
Abstract—An investigation of noise in a micro stepping motor is
considered to study in this article. Because of the trend towards higher
precision and more and more small 3C (including Computer,
Communication and Consumer Electronics) products, the micro
stepping motor is frequently used to drive the micro system or the
other 3C products. Unfortunately, noise in a micro stepped motor is
too large to accept by the customs. To depress the noise of a micro
stepped motor, the dynamic characteristics in this system must be
studied. In this article, a Visual Basic (VB) computer program speed
controlled micro stepped motor in a digital camera is investigated.
Karman KD2300-2S non-contract eddy current displacement sensor,
probe microphone, and HP 35670A analyzer are employed to analyze
the dynamic characteristics of vibration and noise in a motor. The
vibration and noise measurement of different type of bearings and
different treatment of coils are compared. The rotating components,
bearings, coil, etc. of the motor play the important roles in producing
vibration and noise. It is found that the noise will be depressed about
3~4 dB and 6~7 dB, when substitutes the copper bearing with plastic
one and coats the motor coil with paraffin wax, respectively.
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I. INTRODUCTION

N the electronic, aerospace and later biomedical industry, the
micro motor was employed to drive micro and high precision

system. Since Trimmer [1], many investigations develop
successively different kinds of electrostatic micro motors,
top-drive motor, side-drive motor, etc. in micro engineering
application [2, 3]. Recently, more and more researchers [4-9]
turned their attentions to analyze or simulate the dynamics of
micro motor. Experimental and finite element analyses were
also employed to investigate or simulate the dynamics or
profiles of micro motor [10-12]. Almost all of the above
mentioned papers are focused on the design, dynamics of micro
motor. Besides the dynamics, design and simulation for a micro
motor; the noise has been study by few researchers [13]. More
and more noise problems of micro motor system or higher
precision 3C products become significantly annoying and
needed to be depressed. Because of small space found in a
micro motor, most of methods for depressing noise can not be
employed, such as noise source isolation. Therefore, the relation
between vibration and noise analyses investigated to depress the
noise is employed in this article.Stepper motors are usually
employed in precision positioning applications. In many
applications, stepper motors have been also used extensively in
open-loop controls. Because of the specific mechanical
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structure and related magnetic circuits, a stepping motor is very
different from conventional motors. Among the motor
researches, Ishikawa et al. studies on static-torque
characteristics of a permanent magnet (PM) type stepping motor
with claw poles [14]. For the stepping motor, Kawase pays
attentions on the analysis on three-dimensional dynamic step
response [15], and the dynamic characteristics affected by the
tooth shape are studied by Liu et al. [16]. In this paper, the noise
of a micro permanent-magnetic (PM) stepping motor with claw
poles is analyzed via vibration analysis.

As the system is miniaturized, the vibration, dynamic
properties and noise change significantly hence affect the
precision and performance of system, especially for micro
motors. Recently, some investigations turn the attention to these
micro system problems [17-21]; however, most studies are
focused to the design, performance and so on. Few
investigations pay the attention to the dynamic characteristics of
a micro system, even though the dynamic property may change
the system performance significantly. Due to the above
mentioned reason, the vibration and noise are focused to study.
In this article, the experimental analyses of both vibration and
noise are employed to examine the dynamic characteristics of a
micro motor. Depressing noise in micro motor operating
process is one of the major aim in this study. The coherence
between vibration and noise analysis to depress the noise of a
micro motor is considered

II.VIBRATION AND NOISE ANALYSIS AND

EXPERIMENTAL SETUP

Vibration and noise are usually found in actual engineering
application when a motor is working. Generally, the noise or
vibration is proportioned to the power of motor, however they
are unpleased. In general size motor, by isolating and enclosing
the sources of vibration and noise is widely employed to reduce
the problems. The above isolating and enclosing technologies
are not longer suitable for the micro size motor since no more
space left in a micro motor. In order to depress the noise of a
micro motor, by understanding the performance and dynamic
characteristics of this motor is must. Due to the coherence
between the vibration and noise, the dynamic characteristics,
vibration is studied to depress the noise of a micro motor in this
work. By employing the vibration analysis, the solutions may be
found to depress the noise of a micro motor. Besides, the control
program of this stepping motor is also revised to depress the
noise.
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Fig. 1  A photograph of the micro motor.

The purpose of this investigation is to suppress the noise and
vibration of a micro stepping motor. First, the vibration of the
micro motor in different operation conditions is measured.
Comparing the variation of vibration amplitudes in different
operation conditions, some of important parameters on
vibration can be found and accordingly, some solutions to
depress the vibration of the micro motor are found. In order to
investigate the noise of a micro motor, the vibration in a micro
motor must be understood before depressing the noise of a
micro motor. It is very difficult to measure the vibration of a
micro motor, because of the micro scale. A non-contact
dynamic displacement sensor is employed in this work. Besides
study in the vibration, an investigation on noise of a micro motor
is also the aim. Figure 1 shows the photograph of the micro
motor to be measured. It is a permanent magnet type stepping
motor with claw poles and is usually

Fig. 2 A exploded diagram of the micro motor (including bearing, coil
spindle, housing, etc.)

Karman KD2300-2SKarman KD2300-2S

(a) Vibration measurement using non-contact Karman KD 2300
sensor

(b) Noise measurement using probe microphone

Fig. 3 The setup of vibration and noise experimental analysis

Fig. 4 Geometry of a micro motor
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Fig. 5 Time domain vibration of a micro motor with different
rotational speed

employed to drive the lens system of digital camera, but its noise
and vibration is too large to be accepted by customers. To find
the solution for noise and vibration to be depressed, the
components and structure of micro motor must be studied.
These components and assembly arrangement are shown in Fig.
2, including the bearing, coil spindle and housing, etc.
According to these components in this figure and results from
investigation, the important effect component on noise and
vibration in a micro motor can be found to depress the noise and
vibration. Because of micro scale of the motor, the vibration is
too small to be measured by acceleration meter. Hence, a
non-contact eddy current displacement measurement sensor,
KAMAN KD2300-2S, is employed to measure vibration
amplitude in a micro motor. For this vibration measurement, the
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Fig. 6 Frequency domain of a micro motor with different rotational
speed
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Fig. 7 Vibration of a micro motor with different bearing type

experimental analysis setup sketch is displayed in Fig. 3 (a).
This non-contact KAMAN KD2300-2S sensor’s signal which is
enlarged by a signal amplifier is then transferring the vibration
data to a HP 35670A spectrum analyzer. For the same reason,
the similar experiment is setup for the noise measurement in this
work as shown in Fig. 3 (b). Because of micro scale for this
motor, a probe microphone is employed to measure the sound
pressure variations of a micro stepping motor. Similarly, the
sensor signal is transferred, calculated, and analyzed by this
spectrum analyzer HP35670A.

III. RESULTS AND DISCUSSIONS

The noise in a micro motor was investigated in this study. For
this investigation, a micro stepping motor, type No.
SP8M15RLX, is selected to study. Some geometrical
parameters in a sketch of the micro stepping motor are displayed
in Fig. 4. This stepping motor is always used to drive the lens

-20

-15

-10

-5

0

5

10

15

20

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (Sec)

400PPS

Fig. 8 Vibration of a coil blanketed with or without wax in a micro
motor

100PPS
600PPS

Original (copper bearings)
Plastic bearing
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system of digital camera. To amend the micro motor quality, the
noise of micro motor must be depressed, so the investigation in
noise of micro motor is necessary to pay the attention on this
problem. To find the solution for noise of a micro motor, the
vibration analysis for this micro motor is necessary. For a micro
motor, the spindle with a high rotating speed is a must,
therefore, the rotating speed parameter is considered to study
first. The variation in vibration of a micro motor with different
rotating speed is illustrated in Fig. 5. In this study, the PPS,
pulse per second, represents the unit of rotating speed. Time
response of a micro motor with different rotating speed is
plotted in this figure. In this figure, the vibration amplitude of a
micro motor at higher speed, 600 PPS, is smaller than the motor
at lower rotating speed, 100 PPS. Results indicate that the time
response vibration amplitude of the micro motor is increased as
its rotating speed is decreased. Figure 6 shows the frequency
response of a micro motor. In the frequency domain, the
vibration amplitude is decreased if the micro motor increases its
speed in full frequency domain. As Figs. 5 and 6, it is found that
the vibration amplitude is decreased as the motor increases its
rotating speed both in time and frequency domains.

-45
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-95
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 A L kHz1050  Hz (Log)

Pwr Spec 1
X:200  Hz Y:-55.917 dBV

(a) without wax (1/3 octave)
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(b) with wax (1/3 octave)

Fig. 9 Noise of a coil blanketed with or without wax at 200 PPS

From these results, the vibration amplitude is dependent on
rotating speed. From the above analysis results, some rotating
components in the micro motor may enlarge the vibration
amplitude, so is the noise. It is clear that the rotating
components may affect the vibration and noise significantly.
Both bearings and coil, which are the important rotating
components in this micro motor, are studied in this work. First,

TABLE I
NOISE OF A MICRO STEPPING MOTOR WITH DIFFERENT BEARINGS

Ambience noise 30dB

condition

rotating speed

Original, (With

copper bearings)

With plastic

bearings

100pps 64 62

200pps 64 61

300pps 59 56

400pps 58 56

500pps 58 54

600pps 57 53

700pps 57 53

800pps 54 52

900pps 52 50

TABLE II
NOISE OF A MICRO STEPPING MOTOR WITH AND WITHOUT WAX

Ambiance noise 30 dB

Condition

rotating speed

Original

(without wax) with wax

   100pps 64 58

200pps 64 56

300pps 59 54

400pps 58 52

500pps 58 52

600pps 57 50

700pps 57 48

800pps 54 46

900pps 52 46

effect of bearing on vibration amplitude is considered.
Vibration amplitude of a micro with different bearings is
illustrated in Fig. 7. In the studied micro motor, the original
copper bearings are usually employed to support the rotating
spindle of motor. The plastic bearings, material PB9T, are the
substitute bearings expected to reduce the vibration amplitude.
In this figure, the vibration amplitude of a motor with the plastic
bearings is much smaller than with the copper bearings. It is
observed that the vibration amplitude is depressed significantly
by using the plastic bearing in a micro motor. Besides, the effect
of coil on vibration of a micro motor is also considered in this
investigation. Figure 8 shows the variation on vibration of a coil
with or without paraffin wax in a micro motor. The vibration of
a coil with wax is smaller than the one without wax. From this
result, the coil with paraffin wax will depress the vibration of a
micro motor. The rotating important components for a micro
motor, bearing and coil are considered to study previously. For
the micro motor, different type of bearings and different
treatment of coils affect vibration significantly. Because of the
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strong relativity between vibration and noise, the above effects
of bearing and coil are also considered to depress the noise.
Table I shows the noise of a micro motor with different
bearings. These experimental results are measured in
semi-anechoic room of which ambience noise is about 30 dB.
The measurement distance from microphone to micro motor is
50 mm. From these results, the noise is also dependent on the
rotating speed, similar to the vibration. Noise of a micro motor
is decreased as the rotating speed is increased. In this table, the
noise of a micro motor with plastic bearings is much smaller
than the motor with copper bearings, original type, about 3~4
dB is found. Results indicate that the noise of a micro motor will
be depressed if this motor with plastic bearings. Table 2
displays the variation of noise of a coil with or without the wax
in a micro motor. It is found that the noise will be depressed
about 6~7 dB as the coil with wax. As the above investigation,
the effect bearing and coil may affect both the vibration and
noise significantly in a micro motor. Finally, the sound pressure
frequency response is illustrated in Fig. 9. In this figure, the 1/3
octave band is used. Figure 9(a) shows that a main noise peak at
200Hz is found as this micro motor coil without wax. As the
motor coil with wax, this peak also at 200Hz but shorten
significantly is observed. The phenomena, which the noise is
depressed significantly as the motor coil with wax shown in Fig.
9 are identical with the data shown in Table II.

IV. CONCLUSIONS

Noise of a micro motor was investigated. The major
conclusions drawn from the analysis and numerical results
obtained in this study are summarized as follows:
(1) A study of the vibration of the micro motor is necessary to

depress this motor noise. The vibration of a micro motor
which depends on rotating speed is observed. It is clear that
the rotating components may affect the vibration and noise
drastically.

(2) It is found that the rotating components such as bearings and
coil affect the vibration and noise significantly.

(3) Results indicate that the plastic bearing and a coil with wax
drastically depress the noise and vibration of a micro
motor.
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