anufacturers employ hybrid

stepping motors in office au-

tomation equipment. indus-

mal equipment, medical ma-
chines, and game machines for these parts
can be easily controlled in position and
speed. In hybrid stepping motor, power
control as well as positon and speed con-
trol is required, and the high-performance
trend s based on high torque. Each motor
manufacturer employs the expanded outer
diameter of a rotator, which exerts the most
remarkable influence, as a# mgh-torque
method. As a result, products that are
square in outside shape lead the others so
as to ensure winding space with a two-
phase motor. which has the eight internal
main poles of a stator. in the center.

For user needs, environmental factors
such as high efficiency (low input and
high output) for low power consumption
and low noise tor improvement in instal-
lation environment has been increasing in
recent years. The advanced driving tech-
nology such as micro-step driving that is
effective for low noise and low vibration
has been popularized, Thus, lower-rota-
tion fluctuating characteristics have been
required, These diversified user needs in-
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cluding the conventional positioning pre-
cision are being addressed.

This time, a round-shaped hybrid two-
phase stepping motor for which the sym-
metric property of a magnetic circuit wis
pursued to ensure the high performance
during actual operation was produced on
a commercial scale. To optimize a mag-
netic cireuit, three-dimensional electro-
magnetic field analysis was applied in the
development process and a robust method
was employed tor development.

The following paragraphs tackle the
features and main characteristics of two
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Fig. 1: Magnetic circuit of hybrid stepping motor

Optimized Magnetic Circuit Steps Up
Motor’s Performance

hybrid two-phase stepping motors. These
are the KASO series with ¢50mm outside
dimensions and the KA60 series with
$60mm outside dimensions.

Conventional Application
Technology

Fig.l shows the magnetic circuit of 4
hybrid stepping motor. The local sec-
tional drawing viewed from the axial di-
rection 15 shown in (a), and the A-O-B
sectional drawing of this illustration 18
shown in (b).

As shown n Fig.1, the hybnid stepping
motor consists of a stator and rotator. In
the stator.exciting winding is installed in
the main pole’s outer circumference of a
stator’s iron core consisting of multiple
stator's main poles (eight main poles in
the figure) that have muluple pinions (s1x
pinions in the figure). In the rotator, a per-
manent magnel 1s supported in the center
of two iron cores that have multiple pin-
ons arranged in the outer circumference
at anequal pitch. The hybrid stepping mo-
tor rotates when the magnetic field gen-
erated during the application of an elec-
tric current o the winding of a stator acts
on the magnetic field generated using a
permanent magnet,

In the conventional model. the torque
was mainly improved by expanding the
outside diameter of a rotator, and a square
shape (of 42sq.mm and S6sq.mm) was
employed to ensure the installation space
of exciting winding. Low vibration also
corresponds 1o the reduction in the dis-
tortion of stiffness characteristics. The
detent torgue that is the main factor of dis-
tortion is reduced using a vernier slot sys-
tem. Japan Servo Co., Litd. employs its
own variable pitch vernier slot system
This technology was developed o remave
the fourth harmonic component of gap
permeance that is the main cause of de-
tent torque and suppress the reduction in
a fundamental wave component to the
minimum. [t is confirmed that this tech-
nology has a remarkable effect on high
torque and low vibration.
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Fig. 2: Influence of shape ditference on characteristics (analysis result)

Optimized Magnetic Circoit

A hybrid stepping motor has excellent
characteristics in torque generation efti-
ciency and resolution. In a device. it is
used for the section requiring higher pre-
cision. Based on the advanced driving
technology that has been recently popu-
larized, improvement in performance is
set as the basic concept of the KA series.
Moreover, the symmetric property of the
magnetic circuit between phases Aand B
is made complete, and a round format was
employed as outside shape so as to unify
the correlative generation torque.

The target of definite characteristics
was sel to an increase in torque ot 30 per-
cent and a decrease in detent torque (cog-
ging torque) of 30 percent with respect to
the conventional square motor to be
treated. Additionally, a magnetic circuit
was optimized with the pinions of stator
and rotator’s iron cores in the center.

In the magnetic circuit of a hybrid step-
ping motor, the magnetic flux from the
magnet supported using a rotator core over-
faps with the field magnetic flux of stator
winding. and the magnetic circuit is used
as a three-dimensional magnetic circuit
that is fed back to the other rotator core.
A very complicated magnetic path also
forms the hybrid stepping motor because
it has a multi-polar structure as compared
with other motors. Judging from the time
element and analytical precision, it was
difficult to apply the electromagnetic field
analysis of a stepping motor, which was
formed using such a complicated magnetic
path, to the actual development by the con-
ventional analytic tool. The reasons were
because a magnetic path is three-dimen-
sional and complicated and because an air
gap is narrow (50pum).

This time, many design parameters for
optimizing a magnetic circuit could be in-

vestigated in a short time by using an an-
alytic tool that Hitachi Limited and Hi-
tachi Laboratories Lid. developed.

Fig.2 shows one of the examples of a
pole’s peripheral block on detailed shape
characteristics. As the analysis result of
an induced voltage value that is the al-
ternate parameter of torque, improvement
is made by about 1.8 percent by chang-
ing the root shape of a pinion at the tip of
astator's main pole. Improvement is made
by about 1.3 percent by changing the root
shape of a main pole and winding section.
It could thus be confirmed that the de-
tailed shape in a magnetic circuit influ-
ences characteristics. Analysis was com-
bined with a robust method for parame-
ter design because the detailed shape dif-
ference of a pole section influences char-
acteristics and because the corresponding
items range over a wide field. Factors in
eight items were selected to optimize a
magnetic circuit including the factor of
dispersion in manufacturing due to the in-
crease 10 an induced voltage and the re-
duction in detent torque.

Characteristics of KA series

For the reduction effect of the correla-
tive deviation based on the symmetry of
a magnetic circuit characterized by KA
series, the induced voltage deviation (in-
dicating the deviation of generation torque
per identical current) between phases A
and B is 0.8 percent as compared with the
conventional square-shaped model. On
the other hand, the induced voltage devi-
ation of a square-shaped model is 3.6 per-
cent. This shows that a round-shaped
model has a predominant position. As
shown in Fig.3, detent torque is also im-
proved by 40 percent, and the distortion
of stiffness characteristics 1s reduced for
each phase.
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Fig. 3: Comparison of detent torque characteristics
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