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The Analysis of Vibration characteristics for Vacuum Cleaner Fan Motor Using 3-D
Laser Vibrator
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Ir Abstract IF

Recently technology resulted in highly efficient and multiple-functional electric appliances considering environmental
problems. One of the environmental problems is noise of a product in respect to its function. A vacuum cleaner is an
essential electric appliance in our daily lives. However, severe noise resulted from high motor speed for improving the
function of the appliance is a nuisance for the user. This noise is caused by vibration from various parts of the appliance
and fluid noise during a series of intake and exhaust processes while rotating the impeller connected to the axle at a high
speed of the fan motor inside the vacuum cleaner rotating around 30,000-35,000 rpm. Despite the fact that many researchers
conducted studies on reducing the noise level of the fan motor in a vacuum cleaner, only few studies have been conducted
considering both the theoretical and experimental aspects using fluid analysis by measuring vibration and noise. Moreover,
there has not been a study that accurately compared major noise data obtained considering both of the aspects. In this
study, both aspects were considered by considering the following experimental and theoretical methods to verify the major
causes of noise from the fan motor in a vacuum cleaner.
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Fig. 1 Structure of fan motor in a vacuum cleaner
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Fig. 2 The spectrum of fan motor case in a vacuum cleaner
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Fig. 3 3-D vibrating mode of fan motor case in a vacuum
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Fig. 5 The spectrum of noise

(c) Irregular divide of impeller

Fig. 8 The Velocity field-vector of blade

160000
120000
80000
i
40000 V
0
0 250 300 350

50 100 150 200
Positlon (mm)

‘-__::::‘;,4' :’ g ‘-._t:::;,,/'
(a) Regular divide of (b) Expend space of diffuser
impeller between impeller

Velocity {m/s)

(a) Regular divide of impeller

160000
140000
120000
100000
80000
80000
40000
20000
0
-20000 +

Velocity (m's)

(c) Irregular divide of impeller

L] 50 100 150 200 250 300 as0

Fig. 6 Vacuum cleaner motor flow field 2-D modelling Position {mm)

(b) Expend space of diffuser between impeller

i

Velocity (m's)

180000
160000
140000
120000
100000
40000
80000
40000
20000
o
-20000 4
o

(c) Irregular divide of impeller
Fig.9 Flow velocity of diffuser between impeller

100 180 200 250 300 3s0
Position (mm)

(a) Regular divide of  (b) Expend space of diffuser
impeller between impeller

- 403 -



S 5.0x10"

éa,snn“

g0’ ﬂ
g:.sno"

& 30x10"

8

2 25x10"

10
Posltlon (mm)

(a) Regular divide of  (b) Expend space of diffuser

1 lar divide of impell
impeller between impeller (¢) Irregular divide of impeller

Fig. 12 Flow pressure of diffuser between impeller

i ‘ . 2 fi g 20 -
(c) Irregular divide of impeller © A
Fig. 10 Total pressure field . j\ A .
F'::::\’EY(W) e e
(a) Regular divide of impeller
2 . SN N v . s 20 -4
(2) Regular divide of  (b) Expend space of diffuser 7 M ]
impeller between impeller Aj\-—u\_/o:_{\—m o

Frequency (Hz)

(b) Irregular divide of impeller

Fig. 13 Force change that is imposed to diffuser-X axis

(c) Irregular divide of impeller .
Fig. 11 The total pressure field-vector of blade -
L] |
= E “]
S e gL ]LJ\ —~
g M D(IX) memy (:::L\Q 00
g™ (a) Regular divide of impeller
" 1 Posltlon (mm) e i ’ y T T
(2) Regular divide of impeller ] 1
§4.ono" i 491
E:,snn" ”“
gum.. MA/\AAL,\AJ\_,\
E . T
T e may (b) Irregular divide of impeller

b) Expend f diffi bet impell
(b) Expend space of diffuser between impeller Fig. 14 Force change that is imposed to diffuser-Y axis

- 404 -



348

& =2 A= 34000 pmo. 2 3| Ashs AT 47§ I

A 2Ee) 3AYYA AF Z471E o1§F Motor
Casing 15 297} 254 84S 52U 42 A2 5
3 299 449 550 B 483 A5 ABL
BASED, 439 U91e FHROH, 1 ARt g

I gk 2.

1. 3xgdo|x 1553 7|(PSV300)E ol 43te] 544
AR AolAel A% dlojHE B3 A% niAY F
T Adsln EAANEE FogE 124kHz,
5.13kHz, 10.26kHz, 15.39kHzz #lgelon
12.4kHz= A RA Baj4l7ke] H&of oldt 2uh4o]

o}, 5.13kHz, 10.26kHz, 15.39kHz 9] Zull gy

o Y EA7H) BPF 2802 gelEyc. 4

2. 24UoE RUYY ARHL] W 2HY $5%

0.
2
SAstn &=, A¥A, 281 gFAY force WE 5.

& Fs) 2 A3 oA U AelofA 7 &
S50 Wit 2 S AT £ Ut o

-

ATE EYZ HFAY force HE THZE PSV 300 6.

o2 2% NFolHe HERLY £ 20N
5.13kHz 372 Dok Jelold & 22 ks 8
A 4 UL, ol AW} HFA Apoloj4 2 3
o) AY woiet DFY TP YOAN PAohs 2
EER e

3 REHYS B meo) FUBL Folr) 9 Yu
o UEAZ) 23 2 Bhof £80] BE ARG
S 8 ¥ 4 9A0H, A8 Qo] MEHAY
W 4z 429 2 Wt glo] W2 £88 2Y 4
£ A54E AXsg.

o

¥

- 405 -

SN

Kim J. Y, Kwac L. K, An J. S,, Kim C. H,
Song K. S, Yang D. J, 2003, "3-D Laser
Vibration Measurement for Nose and Vibrating
Mode Analysis of Fan Motor in a Vacuum
Cleaner", KSPE Fall Conference, pp. 128
Mongeau L., Thomson D. E. and McLaughlin D.
K.,'1993, "Sound Generation by Rotating Stall in
Centrifugal Turbomachines", Journal of Sound and
Vibration, Vol. 163, No. 1, pp. 1-30

. Choi L. H.,Chae H. K., 1994, "The Study of Noise

Reduction Method for Vacuum Cleaner Fan
Motor," The Korean Society for Noise and
Vibration Engineering Fall Conference, pp. 67~
72

. Jeon W. H,, 1994, "An Analysis of Unsteady Flow

Fields in a Centrifugal Turbomachine Using a
Discrete Vortex Method", KAIST Master Thesis.
Jeon W. H., 1998, "An Analysis of Noise Generation
and Radiation from Centrifugal Fans with a Casing",
KAIST Ph. D. Thesis.

Park H., Kim H. S., Kim D. K., 2001, “Development
of Testing Evaluation System for Analyzing Squeal
Noise Characteristics of the Brake System", KSMTE,
Vol. 10, No. 6, pp.21~28



