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Abstract--This paper deals with the design of Skeleton type single-phase Brushless DC motor (SBLDC) to
overcome its drawbacks. The design aspect is to eliminate the dead zone that can lead to a starting problem,
protect the inflow of dust through the link part and even increase the performance. If the link is closed to
protect the dust, this structure produces a distorted back-emf. Thus, to solve these problems, a stator core with
a asymmetric airgap and a closed link is proposed. The characteristics are calculated by 2D finite element
method (FEM) coupled with circuit equations. It is proved by experimental results.

I. Introduction

INGLE-PHASE motors are widely used in industrial and household applications. The reason is that

the operation is fed directly from a commercial single-phase voltage source. Facing the rising cost
of electric energy, consumers and manufactures have paid much attention to energy saving in an
attempt to reduce their operating costs. These requirements are mainly achieved by choosing a proper
single-phase motor and optimizing the motor design. The SBLDCs in single-phase motors has
substituted single-phase induction motor with shaded poles because the latter have low efficiency
characteristics. SBLDCs have many advantages in economical efficiency that means simple motor
construction and low cost driver topology with only two power switches. These characteristics are
competent to satisfy the demands for a part of household electric appliances.

A general SBLDC has zero torque zones, i.e. dead zones, which can lead to starting problems. In
addition, it has an open link in the stator core, as shown in Fig. 1, to prevent the leakage flux driven by
the permanent magnet passing the link. If the link is closed to prevent a lock of the rotor due to the
inflow of dust, the back-emf is distorted and the performance is deteriorated. Therefore, the link and
the detent groove in the stator core are very important design parameters to solve these problems.
These parameters have influence on the toque profile, such as torque ripple and reverse torque zone, so
that the investigation of these parameters is needed [1].

This paper proposes a improved stator core that is very effective to solve the above problem. The
function of the detent groove is to produce a cogging torque, which is used for the reduction of the
dead zone. From the analysis results, the optimal detent groove is determined; further - the link is
closed to protect the inflow of dust while preserving the magnetic torque requirement. For the stator
core design, the dynamic characteristics considering instantaneous current caused by the nonlinear
inductance varying with rotor position is calculated by 2D finite element method (FEM) coupled with
circuit equations. Some measurements and computation results of the improved model are compared
with those of the conventional model.
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Fig. 1 Configuration of the skeleton type single-phase BLDC motor

TABLE 1. Specifications of The Motor

Design parameter paral?lzzfr\l/alue Design parameter paral?lzzfr\l/alue
Input AC voltage (V) 220 Rated speed (rpm) 2200
Input frequency (Hz) 50 Operating temperature (°C) -30
Rated torque (gf-cm) 50 Rated operating efficiency (%) 55 upper

II. Design Model and Analysis Method

A. Design Model

A skeleton type single-phase BLDC with a detent groove shape and a link part in the stator core
structure is designed as the cooling fan motor for a refrigerator. Fig. 1 shows the configuration of the
SBLDC. The inner rotor consists of a ring type permanent magnet and the shaft. The magnetic
material is ferrite magnet with a residual flux density of approximately 0.7(T). The shaft also functions
as the return path for the magnetic flux. Table I presents the requirement specifications of the SBLDC
for driving the evaporator fan.

B. Design Concept

The stator core of the conventional model has an open link part to reduce the flux leakage driven by
the permanent magnet but the motor can be locked due to the inflow of dust through the opened link
part, as illustrated in Fig. 2(a). If the link part is closed, the distorted back EMF waveform is generated
and the motor characteristics deteriorate. This is due to the increase of flux leakage. A dead-zone,
where no torque is developed results, leading to a starting problem. In order to get rid of the dead-zone
it is possible to choose a detent groove with an asymmetric airgap. The stator core with a detent
groove produces a cogging torque that helps to reduce the dead zone.

This paper proposes a new stator structure to solve the above-mentioned problem. Fig. 2(b) shows
the proposed stator core. First, the upper link part is closed and the lower one opened. In the case of
the upper link, the minimum flux leakage and the protection of dust are accomplished by the closed
link with the very thin structure, as plotted on Fig. 2(b). In the case of the lower link, its aperture is
filled with a coil bobbin to prevent the inflow of dust. Next, a proper detent angle and shape is
determined from analysis results to increase the starting torque.
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Fig. 2 Comparison with stator core structure

C. Field Computation Method

The 2D FEM is used to take into account the nonlinear characteristics of the electric machine. The
governing equation of the magnetostatic field problem with magnetic vector potential is generally
expressed as follows [3]:

le(vXA) =J, +J, (1)
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1
J,=—VxM )
Ho

where A4 is the magnetic vector potential, J is the applied current density, J,, is the magnetized current
density, M is the magnetization, &, and u are the magnetic permeability in vacuum and core,
respectively.

The detailed performance study of the SBLDC requires an analysis considering its controller. For
the analysis of the dynamic characteristics, a voltage equation is coupled with equation (1) and then
the system matrix is obtained by time difference schemes. The voltage equation of one phase of
SBLDC is as follows:

Ve =R,i, +Lmdl—’”+Em 3)
dt

N

where V is the supply voltage, R,, is the winding resistance per phase, i, is the phase current, L, is
leakage inductance of end-coil and E,, is back-electromotive force induced in the coil[4].

D. Calculation of Torque

The method of the Maxwell stress tensor is used to calculate the static torque for the rotor position.
The torque is given by the following equation (4).

T— 95r><PdS 4)

where r is the distance vector of a point to axis rotation.



Equation (4) is obtained by the surface integration of a stress tensor vector P over an air gap
enclosing the rotor surface §. Maxwell stress tensor is given by (5)[5].

P= L (nB)B—— B (%)

Ho 2,

where 14 is the permeability of free space, n is the direction of the normal unit vector on the surface .S,
B is the flux density solved by electromagnetic FEM.

II1. Design and Analysis Results

Fig. 3 shows the comparison of the back-emf waveforms for the each mode when the rotor rotates at
2000(rpm). The conventional model with an open link, as shown in Fig. 3(a), gives the sinusoidal
back-emf waveforms. This model has a disadvantage of the inflow of dust through the opened link
part, so the link part should be closed. In contrast to this model, the conventional model with the
closed link produces the back-emf waveform distorted by the flux leakage, as presented on Fig. 3(b).
Therefore, the thickness of closed link in the improved model is designed as 0.5(mm) considering the
manufacturing of wire cutting and the mechanical strength. The back-emf of the new model, as opposed
to the conventional model with an open link, is improved. In Fig. 3(c), the improved model generates a
sinusoidal back-emf, which is similar to that of conventional model with the opened link. The analysis
results for all models are similar to the measurements. In this way, the calculation program used in this
study is suitable to design the stator core.
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Fig. 3 Back-emf waveforms for the each model



On the other hand, the detent groove angle is determined to solve the starting problem and improve
the resultant torque. For a parametric study of the detent angle, the model has a closed link of 0.5(mm)
thickness. Fig. 4 shows the variation of cogging torque and the resultant torque for the detent angle. In
Fig. 4, the cogging torque steadily increases by increasing the detent angle because the variation of the
permeance in the air gap is increased. The phase of the cogging torques is also changed. The detent
angle has an effect on the magnitude and phase of cogging torque. Fig. 5 shows the resultant torque
versus the detent angle. The resultant torque is the sum of the cogging torque and the magnetic torque
resulting from the phase current. The resultant torque increases until detent angle of 61(deg.) and
decreases there after. This observation leads to a conclusion that the detent angle of 61(deg.) is the
most suitable for increasing the resultant torque. The resultant torque meets the demand level. Fig. 6
shows the resultant torque, cogging torque and magnetic torque at a detent angle of 61(deg.). The
magnetic torque generates dead zones at 0 and 180(deg.). However, the dead zones in the resultant
torque disappeared with the help of the cogging torque. Finally, we determine that the improved model
have the thin closed link and the detent angle of 61(deg.)

The experimental results of two models at the fan load, the conventional model with the opened link
and the improved model, are shown in Table II. The motor volume is restricted by the space of system.
The AC supply voltage is converted into a DC voltage by the driver. The performance of the improved
model is identical to that of the conventional model with the open link of the same dimension. The
improved model can protect the inflow of dust due to the closed link.

Fig. 7 shows the speed versus the resultant torque. The measured characteristic curve of the
improved model matches that of the conventional model with the opened link. Fig. 8 is the picture of
the fabricated motor with its drive.
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Fig. 4 Cogging torque characteristics according to the detent angle
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IV. Conclusion

This paper studies the effect of stator core structure on torque characteristics for the SBLDC design.
From the results, the improved stator structure is proposed to protect the inflow of dust, to remove
dead zones and even to increase resultant torque. Its upper and lower link is closed and opened,
respectively. An optimal detent groove angle is determined. Therefore, it is expected that the proposed
stator structure design can be easily utilized to solve the above-mentioned problem.
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Table II. Comparison of experimental results for two models

Parameters Conventional model with the opened link Improved model
Supply voltage (V) 220 220
Input frequency (Hz) 50 50
Rated speed (rpm) 2280 2300
Rated torque (gf-cm) 50.1 50.1
Stator size (mm) 61x60xd34x11.5 61x60xd34x11.5
Back-emf (V,,y/krpm) 9.6 9.5
Efficiency (%) 55.8 55.2
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Fig. 7 The measured characteristic curve Fig. 8 The improved SBLDC with its drive
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