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Abstract. Recently, noise and vibration characteristics have become important factors for choosing electric home
appliances. Especially, low noise and vibration are an essential requirement for the quality of refrigerators. The
acoustic radiation of the compressor installed in the household appliances can be a significant contributor to the
overall noise level. A major portion of the measured noise is originated from structural vibration of the compressor
housing, which is the most important component between the noise sources and the receiving human ear. This paper
presents studies carried out on reciprocating commercial compressor in the attempt to reduce the vibration of the
compressor housing increasing the structural damping with the use of high damping materials (viscoelastic materials)
applied on the external surface of the compressor. By means of experimental procedures (vibration and noise
measurements, vibration mapping and modal analysis), the mainly locations for application of the damping material
were defined and the final issue of this work presents low vibration and noise levels due to the application of such
damping material.
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1. INTRODUCTION

Recently, noise and vibration characteristics Nae®ome important factors for choosing electric h@ppliances.
Especially, low noise and vibration have becomessential requirement for the quality of refrigerat(Hwang et al,
2006).

The acoustic radiation of the compressor instaheithe household appliances can be a significantritwtor to the
overall noise level. A major portion of the measurmise is originated from structural vibrationtbé compressor
housing, which is the most important component betwthe noise sources and the receiving human ear.

The noise of a small hermetic reciprocating congmesised for household refrigerators is mostlyatadi by the
vibration of the compressor shell. Therefore, daaive approach to the noise problem is to proad®mpressor shell
structurally less responsive to the vibration seyf®aito et al, 1980).

Noise generated by a compression mechanism mapagatg through the refrigeration gas in the shell radiated
externally through the shell. Vibration from thengaression mechanism may resonate with compressop@uents,
thus transmitting resonant noise externally via #hell. The vibration may also propagate to thellshia the
compressor discharge and suction system and suppstdm and resonate with the shell, thus transigitesonant
noise from shell (Kawai et al, 1996).

How can be seen, hermetic compressor's housingpdasntain radiator of the noise and vibration inrerthe
compressor. All compressors’ transmission pathstreafinal frontier in the compressor housing. Eat reason all
resulting noise is radiated by the housing surf&eictural damping increasing is an important &lysurface radiated
noise reduction. One of the main techniques toemse structural damping is the use of high dampiagerials
(Oliveira, 2006).

Therefore, in this work, a study was carried out@riprocating commercial compressor in the attesmpéduce the
noise and vibration of a hermetic compressor uaihigh damping material, which was applied on tkteraal surface
of the compressor. This paper has as purposeutlg st damping material application effect on coegsor housing to
minimize structural vibration and consequently jaset noise.

2. METHODOLOGY

First, a vibration mapping was carried on the caapor’s surface. In the Fig. 1a and 1b is showmtbeh used for
the vibration mapping. Vibration signals were acegdiusing accelerometers’ at 113 points of comprebeusing,
during 10 seconds each one. After analyze the tiloraesults, a high damping material coat was iadpbn the
meshed surface specifically in the areas of high@ation levels.
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Figure 1la. Compressor front view Figure 1b. Compressor top view

The damping material had 1 mm thickness, whicthéswalue specified by the supplier to obtain goesllts of
damping.

Frequency response function (FRF) of higher vibratireas was achieved with the purpose of to vérifygher
acceleration levels agree with resonances of tHe FRorder to confirm the relation between thecspan achieved in
the points of high vibration levels on the housamgl structural resonance (punctual FRF obtaingdddrsame points),
the Fig. 2 is shown below where the red straigtd indicates the common frequency between both.
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Figure 2. Frequency Response Function and Poweti@pe of acquired signal at one point located omgeessor
support bracket

In accordance with Fig. 2, the highest vibratioergy levels occur in resonance regions, if thecstinal damping
increases in this area, it will occur vibration wetion mainly in these regions. Due this fact, theterial damping was
applied only in higher vibration areas.

In normal conditions of operation, there are terapge changes on the compressor housing. In oodeerify the
damping material performance in function of temp@echanges, which occurs in practice, the vibrasignal were
acquired on a compressor housing point alC2385C, 45C, 55C and 60C. The compressor operated under
temperatures varying since g5until 60C (steady temperature), where a flexible thermpyuvas used.

Finally, the areas with damping material were eatdd in respect to the noise radiation when contpaiith the
surface without damping material. Then, the dikafsti pattern of the compressor was determined ssadsemi-
anechoic chamber before and after application ofpdag material on the surface. Ten seconds of spuessure signal
were acquired with a sample rate of 32768 Hz, itetiplanes like showed in Fig. 1a (lower plane,iomacblane and
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upper plane). Two microphones were used, varyings/positions between 0 to 3d88grees with angle increment of
10 degrees (in turning of the z axes) in each plane

4. EXPERIMENTAL RESULTS AND DISCUSSION
4.1. Vibration levels before and after viscoelastimaterial application

In Fig. 3, 4, 5, 6 and 7 are presented the noredlizbration amplitude in respect to maximum vikmatvalues
(m/$) before material damping application. The figucesrespond, respectively, to the top view, lefiesidew, front
view, right side view and back view of the compoes§he sketch showed in the left side of Fig. 8 belp us to

understand the position of the meshes in the casapre
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Analyzing Fig. 3, 4, 5, 6 and 7 we can see thatetlaee some areas where the vibration level is, hidftich is the
areas where the viscoelastic material was appitéel.can see that doesn’t have isolated points wihen vibration,
always there are assemblages of points formingem a

In accord to the supplier, it is necessary appigrih thickness of viscoelastic material to begin eehigood results
of vibration and noise. The performance of the sdastic material in function of thickness wasmhtemplated in this
work, but it can be verified in next works. In FBywe can see the surface where the viscoelasterialawvas applied
and the points were the vibration sensor was iestgimeasurement points).
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t— Mounting Brackel Mounting Bracket

Figure 8. Piston, process and mounting brackesaséth high damping material

We can observe in this figure that the surfaces Wigh vibration levels is very closer to same pascof the
interior of the compressor, including the surfaegéth direct contact with suspension springs (neaunting brackets)
and discharge tubes.

In figure 9 are presented the vibration attenuatéwel (dB) on the points, which had the higherration level
before apply the viscoelastic material. We can theepoints listed in Fig. 8. The attenuation lewske estimated
using therms values in the points before and after applyinthefdamping material.

Vibration Attenuation Level

Attenuations [dB]

31 43 44 54 55 58 59 60 61 62 78 79 87 92 93 94 95 109 110
Points

Figure 9. Piston, process and mounting brackesasith high damping material

It's observed in Fig. 9 that the highest attenusioccurs on points located on the support brackethe central
region of the piston area and on areas close fzesgfon spring regions.

The results obtained with the application of theceielastic material, which are shown in Fig. 9, kagize the good
performance of this kind of material coat for dangpvibrations, mainly at transmission vibrationase
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4.2. Temperature Influence

In Table 2 are presented the RMS levels from vibnasignal at different temperatures achieved an pbint
located in the central region of the piston areg.(8). In a normal operating condition of the caegsor, the housing
has higher temperature value than the mountingkbtacthen, we choose the point specified to meanigothe
temperatures changes.

Table 2. Vibration level temperature dependency

Temperature (°C) 25 35 45 55 60
RMS value (dB) -5.8 -5.5 -4.2 -3.5 -3.4

It's observed in Tab. 2 that damping material lagproximately 3 dB of efficiency in vibration redion, what
must be considered when viscoelastic materiallvéilapplied on compressor housing.

4.3. Compressor Directivity before and after high dmping material application

In the Fig. 10 until 19 are presented polar graphoomalized sound pressure level (SPL) in 1/3wetaands (50 -
10000Hz). Theses SPL were normalized in respatiatximum pressures level in each band.

Polar graphs were presented here only in the I8vedands showed below because the other one's prdaent
significant differences between sound pressurddédefore and after damping material application.

The sound directivities were estimated for all éhpdanes (lower, medium and higher), but here @sveld only the
results obtained in the lower plane due to the sanedh higher vibration level occur on lower regsoof the
compressor, like the mounting bracket.

The sketch showed in the left corner in Fig. 1@ {f@ew of the compressor) can help us to viewerpitstion of the
compressor in relation to the angles of the pdliat. p
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Figure 10. Polar plot of normalized sound pressureFigure 11. Polar plot of normalized sound pressure

level at 50 Hz 1/3 octave band. level at 63 Hz 1/3 octave band.
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Figure 12. Polar plot of normalized sound pressureFigure 13. Polar plot of normalized sound pressure
level at 315 Hz 1/3 octave band. level at 400 Hz 1/3 octave band.

Figure 10, 11 e 12 shows attenuations of 5 dB, 8&dBdB in the process regions (3amtil 33C), where was
applied structural damping material. At 400 Hz haawd attenuation of 10 dB occurs in both lobesigf E3, due to
influence of material at all areas with damping eniai.

It is possible to note in Fig. 10 and 11 that tbenpressor has the behavior of an omnidirectionatcsg although,
when the frequency increase, it is possible to estihe appearance kwbulus indicating directionality on determinate
region.

For 500 Hz and 1000 Hz (Fig. 14 and 15) the attémids the order of 12 dB and 4 dB, respectividygchieved in
preferential regions of radiation noise.

1/3 octave band centrated at 500 Hz 1/3 octave band centrated at 1000 Hz
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Figure 14. Polar plot of normalized sound pressureFigure 15. Polar plot of normalized sound pressure
level at 500 Hz 1/3 octave band. level at 1000 Hz 1/3 octave band.
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Figure 16. Polar plot of normalized sound pressureFigure 17. Polar plot of normalized sound pressure
level at 3150 Hz 1/3 octave band. level at 4000 Hz 1/3 octave band.

Figure 16 shows that the attenuation obtained &03dz 1/3 octave band attenuation is close to 5 T
attenuation obtained at 4000 Hz (Fig. 17) and 1089@Fig. 19) 1/3 octave bands was almost 4 dBar8D00 Hz 1/3
octave band the attenuation is equal 7 dB.

Upper the frequency band of 3150 Hz we can notethmattenuation achieved was along all the 3GfFedss in
turn of the z axes, so, the compressor starts dghavior of monopole source again, like in lofrequencies.

It is important to have knowledge about noise divéy of the compressor, since it is mounting @ds the fridge wall
which is like a barrier, and depending on the divéy is possible to take the compressor in adygtbsition aiming the
noise mitigate to the receiver ear.

13 actave band centrated a1 BOOD Hz 1/3 octave band centrated at 10000 Hz

270
——— With damging matenal = With damping matenal
— Without damping material Without damping matenal

Figure 18. Polar plot of normalized sound pressureFigure 19. Polar plot of normalized sound pressure
level at 8000 Hz 1/3 octave band. level at 10000 Hz 1/3 octave band.
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5. CONCLUSIONS
The main conclusions of this work are:

 Low levels of vibration were obtained on the conggm housing when using a viscoelastic materialieghpn
areas of the compressor surface with high vibration

e The highest vibration attenuations occur on pdotated on the support bracket, on the centrabregf the piston
area and on areas close to suspension spring s2gion

* The damping material lost about 3 dB of your atidiwn efficiency when the temperature increases.

» About noise directivity of the hermetic compressthe results shows that lower 63 Hz 1/3 octave bined
compressor is similar a monopole source, upperkabintil 3150Hz 1/3 octave band we can see theocostof
the directivity plot like a dipole source, and upg®00Hz 1/3 octave band the directivity comebacigproximate
of a monopole source.

* The noise attenuation gotten with the viscoelastiterial depends of the frequency band and thdiposf the
microphone in the plane sub evaluation. So, tanéefipositions, an attenuation of almost 10 dB waseaed.
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