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Foreword ‘ ' .

This British Standard guide has been prepared under the the Mechanical Engineering and Machine Tool Requirements
direction of the Mechanical Engineering Standards Board of the Department of Industry.

Committee and is one of a group of British Standards
related to the measurement of airborne noise emanating The standard comprises the following Parts:

from hydraulic fluid power systems and components, Part 1" Method of test for pumps

The guide is based upon a report produced by the British Part 2 Method of test for motors

Hydromechanics Research Association, in association with Further Parts are planned to deal with other fluid power
the Association of Hydraulic Equipment Manufacturers, for components, such as valves.
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British Standard

Measurement of airborne noise from hydraulic
fluid power systems and components

Part 3. Guide to the application of Part 1 and Part 2

1. Scope

This guide describes a series of recommended techniques
that are designed to enable reliable measurements of
hydraulic pump and airborne motor noise to be taken,
using an anechoic chamber, in accordance with Part 1 and
Part 2 of this British Standard.

The measurement of airborne noise from other sources,
such as pressure control valves and drive system, are not
catered for in this guide.

2. General

This guide should be read in conjunction with Part 1 and
Part 2 of this British Standard together with BS . . .. * and
BS 4196 : Part 4.

For convenience, the guide is written in terms of pumps,
but it naturally applies equally to motors.

The principle of Parts 1 and 2 of this British Standard is
based on measurements taken over a hemispherical surface
centred over the pump unit under test. It does, however,
present certain operational difficulties. The methods
outlined in this document represent a practical solution to
these problems and allow compliance with the requirements
of these standards. :

In a hydrautic installation, the vibration energy of the pump
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Figure 1. Transmission paths of sound energy from pumps

becomes distributed among other components in the system
such as the connecting pipe-work, the pump mounting, the
drive shaft and the prime mover. This distribution of
energy is a characteristic of the particular installation and
not inherently a measure of pump noise. The pump,
however, produces sound energy which can cause the
installation as a whole to emit noise. Figure 1 illustrates the
mechanism. It is the objective of these guidelines to ensure
that the measured noise is that radiated by the external
casing of the pump and nothing else. This component of
noise will then be genuinely a characteristic of the pump
and as little affected as possible by the particular
installation.

The total airborne noise of a practical installation-will
include radiation from all the components of the hydraulic
system. These are excited, in the main, by pump-generated
fluid-borne noise (pressure ripple) present in the circuit and
by structural transmission of vibration from the pump to
attached components. These mechanisms may well
predominate in the generation of total system noise. It is
found, however, that low airborne noise radiation from the
pump casing tends to be associated with low fluid-borne
and structural noise generation. The values obtained for
airborne noise radiation from the casing of a pump may
thus be taken as an indication but not an exact measure of
its overall acoustic performance. -
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3. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

4. Choice of measurement environment

BS 5944 : Parts 1 and 2 permit measurement in a
reverberant or an anechoic room. The anechoic room may
take the form of a fully free field environment or a free
field over a single reflecting plane, termed a ‘semi-anechoic
chamber’,

An anechoic or semi-anechoic room is normally preferable
for pump testing work because there are fewer
measurement uncertainties associated with the strongly
periodic noise typically radiated by pumps. Anechoic or
semi-anechoic environments also allow directivity
information to be obtained which, though not required by
the standards, can provide valuable assistance when setting
up a system or diagnosing pump acoustic output,

Although a reverberant room is the least affected by
accidental oil spillage, the acoustic advantages of an
anechoic or semi-anechoic room are frequently more
important. Oil spillage in a semi-anechoic room is less
serious than in a fully anechoic room if the floor is used as
the reflecting plane.

The following discussion relates only to the use of anachoic
or semi-anechoic test environments,

b. Measurement techniques

5.1 Microphones. High quality condenser microphones;
complying with the requirements of the appropriate
standards listed in BS 4196 : Part 4, are required to
measure the sound pressure levels in the anechoic chamber.
The profile of the microphones, connecting leads and
support frame should be minimized to reduce interference
with the sound field. The sound level meter is placed
outside the chamber, and is connected to the microphone
via a pre-amplifier and extension lead. A typical set-up,
with two microphones connected via a common power
supply, is shown in figure 2,

5.2 Number and position of microphones. In order to
obtain a valid estimate of the mean sound pressure, the
sound field has to be sampled at several points over the

measurement surface. A basic array of ten points is called
for, but this number may be reduced if experience

Microphones Pre-amplifiers

Figure 2. Instrumentation for manual data logging

Extension cables

shows that the sound field is sufficiently symmetrical that
the loss in accuracy resulting does not give errors greater
than 1 dB when compared with data obtained using the full
array.

As a guide, use at least as many microphones as there is
difference between the lowest and highest sound pressure
levels {dB) recorded on the individual microphones.

Each sampling point should be associated with an equal
area of the measurement surface and should be placed in a
sequence that minimizes the effect of interference patterns.
BS 4196 : Part 4 gives relative coordinates and preferred
radii for suitable hemispherical arrays. Sources with the
dimensions of a normal fluid power pump usually require a
measurement radius of 1 m. Avoid microphone positions
close to necessary ancillary equipment such as the pump
drive shaft and fluid lines, and ensure that, as far as
possible, each microphone has a clear ‘line of sight’ to the
pump under test.
It is possible to use a single microphone, moving it to each
sampling point in sequence, but it is usually more economic
to invest in one microphone channel per measurement
point. :
5.3 Calculation of mean sound pressure. The mean sound
pressure (Lp) can be calculated from (V) individual spatial
microphone samples, Lp;, by:
_ 1 i=N
Lo =10logio 5 '21 1
I =

0 O1Lpr\ _ g

where:

L, s the surface sound pressure level at the
microphones (in dB). Reference: 20 yPa;

is the A-weighted or octave band pressure level
resulting from the /th measurement, in dB.
Reference: 20 pPa;

N is the total number of measurements;

K is the environmental correction {in dB) (see
appendix A),

5.4 Recording instruments. The microphones may be
directly connected to individual sound level meters, but this
is a rather uneconomic use of expensive equipment, Used in
conjunction with microphone power supplies, which allow
individual microphone gain adjustment, each channel may
be fed into a single meter via a manual selector switch.
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Either technique involves a considerable amount of
manual data logging. For example, 168 data records are
required to obtain a 1/3 octave spectrum from an eight
microphone array covering the range 100 Hz to 10 kHz.

If directivity information is not required, it is possible to
multiplex the channels into a time-integrating r.m.s. meter.
The maximum scan speed is limited by the lowest
frequency of interest. Normally a scan speed of 10
channels per second is satisfactory for frequencies of

100 Hz and above. The scanning device has to operate with
very low level switching transients if the background
electronic noise is not to influence the sound signal.

A typical set-up is shown in figure 3. This arrangement can
be used in conjunction with octave or 1/3 octave filter sets
as well as the weighting networks built into the sound level
meter. Comparisons between individually logged data
channels and scanned data using the equipment shown in
figure 3 shows very good agreement above the 100 Hz 1/3
octave band.

5.5 Calculation of sound power level. The sound power
level characterizing the noise emitted by the pump can be
calculated from the equation:

Ly =Lp +10 logyq (S/Sy)
where

Ly, is the A-weighted or octave band power level of
the pump (in dB). Reference: 1 pW.

L, s the mean sound pressure level over the
measurement surface (in dB).

S is the area of the measurement surface (in m?),
So  =1(inm?).
Assuming the usual 1 metre measurement radius, the
correction for free field conditions {i.e. fully anechoic) is

_+11 dB. The correction for a free field over a reflecting

plane, as required by Parts 1 and 2 of this standard, is

+ 8 dB. It is recommended that, whenever possible, the
sound field be calibrated by placing a standard sound source
at the position normally occupied by the pump, with pump
drive shaft and fluid lines in position. Significant variation
from the + 8 dB correction may indicate excessive
distortion of the sound field by pump ancillaries,
inadequate reflecting plane, or some other problem.
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5.6 Frequency analysis. The response of the human ear is
very dependent on the frequency as well as the amplitude
of sound. Microphones complying with the requirements of
BS 4197, have a linear response to sound pressure from

10 Hz to 20 kHz. In order to model the physiological effect
of sound, a frequency weighting filter is built into sound
level meters. This weighting is termed the ‘A’ scale and
overall sound levels are measured in terms of dB(A).

This single figure rating is the common basis for rating
sound levels. If more information is required about the
spectral content of the sound, octave or Y5 octave filters
are used to give low resolution frequency analysis.

For diagnostic and development work, a higher resolution -
frequency analysis may be required to help identify
particular noise sources or pathways. The two basic forms
of narrow band frequency analysers are analogue filters or
digital Fourier analysers, The analogue filters are rapidly
becoming obsolete with the availability of hard wired
dedicated digital Fourier analysers, made possible by
advances in micro-electronics. An alternative to the
dedicated digital analyser is a mini-computer which,
although slower in operation, retains the high degree of
flexibility of its associated software.

A detailed description of this equipment is outside the
scope of this guide,

5.7 Background noise. The airborne noise from the pump
under test has to be the dominant component of the noise
reaching the microphones. Other noise sources, from both
inside and outside the chamber, cannot be completely
eliminated but the effect of the unwanted additional noise
becomes insignificant if this background level is more than
10 dB below the measured total noise. If the difference is
less than 10 dB but more than 6 dB, corrections can be
made to the measured level to take this into account.

In the case of the background being within 6 dB of the
measured total noise, the requirements of Parts 1 and 2 of
this standard are not satisfied, although an estimate of the
pump noise can still be made. Figure 4 shows the relation-
ship of the correction to the background margin.

The background level may be determined by running the
pump under test conditions and measuring the noise level,
An acoustic cover is then placed over the pump and the
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Figure 3. Multiple microphone scanning instrumentation
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