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ISO 4412

Foreword

ISO (the International Organization for Standardization)-is a
federation of national standards bodies (ISO membet bodies
of preparing International Standards is normally earried out t
technical committees. Each member body interested in a
which a technical committee has been established has the
represented on that committee. Internatignal organization
mental and non-governmental, in liaisonwith 1SO, also take
work. ISO collaborates closely withthe”International Elect
Commission (IEC) on all matters of electrotechnical standar

-2:1991(E)

worldwide
. The work
hrough ISO
subject for
right to be
s, govern-
part in the
rotechnical

szation.
Draft International Standards adopted by the technical committees are

circulated to the member bédies for voting. Publication a
national Standard requiresiapproval by at least 75 % of th
bodies casting a vote.

International Standard. iSO 4412-2 was prepared jointly by

5 an Inter-
e member

Technical

Committees ISO/TQ, 131, Fluid power systems, Sub-Commifttee SC 8,

Product testing -aid contamination control and ISO/TC 43, Ac

This second )edition cancels and replaces the first ed
4412-2:1984), of which clauses 12 and 13 have been transfery
a new.annex A. The former annex A has become annex B, ar
C and D have been added.

bustics.

ition (ISO
ed to form
d annexes

IS© 4412 consists of the following parts, under the general titl¢ Hydraulic

fluid power — Test code for determination of airborne noise |
— Part 1: Pumps

— Part 2: Motors

— Part 3: Pumps — Method using a parallelepiped microp}

Annexes A and B form an integral part of this part of ISO 441
C and D are for information only.

pvels:

one array

D Annexes
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Introducti

In hydraulic
through a li
components
During the ¢
power, airbg
brations are

The airborne
consideratio
nique must,
airborne noi
by the inter3
borne vibrat
ultimately gi
fect the dete

DN

fluid power systems, power is transmitted and controlled
nuid under pressure in an enclosed circuit. Motors are
which convert rotary fluid power to mechanical power.
rocess of converting hydraulic fluid power to mechanical
rne noise, fluid-borne vibrations and structure-borne vi-
radiated from the motor.

noise level of a hydraulic fluid power motor is an important
h in component selection. The noise measurement tech-
therefore, be such as to yield accurate appraisals of these
e levels. The determination of noise levels is complicated
ctions which occur during noise measurements. The fluids
ons from the motor can be transmitted to the circuit \and
e rise to background airborne noise levels which could af-
rmination of the motor airborne noise levels.

The procedyres described in this part of ISO 4412 are-lintended to

measure onl
test.

y the airborne noise radiated directly from the’motor under
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Hydraulic fluid power — Test code for determination of

airborne-noise levels —

Part 2
Motor

)

1 Scope

This part|of ISO 4412 establishes a test code de-
scribing procedures, based on ISO 2204, for the de-
terminatign of the sound power levels of a hydraulic
fluid powgr motor, under controlled conditions of in-
stallation pnd operation, suitable for providing a ba-
sis for comparing the noise levels of motors in terms
of:

— A-weighted sound power level,

— octave| band sound power levels.

From thege sound power levels, (f ‘required, refer-
ence sound pressure levels may be calculated for
reporting purposes in accordanee with annex A.

For genergl purposes, theé\frequency range of inter-
est includes the octave” bands with centre fre-
quencies petween 12%Hz and 8000 Hz."

Due to the inhegent difiiculties in the measurement
of low-sgeed\ motor performance, this part of
1ISO 4412 jsJimited to motors operating at speeds

2 Normative references

The following standards contain provis
throughyreference in this text, constitutg
of this part of ISO 4412. At the time of
the editions indicated were valid. All st

ons which,

provisions
publication,
ndards are

subject to revision, and parties to agreements based

on this part of 1ISO 4412 are encouraged
gate the possibility of applying the most
tions of the standards indicated below. |
IEC and ISO maintain registers of currer
ternational Standards.

ISO 3448:1975, Industrial liquid lubricants
cosity classification.

ISO 3744:1981, Acoustics — Determinatid
power levels of noise sources — Engine
ods for free-field conditions over a reflec

ISO 3745:1977, Acoustics — Determinatliq
power levels of noise sources — Precisi
for anechoic and semi-anechoic rooms.

1SO 5598:1985, Fluid power systems and

to investi-
recent edi-
Members of
tly valid In-

— ISO vis-

n of sound
ering meth-
ing plane.

n of sound
bn methods

tomponents

— Vocabulary.

exceeding 50 r/min.

Guidelines for the application of this part of ISO 4412
are given in annex C.

This part of ISO 4412 is applicable to all types of
hydraulic fluid power motors operating under
steady-state conditions, irrespective of size, except
for any limitations imposed by the size of the test
environment (see clause 5).

1) 1Hz =1s!

ISO 6743-4:1982, Lubricants, industrial oils and re-
lated products (class L) — Classification — Part 4:

Family H (Hydraulic systems).

IEC 50(801):1984, International Electrotechnical Vo-
cabulary — Chapter 801: Acoustics and electro-

acoustics.

IEC 651:1979, Sound level meters.
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3 Definitions

For the purp
nitions given

oses of this part of 1ISO 4412, the defi-
in ISO 5598, IEC 50 and the following

definitions apply. It is accepted that the latter defi-
nitions may differ from those in other specific Inter-
national Standards.

3.1 free sound field: Sound field in a homogeneous,
isotropic medium free of boundaries.

NOTE1 In |
the boundarig
of interest.

e et - .
s are negligible over the frequency range

3.2 free field over a reflecting plane: Field produced

by a source
on which the

3.3 reverb
sound field
of sound red
gible.

3.4 anecho
which abson
energy over

in the presence of one reflecting plane
source is located.

ant sound field: That portion of the
n a test room over which the influence
eived directly from the source is negli-

c room: A test room having boundaries
b essentially all of the incident sound
the frequency range of interest, thereby

affording freg-field conditions over the measurement

surface.

3.5 mean-s
pressure av

square basig.

NOTE 2
averaging OV§
fixed microph

3.6 mean s
arithm to the
sound press
pressure, in

NOTE3 The
quency band
ple, A-weightg
pressure leve

juare sound pressure: The sound
praged in space and time on a mean-

In gractice, this is estimated by space and time

er a finite path length or over a number of
bne positions.

bund pressure level: Ten times the log-
base 10 of the ratio ofthe mean-square
ire to the square oftthe“reference sound
decibels (dB).

weighting netwerk or the width of the fre-
ised should ‘always be indicated; for exam-
d sound\pressure ievel, octave band sound
. The reference sound pressure is 20 pPa?.

3.7 sound

NOTE 4

The weighting network or the width of the fre-

quency band used should always be indicated. The refer-

ence sound power is 1 pWs).

3.8 volume of source under test: Volume of the en-

velope of the whole motor under test.

4 Measurement uncertainty

Methods—ef—meastrerment—showld—te—used which
tend to result in standard deviations which.are equal
to or less than those specified in tabje. |Methods
given in ISO 3744 meet this requirement.
Table 1 — Standard deviation of sound power level
determinations
Standard deviation, dB,
for octavesbands centred on:
1000 Hz to
125 Hz | 250 HZ | 500 Hz 4000 Hz 8000 Hz
50 3,0 2,0 2,0 3,0
The'standard deviations given in table 1 inglude the

effects of allowable variations in the positloning of

the measurement points and in the selecti
prescribed measurement surface, but excl
ations in the sound power output of the sou
test to test.

NOTE 5 The A-weighted sound power level w

practical cases be determined with a standard
of approximately 2 dB.

5 Test environment

n of any
ide vari-
rce from

Il in most
deviation

Tests shall be conducted in an environment which

provides “free-field over a reflecting p
“special reverberant” conditions which 1
environmental qualification requirements d
in 1ISO 3744:1981, clause 4 and annex A.

ane” or
heet the
escribed

ower level: Ten times the logarithm to
the base 10%rmmmwmnrmmmm tests in

the reference sound power, in decibels.

2) 1pPa =1

0-6 N/m?

3) 1pW = 10-12W

accordance with 1ISO 3745.
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6 Instrumentation

6.1 The instrumentation used to measure fluid
flow, fluid pressure, motor speed and fluid tempera-
ture shall be in accordance with the recommen-
dations for “industrial class” accuracy of testing; i.e.
class C given in annex B.

6.2 The instrumentation used for acoustical
measurements shall be in accordance with IEC 651.

This instrumentation—shallbein—accordance—with

1ISO 4412-2:1991(E)

7.4.2 The test fluid and degree of filtration shall be
in accordance with the motor manufacturer’s rec-
ommendations.

7.43 Inlet and discharge lines shall be installed
with diameters in accordance with the manufac-
turers’ recommended practice.

7.44 The outlet pressure gauge shall be mounted
at the same height as the outlet fittings or it shall be
calibrated for any height difference.

ISO 3744 [for both performance and calibration; i.e.
type 2 [instruments for engineering (grade 2)
measurements.

7 Installlation conditions

7.1 Motor location

The motof may be located in any position consistent
with the gource installation and measurement sur-
face (or rphicrophone traverse) requirements speci-
fied in ISQ 3744 for the test environment being used.

7.2 Motpr mounting

7.21 Thg¢ motor mounting shall be constructed so
that it wjll minimize the noise radiated by the
mounting [as a result of motor vibrations.

7.2.2 The mounting bracket shall be constructed of
high-damping material or with sound-danmping and
sound-insplating material applied to the ‘bracket as
required.

7.2.3 Vibration isolation techniques, if needed,
shall be Jsed even if the motoris usually securely
mounted.

7.2.4 Flapge mountings—that are as small as prac-
tical shalll be used~s6 as to minimize interference
with radiation of.seund towards the shaft end of the
motor.

7.45 Pressure fluctuations and standing waves in
the inlet and outlet ports shall be mipimiged by such
measures as selected line lengths, long lengths of
flexible hose, accumulators, inline silenters and in-
line pulsation pumps.

7.4.6 A stable load valve'shall be used jn the outlet
line if back pressure.is‘regulated.

NOTE 6 Unstable‘load valves in the lines tan generate
and transmit noise through the fluid and pipipg which can
emerge as dirborne sound at the motor.

7.4.7 Any control valves shall be pogitioned far
from“ttve motor, preferably outside the t¢st room, to
minimize the interaction.

7.4.8 All fluid lines and valves in the|test space
shall be wrapped with sound-isolating materials, if
required (see 10.1). Material having| a sound-
transmission loss of at least 10 dB at 12p Hz, and a
greater loss at higher frequencies, shall |be used.

8 Operating conditions

8.1 Determine the sound power levels ¢f the motor
for any desired set of operating conditions (see
11.3.7).

8.2 These test conditions shall be [maintained
throughout the test within the limits givep in table 2.

values of controlled paramete

Fest parmnefer——kﬂvwzb'trllariation

Table 2 — Allowable variations of mea:F indicated

7.3 Motor-drtven load

The load system shall be located outside the test
space and the load shall be driven through flexible
couplings and an intermediate shaft, or the load
system shall be isolated in an acoustic enclosure.

7.4 Hydraulic circuit

7.41 The circuit shali include all oil filters, oil
coolers, reservoirs and restrictor valves as required
to meet the motor hydraulic operating conditions
(see clause 8).

Pressure +2 %
Speed +2 %
Temperature +2°C
Torque +2 %

8.3 The motor shall be tested in the
“as-delivered” condition with any ancillary equip-
ment operating normally during the test, so as to
include their noise contributions to the airborne
noise level of the motor.
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9 Location and number of sound
measurement points

The location

and number of measurement points

shall be as required by ISO 3744 for the method of
measurement selected for the motor noise test.

10 Test pr

10.1 Backg

ocedure

round noise measureme

10.1.1 Measpre the background noise of interest
that is presept during the motor noise test which

does not emd

Over the frg

nate from the motor itself.

quency range of interest, the band

sound pressufre levels of this background noise shall

be at least
pressure levd

6 dB below the motor band sound
Is at each measurement point.

10.1.2 Correpct for this background noise, if evi-
denced by these measurements, by applying the

corrections fd

10.1.3 When
ground noise
ground sound

r this purpose given in ISO 3744.

measurement of band levels of back-
is not practical, the A-weighted back-
level of each measurement point shall

be at least 6 @B below the motor A-weighted sound

level.

Correct thess
ground noise

NOTES

7 Easing the
can lead to ai

pressure levelq.

8 The A-weig

A-weighted measurements for back-

Fequirements for background-noise levels

overestimate of the moter_band sound

hted background sednd level at each

measurement point may be checked'by covering the mo-

tor with sound
mission loss o
which is “deter]
motor.

10.1.4 If the

-insulating mateérials capable of a trans-
at least 10 dB~over the frequency range
mining” the R*weighted sound level of the

background level is found to be too

high, check f

pr-further noise control of the motor

system and to stabilize all variables, including fluid
condition, to within the limits specified in table 2.

Measure the following for each test:
a) motor speed;
b) output torque;

¢) fluid temperature and pressure at motor inlet and
fluid pressure at discharge fittings or at the test
. : .

d) band sound pressure levels at eagh) measure-
ment point over the frequency range of ipterest;
each

e) A-weighted sound pressure, level 4t

measurement point.

10.2.2 New or rebuilt motors

10.2.2.1 Repeatdheinitial motor measurenent test
of the series at the end of a test series or @fter 1 h
of testing.

10.2.2.2>, If the A-weighted sound level at |Jany se-
lected, *"measurement point does not duplicpte that
ofithe first test within 2 dB (A), the whole tegt series
ghall be invalidated.

11 Information to be recorded

11.1  Specifications
The information given in 11.2 and 11.3 ghall be
compiled and recorded for all measuremenis made
according to the requirements of this |part of
ISO 4412.

11.2 General information

a) name and address of the motor manu[acturer
and, if applicable, the user;

mounting, driven load or hydraulic circuit, as indi-

cated.

10.1.5 Ensure that the orientation of the micro-
phone and the period of observation are as specified

in 1ISO 3744.

10.2 Motor

measurements

10.2.1 Measurement sequence

Prior to commencement of a series of tests, operate

the motor for

a sufficient time to purge air from the

b) reference number(s) for identification of the mo-
tor;

c) name and address of persons or organization
responsible for the acoustic tests on the motor;

d) date and place of acoustic tests;

e) statement that the sound power levels of the
motor have been obtained in full conformance
with this part of ISO 4412 and ISO 3744 for the
determination of sound power levels of noise
sources (see also clause 13).
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11.3 Motor under test

11.3.1 Description of motor

a) type of motor (e.g. gear or piston), including an-
cillary equipment;

b) type of displacement (e.g. fixed or variable);

c) motor overall linear dimensions (with sketch if
necessary);

ISO 4412-2:1991(E)

11.3.5 Location of motor in test environment

11.3.51 Include a sketch showing the location of
the motor in relation to walls, floor and ceiling of the
test room.

11.3.5.2 Show on this sketch the location of other
reflecting or absorbing screens and noise sources
which can influence measurements.

11.3.6 Instrumentation

d) motor |maximum displacement;

e) type of displacement controller and setting.

11.3.2 Acoustic environment for tests

a) interngl dimensions of the test room and the type
of acolstic field for the measurements (e.g. free
field oyer a reflecting plane);

b) the acpustical treatment of the test room;

c) the daje of measurement;

relative humidity (in percentage) and barometric

d) ambie}t air temperature (in degrees Celsius),
pressure (in pascals¥);

e) results| of acoustical qualification of test environ-
ments [as required by clause 5.

11.3.3 Rgference sound source (when applicable)
a) manufacturer, type and serial number;
b) sound|power level calibration ,data, including

name pf calibrating laboratery .and date of cali-
bration|.

11.3.4 Mounting and installation conditions of
motor

a) description ofsmotor mounting conditions;

b) natureland characteristics of the hydraulic circuit

a) details of equipment used to monito} motor op-
erating conditions (see 11.3.7)including type,
serial number and manufacturer:

b) details of equipment used|for acoust|c measure-
ments including namejtype, serial pfumber and
manufacturer;

c) bandwidth of frequency analyser;

d) overall fréguency response of instfumentation
system@nd date and method of calibfation;

e) method of calibration of microphonds and date
and-place of calibration.

14.3.7 Motor operating conditions
Include the following details for each test:

a) full description of fluid, including clasgification in
accordance with I1ISO 6743-4;

b) fluid viscosity classification in accondance with
ISO 3448, in centistokes or in square |millimetres
per second?;

c) shaft speed, in revolutions per minutg;

d) output torque, in newton metres;

e) inlet pressure, in megapascals (bars®

~

f) outlet pressure, in megapascals (barg);

g) temperature of fluid at motor inlet, [in degrees

d d atle ~AfF any neaiadin tnolobian e odn g
an Cot o0y otOooST T Suraa O caa et

c) nature and description of other machines being
used which could have an influence on the
measured sound pressure levels of the motor.

4) 1 Pa = 10-5 bar
5) 1cSt =1mm?s
6) 1 bar 105 N/m? = 105 Pa = 0,1 MPa

11.3.8 Acoustical data

Include all data as required by ISO 3744.
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12 Test report

The test report shall contain the following infor-

mation:

a) the A-weighted sound power level and octave
band sound power levels for each frequency
band of interest for each set of operating con-

ditions;

b) a statement that the sound power levels have

been obt
cedures

paragraphs of ISO 3744 for the determination of

sound power levels of noise sources.

13 Identification statement (Reference to

this part of ISO 4412)

Use the following statement in test reports, cata-
logues and sales literature when electing to comply

with this part of ISO 4412:

“Airborne noise levels determined in accordance

fined N Tull conformance wilth the pro-
of this part of 1SO 4412 and specific

with ISO 4412-2, Hydraulic Tluid power —
for determination of airborne noise lev@ls
Motors”.

est code
— Part 2:
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Annex A
(normative)

Calculation of sound levels

Calculation of motor mean sound

A.2 Calculation of mean sound

pressure levels and sound power levels

A.1.1 Refer to ISO 3744 for information regarding
correctigns to be applied and the method of calcu-
lating the mean levels and the motor sound power

levels.

A.1.2 dJorrect the measured band sound pressure
levels (dnd A-weighted sound levels, where appro-

priate) a

ured

each measurement position for the meas-

hackground noise (background noise

correctigns).

A.1.3 Use these corrected levels to calculate the

motor mean band sound

levels and mean A-

weighted sound level.

A.1.4 (alculate the motor sound power level from
these mean sound pressure levels, taking into ac=
count arny correction for unwanted environmental
reflections (environmental correction factor).

level at a reference distance

pressure

The mean sound pressure levelhat a distance r, in

metres, from the equivalent point sou

Fce radiating

into a free field over a(réflecting plane (hemi-

spherical radiation) fromythe calculated
power level is evaluatedcas follows:

L, = Ly — 10lpgf2rr?/S,]

where

i,; is the mean sound pressu
weighted or in bands, in de
ence: 20 pPa);

Ly, is the A-weighted or band p
the motor under test, in de
ence: 1 pW);

2n® is the area of the hemisphe
metres, of radius r;

So =1m2

For calculation purposes, choose a r¢
tance of r = 1 m, in which case the nur
of I. is obtained by subtracting 8 dB
merical value of the calculated sound

l/W.

motor sound

re level, A-
cibels (refer-

pbwer level of
Cibels (refer-

e, in square

ference dis-
nerical value
from the nu-
power level,
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Annex B
(normative)

Errors and classes of measurement

B.1 Classes of measurement

Depending orl
be carried ol
ment, A, B o

the accuracy required, the tests may
t to one of three classes of measure-
C. The classes of measurement shall

be agreed bdtween the parties concerned. The use
of class A anf B is restricted to special cases when
there is a neg¢d to have the performance more pre-
cisely definel. Class A and B tests require more

accurate app
crease the cd

B.2 Errorsg

aratus and methods, which may in-
sts of such tests.

Any device of method which by calibration or com-

parison with
onstrated g
systematic ¢
table B.1 may

nternational Standards has been dem-
be capable of measuring with
rrors not exceeding the limits in
be used.

Table B 1— Permissiblesystemmaticerrgrs of
measuring instruments as determined dyring
calibration
Class of Units A B c

measurement

Input signal % 40,5 +1,5 +2,5
Flow % 40,5 +1,6 +2,5
Pressure % +0,5 +1,5 +2,5
Temperature °C +0,5 +1,0 +2,0
Speed % +0,5 +1,0 +2,0
Torque % +0,5 +1,0 +2,0
NQTE = The percentage limits given are of the value
of the quantity being measured and not of th¢ manxi-
mum values of the test or the maximum reading of the

instrument.
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Annex C
(informative)

Guidelines for the application of this part of 1ISO 4412

C.1 Introduction

dication, but not an exact measure, of its overall

This anpex describes a series of recommended
techniques that are designed to enable reliable
measurgments of hydraulic motor airborne noise to
be taken, using an anechoic chamber, in accordance
with thig| part of ISO 4412.

C.2 General

This anpex should be read in conjunction with
ISO 2204 and ISO 3744.

The prirjciple of this part of ISO 4412 is based on
measurgments taken over a hemispherical surface
centred |over the motor unit under test. It does,
howevel|, present certain operational difficulties. The
methodq outlined in this annex represent a practical
solution|to these problems and allow compliance
with the |requirements of this part of ISO 4412.

In a hydlraulic installation, the vibrational energy. of
the motpr becomes distributed among other/com-
ponents| in the systern, such as the cenpécting
pipe-woftk, the motor mounting, the output_shaft and
the load| This distribution of energy is a character-
istic of fhe particular installation and*is not inher-
ently a| measure of motor pojse. The motor,
howevel|, produces sound energy“which can cause
the instdllation as a whole to‘emit noise. Figure C.1
illustratds the mechanism-t-is the objective of this
annex to ensure that the’measured noise is that
radiated| by the extetnal surface of the motor and
nothing klse. This.component of noise will then be
genuinely a characteristic of the motor and as little
affected |as passible by the particular instaliation.

The total (airborne noise of a practical installation

dCOUSTHIC periormdnce.

Pressure Line

Bell housing

-
e

Iy

Shaft
coupling

TR

[

- - -

Return line
Key
--==Alrborne nolse

@@ Fluld-borne nolise
— Structure-borne noise

Figure C.1 — Transmission paths of spund energy
from motors

C.3 Choice of measurement enyvironment

includes Tadiation from att—the components of the
hydraulic system. These are excited, in the main, by
pump- and motor-generated fluid-borne noise
(pressure ripple) present in the circuit and by struc-
tural transmission of vibration from the pump and
motor to attached components.

These mechanisms may well predominate in the
generation of total system noise. It is found, how-
ever, that low airborne noise radiation from the mo-
tor surface tends to be associated with low
fluid-borne and structural noise generation. The
values obtained for airborne noise radiation from
the surface of a motor may thus be taken as an in-

This part of ISO 4412 permits measurement in a
reverberant or an anechoic room. The anechoic
room may take the form of a fully free-field environ-
ment or a free field over a single reflecting plane,
termed a “semi-anechoic chamber”.

An anechoic or semi-anechoic room is normally
preferable for motor testing work because there are
fewer measurement uncertainties associated with
the strongly periodic noise typically radiated by mo-
tors. Anechoic or semi-anechoic environments also
allow directivity information to be obtained which,
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though not required by this part of ISO 4412, can
provide valuable assistance when setting up a sys-
tem or diagnosing motor 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

C.4.2 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 10 points is called for, but this number
may be reduced if experience shows that the sound
field is sufficiently symmetrical for the resultant loss
in accuracy not to give errors greater than 1 dB
when compared with data obtained using the full
array.

anechoic or sgpmi-anechoic 1est environments.

C.4 Measyrement techniques

C.4.1 Micrgphones

High-quality

condenser microphones, complying

with the requirements of the appropriate Inter-

national Stang
measure the
chamber. The

ards listed in ISO 3744 are required to
sound pressure levels in the anechoic
profile of the microphones, connecting

leads and support frame should be minimized to

reduce interfd
level meter i
connected to

rence with the sound field. The sound
placed outside the chamber, and is
he microphone via a pre-amplifier and

extension legd. A typical set-up, with two micro-

phones conng
shown in figu

cted via a common power supply, is
eC.2.

As a guide, use at least as many microphones as
there is difference between the lowes} @nd|highest
sound pressure levels, in decibels, recorded on the
individual microphones.

Each sampling point should bé\ associated jwith an
equal area of the measurement surface and should
be placed in a sequence~that minimizes HI effect
of interference patterng>1SO 3744 gives relative co-
ordinates and preferred radii for suitablg hemi-
spherical arrays. Sgurces with the dimensigns of a
normal fluid pewer motor wusually require a
measuremeni~radius of 1 m and frequently greater.
Avoid micrephone positions close to necesgary an-
cillary equipment such as the motor output shaft and
fluid lines,; and ensure that, as far as possible, each
microphone has a clear “line of sight” to the motor
under test.

It7is possible to use a single microphone, moving it
to each sampling point in sequence, but it isfusually
more economic to invest in one microphone thannel
per measurement point.

O
§ o]
CP (P Sound level/lf]

[} e————]

j Power supplles A @)
Extension cables

Microphones Pre-amplifiers

Filter set

Figure C.2 — Instrumentation for manual data logging
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C.4.3 Calculation of mean sound pressure

The mean sound pressure can be calculated from
equations 1 and 2 in ISO 3744:1981.

C.4.4 Recording instruments

The microphones may be directly connected to indi-
vidual sound level meters, but this is a rather unec-
onomic use of expensive equipment. Used in
conjunctlon W|th mucrophone power supplles WhICh
allow ind
channel [may be fed into a single meter via a manual
selector|switch.
Either techr'Q' e involves a consid
Hata logging. For example,
are reqyired to obtain a one-thlrd

O _a

ctav e spectrum

®)

Pre-amplifiers

ISO 4412-2:1991(E)

from an eight-microphone array covering the range

4NN Li- 4~
100 Hz to 10 kHz. !f directivity information is not re-

quired, 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 elec-
tronic noise is not to influence the sound signal. A
typical set-up is shown in f'gureC 3. ThlS arrange-

ith octave or
one-third octave filter sets as well as\the weighting
networks built into the sound levelymefer. Compari-
sons between individually logged“data ¢hannels and
scanned data using the_ equipment shown in
figure C.3 show very goed|agreemer|t above the
100 Hz one-third octave band.

/ Signal generator

7

6
1
, J

O,

Sound level
/_ meter

00000000

QO -

FiLter|set

oo

- )
T o
779
I H\_—J
O+
O
o [
79

Channel selector

Ry

Mlcrophone power supplles

Mlcrophones

Figure C.3 — Multiple microphone scanning instrumentation
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C.4.5 Calculation of sound power level

The sound power level can be calculated from
equation 3 in ISO 3744:1981.

Assuming a measurement radius of 1 m, the cor-
rection for free-field conditions (i.e. fully anechoic)
is + 11 dB. The correction for a free field over a re-
flecting plane, as required by this part of ISO 4412,
is + 8 dB. It is recommended that, whenever poss-
ible, the sound field be calibrated by placing a stan-

pletely eliminated but the effect of the unwanted
additional noise becomes insignificant if this back-
ground level is more than 10 dB below the meas-
ured 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 where the background noise is 6 dB or
less below the measured total noise, the require-
ments of this part of 1ISO 4412 are not satisfied, al-
though an estimate of the motor noise can still be

dard sound spurce—attheposittomnormaty-occupied
by the motor| with motor load shaft and fluid lines in
position. Significant variation from the + 8 dB cor-
rection may|indicate excessive distortion of the
sound field by motor ancillaries, inadequate reflect-
ing plane, or|some other problem.

priate corredtion factors should be calculated ac-
cording to the area of the measurement surface
used.

For measurei‘nent radii greater than 1 m, the appro-

C.4.6 Freqiency analysis

The respons¢ of the human ear is very dependent
on the frequency as well as the amplitude of sound.

Microphones
IEC 561 have
from 10 Hz td
logical effect

complying with the requirements of
a linear response to sound pressure
20 kHz. In order to model the physio-
of sound, a frequency-weighting filter

is built into sound level meters. This weighting is

termed the
measured in

“IA scale” and overall sound levels are

erms of decibels (A). This single figure

rating is the pommon basis for rating sound levels.
If more inforpnation is required about the spectral

content of thg
ters are us¢
analysis.

sound, octave or one-thirdwoctave fil-
d to give low resolution )frequency

For diagnosti¢ and developmenttwork, a higher res-

olution frequs
identify partid

ncy analysis may-pe required to help
ular noise sourges or pathways. The

two basic forms of narrow-band frequency analysers

are analog fi
analog filters
availability of

ters or digital Fourier analysers. The
are rapidly becoming obsolete with the
hard-wired dedicated digital Fourier

analysers, mpde possnble by advances in mlcro-

electronics.
analyser is a

its associated

mlmcomputer Wthh although SIOWer
in operation, retains the high degree of flexibility of

software.

A detailed description of this equipment is outside

the scope of t

his part of ISO 4412.

C.4.7 Background noise

The airborne noise from the motor 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 com-

12

<l | i A la Llo Lada Lo
rade—igutre T sSTTows—the—terattionstip between

the correction and the background noise.mgrgin.

Correctlons

requlired by, No correctidns
Insufficlent this partof  required by fthis
background margin ISD 4412 part of IS0 4412

Correction, dB
5 -

Va

N

0 2 4 6 8 0 1 {1
Bockground nolse margin, dB

Figure C.4 — Corrections for background|noise

The background noise level may be determlined by
running the motor under test conditiohs and
measuring the noise level. An acoustic cover is then
placed over the motor and the noise measufrements
repeated. The performance of the cover hgs to be
sufficient to attenuate substantlally the noise|emitted
ise with
the coverin place is dominated by background noise
sources. The cover should mask only the motor it-
self, and not cover the cladding over the input shaft
or fluid lines, as these might be contributing to the
unwanted background noise. It is normally difficult
to devise a motor cover that shrouds the entire mo-
tor when mounted according to this part of ISO 4412
without also partially covering the motor mount. This
is acceptable only if the mount is known to produce
a negligible contribution to overall sound level (see
C5.2).

Adequate backgrounds are particularly difficult to
achieve in the lower frequency ranges due to the
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reduced performance of acoustic cladding. Difficulty
may also be experienced when testing a small or
quiet motor when the einitted noise is low. Cladding
techniques that can help to overcome these prob-
lems are described in C.5.5.

C.5 Installation and test layout

C.5.1 Test layout

The following arrangement has been used success-

1SO 4412-2:1991(E)

the load shaft, the fluid lines and the load, etc. are
all structurally isolated from the floor to prevent vi-
brations exciting the whole building. The motor and
shaft support bearing are therefore mounted on
massive concrete blocks and flexible mountings
placed between the concrete blocks and the cham-
ber floor. The mass of the concrete blocks allows a
considerable degree of isolation to be incorporated
while preventing excessive movement of the motor
mounting or shaft bearing due to torque reaction.

A reflecting plane of sealed concrete slabs is built

fully for| motor noise measurements in accordance
with thig part of ISO 4412.

Figure .5 shows the basic arrangement in which
the motpr is placed at the centre of the reflecting
plane. Fjgure C.6 shows details of the mounting and
drive afrangements. It is important that the motor,

up above the floor to a level just belgw the motor.
This sealing may be achieved by applyjng a suitable
oil-proofing compound to the cencretq. It has been
found that, provided the slabs)are cargfully aligned
and levelled, no special treatment of the joints be-
tween adjacent slabs is required.

NN Y

Reflecting plane

Figure C.5 — Motor noise test configuration with hemispherical measuring array
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C.5.2 Motofr mounting

This part of| I1ISO 4412 requires that the motor
mounting be 4o constructed that it creates minimum
disturbance tq the sound fieid at the shaftiend of the
motor. This c@n be achieved if the mounting flange
does not extend beyond the motor_ flange. The test
method also fequires the mountto_be acoustically
shielded to pfevent it emitting-a\significant level of
sound. These| two requirements can cause prob-
lems, as any [acoustic cladding will add to the bulk
of the mount.|A solution\may be to use a close fit-
ting, but free-gtanding, glass fibre moulding over the
mount. The mountweuld have to be profiled to fa-
cilitate sealing with this cover. An alternative is
available, however. The test method specifically al-

Isolated concrete-btocks

Figure C.6 — Mounting and driveline arrangement for hemispherical measurement

77

N

Intermediate support bearjing

level. Most forms of commercial mount only partially
cover this face, so the sound radiation character-
istics of this area should logically be includefl in the
measurement, although this part of ISO 441 is not
specific in this respect. Thirdly, the structyral im-
pedance mismatch between the motor and it§ mount
attenuates interactive dynamic responses. Tlhis en-
sures the motor casing noise is unaffected| by the
mount’s characteristics, resulting in a higher|degree
of system independence.

The mounting devised is shown in figured.7, and
consists of two vertical hollow steel columns so
spaced as to coincide with the motor mountinjg bolts.
The motor is carried on isolation bushes at [the top
of each pillar. Versions have been designed|for the

lows the use of flexible isolators to be used at the
interface between the motor and its mount although
it recognizes that this does not represent current
commercial practice. This arrangement offers sev-
eral advantages.

First, the transmission of structure-borne noise into
the mount is attenuated. This reduces the airborne
noise radiated by the mount and thereby eliminates
the need for acoustic cladding. Secondly, the mount
can be constructed to allow the shaft face of the
motor to contribute to the overall measured sound

14

two=bott—amd—four-bott—frange—mountimg—configur-
ations which are the subject of ISO 3013-2. The ver-
tical columns create minimum disturbance to the
sound field.

It should be borne in mind that high-torque motors
may require mountings that are more substantial.

The use of adapter flanges to enable motors of dif-
ferent sizes to be mounted on the same mount is not
recommended. Development work has shown that
these can significantly affect the measured sound
level.
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Attached to massive
concrete support

C.5.3 Drive shaft

Drive is |carried to the load(via a cardan shaft, hav-
ing a Hooke joint at the maetor end and a polymeric
ring (“dpughnut”) coupling at the other end. The
polymerjc coupling provides structural isolation be-
tween the load and, the drive shaft, while the Hooke
joint, bejng smallvin diameter, minimizes interfer-
ence with thersound field. A centring bush is re-
quired 3t the polymeric coupling end to prevent
shaft whirl-at high speed

Figure C.7 — “Minimized” motor mount (two-bolt flange mounting configuration)

ISO 4412-2:1991(E)

Isolating flexible mount positioned
at motor/mount interface

Vertical columns to
minimize Interference
wlith sound fleld

Approximate ppsition
of reflecting glane

The side and end loadings imposed by this form of
drive can be very low if the shafts are well balanced.
Careful shaft alignment is not required.

High-torque motors may require the uge of a more
substantial type of drive shaft system.

C.5.4 Hydraulic lines

Fluid inlet, outlet and, when applicable], leakage re-
turn lines need to be routed to the motpr. It is poss-

Ideally, a single shaft should be used between the
load and motor. If, however, chamber dimensions
and required running speed prevent this, an inter-
mediate bearing is required. This bearing should be
placed outside the measurement hemisphere. A
suitable layout uses a self-aligning rolling contact
bearing mounted on a concrete block just inside the
anechoic chamber, within the “wedge depth”. A
second shaft passes through this bearing and con-
nects with the load via a Hooke joint outside the
chamber wall. Figure C.6 shows the arrangement.

ible for these lines to approach the motor from
under the reflecting plane, but this causes problems
of adaptability when testing different configurations
of motors. It is operationally much simpler to run the
lines above the reflecting plane. This allows direct
access and eliminates the need for tight bends close
to the motor. The noise radiation from these lines
has to be prevented from reaching the microphones
by acoustic cladding. It is essential to use hose for
these fluid lines as it has been found that motor
structural vibrations cause rigid lines to emit very
high airborne noise levels, thus making them more
difficult to clad effectively. Avoid curved hose runs

15
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as these are also awkward to cover. An efficient
solution is to use short stub hoses incorporating
90° swept bends and fittings as shown in figure C.8.
This arrangement can be simply covered with
straight acoustic ducts. The rigid fittings between the
motor and the hose should be minimized.

The outlet fitting incorporates a pressure tapping
which should be connected to a pressure sensor
mounted at the same height as the tapping. Care
should be taken to ensure that there are no air leaks

sound. The absorbent material may be used to sup-
port the barrier layer on the source, but the amount
of material used should be minimized to prevent
structural transmission.

Fluid lines should be enclosed in a massive, well-
damped duct, such as a rigid PVC water pipe. Rings
of polyurethane foam can be placed at 1 m intervals
and at bends to support the fluid line away from the
duct wall and to prevent the build-up of reverberant
sound. If the fluid lines are hose, they can be

between the fi

ting and sensar Also the line should

strapped to lengths of light-gauge steel ang

e secC-

be purged of ajr to prevent air locks that create false
readings of thg relatively low pressures.

C.5.5 Acoustic cladding

All the motor
fluid lines, ha

ancillaries, such as output shaft and
e to be covered in acoustic cladding

tion to prevent sagging.

The ends of the duct should be sealed with
foam. The outside dimensions of thenduct shq
kept as small as possible to minimizZe interf

ngs of
uld be
Brence

with the sound field around the 'motor. Normally, an

air gap of 20 mm to 25 mm surfounded by a
approximately 6 mm wall thickness will suff

duct of
ciently

to prevent thei[ noise radiation being included in the
motor’s measyred noise output. The function of the
cladding is t¢ act as a sound transmission im-
pedance mismnlatch. This may be achieved most ef-
fectively by lse of a dense impervious layer
separated from the radiating surface by an air gap.
Sound-absorbégnt material is also required in this air
gap to prevent|the build-up of high levels of reflected

Flexible mount

reduce sound.

Little deterioration @n* acoustic performandge has
been found if the ®VC duct is split lengthways to fa-
cilitate assembly, providing the gaps are clos¢d with
heavy tape..Figure C.8 illustrates the cladding tech-
nique.

Chamber Lining “
I

i

Motor

Acou'[lc cladding: \

Barrier layer ~~7—— y

Alr gqp
Absorbent(material - b
used rs support & §

Safety hoop

&u A

— Shaft and bearing cladding

Figure C.8 — Diagrammatic view of the hemispherical layout showing fluid line cladding
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The PVC duct may, if required, be solidly mounted
to the reflecting plane or chamber wall since it pro-
vides an effective isolated support for the fluid line
inside.

The load shaft should be enclosed in an acoustically
lined duct. PVC water pipe is again a suitable ma-
terial, split lengthways for ease of assembly and
sealed with heavy tape. In order to minimize the
external diameter of the duct, it is recommended
that it be lined along the length of the cardan shaft
only, and not over the couplings at either end.

ISO 4412-2:1991(E)

Special care should be taken to eliminate resonant
interactions or beating between the pump and motor
fluid-borne noise in both the inlet and outlet lines.
Accumulators or silencing devices may be necess-
ary in these lines which should also incorporate at
least a 1 m length of flexible hose close to each
motor port. Beating between the pump and motor
fluid-borne noise should be checked for by repeating
one microphone position sound pressure level three
times and looking for repeatability of the resuit.

C.5.7  Running-in of test motors

It may pfove necessary to cover the Hooke joint at
the motgr end, in which case a light unlined cover
of glass feinforced plastic or similar material is rec-
ommendied, shaped to give minimum masking at the
shaft facg of the motor.

The shafr cover should be carefully aligned and rig-
idly moulnted to the reflecting plane to ensure that
it cannof| foul the rotating shaft.

The intefmediate bearing, if used, may be covered
with a free-standing acoustically lined box, con-
structed | of glass reinforced plastic or 19 mm
plywood| In the installation illustrated, this box is
mounted| and sealed between the chamber wall and
the reflefting plane (figure C.6) and forms the sup-
port for pne end of the shaft cover. The bearing and
shaft cojers thus form an acoustic duct to attenuate
airborne|noise passing through from the load unit.

C.5.6 Hydraulic test circuit

An opent} or closed-loop circuit should be employed,
the outldt pressure being regulated and ih-line with
the manpfacturer’s recommendationsi\An example
of a suillable test circuit is shown/in:figure C.9. An
appropripte load should be applied to the motor us-
ing an absorbtion dynamometen If a hydraulic pump
is used as the load, care should be taken to ensure
that a tdrsional resonanceyis not created by inter-
action between the pufop’s and the motor’s torque
ripple. Qontamination{protection and temperature
control gre also reqUired. Oil temperature and inlet
pressurg should-be measured at the motor inlet fit-
ting with a calibrated sensor. The outlet pressure
should He measured at the motor outlet fitting. The
sensor should he mounted in accordance with 7.4.4

The noise characteristics of some motofs have been
found to change markedly in the first few hours of
running. Therefore new motors)should pe run-in be-
fore testing.

C.5.8 Safety precautions

The presence ofadong drive shaft in {he anechoic
chamber necessitates certain precdgutions. The
acoustic cladding of the shaft should cqver all rotat-
ing parts @nd be of sufficient strength|to act as a
safety guard. It is also recommended {hat a strong
steel hoop be placed over the shaft cladding near
the ‘motor end and firmly attached to the chamber
floor to guard against coupling or mofor-mounting
failure.

C.6 Results

C.6.1 Test ranges

It is often useful to obtain a standard spt of data for
each motor which allows assessment |of the noise
output throughout the operating rangq, as well as
taking measurements at specific opgrating con-
ditions relating to a particular appljcation. This
standard set of data aids both with cofparison be-
tween motors and in studying the effeci of modifica-
tions or wear. The validity of the measurements in
terms of spatial averaging and backgrdund levels is
also checked. It has been found convenient to carry
out measurements as follows.

a) A-weighted sound power, in decibels (A), versus
motor shaft rotational speed for smajl increments

A shut-off valve is not recommended as a snubber
because a non-return action can occur at small
openings causing the gauge to indicate peak rather
than mean line pressure.

over the motor’s permissible speed range at the
maximum continuous rated pressure.

b) Directivity measurements, in decibels (A), taken

for at least five commonly used speeds covering
the operating range.
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6 Pressurd
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ure transducer

gauge with snubber

fer test

control valve (if required)
ure controller

8 Torque meter and absorptlon dynamometer

c) The motor]
closure arn
ground lev

One-third
taken, with
used in b),

One-third
repeated W

e)

f) Finally, the

is then covered with an acoustic en-
d test a) repeated to establish back-
els.

pctave or octave measurements are
the motor still covered, ‘at the speeds
bctave or ogtave measurements are

ith the moteriexposed.

b effectiof pressure may be obtained

by measun
for at le
throughou
ple: 25 M

4 MPa (250 bar,

40 bar) at
in b).

ng/Aweighted levels, in decibels (A),
ast five pressures evenly spaced

16 MPa, 10 MPa, 6,3 MPa and
160 bar, 100 bar, 63 bar and
each standard rotational speed given

Pa,

This test sequence minimizes the effort required in
changing cladding and instrumentation, whilst high-
lighting measurement problems at an early stage.
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Figure C.9 — Example of test circuit

T
1
E Alernative position
1
]

C.6.2 Interpretation of check data
If a strong resonance exists in the motor mpunting
or shaft, it can show up as a sharp peak in [the run
speed versus A-weighted levels, in decibels {A). The
background noise checks of overall A-weighted lev-
els, in decibels (A), and one-third octave plots will
show up weaknesses in the structural isolgtion or
acoustic cladding of the ancillaries in the cijamber.
The directivity measurements will indicate whether
a sufficient number of microphone measyrement
points is being used.

not give the full |checks
3 - se—represent
an unrealistic work load for every set of measure-
ments. After the initial commissioning of the facility,
and once a degree of confidence in the measure-
ments has been built up, periodic checks have been
found to be adequate.

This test sequence does

ad o nart O

C.6.3 Oil temperature

Only the temperature tolerance (+2 °C) is specified
in this part of ISO 4412. Obviously, it is up to the in-
dividual manufacturer or user to specify the test
temperature. The normal test temperature for many
motors is 50 °C.
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