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Abstract – In the last years several methods for 
design optimization of the synchronous reluctance 
motors were suggested in the literature. The main 
concern is to find the ideal rotor geometry for the best 
performance of the machine. To achieve this, finite 
element method analysis, a powerful tool widely used in 
the design and optimization of electrical machine, is 
used. The model of the machine is built up by using 
scripts. The automated parametric modeling enables 
the designer to perform changes in the geometry very 
quickly, thus considerably shortening the design and 
optimization time. 
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I. INTRODUCTION 

The synchronous reluctance machine (SyncRel) is a 
singly salient machine in which the rotor is built up so as 
to employ the principle of reluctance torque to produce 
electromechanical energy conversion. It produces torque 
by the tendency of its rotor to move to a position where 
the inductance of the excited winding and also the 
corresponding magnetic flux are maximized. They do 
not need field windings or permanent magnets on the 
rotor. The stator of the SyncRel has a cylindrical inner 
surface and is typically wound in an identical manner to 
an induction machine. This means that the stator of these 
machines has uniform slots with concentrated or with 
distributed multiphase singly or doubly windings. The 
rotor is made of conventional or axial laminations with 
or without cage winding and usually without permanent 
magnets [1]. 

The SyncRel can have very high power density at 
low costs, being ideal for many advanced industrial and 
automotive applications. Supplementary it can work at 
high speeds and temperatures [2], [3]. 

The main disadvantages of the machine is its high 
torque ripple when operated at low speed, and the noise 
caused by this torque ripple.  

Until the 90's their use was limited by their complex 
design and complicated control. All these were overcame 
by the technological advances in sophisticated computer 
aided design tools and by the wide spreading use of the 
low-cost embedded systems for control. 

The torque development capability of the motor is 
highly dependent on the ratio ( qd MM ) and the 

difference ( ) of the direct-axis ( ) and 

quadrature-axis ( ) magnetizing inductances. The 

inductance ratio and difference strongly depends on the 
design of the rotor [

qd MM  dM

qM

1]. 
Thus, it is very important to design the optimal 

barrier and segment structure of the rotor, which is 
strongly related with the d-axis and q-axis inductances.  

When performing the optimal design of the SyncRel, 
there are several design variables related to the shape of 
a stator and rotor that must be taken into account [4]. 

In this paper a parameterized model of the SyncRel is 
presented, which is very useful in the rapid optimal 
design of the machine by allowing to simply modifying 
the geometry by only changing some earlier defined 
geometrical parameters. 

II. THE SYNCREL MODEL 

The SyncRel to be designed has a transversally 
laminated anisotropic (TLA) rotor (see Fig. 1).  

 

Figure 1. The cross-section of the SyncRel 
with TLA rotor. 

This topology of the rotor has several advantages: the 
better suitability for industrial manufacturing, smaller 
torque ripple and iron losses, the possibility of skewing 
the rotor, etc. [5]. 

For the finite elements analysis (FEA) of the 
machine, JMAG-Designer, an advanced software 
simulation for electromechanical design, was used. It is 
striving to be easy to use while providing versatility to 
support users from conceptual design to comprehensive 
analysis. 
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The main steps to be performed during a FEA in 
JMAG are: creating the geometry, setting the materials, 
creating a circuit, setting the conditions, generating the 
mesh, running the analysis and displaying the results. 

The preprocessor (for defining the problem to be 
solved), postprocessor (data processing and graphical 
visualization) and the solver all can be controlled using 
scripts. This allows all procedures from creating a model 
to displaying the results to be run automatically. This can 
be used to either automate commonly performed 
operations or link JMAG to other software, such as 
optimizers, which need to control JMAG 
programmatically.  

The following scripting languages are supported by 
JMAG's Geometry Editor: Python, VBScript and Jscript. 

The 2D model of the motor is realized by using a 
VBS program with the simple GUI (graphical user 
interface), shown in Fig. 2, where the geometrical 
parameters of the machine can be introduced. All the 
dimensions that have to be given in are in millimeters. 
The geometry data can also be imported from a text file. 

 

Figure 2. The user interface. 

 
The geometrical dimensions that can be modified in 

this window are:  
 the stator outer diameter 
 the stator inner diameter 
 the air-gap length 
 the number of slits in the rotor 
 the width of one slit 
 the width of the segments 
 the diameter of the shaft. 
Other dimensions, like the width of the stator tooth or 

the depth of the slot can be modified inside the script. 
The windings, the stator and the rotor cores are each 

drawn separately as individual parts. 
Two types of slot designs (shown in Fig. 3) for the 

stator core can be chosen. 

 

Figure 3. Design models for the stator slots. 

This slot is then copied in a circular pattern for the 
number of instances introduced by the user, this way a 
full model of the stator being built up. 

In order to draw the rotor, first a one-pole slice (as 
that in Fig. 4) has to be constructed. This instance is then 
multiplied to obtain the entire rotor. 

 

Figure 4. Rotor geometrical parameters 

The rotor design can be realized with ribs of same or 
with different thickness (see Fig. 5). 

 

 a) different segment thickness b) same segment thickness 
Figure 5. Rotor design models. 

Two models were created in this study for a 
comparative analysis. The parameters of the models were 
set up by using the GUI of the program. 

The two built up models are shown in Fig. 6.  

 

Figure 6. The two rotor topologies. 

The difference between the models is that for the 
second one the distance from the center of the rotor to the 
first flux barrier is increased by 50 mm.  
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Materials used in the simulation are copper for the 
coils and 50A230 soft magnetic steel for the iron core of 
the stator and rotor. These materials can be found in the 
JMAG material library. 

The windings of the stator are star connected and 
supplied from a 5 A, 50 Hz current source. For both 
models the rotor is considered as stationary. 

III. SIMULATION RESULTS 

Next the most important results obtained via 
simulations for the two models are detailed. 

A. Results for the First Model 

The first step when running the simulation is the 
generation of the mesh. The mesh created automatically 
by the program is given in Fig. 7. 

 
Figure 7. The mesh generated for the first model. 

The simulation results of most interest are the flux 
lines and the flux density plots for the d and q-axis 
directions. The obtained flux lines are given in Fig. 8. 

 
a) d-axis position 

 
b) q-axis position 

Figure 8. Flux lines obtained 
for the first model (q-axis position). 

The reluctance torque of SyncRel is highly 
dependent of the d-axis and q-axis inductances [6]: 

   qdqd iiLL
p

T 
22

3
 (1) 

To maximize the d-axis inductance the flux guides 
should ideally have the same shape as the flux path 
shown in Fig. 8a. And to minimize the q-axis magnetic 
flux the flux barriers should be perpendicular to the flux 
lines, as it is shown in Fig. 8b. 

In the case of this type of electrical machine the risk 
of self-saturation occurring on the d-axis direction is 
quite high [7]. The flux barriers reduce the q-axis 
magnetic flux, so that the risk of saturation on the q-axis 
direction is lower.  

For these reasons it is of maximum interest to study 
the saturation level of the machine taken into study on 
the two orthogonal directions.  

The magnetic flux density of the first model taken 
into study for two positions of rotor is shown in Fig. 9.  

 
a) d-axis position 

 
b) q-axis position 

Figure 9. Flux lines and flux density plot 
for the first model. 

 

For the rotor it can be noticed that in the d-axis 
position the segments are more saturated, while in the 
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q-axis position, the rib is saturated and the segments are 
not saturated at all, in contrast to the d-axis position.  

IV. CONCLUSIONS 

B. Results for the Second Model 

The magnetic flux density maps for this case are 
given in Fig. 10. 

This study presents a fast and comfortable way to 
perform the numeric field computation for different 
designs of the SyncRel by means of the script editor of 
JMAG. 

The results of the study can be interpreted and then is 
easy to intervene on the initial parameters in order to 
optimize the model. 

 

Also, by using scripting language, JMAG Designer 
can be further linked to other software products. 

ACKNOWLEDGMENT 

This work was supported by the Romanian Executive 
Agency for Higher Education, Research, Development 
and Innovation Funding (UEFISCDI) under the 
Automotive Low-Noise Electrical Machines and Drives 
Optimal Design and Development (ALNEMAD) Joint 
Applied Research Project (PCCA) in the frame of 
"Partnerships" projects (PN II – National Plan for 
Research, Development and Innovation) and the DEsign, 
MOdelling and TESTing tools for Electrical Vehicles 
powertrain drives (DeMoTest_EV) in the frame of FP7 
IAPP Marie Curie Actions. 

a) d-axis position 

 

REFERENCES 

[1] G. Henneberger, I.A. Viorel, Variable Reluctance 
Electrical Machines. Aachen (Germany): Shaker Verlag, 
2001. 

[2] M. Sanada, K. Hiramoto, S. Morimoto, Y. Takeda, 
"Torque ripple improvement for synchronous reluctance 
motor using an asymmetric flux barrier arrangement," 
IEEE Transactions on Industry Applications, vol. 40, 
no. 4, pp. 1076-1082, 2004. 

[3] N. Bianchi, S. Bolognani, D. Bon, M. Dai Pré, "Rotor 
flux-barrier design for torque ripple reduction in 
synchronous reluctance and PM-assisted synchronous 
reluctance motors," IEEE Transactions on Industry 
Applications, vol. 45, no. 3, pp. 921-928, 2009. 

[4] A. Vagati, "The synchronous reluctance solution: a new 
alternative in AC drives," in Proceedings of the 20th 
International Conference on Industrial Electronics, 
Control and Instrumentation (IECON '94), Bologna 
(Italy), 1994, pp. 1-13. 

b) q-axis position 

Figure 10. Flux density plot and flux lines 
for the second model. 

As it can be observed in the figure, for the d-axis 
position the flux lines are more evenly distributed in the 
rotor and the flux density is more uniform. However, on 
the q-axis the number of barriers in the flux path is 
decreased, thus implying an increase of the q-axis 
inductance, which is to be avoided.  

[5] R.R. Moghaddam, "Synchronous reluctance machine 
(SynRM) design," M.S. Thesis, Royal Institute of 
Technology (KTH), Stockholm (Sweden), 2007. 

[6] K.C. Kim, "Magnetic saturation effect on the rotor core of 
synchronous reluctance motor," Journal of Electrical 
Engineering & Technology, vol. 6, no. 5, pp. 634-639, 
2011. 

Therefore, the design parameters should consider the 
saturation on both d- and q-axis, in order to obtain the 
optimal inductance ratio. 

[7] J. Haataja, "A comparative performance study of four-pole 
induction motors and synchronous reluctance motors in 
variable speed drives," Acta Universitatis 
Lappeenrantaensis, 2003. 

 
 

_____________________________________________________________________________________________________________8 Volume 6, Number 2, October 2013


	0 JCSCS 2013 Vol 6 Nr 2 cover
	1: JCSCS_2013

	1 JCSCS 2013 Vol 6 Nr 2 Page 1
	Page 1

	2 JCSCS 2013 Vol 6 Nr 2 Pagina 2 v2
	EXECUTIVE EDITORS
	ASSOCIATE EDITORS

	0 JCSCS 2013 Vol 6 No 2 pag 3-31 v2
	3 JCSCS 2013 Vol 6 Nr 2 Cuprins
	4 Birte Script
	A. Results for the First Model
	B. Results for the Second Model

	5 Bodolai Solving
	I. REVIEWOF OPTICAL MEASUREMENT METHODS
	II. BIG DATA PROBLEM IN AREA OF CONTINOUS OPTICAL MEASUREMENT
	III. THE APPLIED MEASUREMENT METHOD
	IV. REALISATION OF DATA REDUCTION
	V. SOFTWARE IMPLEMENTATION OF DATA REDUCTION 
	VI. OPPORTUNITIES OF FURTHER DEVELOPMENT 
	VII. CONCLUSIONS
	REFERENCES

	6 Huang Local
	7 Inoan Design
	8 Lakhoua Novel
	9 Mohd File




