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9.4 Measurement of airborne sound

The purpose of this standard is to provide uniform
test procedures for the measurement of airborne
sound from pumping equipment.

This standard applies to centrifugal, rotary, and
reciprocating pumping equipment and specifies
procedures and operating conditions acceptable
and expedient for use by non-specialists as well
as by acoustic engineers. This standard does not
apply to vertical submerged wet pit pumps.

In this standard, a sound pressure level of 20
ppascals (.0002uBAR) is used as reference.

9.4.1 Instrumentation

The instrumentation required for carrying out the
tests herein is as follows:

9.4.1.1
system

Sound level meter and microphone

The sound level meter and microphone system
shall meet the requirements of IEC 179 or shall
be calibrated to meet the requirements of IEC 179
or ANSI 81.4, type 1.

9.4.1.2 Octave-band analyzer

The octave-band analyzer shall meet the require-
ments of ANSI S1.11.

9.4.1.3 Acoustical calibration

The entire instrumentation system including the
microphone and cable shall be calibrated at a
convenient frequency before and after each test
series using a suitable calibrator. Annually, the
frequency response of the system should be
checked to verify its accuracy at all frequencies
in the range of interest. This calibration should be
traceable to the NIST.

9.4.1.4 Recorders

it a tape recorder or graphic level recorder is
used, its stability and frequency response shall at
least equal those of the sound level meter and
microphone system over the frequency range of
interest.

9.4.2 Operation of pumping equipment

Whenever possible, sound tests shall be made
with the pump operating at rated application con-
ditions. If this operating condition cannot be ob-
tained, then sound tests may be made at some
other condition mutually agreed upon by the par-
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ties concerned. The test conditions shall be clear-
ly described in the test report.

9.4.3 Testenvironment

It is desirable to conduct tests in a free field above
a reflecting plane and not influenced by reflec-
tions from walls and nearby objects. A six (6) dB
drop-off in sound pressure level in each octave
band of interest in all directions around the
machine, regardiess of distance, indicates ap-
proximate free-field conditions and gives suffi-
cient accuracy for the purposes of this test
standard.

If a six dB drop-off cannot be obtained, the room
can often be modified to meet this objective by
covering the walls and other large surfaces near
the measuring points with a sound absorptive
material. Otherwise, room correction factors must
be developed. The substitution method, using a
calibrated reference sound source, is recom-
mended for determining these factors.

The reference sound source should have “white
noise” characteristics and its free-field sound
pressure levels must be known. (A commonly
used sound source is one manufactured by ILG
industries, Chicago, IL.)

By the substitution method, the reference sound
source is placed in the test area, in lieu of the test
pump, with its acoustic center located at the same
point in the room as that of the pump. While the
reference sound source is operating, octave-
band sound pressure levels and the A-weighted
sound level are measured at exactly the same
microphone locations that are used for measuring
the pump’s sound levels. These measured levels,
corrected for the background noise, are algebrai-
cally subtracted from the known free-field levels
(for the particular source-to-microphone dis-
tance) of the reference sound source. The results
are the room correction factors and are algebrai-
cally added to the pump’s sound levels to develop
its free-field values.

In mounting small machines for test purposes, the
geometric center of the machine shall be ap-
proximately one meter above the reflecting plane.

9.4.4 Microphone locations

A preliminary survey shall be taken around the
machine at a distance of one meter from the
nearest major surface of the machine, and at a
height of 1.5 meters, to locate the point of maxi-
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mum overall sound level (A-weighted). This is the
primary microphone focation.

Additional microphone locations shall be estab-
lished at each end of the unit and at the center of
the sides of each casing. All these microphone
locations shall be at a horizontal distance of one
meter from the outermost major surface of the
machine, and at a height of 1.5 meters above the
floor or above the walk level.

Typical microphone locations are shown in the
following figures:

Figure Title
Horizontal end suction

9.3 centrifugal pump
9.4 Horizontally split centrifugal pump
9.5 Vertical in-line centrifugal pump
9.6 Double case centrifugal pump

Horizontally split multistage
9.7 centrifugal pump
9.8 Horizontal reciprocating pump
9.9 Vertical reciprocating pump
9.10 Horizontal rotary gear pump
9.11 Horizontal rotary screw pump
8.12 Vertical rotary pump

9.4.5 Measurementtechnique

The period of time during which the measure-
ments are made shall be long enough to allow an
average reading to be taken with the slow
response setting of the meter.

No reflecting surfaces shall be near the
microphone. Observers and measuring instru-
ments shall be at a distance of not less than one
meter from the microphone and the machine
under test, and no observer or obstruction of any
kind (unless part of the equipment) shouid be
between the microphone and the machine under
test.

Because of the interference between direct sound
waves and those reflected from the floor, large
errors may occur when strong discrete frequency
components are present. When such components
are present, tests shall be made by moving the
microphone slowly in a vertical direction, ap-
proximately = 0.3 meter from each location. The
microphone shall be held in the position, grazing
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incidence or perpendicular incidence, in which it
was calibrated for flat response.

9.4.6 Measurements to be taken

The following measurements are to be taken at
each of the microphone locations, with the
machine operating under the conditions stated in
Paragraph 9.4.2;

— Overall sound level using the “A” weighing
network;

~ Octave band sound pressure levels using
the flat response network.

In addition, with the equipment under test shut
down, the above measurements are to be ob-
tained at the Primary Microphone Location to
obtain the background noise level.

The background noise should be at least 10 dB
below the equipment operating levels. Otherwise,
the readings must be corrected as described in
Paragraph 9.4.7.1.

9.4.6.1 Caution

Corrections for background sound levels do not
eliminate the effects of extraneous sound from
components associated with the system, but not
part of the equipment to be tested; i.e., piping,
valves, drivers, gears, vibrating bases, etc.

Separation of the various sound sources may
require special measurement techniques or may
not be possible. Therefore, consideration must be
given to reducing the level of extraneous noise.
The following precautions in the test set-up
should help accomplish this:

a) Valves: select low-noise type valves. Use
two or more throttling valves in series to reduce
the differential pressure across the valve. Lo-
cate valves as remote from the pump as pos-
sible. Avoid putting them between the
microphone and pump. Cover noisy valves with
an acoustical barrier;

b) Piping: use pipe and fittings, sized 1:1.
Avoid situations which cause a change in
velocity. Use straight runs of pipe from the
pump to the supply tank. Cover noisy piping
with an acoustical barrier material;
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c) Gears: avoid high ratio reducers and in-
creasers. Cover test gears with an acoustical
enclosure or barrier material;

d) Test foundations/bases: use rigid founda-
tions and bases to support the pump. Avoid
using large, flat, thin material which can vibrate
and radiate noise.

9.4.7 Calculation and interpretation of read-
ings
9.4.7.1 Corrections

Whenever there is less than 10 dB difference
between the machinery operating and back-
ground sound levels, corrections should be ap-
plied per the graph in Figure 9.2,

If the difference is less than 3 dB, a valid meas-
urement of the machinery noise cannot be made.

Only octave bands of interest shouid be con-
sidered for correction. These are defined as oc-
tave bands in which the levels are within 40 dB of
the highest measured octave band level.

Sound pressure levels below 50 dB are not con-
sidered important.

In addition to the above, calibration corrections, if
required, must be taken into account when
recording the measured data.

9.4.7.2 Averaging of readings

In general, the average of the corrected readings
should not be calculated, since this can give mis-
feading information. In the case of small, relative-
ly non-directional sources, the average may be
taken to give a convenient single number reading.
When this is the case, the average of the cor-
rected sound pressure level readings may be
calculated to the following rules:

a) Maximum variation 5 dB or less: average
the sound pressure levels arithmetically;

b) Maximum variation 5 dB to 10 dB: average
the sound pressure levels arithmetically and
add one dB;

¢) Maximum variation over 10 dB: average
according to the equation below:

_ oo L Le (oo Ln
L=10 logmﬁ[annlog 10 + antilog 10 +. .. antilog 10]
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Where:

[L] = Average sound level dB(A), or band
average sound pressure level, in decibels;

L1 = Sound level dB(A), or band sound pres-
sure level, in decibels at location No. 1;

Ln = Sound level dB(A), or band sound pres-
sure level, in decibels at location No. n;

n = Number of measurement locations.

9.4.8 Presentation of data

A form such as illustrated on page 38 should be
used for reporting the following data:

9.4.8.1 A test report shall be supplied and
shall give the following information:

a) Statement that the test was conducted in
accordance with the Hydraulic Institute Test
Standard;

b) Description of the machine, operating con-
ditions, and a sketch showing the test layout
and microphone locations;

¢) Make, model and serial numbers of the
instruments used, and the date of the last full
calibration (traceable to NIST).

9.4.8.2 A tabulation of the test data showing:

a) The corrected sound level measurements
at each microphone location, dB(A), and cor-
rected octave band sound pressure levels;

b) Background sound level at one location,
dB(A), and octave band sound pressure levels;

c) When required in special cases, the
average of the corrected dB(A) and octave
band sound pressure levels.

9.4.8.3 A graphic plot of:

a) Octave band data shall be made for the
primary microphone location only (where the
highest sound level dB(A) was measured).
This graph should also include a plot of the
background sound levels.
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9.4.9 Airborne sound level test report

Airborne sound level test report for pumping equipment

Subject:
Model:

Rated pump speed:

Type of driver:

Manufacturer:

Serial:

Total head:

Capacity:

Auxiliaries such as gears:

Applicable figure No:

Description:

Speed:

Report form

Test conditions:

Distance from subject to microphone:

1 meter Height of microphone above reflecting plane: 1.5 meters

Operating speed as tested: rpm, Capacity: gpm
Total head: Feet, Suction conditions:
Reflecting plane composition:
Remarks:
Instrumentation:
Microphone: No. Calibration date:
Sound level meter: No. Calibration date:
Octave band analyzer: No. Calibration date:
Calibrator: No. Calibration date:
Other: No. Calibration date:
Data:
Level (1) — dB re 20uPa (.0002uBAR)
Location
Back- (P) Av.
ground |prim,| 1 2 /3|45 7 (8| 910
dB A

N
T 63
T 125
= 250
g 500
8 1k
= 2k

4k

8k

1) Corrected for background sound. Readings having 3 dB corrections shall be reported in brackets. All measured
levels shall be reported.

Tested by: Date:
Reported by: Date:
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