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Abstract

The objective of this work is an approach of design, experimentation and simulation of three prototypes of synchronous
reluctance machines, SynRM. After a state of research for this tvpe of machines with teresting performances and
applications, we have, for a first approach and following constraints of means of realization, opted for massive rotor
topologies. The theoretical study as well as the mathematical model of the SynRM made 1t possible to identily the
parameters of influence of the performances, i particular the inductances of direct axes, Ld, and m quadrature, Lq. After
machining three topologies of reluctant rotors associated with the stator of an asynchronous machine, we have
experimentally identified these two intrinsic parameters (Ld, Lq) and then carried out various simulations in dynamic mode

under MATLADB / Simulink environment.
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1. Introduction
2. The two-axis model of SynRM and performances
The synchronous reluctance machine (SynRM) has
received a lot of attention in recent years for its multiple 2.1. SynRM model in the d-q frame
advantages in terms of performance and applications (high-
speed electric traction, low-power wind generators, etc...). The two-phase model of the SynRM in the rotor-
related d-q referential, based on Park's transformation and
generally accepted simplifying assumptions, is represented

by the system of equations (1). [4] [6]

The SynRM is structurally a synchronous machine with
salient poles devoid of excitation. Its stator is identical to
that of conventional synchronous or induction machines
where the windings are generally powered by AC three-

phase currents creating a rotating magnetic field. Its rotor ) =Ry i +ﬁiqSQ 1 0

contains neither magnets nor excitation coils. The torque los LI% L, L,

of a SynRM is created through the reluctance effect which d | g _ %iqs +F:_—L"idsQ 4o 1 |ivds:|
depends mainly on the difference between the direct axis dt| Q a Li v | (D
and quadrature axis inductances (L.d-Lq), that is to say the o wfigfcr 0 0

saliency of the rotor teeth. It is also shown that its power J pQ J 0 0

factor, generally low, is related to the ratio (I.d / Lq). To
improve the performance of this type of machine, it is
necessary to optimize these two parameters via the
geometry of the rotor teeth. [1-5]

In this context, we have designed, with the help of the
German company Ain-Smara, three SynRM prototypes
with massive rotors : (i) SynRM1 made with a rotor cut to a
pair of poles, rotating at 3000 rpm; (i) SynRM2 made with
a perforated cylindrical rotor (improve acrodynamics), also
rotating at 3000 rpm; (ii1) SynRM3 performed with a rotor
with two pairs of poles, rotating at 1500 rpm. These 3
prototypes were experimentally tested and simulated
under MATLAB / Simulink environment.

Where: (xgs,%qs) represent the current quantities or
stator voltages along the axes d and q, R, the resistance
stator phase, p the number of poles pairs, J the moment of
inertia, C, the resistant torque ,  the angular velocity in
rad/s and @ the angular position of the rotor.

2.2. Torque and power factor expressions

The expression of the electromagnetic torque of the
SynRM is given by (2) [7] [8]:
2

C.. = p.(L, — Lq).%.sin(25) @)
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Where 8 represents the angle of the stator current vector .
with respect to the direct axis d. The power factor of the
SynRM is written according to (3) [9]:

sin(20)
tan(5) + &2

-1
cos®(8) sin?(5)

1 1 3

“tan(5)

Figure 1 represents a family of curves of the power factor
F,, of the SynRM as a function of the angle § and of the
ratio & = Ld/Lq. 1]

It is found that the Fp, is even better than the saliency ratio

&1s higher.
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Figure 1. Power factor of the SynRM as a function of
E=Lg/L,and & [1]

3. Realization, testing and simulations of SynRM
prototypes

8. 1. Realization of SynRM prototypes

The synchronous reluctance machine, SynRM, studied
here being structurally a synchronous machine with salient
poles devoid of excitation, its stator is identical to that of
conventional synchronous or induction machines [10] [11]
[12]. Thus we took advantage of this structural remark to
design prototypes of SynRM using the stator of an
induction machine existing in our laboratory and then
realizing only three topologies of rotors with 2 and 4
salient poles represented figures 3 to 5. [13]

-

Figure 2. Rotor SynRM 1
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Figure 4. Rotor SynRM3

3.2, Experimental determination of SynRM parameters
(Ld' Lq' Rs'])

In order to simulate the dynamic operation of the
SynRM under MATLAB / Simulink, we started by
carrying out various experimental tests to determine the
parameters of the SynRM, namely : stator resistance, R,
inductances, Ly and Lg, moment of inertia , J.

Concerning the measurement of the 2 inductances, we

opted for a low slip test according to the experimental

setup of figure 6 and the following steps:

e Determine the direction of rotation of the SynRM in
motor mode

e  Power the DC motor and drive the SynRM 1in the
previous direction at speed N = N,

e Power the stator of the SynRM under reduced voltage
(V; < 0.5 * 1) and read the stator current I (t)
using Cassy-Lab connected to a PC

e Determine the 2 currents Iy, and I, which
correspond to the 2 reactances :

smin smax

Figure 5. Low slip test setup
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Table 1: Experimental values of the parameters of the
three SynRM prototypes

SynRM 1 SynRM 2 SynRM 3
R,(2) 0.485 0.485 0.485
Ly (H) 2.55-107% | 2.38-1072 1.54-1072
Ly (H) 1.24-1072 2.10-1072 0.98-1072
La /Lq 2.05 1.13 1.57
J (Kg.m?) 2.89-1073 2.53:1073 2.66-1073

The results in Table 1 show that SynRM 1 has the best
ratio (Lg / Lg).

8.8, Simulations of dynamic mode under MATLAB-
SIMULINK

The functional model of the SynRM 1n a reference (d-
q) linked to the rotor is carried out under the MATLAB-
SIMULINK environment according to figure 6. [14] [15]

=
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Figure 6. Simulink block of the SynRM
8.8.1. Simulation results of SynRM 1 prototype

The characteristics of speed and torque at no load of the
SynRMI are shown in figures 7 and 8 respectively.
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Figure 7 a. Dynamic characteristic of the speed of
SynRM1 at no load
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Figure 7 b. Zoom of the speed of SynRM1 at no load
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Figure 8 a. Dynamic torque of SynRM 1 at no load
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Figure 8 b. Zoom of the torque of SynRM1 at no load
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8.8.2. Simulation results of SynRMS3 prototype

The characteristics of speed and torque at no load of the
SynRMS3 are shown in figures 9 and 10 respectively.
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Figure 9 a. Dynamic characteristic of the speed of
SynRMS at no load
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Figure 9 b. Zoom of the speed of SynRM3 at no load
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Figure 10 a. Dynamic torque of SynRM3 at no load
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Figure 10. Zoom of the torque of SynRMS3 at no load

3.4. Discussion of results

After modeling the system at a mode dynamic using the
modified Park transformation in a d-q axis frame linked to
the rotor, a simulation of the empty start of the SynRM1
and SynRM3 prototypes was performed. Note that the
simulation of the SynRM2 has not given usable results
because of the values of the inductances Ly and L, which
are very close. The purpose of these simulations 1is to
validate the model of the SynRM adopted with the
parameters 1dentified experimentally and to analyze the
behavior of the SynRM prototypes in dynamic mode using
MATILAB / Simulink software. It can be seen in figures 7
and 9 that the speed of the SynRM1 and SynRM3 has
corrugations because of the pulsating pace of the torque
(figures 8 and 10) produced by the interaction of the stator
rotating magnetic field with the anisotropic structure of the
rotor. This undesirable pulsating aspect is a known feature
of variable reluctance machines.
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4. Conclusion

This the

prototypes of synchronous reluctance machines (SynRM)

work focused on realization of three
and the identification of Ld and Lq parameters of each
prototype. Our interest for this type of machine is due to
1 (Simplicity,
performance for a relatively low cost) and applications in

its many advantages robustness,  high
sectors usually invested by conventional machines, for
example asynchronous type. Concerning the two MSRV1
and MSRV3 prototypes presented here, their operation
seems to be satisfactory for certain aspects (synchronism
speeds achieved) but not for others (vibrations, bad power
factor, ...) certainly related to the nature of the magnetic
material used, the bad machining of the rotors and their
balancing, the leaks in the open stator (use of a
dismountable machine), ...

As prospects for improvement, we are considering the
use of flux barrier laminated rotors with geometry
optimization using implanted algorithms under FEMM

environment coupled with MATLAB / Simulink.
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