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of the Mechanical Engineering Standards Committee and

is one of a group of British Standards related to the

measurement of noise emanating from hydraulic fluid
power systems and components.

It is intended that this standard, which is based upon

procedures given in 1SO 2204 published by the International
Organization for Standardization, will unify testing methods
and enable the performance of different valves to be

compared on a common basis.

It has been assumed in the drafting of this British Standard
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that the execution of its provisions is entrusted to
appropriately qualified and experienced people, for whom

it has been prepared.
The standard comprises the following Parts.

Part 1 Method of test for pumps
Part 2 Method of test for motors

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

Further Parts are planned.

Compliance with a British Standard does not of itself

confer immunity from legal obligations.
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British Standard

BS 5944 : Part 4 : 1984

Measurement of airborne noise from hydraulic
fluid power systems and components

Part 4. Method of determining sound power levels from valves

controlling flow and pressure

0. Introduction

In hydraulic fluid power systems, power is transmitted
and controlled through a liquid under pressure in a closed
circuit. Valves are components which control flow and
pressure by providing a variable restriction to the fluid
flow. During the process of restricting flow via a variable
orifice, potential or pressure energy is converted into
kinetic energy. If the static pressure of the fluid in the
high velocity stream falls below the fluid vapour pressure,
cavitation can occur which generates noise. Cavitation
noise in fluid power valves is characterized by a random
(and therefore broadband) disturbance with dominant
energy levels from around 2 kHz up to and beyond the
upper frequency limits of the human ear. This sound
energy can be transmitted as fluid borne or structure
borne noise, or radiated as valve casing airborne noise.

The airborne noise level of a hydraulic fluid power valve
is an important consideration in component selection.

It is essential that the noise measurement technique,
therefore, provides accurate appraisals of these airborne
noise levels. The determination of noise levels is
complicated by the interactions which occur with the
fluid power system during noise measurements. The fluid
borne and structure borne sound energy from the valve
can be transmitted via the circuit which ultimately gives
rise to increased overall noise levels.

1. Scope

This British Standard describes procedures for the deter-
mination of the sound power levels of a hydraulic fluid
power valve, under controlled conditions of installation
and operation, suitable for providing a basis for comparing
the noise levels of valves in terms of:

(a) A-weighted sound power level;
(b) octave band sound power levels.

From these sound power levels, reference sound pressure
levels may be calculated for reporting purposes (see
clause 11). For general purposes, the frequency range of
interest includes the octave bands with centre frequencies
between 125 Hz and 8000 Hz.

This method is applicable to all types of fluid power
control valves operating with oil hydraulic fluids* under
steady state conditions, irrespective of size or specific
function, provided that the noise level measured is
dominantly cavitation noise and the physical provisions
of the method can be complied with.

The procedures described are intended to measure the
airborne noise level obtainable from a valve installation

representing good noise control practice, including valve
casing noise and the noise radiated by flexible fluid lines
immediately adjacent to the valve. Other systems depen-
dent factors are eliminated.

The measurement of valve noise due to instability is
specifically excluded from the provisions of this standard.
Guidance on valve stability and its detection is given in
appendix A. Guidance is also given in appendix B on
measuring in an anechoic chamber,

Accuracy of measurement is divided into three classes,
A, B and C, which are explained in appendix C.

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

2. Definitions

For the purposes of this British Standard, the following
definitions apply.
NOTE. Other acoustical terms are given in BS 661.

2.1 free sound field. A sound field produced in a
homogeneous, isotropic medium free of boundaries.
NOTE. In practice, it is a field in which the effects of the
boundaries are negligible over the frequency range of interest.
2.2 free-field over a reflecting plane. A field produced by
a source in the presence of one reflecting plane on which
the source is located.

2.3 reverberant sound field. That portion of the sound
field in a test room over which the influence of sound
received directly from the source is negligible.

2.4 anechoic room. A test room having boundaries which
absorb essentially all of the incident sound energy over

the frequency range of interest, thereby affording free-field
conditions over the measurement surface.

2.5 special reverberant room. A room having
reverberation time/frequency chararacteristics as specified
in BS 4196 : Part 3.

2.6 mean-square sound pressure. The sound pressure
averaged in space and time on a mean-square basis.

NOTE. In practice, this is estimated by space and time averaging
over a finite path length or over a number of fixed microphone
positions.

2.7 mean sound pressure level (Lp). Ten times the
logarithm to the base 10 of the ratio of the mean-square
sound pressure to the square of the reference sound
pressure in decibels (dB).

NOTE. The weighting network or the width of the frequency
band used should always be indicated; for example, A-weighted

sound pressure level, octave band sound pressure level.
The reference sound pressure is 20 pPa.

*e.g. hydraulic fluid designations L-HH, L-HL, L-HM, L-HR, L-HV and L-HG only as classified in BS 6213 Part Docu ments
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2.8 sound power level (L,,). Ten times the logarithm to
the base 10 of the ratio of a given power to the reference
sound power in decibels (dB).

NOTE. The weighting network or the width of the frequency
band used should always be indicated. The reference sound power
is 1 pW.

2.9 volume of source under test. The volume of the
envelope of the whole valve and relevant adjacent flexible
hose.

2.10 cavitation. The formation and collapse of fluid
vapour cavities in the operating fluid caused by localized
regions of low static pressure generated by high flow
velocities.

3. Measurement uncertainty
Use methods of measurement which tend to result in
standard deviations that are equal to or less than those

given in table 1. To meet this requirement the methods
given in the standards listed in table 2 shall be used.

Table 1. Standard deviation of
sound power level determination

Octave band centred | Standard
on frequency of deviation
Hz dB

125 5.0

250 3.0

500 2.0
1000 to 4000 2.0
8000 3.0

NOTE 1. The standard deviations given in table 1 include the
effects of allowable variations in the positioning of the measure-
ment points and in the selection of any prescribed measurement
surface, but exclude variations in the sound power output of the
source from test to test.

NOTE 2. The A-weighted sound power level will in most practical
cases be determined with a standard deviation of approximately
2 dB.

4. Test environment

4.1 Conduct tests in environments that provide ‘free-field
over a reflecting plane’ or ‘special reverberant’ conditions
that meet the environmental qualification requirements
described in BS 4196 : Part 3 and Part 4 (see table 2).

4.2 When more exacting environmental qualification
procedures and measurement techniques are required,

Table 2. Environmental qualification procedures

conduct tests in ‘anechoic’ or ‘reverberant’ environments
as described in BS 4196 : Part 2 and Part 5.

5. Instrumentation

5.1 Use instrumentation to measure fluid flow,

fluid pressure and fluid temperature in accordance with
the recommendations for ‘industrial class’ accuracy of
testing, i.e. class C given in appendix C.

5.2 Use instrumentation for acoustical measurements in
accordance with BS 5969. This instrumentation shall be
in accordance with the relevant British Standard given in
table 2 for both performance and calibration.

6. Installation conditions for valve

NOTE. Figure 1 shows a typical example of a test installation
comprising a valve, coiled outlet hose and a one metre radius
array of ten microphones set up in an anechoic chamber.

6.1 Valve location. Locate the valve in any position
consistent with the source installation and measurement
surface (or microphone traverse) requirements specified
in the relevant British Standard (see table 2) for the test
environment used.

6.2 Valve mounting

6.2.1 Mount the valve on a vibration isolating mounting
so as to minimize the noise radiated by the mounting as a
result of valve case vibration.

6.2.2 Use a mount which provides minimal interference
with the sound radiation from the valve and fluid lines.

6.2.3 Test line mounting valves as supplied. Test cartridge
valves in a housing of minimum size consistent with
achieving the flow and pressure ratings of the valve.

Test gasket mounting valves on an adaptor plate, again of
minimum size. When valves specifically designed for
incorporation within a dedicated housing, which may form
part of a large structure, are to be tested, ensure that the
inlet and outlet fluid connections are effected by flexible
hose and the whole structure is carried on isolating mounts.

The system employed shall be described in the test report
(see clause 13). Any external control linkages which extend
beyond the volume of the source (as defined in 2.9) shall
also incorporate effective vibration isolation as close to

the valve as possible.

6.3 Fluid supply

6.3.1 Install the hydraulic power pack supplying fluid flow
and pressure outside the measurement environment or
within an acoustic enclosure in such a manner as to control
the background noise levels to the values described in
clause 9.

Method of Test environment Relevant Qualification
measurement British Standard procedure of
relevant standard
Engineering | Free-field over a BS 4196 : Part 4 : 1981 | Clause 4 and
reflecting plane appendix A
Engineering | Special reverberant | BS 4196 : Part 3: 1981 | Clause 4
Precision Anechoic BS 4196 :Part 5: 1981 | Clause 4 and
appendix A
Precision Reverberant BS 4196 : Part 2: 1981 | Appendix A Documents
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