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ABSTRACT

In this paper, a method for improving the hardness of the mount is proposed in order to reduce

the vibration of the air conditioner outdoor unit panel. First, the vibration level of the first harmonic

frequency was determined, which was found to be high, that is, 600 r/min and 760 r/min. Second,

the vibration shape was analyzed via an operation deflection shape (ODS) analysis, and then, a mode

analysis was performed using a finite element model to analyze the influence of the local vibration

of the panel. It was found that the panel vibration originated from the rigid vibration of the outdoor

unit. Finally, the effect of the model in terms of reduction in the vibration was confirmed by apply-

ing a mount with an improved hardness based on the impact response spectrum. Finally, the effec-

tiveness of the improved mount design of the air conditioner outdoor panel in reducing the vibration

was verified.
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Table 1 Vibration levels of panels

RPM [F ]
[r/min] re[q}tllze}1 . Panel Magnitude [um]
Top cover 2.44
Front panel 16.0
600 9.8
Left panel 11.4
Right panel 12.4
Top cover 591
Front panel 4.14
760 12.5
Left panel 21.5
Right panel 23.6
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Fig. 1 Accelerometer positions for experimental setup
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Fig. 2 Measurement points of air conditioner outdoor
unit

View: Top View (Z View) View: 1SO View
Frequency: 9.88 [Hz] Frequency: 9.88 [Hz]

. Sicle Panel

+—— Front Panel

i_\. Front Panel

View: Front View (Y view)
Frequency: 9.88 [Hz]

View: Left View (X View)
Frequency: 9.88 [Hz]

Front Panel

i o
(a) 1st order vibration of 600 r/min (9.8 Hz)

View: Top View (Z View) View: 1SO
Frequency: 12.5 [Hz] Frequency 12 5 [Hz]

R_Side Pane

+—— Front Panel

;_, Front Panel

View: Front View (Y view)
Frequency: 12.5 [Hz]

View: Left View (X View)
Frequency: 12.5 [Hz]

Front Panel

e b
(b) 1st order vibration of 760 r/min (12.5 Hz)

Fig. 3 Operating deflection shapes of panels
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Table 3 Results of modal analysis

Right Panel and Vahe
‘ . - Bonded

Fig. 5 Boundary conditions of air conditioner outdoor
unit

Table 2 Material properties of air conditioner out

door unit
Material ][iegr;frllts}]/ Young,ﬁj[ If:j)dulus Poriesliic;n’s
SGCC 7121 144 830 0.3
SGCLD 7121 196 800 0.3
Aluminum 2450 78 900 0.33
Copper 8030 125 000 0.35
Polypropylene 4740 2000 0.4

Natural Vibration part
Mode frequency
[Hz] Location Direction
D% %_ 760 r/min°ﬂ/\i 7]_;()]_ Ist ~ 6th 0 Rigid body X, Y, Z
ol 4yl Byl 7th 14 Compressor X
5T AT 8th 15.9 Compressor Y
AlAT SN AFE B
] 1:1"’]' OH = E‘.J’]—E ] oth 24.1 Control box, X
tube
10th 243 Control box, X
tube
11th 30.6 Tube Y
12th 31 Front panel, Y. Z
control box
13th 325 Front panel, Y, z
top cover
14th 385 Front panel, Y, Z
top cover
15th 40.8 Tube Y

Table 4 Comparison of experiment and analysis

_— Natural frequency [Hz] |pifference Birer
Experiment | Analysis 2] k
14th 37.5 38.5 1 2.7

Fig. 6 14th mode shapes of air conditioner outdoor
unit
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Fig. 7 Location of excitation and response points

Table 5 Comparison of front panel vibration levels

RPM Frequency | Magnitude
Mount | Panel [Hz] [zm]
Overall
Existing (5 Hz~ 50 Hz) 164
600 Front 98 16
Overall 26
Improved (5 Hz ~ 50 Hz) :
9.8 0.79

Table 6 Comparison of left panel vibration levels

RPM Frequency | Magnitude
Mount [t Panel [Hz] [zm]
Overall
Existing (5 Hz~ 50 Hz) 222
760 Left 12.5 21.5
Overall 3]
Improved (5 Hz~ 50 Hz) )
12.5 0.61

Table 7 Comparison of right panel vibration levels

RPM Frequency | Magnitude
Mount [fmta] Panel [Hz] ]
Overall
23.
Existing (5 Hz ~ 50 Hz) 3.7
12. 23.
760 Right > 3.6
Overall 46
Improved (5 Hz ~ 50 Hz) )
12.5 0.7
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Fig. 8 Impact response spectrum
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