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Abstract—This paper describes a tolerance analysis concerned with an
axial displacement on a BLDC motor. The axial displacement occuring
inprodndimofaBLDCmdimcﬂyaﬁeaiismrquerfpp!e.
Therefore, the tolerance analysis is vary important for improving a
robustness of its production and this work is accomplished by a
stochastic simulation introduced to overcome a disadvantage of Monte
Carlo Simulation.

INTRODUCTION

Permanent magnet BLDC motors are increasingly being
used in high performance applicatiens. In many case of
applications, torque ripple characteristics of BLDC motor are
of basic concern. There is no exception for 2 BLDC motor
employed as the electric power steering of vehicles. This
motor is requiring low level of the torque ripple for
comfortable steering of a vehicle [1].

Generally, the production of the electric machine needs
allowance for dimensional or positional tolerances of design
variables due to limitations on the manufacturing and
measuring precision on every part. These dimensional
tolerances, however, can effect on a electrical performance of
clectric machines. A axial displacement between the stator
and the rotor occurs when the BLDC motor is produced. And
the axial displacement has an influence on a cogging torque
of the BLDC motor. So, this torque directly affect a torque
ripple of the motor. Therefor, it is necessary for an tolerance
analysis concemed about the axial displacement on a design
stage before manufacturing the BLDC motor.

The tolerance commonly can be treated as random
parameters, and an expression for an uncertainty of design
variables and ouputs can be accomplished by a stochatc
simulation. One of the widely used methods, which is based
on sampling for the stochatc simulation, is Monte Carlo
Simulation. This method is powerful tool to predict the
effects of manufacturing variation. But, the biggest
disadvantage of the Monte Carlo Method is that it Tequires
large samples to achicve reasonable accuracy. On the other
hand, introduced in this paper, the Stochastic Response
Suface Methodology (SRSM) treats the uncertainty of design
variables as stochastic variables. And the SRSM
approximates the output function by using a polynomial
fitting and samples the approximation to calculate statistical
distribution of outputs .

The SRSM is based on sample points, which could be
obtained by using 3D-EMCN combined with 2D-FEM, which

is proposed to analyze the cogging torque having the
displacement on the BLDC motor.

CONCEPT OF FORMULATION METHOD

Concept of Stochastic Response Surface Methodo,

In the SRSM, 2 relationship of the uncertainty
the outputs and inputs is addressed by the series eXpansion ¢
standard normal variables in terms of Hermite polyn:
Therefore, the output can be approximated by an e
known as polynomial chaos expansion as follows [13;
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where, y is the random variable representing the output
model, the (&, »+=sGp ) are Hermite polynomials of
of pand a’s are unknown coefficients to be estimated.

Introductory Statistics for tolerance Analysis

A variation band and uncertainty of design variables wit
assuming the distribution of 2 normal distribution.
symmetrical distribution, the tolerance band of
variables is easy to quantify in terms of the percentage
arca that will occur between one, two and more stz
deviation from the mean y as follows [1];

Ax=z%nc (n=123,---)

Modeling variation of outputs according to tolerance i
design variables is built by the SRSM. From a set of N
samples, the basic moments of the distribution of an output
can be calculated as follows;
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where, 4, is a mean, o', is 2 variance and g, is a standard 8
deviation, respectively. Wy
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ANALYSIS MODEL AND PROPOSED ANALYSIS METHOD

Fig. 1 shows the longitudinal cross-section of the analysis
model. The stator of the permanent magnet BLDC motor has
18 slot and the rotor is bult with 12 tiles of radial and skewed
magnetic. Axial displacement in the manufacturing of the
skew mounted permanent magnet BLDC motor needs to be
analyzed by a full 3D-analysis, such as, 3D-FEM. This
approach, however, is too computationally expensive to
produce results in a reasonable time, therefore, an alternative
method must be found. In this paper, a proposed method is
taken with two sections shown in fig. 2, so called, lateral
section and radial section. The former is constructed with
both the lateral flux and the radial flux, flowing from the rotor
to the stator. The latter is composed of radial flux only
crossing from the rotor to the stator. In order to analyze the
cogging torque of each section, the lateral section employed
the 3D-EMCN [2], and the radial section used a multi-slice
technique based on 2D-FEM, where is assumed that the radial
flux only acting on the air-gap. The totality of the analysis is
found by superimposing both the 3D-analysis and the 2D-
analysis.

Fig. 2 Proposed sections of analysis model and multi-slice technique
RESULTS AND DISCUSSION

Fig. 3 shows a comparison between both results of the
cogging torque obtained form the actual experiment and the
proposed analysis method. So, a validity of proposed analysis
method is verified from the experimental results. And then,
by using a combination technique employing the SRSM and

the proposed analysis method, results according to the
analysis of the tolerances were obtained with 10 (%) and
5(%) tolerance of all design variables, as shown in Fig 4.
These results show that, when design variables are controlled
with tighter tolerance, the scatter of the set of the cogging
torque is extremely centralizd in the mean of its population.

CONCLUSIONS

In this paper, the tolerance analysis is accomplished by
the SRSM combined with 3D-EMCN and 2D-FEM. It offers
the predicted variations of the cogging torque according to the
axial displacement of the motor. In most cases of manufacture
the axial displacement can be inevitably happening in the
BLDC motor. Therefore, the tolerance ananlysis must be
considered on the design stage, because that would lead a
production of the BLDC motor to be robust. In full paper,
more descriptions of this work will be presented in detail.
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