COMIPUMKG "0

Optimal Design of Synchronous Reluctance Motor by Loss & Efficiency Evaluations
Related to Slot Number using Response Surface Methodology

Seong June Park Jung Ho Lee Jung Pyo Hong
Dept. of Electrical Engineering Dept. of Electrical Engineering Dept. of Electrical Engineering
Hanbat National University Hanbat National University Changwon National University

Daejeon, 305-719, KOREA
e-mail: mll2@naver.com

Abstrect—- This paper presents the application of response surface
methodology (ESM) to design optimization for two types of synchronous
reluctance motors (3SynEMs); one has 12 slots with distributed winding, and
the other has & slots with concentrated winding, to improve the ratic between
torque nipple and average torque. The usefulness of ESM in optimization
problem of SynEN 15 verified as compared with the results of finite element
analysis. In the end, the optimized two SynENMs are compared with SynEIM
currently used in air-conditioning compressor in connection with torgue
performance and logs.

1. INTRCDUCTICH

Synchronous Reluctance Motor (SynRM) has advantage
such as low cost and higher efficiency than induction
machines. However, vibration and noise of SynRM caused by
torque ripple are relatively greater than other machines.
Accordingly, In designing SynRM, it is important to select
appropriate combination of the design parameters to reduce
torque ripple.

In general, an optimal degign iz a natural process in motor
design to improve performance of the motor. The design can
be complex due to many design variables and interactions
between the design variables.

Response surface methodology has recently been
recognized as an effective optimization approach for
modeling performance of electrical devices by using
statistical fitting method. 8o, RSM is well adapted to make
an analytical model for the complicated design [1].

In RSM, a polynomial model is generally to be constructed
to represent the relationship between performance and design
parameters. Therefore, this model can be used to predict the
performance as a function of design variables, and design
optimization can be carried out much easily.

The quality of the fitted model is evaluated by checking
the statistics indexes based on the data of numerical
experiments. The approach is expected to produce useful
results for optimal design [2].

This paper deals with optimization procedure of SynRMs
to improve torque performance by RSM. The RSM is
introduced as a powerful method to build the statistical
approximation to show the relationship between input and
output of complex design problems considering interaction of
design variables in this paper.

Moreover, optimized SynRMs according to number of slot
is  compared with SynRM currently employed in
air-conditioning compressor with respect to torque
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performance and loss.

II. ANAT¥SIS MODEL

A. Response Surface Methodology

RSM seeks the relationship between design variables and
response in interest area through statistical fitting method,
which iz based on the observed data from system. The
response iz generally obtained from real experiments or
computer simulations.

Thus, 2-dimensional finite element analysis (2D FEA) is
performed to analyze SynRMs in thiz paper. It iz supposed
that the true response of a system 77 can be written as

n= F(gj’é’z""’é’k) (1)

where the variables { .C....0, in Eq. (1) are expressed

as natural units of a measurement , so called natural variables.
The form of true response function 7 is unknown and very
complicated, so it is approximated. In many cases, the
approximating fiunction 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 approximating function Y of true response function F is
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where fI is regression coefficients, £ is a random error
treated as statistical error. The observation response vector Y
at » data point of function Y may be written as matrix
notation as follow

Y=XB+¢ (3)

where X is a matrix of the levels of independent variables,
is a vector of the regression coefficients, £ is a vector of
random error.

B. Desigh Algorithm And Mode!
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The process of optimization design is shown in Fig.1. Fig.
2 shows the configurations of distributed and concentrated
winding SynRM, respectively. In this paper, the slot number
of each SynRM is considered 24, 12 (distributed winding: 36
turns/slot), 6 (concentrated winding: 144 turns/ slot). The slot
number and slot open width, Kw are variables, which is
related to torque ripple and efficiency together with the
number of flux barrier in a SynRM.

RSM is applied to optimal design minimizing loss and
torque ripple from each SynRM, which is different from slot
number. This optimization method not only can predict the
loss of each model on all variations of slot open width and
Kw from several sample points but also search optimal point,
and experimental frequency of the method is relatively few,
too.

In Fig. 1, design area of the slot open width and Kw is
determined to reduce torque ripple and increase efficiency of
the concentrated winding SynRMs. And then, analysis data is
obtained through finite element method (FEM) and Preisach
model based on central composite design (CCD) mostly used
in RSM, and optimal point is determined through analysis of
the data. In the end, the characteristic of the SynRMs is
estimated through comparisons between SynRM of
distributed winding and optimized SynRMs of concentrated
winding considering variations of slot open width and Kw.
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Fig. 1 flow chart of design procedure

Decision Variation area of slot open width and Kw
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(a) concentrated winding (6 slots)

(b) distributed winding (12 slots)

(¢) distributed winding (24 slots)
Fig. 2. Design solution of SynRMs

ITI. CONCLUSIONS

Application process of RSM in optimization design of
SynRM is introduced in this paper and usefulness of RSM in
optimization method is verified by the result of optimized
SynRM. Therefore, RSM approach is considered as
optimization method for optimal design of SynRM and other
machines. Moreover, characteristic change of SynRM
according to number of slot and winding way is confirmed
through this paper.
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