when the
current density in phase A has a maximum value and the
current density phase B is zero. The flux density and the
phase electromotive force is calculated forty times. The time
interval be-tween each calculation is set to interval of t =
0.0005 s that represents one turn of the machines rotor. The
rotor spins clockwise with an angle of 1.8 degree (geometrical) that can be represented by 0.0005 seconds in the

Fig. 6. Electromotive force
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Fig. 10. Electromotive force for the second to twentieth harmonic

Fig. 7. Main harmonic of the magnetic flux density

Fig. 11. Electromagnetic torque

IV.

CONCLUSION

The different amplitude of the flux linkages across the
two-phase and the three-phase winding is due to the lower
coefficient of distribution of the two-phase winding. The
displacement of the flux linkages over time is due to angle γ.
The amplitude of the main harmonic of the emf ,
electromagnetic torque at the three-phase winding is higher
and the percentage of THD is lower.
Fig. 8. Flux linkages

The main harmonic of the electromotive force,
electromagnetic torque and the total harmonic distortion
(THD) are presented in Table 2.
TABLE II.

DATA ABOUT THE MACHINE ELECTROMAGNETIC TORQUE
AND THE TOTAL HARMONIC DISTORTION (THD)
EA [V]

THD [%]

M [N.m]

2F

339,8

13,93

429,2

3F

361,5

12,23

458,9

Using a two-phase stator winding of the traction motor in
hybrid vehicles is not recommended for the above reasons,
although it would require simpler inverter control and
reduce the number of power switches.
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