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SUMMARY

The fan motors is combined with motor and fan caplof equipments. The fan motors are
using many equipments such as Information equipsn&i equipments, electrical household
appliances, in-vehicle equipments, and industregaligments. Commonly the fan motors are
required for high efficiency, high air capacity,datow vibration and noise. In particular,
recently market focus to lower noise and vibrationthis study, effect on the noise caused by
electromagnetic dynamics and fluid dynamics thellsfaa motor is clarified. Regarding the
vibration and noise in the fan motor, radiated @@snerated structure vibration cause by the
electromagnetic force of the motor, and fluid natbaracteristics caused of the fan by fluid
dynamic are clarified. The result is useful foruetion of vibration and noise.
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INTRODUCTION

In current motor market, low noise and vibrationinereasingly needed in addition to the higher
power and efficiency. A motor is requested to aqash the low noise and vibration and high

efficiency simultaneously. A fan motor, which is @ectric motor with a fan being installed on it

is highly versatile. Commonly the fan motors arguieed for high efficiency, high air capacity, and

low vibration and noise. In particular, recentlyrket focus to lower noise and vibration. Vibration

and noise in the fan motor have been studied seghaies problems of fluid dynamics, mechanical

structural dynamics, or electromagnetic dynamicecdRt trends in many people’s lifestyles

brought up reduction of vibration and noise of the motors as an important issue. In order to
solve these issues, analyses on fluid dynamicstreteagnetic dynamics, and mechanical structural
dynamics of the fan motors are needed to be peddrnot separately but simultaneously. The
vibrations and noises caused in three different haeisms superposition one another. Fluid
dynamics of the fan, electromagnetic dynamics effm, and mechanical structural characteristics
are important factors for vibration and noise ia thn motor.

For the low noise and vibration of a motor, theyénaesearched by electromagnetic force [1] [2],
simulation for electromagnetic force induced vilmatand noise [3] [4] [5], natural frequency [6]
[7], and vibration analysis method [8]. For theg®and vibration of the fan motor, there are many
papers. They have researched by reduction of feéserj6], measurement and visualization of air
flow [10] [11], and CFD method [12] [13] [14]. Buhe papers studied on both phenomena of
electromagnetic force and fluid dynamics is notiicu

In this study, effect on the noise caused by edetagnetic dynamics and fluid dynamics of the
small fan motor is clarified. The harmonic compasenf different generating mechanism, namely,
electromagnetic force of the motor, fluid dynamasce of the fan, and the structural vibration
characteristics, were investigated for reductiomibfation and noise

EXPERIMENTARY METHOD

Table 1 shows specification of fan motor model &gd. shows air flow characteristics. First, the
vibration characteristics of a non-operating fantonavere obtained by hammer impact test, and
experimental modal analysis was conducted. Nexiration and noise characteristics of the
operating fan motor were measured. Fig.1 showdblinek diagram of measurement system. Solid
lines indicate non-operating condition for modadlgeis by hammer impact test, and dashed lines
indicate operating condition for frequency analysfsnoise and vibration. The block diagram
system of the dashed line shown in Fig.1 analyzes/tbration and noise using the measurements
shown in Fig.2. The noise was measured by a miano@hvhich was located 1 m from the suction
side of a fan motor. A airflow characteristic caing the measured data when rotating speed 1922
min® indicated on figure 7 is fixed in fig.1. Noise wamasured with the biggest air- flow in the
fig. 1.

Table 1 Specifications of fan motor model

Width: W X Hight:H X Thickness:T.mmJ [120% 120X 25

Number of poles 4
Number of stator slo 4
Number of blade 9

Operating spee[min™] 2200
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Figure 1: Air flow characteristic curve of the fan motor
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Figure 3: Measurements of measuring three-dimensional acceleration

RESULT OF EXPERIMENT

Vibration characteristics of a non-operating fan motor

An acceleration sensor is set in the radial dicgctn outside the casing. Blades were struck in the
axial direction, and were transfer functions webeamed. Fig. 4 shows transfer function in the
axial direction. The highest peak appeared at 530Hiy.5 shows natural vibration mode of fan
motor at 530 Hz. Each blade vibrates in the sansselin the axial direction, and the boss and
blades vibrate in opposite phases at 530 Hz.
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Figure 4: The Transfer function in the axial direction
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Figure 5: Natural vibration mode of the fan motor at 530 Hz

Vibration and noise characteristics of the operating fan motor

The rotational speed was continuously decreasech 2200 mifit to 1200 mift while the

measurements were taken. Fig.6 shows overall neisg. Significant noise peak was present at
1922 min'. Fig.7 shows noise level.

The relation of harmonic components and frequenaysed by blade-passing force and
electromagnetic force is shown below.

The frequency, of the fluid noise caused by blade-passing foa®the following relation.
f,=mnz m=12;-") (1)
Here,n is a rotational frequency aads number of blades.
There is the following relation to the frequeriggf electromagnetic force.
fo=kx(n/p) &=1.2;-") )
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Here, & is a harmonic components, is a rotational frequency and p is number of pots
component of blade number appeared.

Fluid noise which depends on the number of blades pvesent. And harmonic components on the
noise caused by electromagnetic force were alsfirowd. Frequency of 512 Hz corresponds to
530 Hz, and is equal with ¥2component of electromagnetic force, but componébtade-passing
noise doesn’t exist. The rounded squares indidaepbints where an integral multiple of the
fundamental frequency of blade-passing force edbhalsof the electromagnetic force.

Fig.8 shows frequency analysis result at 1922 'mihen the significant peak is occurred. The part
surrounded by the square shows that the frequelacie mumber of impeller and the frequency
from electromagnetic force are equal. Frequenc$ & Hz and 1152 Hz are both blade-passing
frequencies that depend on the number of bladesvels as harmonic frequencies of the
electromagnetic force. Therefore, noise peaks wersent at 576 Hz and 1152 Hz. Since harmonic
frequencies of blade-passing noise and those ofrefeagnetic force coincided with one another,
these prominent peaks were occurred by the mutteaction between the fluid dynamic force and
electromagnetic force as external force. Frequaicdyl2 Hz is the natural frequency of structure
and electromagnetic force will be in a resonantdd@ton, and it shows a significant peak. Fig.9
shows noise level of the %2electromagnetic force versus rotational speed. 3igaificant
resonance occurred at 1922 thin

Fig.10 shows amplitude in the axial direction. Thatational speed was continuously from
2200 mint to 1200 mift while the measurements were takeli. sbmponent of blade number
appeared. About electromagnetic force, vibratiooueg in an 8 integral multiple harmonics
degree. # component of blade-passing force an&Z@mponent of electromagnetic component by
the rounded square has excited the fan motor samediusly. Fig.11 shows frequency analysis
result at 1922 mih when the significant peak is occurred. Fig.12 sheibration amplitude of the
32" electromagnetic force in the axial direction versotational speed. The significant resonance
occurred at 1922 mihin the same manner at the noise (Fig.9).

As mentioned above, significant vibration and ndiae occurred by electromagnetic dynamics, and
occurred in the axial direction.
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Figure 6: Overall noise level versusrotational speed
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Figure 8: Noise level measured at 1922 min™
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Figure 10: Vibration amplitude in the axial direction
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Figure 11: Vibration amplitude in the axial direction at 1922 min*
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Figure 12: Vibration amplitude of the 32™ electromagnetic force in the axial direction

Noise characteristics after switching off the power supply to the motor

The rotational speed was continuously decreased 2200 mif* to 1200 miff while measurement
was taken. Dashed line (free run) indicates thahsueements were taken immediately after
switching off the power supply to the motor. Conmguhto when voltage was cOntinuouly decreased
(voltage change), no significant peak were presetiie free run operation. After switching off the
power supply to the motor, the most excitation éocfluid dynamic force.
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Figure 13: Overall noise level

Figure 14: Natural frequency mode at 538 Hz by simulation

CALCULATION

Structural vibration analysis of the fan motor wasried out, and main vibration modes were
investigated. Fig.14 shows the mode in which ededévibrate in the same phase in the axial
direction. This vibration mode is equivalent to .BigThe difference of the structural vibration

analysis result and experimental result of naténedquency is less the 2 %, and is agreement in
general.

CONCLUSION

The vibration and noise characteristic caused k& itarmonics component of electromagnetic
dynamics of the motor, fluid dynamics of the fandastructural was investigated for the
phenomenon which occurs for the small fan motothattime of operation. And, it was shown
clearly that there are the following features.

(1) The noise of the fan was caused by the bladsipg force and the electromagnetic force
were prominent. Significant peaks were presentrequencies at which both the blade-
passing force and the electromagnetic force hage tlarmonic components. In particular,
noise becomes maximum at a frequency that the haeni@quency of the fan motor in the
axial direction to match.
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(2) The significant vibration and noise were ocedrby the electromagnetic dynamics, and
largest peak was occurred in the axial direction.

This study will be developed for other type of fdrsm now on, too
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