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ABSTRACT

In this paper, experiment and dynamics simulations were carried out to identify and reduce the

out-of-plane vibration that occurs in a centrifugal fan of an air conditioner installed to a wall. In a

wall-installed air conditioner, large space between a case and heat exchanger is often required for the

fan to avoid the collision with the case and exchanger. This large space hinders the slim design of

the air conditioner even if air conditioner market demands a slim air conditioner. In the present

study, in order to determine the cause of the vibration in the centrifugal fan, the out-of-plane vi-

bration and the physical properties were investigated, and the dynamic characteristics of the cen-

trifugal fan were obtained by experiments. Based on these experiments, a dynamic simulation model

was established to determine the cause of the out-of-plane vibration of the centrifugal fan. It was

found that the main factor of out-of-plane vibration in the centrifugal fan is the axial misalignment

between the centrifugal fan and the motor shaft.
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Fig.1 Experimental setup for measurement for vi-
bration in the centrifugal fan
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(b)

Fig. 14 Interpolated velocity profile of the centrifugal
f-an (a), simulation model applied with mis-

alignment (b)



Minsung Kim et al.; Transient Vibration Identification and Reduction of a Centrifugal Fan for a Wall-installed Air-conditioner

oM e ol A dHe] Nery A7
e ol FEAHIE A By 5449
Fo] FFE wol 7] wTelth. AdEH=
FHRT dider uLow M o

ol A= W dHol AAA ek ojgf

© W2 A aFRAdA SAHEEYS

1
1 1
ITransient state! Steady state

Displacement (mm)

2
0 10 20 0 40
Time (sec)
(a)

50 60

Steady state

Displacement (mm)

) :T_ransienlt state) .
0 10 20 30 40
Time (sec)
(b)

Fig. 15 Simulation results of the centrifugal fan if
there is no misalignment (a), if there is mis-

alignment (b)

20

50 60

Displacement (mm)
o
1

0.0
00 02 04 06 08
Misalignment (deg)

Fig. 16 Change of the vibration of the transient state
in accordance with misalignment

388 | Trans. Korean Soc. Noise Vib. Eng., 26(4) : 383~390, 2016

1.0

s} Aol st wastel 3
Aol shEaele] AFuth o Holt,

FAE =% A7 e Fegdy el A
718 Elsl] ffstel FAE EdE 44 s A

o] YeFNAL Fig. 16 golst 4= %o
A Fede e HEe A7) F4E BF7) A
g oz vlFsle F7HEe AT 4 AT

A e s 9 H4Y BFS
WA 93k AR E ottt 7]Eol= Al
3} 2EE 2487 Slale] Quk YERS o]g4]

=449 EF MAE A% 9 AEL 37mm
ol FA= 1mmeltk Z8]a 159 7= 1 mm

@e&ber

<Front> <Back>

Fig. 17 Improved washer for misalignment reduction

Fig. 18 Contact point between washer and bushing
element 2 of the centrifugal fan



A}

=
=

ratio

50 %
5%

Improvement

e 9bA

L

L

After
1.57 mm
0.32 mm

g1

Q.

A

=

=

Before
improvement | improvement

3.13 mm
0.34 mm

9}

18]35 Fig. 20(b)

.

p

state
(peak to peak)
Steady state
(RMS)
Fig. 20(a)

Table 1 Improvement of vibration of centrifugal fan
Transients

; Transient Vibration Identification and Reduction of a Centrifugal Fan for a Wall-installed Air-conditioner

oF

o2 )& 1

0

A

=
L

A7t

A

g

1l

bz

9]

50

Steady state
40

30
Time (sec)
(a)

20

10

Transient state

Fig. 19 Centrifugal fan with improved washer

Minsung Kim et al.

(ww) wawade|ds|qg

|

€

X

I Table 1o YERAATE 7)

A3

Al

5% A

L

Fu

Bl RMS
s

]

o

=3

o

f
.

Fq5} Algeold

A4 Ao

]

I
Rl

[e)

Aol s}

=

%7] B2 peak to peake 50% AEZ A
=

7] sheakerh Ae) e

aL, ool - 23

2

+d

0

@ %

1

o

3}
s}

50

A< Fig. 199

Al
o

40

s, Spe o

Steady state

El
He
[e)

Zl

20
Time (sec)
(b)
BRI} Fig. 5904
53} 3%

=]
T
=

al

10

tef EE

Transient state

there is no washer (a), if there is developed
[e)

washer (b)

-

(wuw) yusawade|dsiq

aQkE 9bA
°ol&

Fig. 20 Experimental results of the centrifugal fan if
=
—_—=

LER AT

s, ke szt g
E

S

—_
o

-
of

=
B

Aqr

:I.L

A

EERE)

I

]

A9 Ao

]

-
Rl

[e)

T}

=

o] flele wmH

=
]

Fig. 2001 &}

L

T

3}

ool &

=]

ruzel

o

o o

W

Trans. Korean Soc. Noise Vib. Eng., 26(4) : 383~390, 2016 ‘389



Minsung Kim et al. ; Transient Vibration Identification and Reduction of a Centrifugal Fan for a Wall-installed Air-conditioner

o] AT 20159% AF(LSTE7|%H)9] Y
o7 AT ATe] A ¥ wol aE 159 (No.
2011-0017408).

References

(1) Lee, H. J., Kwon, J. H., Lee, C. M., Hwang, G.
S. M., 2008, Study on Acoustic
of Air-conditioner fan BLDC Motor,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 19, No. 9, pp. 863~869.

(2) Choi, H., Kim, J. W. and Kang, T. H., 2001, A
Study on the Measurement of Dynamic Properties of the
Rubber Mount in the Impeller Fan Motor of the
KSNVE  Annual

Y. and Hwang,
Resonance

Air-conditioner, Proceedings of the
Autumn Conference, pp. 185~190.

(3) Kim, J. B., Choi, W. S., Goo, H. M. and Lee, J.
K., 2004, Noise Reduction of Turbo Fans for Air-condi-
tioner Indoor Units, Proceedings of the KSNVE Annual
Spring Conference, pp. 93~96.

(4) Min, Y. H., Kang, S. W., Hur, N. G. and Park,
J. T., 2012, A Numerical Analysis of Noise Source for
Cross-flow of Air-conditioner Indoor Unit, Proceedings

390 | Trans. Korean Soc. Noise Vib. Eng., 26(4) : 383~390, 2016

of the KSME Annual
1761~1766.

Spring  Conference, pp.

Minsung Kim received his B.S.
degree in mechanical engineering
from Hanyang University, Korea
in 2011. Currently he is a Ph.D.
candidate in the Department of
Mechanical Engineering, Hanyang
His research

University, Korea.

interests are belt-pulley dynamics.

Jonghyuk Lim received his B.S.
degree in mechanical engineering
from Hanyang University, Korea
in 2012. Currently he is a Ph.D.
candidate in the Department of
Mechanical Engineering, Hanyang

o e

interests are large deformation multi-body dynamics.

University, Korea. research

Jintai Chung received his B.S.
and M.S. degrees in mechanical
engineering from Seoul National
University, Seoul, Korea in 1984
1986,
Ph.D. degree in mechanical en-

and respectively, and a

A2

gineering from the University of
Michigan, Ann Arbor, USA in 1992. He is now a
the

Engineering, Hanyang University, Korea. His research

professor  in Department of Mechanical

fields are structural dynamics, vibration and noise.





