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_ _ XHTRODUCTION
The sound characteristics of a machine is often stated in terms of its

sound power, either overall level or octavemband level‘ or both.

Since sound power represents the total acoustic Output of a machine,

this enables the machine users to predict the noise level in a given

environment before the machine installation. For regulatory officers.

this provides useful criterion for the product noise level. This paper

describes the result of a study aimedat understanding the sound power

characteristics of various kinds of industrial machinery. A total of

340 machines in use were tested, covering 21 different categories of

machines.

MEASUREMENT AND RESULT

The 150 standard 3744 [U stipulates that the sound power be measured

using an array of microphones over a hemispheric or a rectangular

surface. Although use of a hemisphere is generally preferred. it is

often impractical to apply it forlarge machines. For this reason,

we used the rectangular surfaces for all the machines. The basic

measurement scheme is shown in Fig. 1.
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Fig. 1. Sound PowerMeasurement Lurface
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The microphone outputs were recorded on multi-channel tape recorders.
and were played back in laboratory. For a given octave-band, the sound
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Fig. 2. Summary of Machine Sound Powers (Ix-weighted)
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power is estimated using the following equation.

l-w = l0 903,31}, mL-i/m] +floé _ K

 

where !..w = sound power level re 1 pH

Li = measured sound pressure level for i-th microphone

H = number of microphone positions

S = area of the measurement. surface (m2)

so = reference area (1 m2)
K = environmental correction factor

Eor each machine tested, we followed the environmental checking process

as specified in the ISO standard in order to insure that the environ-
mental correction factor be less than 2 dB. Thus, we expect that the
sound power data presented in this paper are accurate within+3 dB for

most of the frequency range of interest. -

Fig. 2 shows the range A-weighted sound powerlevels for each category

of machines. The machines in this figure may be divided into two groups,

those whose sounds are more mechanical origin and those whose sounds

are more aerodynamic origin. The former includes typically lathes and
presses whose sound outputs heavilydepend on the operating conditions.
The latter includes blowers, air compressors and diesel generators whose

sound outputs are largely independent on the external loadings. Thus,

the relatively large ranges of sound powers for the former group of
machines are attributable to the varying test workpieces as well as

machine horse powers, while thosefor the latter group of machines
are mainly due to the wide range of horse powers of machines tested.

Fig. 3 illustrates two examples of sound power spectra. It is noted

in Fig. a that the lathe noise has a broad peak around 1 RH: regardless

of the machine horse powers andthe workpieces used. It is believed

that this peak is related with the machine rpm whose rangewas mostly

500 - 1000, although exact correlation has not been attempted. Fig. b

shows different aspect of sound power spectrum. Apart from some
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Fig. 3. Examples of Sound Power Spectra
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irregularities in the low frequency region, the general trend is an
increasing sound power with increasing frequency. Such high frequency
sound powers are attributable to the high passing frequency of the
saw-teeth through the wood. 'Table 1 summarizes the frequency charac-
teristics of sound powers based on such spectra.

Table 1. Frequency characteristics of sound powers V

Are uenc .g y Categories of machines

iesel generators, grain (or stone) crushing machine
oller, printing machines, plastic ejectors. grain
.illing machines, gear boxes. air compressors, grain
:rinding machines, blowers, grinders, presses,
vri uette-forminq machines

uainly abOVe 1K“
enerally hearing machines, brick-forming machines, machine
‘ammers, bottle machines, electric sewing machines
ea aroun a spe
ific freuenc

 

As this table shows, the majority of industrial machines emit noise in
the frequency range below 1 KHz, implying the difficulty of controlling
' machine noise.

 

CONCLUSION
Due to the insufficiency of the number of machines tested for each
category, it was difficult to realize much meaningful relations between
the sound outputs and the machine horse powers. Nevertheless. the sound
powers are seen to increase generally with increasing horse powers for
such machines as diesel generators and blowers whose sound outputs are
relatively insensitive to the external loading. For other machines. we
have concluded that the dominant factor in determining the sound output
is the operational modes rather than the horse power. some of the
result presented here may well be compared with existing data, especially,
those for blowers, generators and air compressors [2] . For other
machines, existing data are only piecemeal and thus meaningful compa-
risons are very difficult. We believe that the result here represents
well the range of sound powers of machines in normal industrial use and
hope that this could be a useful guide for anyone working in this field.
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