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reduces the transmission of noise and vibration to the other parts of the
building, especially at low frequencies. The column is separated from the floor
slab by boards which extend one ft below the floor slab.

The problem of external mechanical vibrations cannot be completely re-
solved for two reasons:

a) the wooden construction of the Institute building, and

b) other installations in the building.
The measurements showed that the anechoic chamber cannot be used while
the dust chambers and wind tunnel are functioning or while mobile vehicles
(trucks and tractors) are passing in front of the Institute.

Total noise in the anechoic chamber was measured several times. It consisted
of:

a) background noise,

b) heating system noise,

c¢) ventilation system noise, and

d) air compressor noise.

The spectrum showed the same values and there were neither practical nor
theoretical deviations (Figure 2). The background was measured at intervals
for one year between 12:00 and 1:00 pm and during the night. The results were
the same in that the heating system noise at the Institute caused an increase
in background noise only at frequencies between 10 and 100 Hz, the anechoic
chamber ventilation system did not produce an increase in noise, and noise
from the air compressor resulted in an increase of one dBA over the whole
spectrum. The anechoic chamber had thin outside walls; therefore, measure-
ments could not be made while work was in progress in the dust chamber in
a nearby room (mechanical vibrations and noise transmission through the walls).

2.2. Wall Lining

The inside dimensions of the anechoic chamber are governed by the di-
mensions of the acoustic sources which are being investigated. Usually, in
making the acoustic measurements, the microphone is located about one metre
from both the noise source and the chamber walls, depending upon the ab-
sorption and frequency, see 3. 4. 1. The medium-weight hammer drill was 2 ¥% ft
long and, with the drill steel attached, it was approximately 3 ft long. In this
case, the inside dimensicns required would be 16 ¥ X 13 1/4 X 10 ft for medium-
weight hammer drills. The wedge length depends upon the desired cut-off
frequency and, usually, 26 in. is taken to achieve a good measurement at
100-Hz frequency which is accepted as a minimum for industrial noise (2, 4).

By using Danish, Russian, and Belgian experience, the absorbers were con-
structed in the shape of wedges fabricated from Eccodamp MG (Figure 3) (5, 6,
7, 8, 9, 10, 11). Emerson and Cuming Inc., Canton, Massachusetts, the manu-
facturer, states that the acoustic absorption properties of this product are
equivalent or superior to the AOP-35, usually used in Europe. In addition,
AOP-35 is highly flammable, whereas the Eccodamp MG foam is not flam-
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medium hammer drill was about 170 cfm, so a fan (Type 12 DLS, cap. 400 cfm)
was installed to exhaust this air from the chamber. The details of this venti-
lation system are shown in Figure 1.

The input silencer was constructed as a labyrinth of small wedges as seen
in Figure 1.

The noise reduction due to a quiet-duct silencer is proportional to the length
of the duct, the perimeter of the cross section, and the absorbing coefficient
of the lining; it is inversely proportional to the cross section.

Reduction (dB) = k EAQ (Eq. 1)
where:
R = length of duct in feet;
O = perimeter of duct in inches; )
A = cross section in square inches; v
The empirical relationship,
k = Qal4 (Eq. 2)

has been deduced after Hale J. Sabine,
where:

Q is a constant (12);
a is the absorption coefficient.

From the Equation 1, it may be shown that an increase of the ratio “O/A”
indicates that:

i) small ducts are more efficient than large ducts; and
1i) rectangular ducts are more efficient than square ducts.

The noise reduction may be calculated from Eq. 1, except that when this is
done, “O” includes both sound-absorbing sides of the splitter.

The relationship between the noise reduction with splitters and without
splitters, is given by:

xN

Rs=Rq (———
d (x n y) (Eq. 3)

R = reduction with splitters;
R4 = reduction without splitters;
N := number of splitters;
x = length of longest side; and
¥ = length of shortest side.
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The octave band noise reduction characteristics are as follows (13):
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2.4. Microphone Orientation System, Electric Installation and the Laboratory

for Instrumentation

In order to provide rotational motion of the microphone inside the chamber,
a mechanical system was designed. The position of the microphone was con-
trolled through adjustments made outside of the chamber. The measurements
in the sphere around the noise source were made using two microphones (Fi-

gure 4).

The laboratory in which the instruments were set up is located on the ground
floor directly above the anechoic chamber and is connected with it by cables

and telephone.
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Figure 4: Arrangements for Measuring the Noise from Hammer Drills (A — AO 0028
(10 m)), B — Microphone UA 0052 — 4133)
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The response of a microphone to a sound field depends upon the location
of the microphone with respect to the sound source. The near- and far-field
conditions (Figure 6, A and B) relate to the source radiation behaviour as -
a functicn of its distance from the sound source and the free-field while the
reverberant-field conditions have to do with the external environment. Most
sound measurements are made in the far field, because the interest in the total
sound radiated from the noise source. The distance between the microphone
and the source should be 3 to 4 times the largest dimension of the radiating
source. The measured power levels are in best agreement down to values of
r/a = 2, in which r is the radius of the test hemisphere and a is the maximum
motor or machine dimension (1, 16).

No microphone position should be closer to the chamber boundaries than
i/4 ft, 2 being the wavelength of sound at the centre frequency of the lowest
frequency band of interest. Both of the above conditions could not be satisfied
because the rock drills LION BBC 24 and 25 (Atlas Copco) are about 30 in. long.
From these figures the radius (r) can be calculated as:

r = 5 ft.
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Figure 6: The Five Common Measurement Conditions that May Be Expected when

Microphones Are Used (A — Perpendicular incidence — a free field, B — Omni-
directional — a free field, C — Pressure — a small closed cavity, D — Grazing
incidence — a diffuse field, E — Random incidence — a diffuse field)

If the lowest frequency band of interest is considered to be 250 Hz, then 4 =
— 4 ft 3in. The distance (d) from the microphone to the wedges in the chamber
is:
d=1ft?%sin.

That is why the measurements in our chamber cannot have absolute values for
frequencies above 5kHz (increase 1 to 1.5 dB). Reflections of sounds usually
exist (even outdoors), so the field is partly reverberant. The proper microphone
must be selected and oriented in the sound field to minimize these effects. The
area of the test hemisphere covers the limits of level fluctuations observed with
small shifts in microphone position. This apparent variability is caused entirely
by reflections. Because of these difficulties, extremely critical measurements
are often made in anechoic rooms.

The calibration chart supplied with a condenser microphone cartridge (B and
K, Type 4133) shows that the pressure response of the 1/2-inch microphcne is
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Figure 7: Typical Free-Field Correction Curves to be Added to the Pressure
Characteristic of the Half-Inch Microphones, after B and K

flat to 7kHz. Figure 7 shows that the grazing incidence correction is negligible
over that range. The free-field corrections which represent the increase of sound
pressure caused by the diffractions of the sound waves around the microphone
are important only at high frequencies at which the wavelengths are comparable
with the external dimensions of the microphone.

The free-field correction curves for diverse angles of incidence are given in
Figure 7. It can be seen that the random incidence (free-field) corrections are
very small at audio frequencies. The same microphone will suit for both out-
door and indocr measurements. The grids are individually adjusted during man-
ufacture in order to obtain this characteristic to within 0.2dB up to 30 kHz
and to within 0.5 dB above 30 kHz. This instrumentation, when equipped with
the B and K condenser microphone, Type 4133, fulfills the IEC 179 recommen-
dations for precision sound level meters.

Now the microphones can be evaluated for use under the five measurement
conditions that were identified earlier herein. The requirements for free-field

and pressure microphones and their proper orientation can be given as shown
in Table 1.
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TABLE 1
Application of Microphones
Measurement |Class of Typical Standard
Condition Microphone Application
A Perpendicular |Free-field {Product noise ISO; ASA
Incidence :
B Omnidirectional |Pressure Factory  noise ISO; ASA
Incidence (small size)
or Corrected
free-field
C Pressure Pressure Calibrate ISO; ASA
earphones
D Grazing Pressure - |Moving sound FAA
: source
E Random Pressure Total acoustic ASHRAE
Incidence power

A single class of microphon~ is not adequate for all measurements. Proper
application of microphones can provide acoustical data that are of maximum
certainty and accuracy.

3.4.2. Windscreen (B and K, UA 0237)

While a mjcrophone is exposed to wind, noise will be generated due to the
variation of air pressure on the diaphragm. The three principal reasons for
this are:

i) wind velocity variations;
ii) turbulence created around the microphone when 1t is placed in the wind,;
iii) mechanical impacts and uncleanliness (pieces of hard rubber and oil).
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In our case, free-field correction curves for windscreen B and K UA 0237
differ in the frequency range 5,000 to 10,000 Hz (Figure 8).
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Figure 8: Changes in Sensitivity of a One-Inch Microphone Caused by a Windscreen
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4. CALIBRATION

The supplier of the wedge lining for the chamber guaranteed the acoustical
absorption qualities of the foam.

In free space, according to the inverse-square law, there will be a decrease
of 6 decibels in the sound pressure level for each doubling of the distance. Fi-
gures 9 and 10 show the theoretical curve for the inverse-square law, starting
with a measurement of half a foot. The acoustic source is located in the centre
of the anechoic chamber. In front of the dcor, the measurement at a distance
of 3 feet was not taken because of the door.

Random noise sources are used for tests of the inverse-square law in an
anechoic room; therefore, the source size, phasing, and microphone orientation
all become critical factors in the accuracy of the calibration (Figure 11).

The sound pressure level in the 1/3 octaves belonging to that octave band
are computed. The results (Figures 9 and 10) show that the cut-off frequency
occurs between 250 and 500 Hz, just as it was foreseen prior to the construction.
In a free field, a tolerance of one dB in measurements technique is acceptable.

The two sides of the anechoic chamber show an approximately symmetrical
picture. The measurements taken in front of the door (Figure 9) show greater
deviations for the frequencies of 2000 Hz and 4000 Hz at a distance of 11/ to
21/> feet from the noise source. This indicates that the acoustic seal between
the door and the chamber is not sufficient to provide good attenuation. At
a distance of 1!/2ft in the zone of our measurements, the deviation is 1.8 dB
which is acceptable because, for the frequencies 2000 and 8000 Hz, the results
were good. The measurements taken opposite. the door at the frequency of
900 Hz show a deviation at the distance of 2 to 3 ft which is out of the radius
of the measurement sphere. The deviation occurs also at 2000 Hz at the distance
of 3 ft (+ 1.6 dB). This result is accidental because, at the frequencies of 1000 Hz
and 4000 Hz, the results are good. The measuring direction opposite the door
in the anechoic chamber is the most favourable.

By measurements (/s octave band) it is confirmed that the limit of the
cut-off frequency is between 350 and 400 Hz. As a general rule, the greaier the
attenuation desired at low frequency, the heavier and more expensive the room
will be.

The maximum values of the deviation of sound pressure from the inverse-

square law as a function of the distance from a point source are acceptable
between 400 Hz and 8 kHz.

e
5. CONCLUSIONS

The anechoic chamber can be used for good measurements of noise from
light and medium hammer drills.

The noise from the ventilation system can be attenuated to such a degree
that the ventilator can be used during testing of the hammer drill.
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Figure 11: Measuring Arrangements for the Testing of the Anechoic Chamber (A —

Loudspeaker, B — Microphone UA 0052 — 4133, C — Power Amplifier, D — Random

Noise, Generator 1042, E— A0 0028 (10 m), F — Level Recorder 2305, G — Audio
Frequency Spectrometer 2112)

The insulation against noise in the vicinity of the building is good above
95 dB at frequencies between 500 and 8000 Hz.

The system for the abatement of hammer drill noise can be further im-
proved.
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RAZVOJ KOMORE BEZ ODJEKA

U Institutu za istraZivanje mineralnih sirovina u St. Hilaire (ogranak McGill
Univerziteta u Montrealu), konstruisana je gluha komora (komora bez odjeka,
bez refleksije zvuka) za mr.2renje buke kod lakih i srednje teSkih busaéih éekiéa.
Glavne osobine komore su jednostavnost i jeftinoéa.

Osnovne vanjske dimenzije komore su 9 X 6 X 6 ft, i unutradnje 6 X 3 X 3 ft.
ObloZena je diedarskim rogljevima iz plasti¢ne pene Eccodamp MG (specifi¢ne
teZine 35 kg/m3). Komora ima kontinualnu ventilaciju i poduprta je gumenim
podlogama. To omoguéava da prirodna frekvenca pod teretom bude manja od
7Hz. 1zolacija protiv buke u okolini u zgradi je dobra u odnosu na nasa me-
renja. Oprema Briiel i Kjaer (B & K) upotrebljena je kod svih merenja. Za me-
renje je izraden orijentacioni sistem za mikrofone, zatim za kablovske i elek-
triéne instalacije.

Na kraju, izvrSena su merenja i komora je kalibrirana u pogledu slobodnog
rasprostiranja zvuka. Kalibracija predvida »cut-off-frequency« na 400 Hz. Ova
merenja pokazuju da komora moZe biti upotrebljena za dobra merenja iznad
400 Hz i pod krajnje neugodnim vanjskim okolnostima,
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