
 
Abstract— This paper deals with the characteristics analysis & 

optimum design of axially laminated anisotropic (ALA) rotor 
Synchronous Reluctance Motor (SynRM) using a coupled Finite 
Element Method (FEM) & Response Surface Methodology 
(RSM). The focus of this paper is the characteristics analysis & 
optimum design relative to the output power on the basis of rotor 
materials of a SynRM. The coupled Finite Elements Analysis 
(FEA) & Preisach model have been used to evaluate nonlinear 
solutions. Comparisons are given with characteristics of a same 
rated wattage induction motor and those of ALA-SynRM, 
respectively.  

Index Terms— FEM, RSM, SynRM 

I. INTRODUCTION 

The performance of a Synchronous Reluctance Motor 
(SynRM) in terms of torque and power factor depends on the 
two-axis inductance Ld and Lq of the machine. The large 
difference of (Ld-Lq) and Ld/Lq ratio is good for the 
machine's properties. Therefore, Considerable attention has 
been paid in the past to improve rotor design of SynRM [1] – 
[3]. 

Axially Laminated Anisotropic (ALA) rotors have been 
proposed as early as 1923 [4] in an effort to increase the 
Ld/Lq ratios and the Ld - Lq difference for given stators. 

Essentially thin packs of axial laminations are interleaved 
with insulation layers on each rotor pole to produce distributed 
anisotropy or multiple flux barrier rotor configurations. 

The ALA rotor should provide both high Ld/Lq ratio and 
large Ld - Lq values to secure high torque density and high 
power factor. 

As expected, there are quite a few variables which 
influence the ALA rotor performance: 

- the pole pitch of stator winding; 
- the number of slots/pole/phase ; 
- type of stator winding; 
- the airgap; 
- stator slot opening; 
- rotor lamination stack/ insulation thickness ratio; 
- rotor insulation thickness; 
- magnetic saturation level; 
All the factors have to be carefully looked at and 

investigated, because most of them are not independent from 
each other and may negatively influence the efficiency gains 
in one case or the other. Secondly, the commercial impacts 

have to be strongly considered, since with higher efficiency 
the premium paid may limit the savings seen. 

The Response Surface Methodology (RSM) has been 
achieved to use the experimental design method in 
combination with Finite Element Method (FEM) and well 
adapted to make analytical model for a complex problem 
considering a lot of interaction of design variables. 

The focus of this paper is found firstly a design solution 
through the comparison of torque and losses according to rotor 
shape and stator, rotor dimensions variations and, Secondly, a 
mixed resolution with Central Composite Design (CCD) is 
introduced and Analysis Of Variance (ANOVA) is conducted 
to determine the significance of the fitted regression model.  

II. CONCEPT OF RESPONSE SURFACE METHODOLOGY 

The RSM seeks to find the relationship between design 
variable and response through statistical fitting method, which 
is based on the observed data from system. The response is 
generally obtained from real experiments or computer 
simulations. Therefore, FEM is performed to obtain the data of 
SynRMs in this paper. In RSM work it is assumed that the true 
functional relationship y can be written as  : 

y f( , )            (1) 

where the variables 1 2( , , ...., )kx x x in Eq. (2) are in centered 

and scaled design units. The form of true response function f 
is unknown and very complicated, so it is approximated.  

In many cases, the approximating function y of the 
function f is normally chosen to be either a first-order or a 
second-order polynomial model. In order to predict a 
curvature response more accurately, the second-order model is 
used in this paper. The model of Equation (3) is the second-
order model 
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where  is regression coefficients,  is a random error treated 
as statistical error. The observation response vector at  data 
point of function y may be written in matrix notation as 
follows :  

y Xβ+ε            (3) 
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