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__In most cases of design of resilient machine mounting the effect of
_frxg:tlonal resistance is small, and Equation 1 may be used. In such cases
. it is only necessary to know the natural frequency of the elastic pad or
p!atfon:m used under the desired loading and the transmissibility for any
wbratxona.\l frequency of the machine may be obtained. However, this
formula gives the theoretical maximum insulation which may be obtained
and should be used with a liberal factor of safety. (A factor of 2 i
common practice when the ratio is converted to decibels.) '

If the pad is to be of any value in the prevention of solid-borne vibra-

tions, the value of transmissibility must be considerably smaller than .

unity. If the fundamental frequency of vibration generated by the
machine happens to coincide with the natural frequency of the mass of
the machine resting on the elastic pad, a condition of resonance will be
establ_lshed, and the machine will exert a greater force upon the foundation
than it would if the pad were completely removed. It is necessary
therefore, that the elastic support be sufficiently compliant, and the mass

of the machine sufficiently heavy, that the natural frequency of the mass -

m upon its elastic support will be low in comparison with the frequenci
which are generated by the machine. Thus, 5’ the principal vibrgtigggﬁf
the machine be of the order of 100 vibrations per second, the natural
frequency of the machine mounted on its elastic support should not exceed
about 50 vibrations per second, and for best results preferably 20.

When the forced frequency is low, it is frequently impossible to insulate
for the fundamental forced frequency due to connecting pipe work and
other relevant factors. In cases of this kind an effective installation of
sound insulation may be obtained with a mounting which functions far
above the fundamental forced frequency. For example, a compressor
operating at 500 rpm has a forced frequency of 8.3 vibrations per second.
By designing a mounting having a natural frequency of 20 to 25 vibrations
per second, it is possible to isolate practically all of the noise. :

Controlling Noise Through Room Wall Surfaces

The ventilating equipment is usually housed in a separate room where
the noise produced by the mechanical operation of the equipment can be
isolated from the rest of the building. If the vibration of the machinery
is absorbed by flexible mounting and is not transmitted to the building,
the only noise to be eliminated by the walls of the room will be the air-
borne mechanical  noise. Acoustical measurements on average brick,
tile, lath, and plaster walls indicate that the usual wall of these types is
sufficient to satisfactorily attenuate this air-borne mechanical noise*.

Attention should be given to the equipment room door, since this door
may leak badly and allow sound to escape into parts of the building which
should be quiet. Where the equipment noise is particularly severe,
double doors should be used and in all cases, the doors of the equipment
room should be fitted with tight thresholds and weather-stripping. The
door itself may transmit considerable sound if it is thin but it will not
transmit a tenth as much as will be transmitted by a }4-in. crack between
the door and the threshold.
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CHAPTER 32. SOUND CONTROL

In cases where the equipment noise is extraordinarily high, it may be’
necessary to treat acoustically the walls and ceiling of the equipment
room. If the equipment room is not entirely closed, partition walls
may be necessary. '

NOISE TRANSMITTED THROUGH THE DUCTS

After noise reaches the air stream in the ducts it can be controlied by
lining the ducts on the inside with a sufficient quantity of sound absorbing
material. Lagging material of similar characteristics placed on the out-
side of ducts serves to prevent noise originating outside the ducts being
carried inside the ducts and into the air stream.

A case where outside lagging is desirable occurs when ducts originate

_at the fan in the equipment room and pass through this room on the way

to the room being conditioned or ventilated. Unless the ducts are lined
some of the mechanical noise from the equipment room air may be trans-
mitted through the wall of the duct, thus reaching the air stream and be
carried into the room. In such cases, that portion of the duct which is
exposed to the sounds in the equipment room should be lagged with
material such as cork, pipe covering or other sound damping material to
prevent the sound from entering the duct at this point. Numerical data
are not available to permit a simple and practical calculating procedure
to determine thickness of covering which should be used for this purpose.

Measurements in one laboratory have shown that the loss through
a sheet of No. 22 gage metal is 24 db. When a sheet of rock wool insu-
lation 1 in. thick and weighing 1.4 1b per square foot is added to this, the
insulation value is increased to 29 db. In general, however, adding a
layer of insulation or pipe covering does not materially increase the sound
insulation value unless the material is dense, or unless it is surfaced with
another sound impervious layer such as metal or board. Inside lining
material used in the case previously mentioned would serve as an absorber
of the sound transmitted through the duct walls, and thus act as a means
of preventing the transfer of noise into the air'stream. Inside lining may
also be used in ducts to absorb noise which reaches the air stream from
equipment such as fans, sprays and coils; noise due to eddying currents
set up by elbows, dampers and similar obstructions; and noise trans-
mitted from room to room where there is a common duct system.

Calculating Amount of Duct Lining

To use the lining effectively it must be properly located, well installed
and be applied in sufficient quantity to reduce the noise level of the air
stream to the level desired. It has been shown theoretically® that the
reduction, in decibels per linear foot, of sound transmitted through a duct
lined with sound absorbing material is related in a rather complicated
manner to the size and shape of the duct, to the frequency of the sound,
and to the sound absorbing characteristics of the lining. Experimental
evidence likewise indicates that there is no simple formula involving
the above variables which will apply accurately.to all cases.

*Sound Propagation in Ducts Lined with Absorbing Materials, by L. J. Sivian (Journal Acoustical
Society of America, Vol. 9. p. 135, 1937). . .
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