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301 43 R4

“EDo | piEDi | BREL| ERL | £ %R
Type 14 $-8(GPa) | it
(mm) (mm) (mm) | (mm) (@ (kg/m®)
Typel 12.7 10.5 11 91.78 30.6 8317.363 105 0.34
Type2 9.5 8.1 0.7 80.32 13.6 8749.786 105 0.34
Type3 8 6.4 0.8 138.34 | 21.15 | 8448.956 105 0.34
Type4 6.35 4,95 0.7 152.49 | 15.85 8365.74 105 0.34

42 Typed 45 % 2 p XM % 4

(a) BEAM4 (b) SOLID45
EMA FEA ‘i o EVA FEA ‘¢ ]
o 0% FRLA _ PRLA
Mode f. () Mode f (Ho) & f 0| & (x2) Mode f () Mode f, () & f o | ¢ (0.2)
r r
R0l 10738 HEEL E-01 10849 =01 T 223 034 | HEEE
E-01 10849 -103 034 L : x : :
F-02 10738 (13 F-02 1109.0 13
E0 20465 £ 20 AT o5 | HEED £ 2065 o 30038 63 v | HEES
: F-04 29449 : : (14) F-04 3003.8 i
E-03 5692.7 074 395
F-06 57350 (L5) I I oess |
F07 7009.3 240 o b - (12)
E-04 9369.2 Eﬁ g;g;: 477 135 ”L’gg’*
F-10 119306 X
E-05 13666 3 A0 -2.98 050 ’*’g‘;ﬁ
| 180111 F-12 13258.0 :
F-13 140300 2-p b 13 5713 R
o — F-14 192165 8 os | R : w3
¢ 104 ; o7
Ems 2 Fms 229
& max 448 Er max 223
gr‘mm -103 gr‘min -3.16

%3 7 < A aE LM R

BEAM4 SOLID45
wE A ) ‘ P
Type O(7H ) _t(5-) i( ;&‘ (k@'/ni) LEEE = 3 T ~ | Elements (k?lln)§3) H S ij " | Elements
(mm) g 9 (GPa) 9 (GPa)
Typel 127 1.1 30.6 8317.363 101.41 0.34 23 8317.363 109.96 0.34 29992
Type2 9.5 0.7 13.6 8749.786 98.01 0.34 20 8749.786 108.43 0.34 12880
Type3 8 0.8 21.15 8448.956 100.26 0.34 36 8448.956 109.8 0.34 29362
Typed 6.35 0.7 15.85 8365.74 102.4 0.34 38 8365.74 110.8 0.34 18330
R R BN
EMA FEA f g FEA+mass f ¢ MAC | MAC | MAC | MAC
f - Pk f P .
Mode " Mode r fe Mode " fe v XYZ X Y z
(Hz) (Hz) (%) (Hz) (%)

E-01 25,58 F-01 29.00 13.38 F-0L 25.80 0.87 113 0.83 085 | 0.85 | 037
- - F-02 33.76 - F-02 32.27 B B - - - -
E-02 33.19 F-03 34.32 3.43 F-03 34.01 2.49 0.74 0.61 083 | 0.82 | 0.79
E-03 60.42 F-04 68.90 14.04 F-04 65.04 7.65 0.63 0.68 0.28 08 0.91
E-04 70.72 F-05 82.53 16.71 F-05 74.88 5.89 0.50 0.88 0.88 0.4 0.13
E-05 109.66 B B - - B B 0.85 - : : -
E-06 122.06 F-06 130.71 7.09 F-06 124.39 1.90 0.35 0.48 022 | 087 | 097
E-07 189.83 F-07 185.72 217 F-07 185.58 2.23 0.07 0.84 093 | 035 | 0.29
E-08 204.65 - - - - B B 1.93 - - - -
E-09 222.41 F-08 231.17 3.94 F-08 228.32 2.65 0.88 0.44 055 | 039 | 082
E-10 246.36 - - - - B B 2.65 - - - -

c 8.06 - 2.74
Ems 10.26 - 4.06
P 16.71 ] 7.65 )
E min 217 - -2.23
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305 LB T4 E 2 p RIS A

EMA FEA -1, FEA+mass f—f, MAC MAC MAC MAC
(%) g5 = @) ¢
Mode f, (H) Mode f. @ f, Mode f, (Hz) f, XYZ X Y z
F01 29.57 F01 26.317
E01 26.87 F02 31.254 1632 F02 26.754 0.43 1.01 0.52 0.62 0.63 0.17
E02 34.18 F-03 34156 0.07 F03 32.626 455 0.931 0.5 0.86 0.65 0.72
E03 63.74 2.29
E-04 7.4 F-04 66.297 823 F-04 63.298 -12.38 138 0.76 0.93 0.6 037
E05 87.44 F-06 111.67 2.7 F-06 10163 16.23 1.76 0.03 0.24 0.73 0.89
E06 108.48 F05 87.98 -18.90 F05 87.235 -19.58 0.284 0.19 0.71 0.91 0.74
E07 123.95 F07 135.41 9.25 F07 11573 £.63 118 0.94 0.36 0.95 0.1
E08 11275 378
E09 216.2 F08 199.28 7.83 F08 199.19 71.87 0.237 0.66 0.78 0.86 0.05
E-10 20.34 126
E-12 247.01 F-09 233.97 5.8 F-09 25.17 8.84 0.376 0.45 0.92 0.65 0.87
E-l 235.68 F-10 255.77 8.52 F-10 250.42 6.25 0.642 0.79 0.5 0.85 022
s 239 4.20
£ms 13.77 10.77
Ermax 2.7 16.23
Ermin -18.90 -19.58

Discussion on Vibration
Characteristics of Inlet and Outlet
Copper Pipes of Compressor

Bor-Tsuen Wang®, Yi-Zhang Yu',Wen-Chih
Wang?,Gu-Hua Lin?

! Department of Mechanical Engineering
National Pingtung University of Science and
Technology
?Rechi Precision Co., LTD

Abstract

The compressor is the key component in the
air-conditioner. There are inlet and outlet copper pipes
connected to the compressor for transferring coolant
circularly. Possible noise sources from the pipe
structures as well as the vibration response are of
concern. This work aims to investigate the inlet and
outlet copper pipes’ vibration behaviors. First, four
different straight copper pipes that are made of the inlet
and outlet pipes are performed model verification to
calibrate material properties such that the calibrated
material parameters can be applied to construct the
finite element (FE) model of inlet and outlet pipes.
Through finite element analysis (FEA) and experimental
modal analysis (EMA), the FE model can be validated
by comparing modal parameters obtained from analysis
and experiments, respectively. The good comparison of
natural frequencies and mode shapes from both FEA
and EMA indicates the FE model is equivalent to the
practical structure, and the pipes’ modal characteristics

can be well interpreted and useful for air-conditioner’s
noise and vibration diagnosis.

Keywords : Finite Element Analysis (FEA),
Experimental Modal Analysis (EMA),
Model Verification, Modal Parameter
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