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Foreword ' .

ISO -(the Intermational Organizalion for Standardization} is a worldwide
federation of national standards bodies (IS0 member bodies). The work
of preparing International Standards 1s normally catrled out through 1SO
technical committees. Each member body Interested in a subject for
which a technical committes has been established has the right to be
represented on that committee. International organizations, govern-
- mental and non-governmental, In llaison with 180, also take part in the
work. 180 collaborates closely with the International Electrotechnical
Commission {IEC} on all matters of electrotechnical standardization,

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 73 % of the member
bodies castlng a vote. '

lnternétional Standard 180 4412-3 was prepared jointly by Technijcal
Committees ISQ/TC 431, Fluid power systems, Sub-Committee SC 8§,
Product testing and confamination control and ISO/TC 43, Acoustics,

IS0 4412 conslists of the following parts, under the general title Hydraulic
Auid power — Test code for delermination of airborne noise levels:

— Part 1: Pumps
— Part 22 Molors

— Part 3: Fumps — Method using a péra!fe!ep!ped microphone array

Annex A rdrms an integral part of this part of 1ISO 4412, Annex B is for
"~ informaticn only. : . .

iii
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Introduction

In hydraulic fluld power systems, power is transmitted and controtled
through a liquid under pressure in a closed circuit. Pumps are cofmpo-
nents which convert rotary mechanical power inte fluid power. During
the process of converting mechanical power into hydraulic fluid power,
alrborne noise, fluid-borne vibrations and structure-borne wbratlons are
radiated from the pump.

The alrbarne noise ievel of a hydraulic fluid power pump is an important
consideration in component selection. The noise measurement tech-
nigue should, therefore, be such as to yield accurate appralsals of these
alrborne noise leveis. The determlnatlon of noise levels is complicated
by the Interactions which occur during nolse measurements. The fluid- -
borne and structure-borne vibrations from the pump can be transmitted
to the clrcult and ultimately give rise fo background airborne noise lev-
els which could affect the determlnatlon of the pump anholne nolse
levels. :

The procedures described in this part of ISO 4412 are intended to
measure only the airborne noise radiated directly from the pump under
test,

This part of ISO 4412 closefy follows the methods described in the two
other paris, but allows the use of alternative pump mounting and drive
conflguratlons which are slmpler and cheaper {o implement in an
anecholc chamber, Much of the guidance given in IS0 4412-1.1981, an-
nex C, is equally applicable to this pari of IS0 4412, The data obtalned
have been shown to be sufficiently accurate in engineering terms for
A-weighted and one-third oclave hoise measurements, in declbels.

Thls partt of IS0 4442 may also be applled to the testing of motors.
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Hydraulic fluid power — Test code for determmatlon of

airborne noise levels —

Part 3:

Pumps — Method usmg a paralleleplped microphone array

1 Scope

This part of 1SO 4412 describes procedures for the
dotermination of the sound power levels of a hy-
dravlic fluld power pump, under controlled con-
ditions of installation and operaiion, suitable for
providing a basis for comparing the noise levels of
pumps in terms of

— A-weighted sound power level;

— ohe-third octave band power level,

From these sound power levels, if required, refer-

ence sound pressure fevels may be calculated for
reporting purposes {see clause 11).

For general purposes, lhe frequency range of inter-
est includes the ene-third octave bands with centre
frequencies between 100 Hz and 10000 Hz. ¥

' This part of 1S0 4412 Is applicable to all types of

hydraulic flusid power pumps operating under .

steady-state conditions, irrespective of size, except
for any limitations imposed by the size of the test
anvironment {see clause 3).

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of IS0 4412, At the time of publication,
the editicns indicated were valid. All standards are
subject to revision, and parties to agreements based
‘oh this part of IS0 4412 are encouraged to investl-
gate the possibility of applying the most recent edi-
tions of the slandards Indicated below. Members of

1) 1Hz = 151

IEC and IS0 maintain régisters of currently valid In-
ternational Standards,

18O 3448:1975, Indusirial liquid lubricants — IS0 vis-
cosity classification.

IS0 3744:1981, Acoustics — Determinafion of sound
power levels of noise sources — Engineering meth-
ods for free-field conditions over a reflectfing planc,

ISO 5598:1985, Fluid power systems and components
— Vocabufary

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

IEC 651.1979, Souynd level meters.

3 Definitions

For the purposes of this part of IS0 4412, the defi-
nitions given. in SO 5598 and the following defi-
nitions apply. it is accepted that the latier definitions
may differ from those in other specific International
Standards. )

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

NOTE 1 In practice, it is a field in which the effects of
the boundaries are negligible over the frequancy ranga
of interest, '

3.2 free fleld over two reflecting planes: Field
produced by a source in the presence of two mutu-
ally perpendicu[ar reflecting planes.
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3.3 anechoic room: 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,

34 mean-square sound pressure: The sound
pressure averaged in space and tlme on a mean-
stuare basis,

NOTE 2 In practice, this is estimated by space and time
averaging over a finite path length or over a number of
flxed microphone positions.

3.5 mean sound pressure level (L): Ten times the
logarithm to the base 10 of the ratlo of the mean-
square sound pressure to the square of the refer-
ence sound pressure, in decibels (dB).

NOTE 3 The weighting network or the width of the fre-
quency band used should always be indicated; for exam-
ple, A-wsighted sound pressure level, octave band sound
pressure [evel. The reference sound pressure is 20 pPa?,

3.6 sound power level [ Ten times the logarithm
to the base 10 of the ratio of 8 glven sound power to
the reference sound power, in declbels {dB}.

NOTE 4 The waighting network or the width of the fre-
quency band used should always be indicated, The refer-
ence sound power is 1 pWh

3.7 volumae of source under fesf: Volume of the en-
velope of the whole pump under test.

3.2 reference box: Hypothelical reference surface
which [s the smallest rectangular parallelepiped that
just encloses the pump and any large directly-
attached appendages {such as valve bodies or con-
trol handwheels) and which terminates on the
reflecting planes,

4 Measuremant uncertainty

With the exception of the measurement environment
speclfled In clause 5, use methods of measurement
which tend to result in standard deviations which
are equal 1o or less than those given in tabie1. To
meaet thls requirement, use the engineering methods
glven in 180 3744: 1981, clause 4 and annex A,

2) 1 pPa = 10-¢ N/m?
3) 1pW = 10-12W

Table 1 — Standard deviatlons of sound power level
determinations

Standard deviation, dB,

for one-third octave band centre fraquencies
100 Hz ta 200 Hz to 800 Hz to 8300 Hz to
160 Hz 630 Hz 5000 Hz 10000 Hz

5,0 30 2,0 3,0

The standard deviations given in table 1 include the
effects of aflowable variations in the positioning of
the measurement points and in the selection of any
prescribed measurement surface, but exclude vari-
ations in the sound power oulput of the souwrce from
test to test, :

NOTE5 The A-weighted sound power level will In most
practical cases be determined with a standard deviation
of approximately 2 dB,

5 Test environment

Tests shalt be conducted fn an environment gener-
ally in accordance with that described in 180 3744
and which provides free-field condliions over two
mutually perpendicular reflecting ofanes, hoth of
which extend beyond the projected area of the
microphone measuring array.

Calibrate the acoustic test environment thus formed
and ascertain the environmental corrections for
each frequency band of interest, using the pro-
rcedures described in SO 3744:1981, annex A.

6 Instrumentation

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

6.2 The instrumentation used for acoustical
measurements shall be in accordance with IEC 5§51,
This instrumentation shall be In accordance with
IS0 3744 for both performance and callbration; i.e.
type 2 instrumenis for englheering {grade 2)
measurements.
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7 Installation conditions

7.t Pump location .

The pump shall be located with Iits mounting flange
flush with one reflecting plane. The secand reflecting
plane shall be arranged so as to intersect the first
at right angles as close to the pump as practicabte,

7.2° Pump mounting

721 The pump mounting shall be constructed so '

that [t will minimize the noise radiated as a resu't
of pump vibrations.

7.2.2 The mounting bracket shall be constructed of

high damplng material, or with sound-damping and
sound-insulating material applied to the bracket as
required. : :

7.2.3 Vibratlon *isolation techniques, if needed,
shall be used even if the pump is usually securely
mounied, .

7.3 Pump drive

The drive motor shall be located outside the test
space and the pump shall be driven through flexible
couplings and an intermediate shaft, or the motor
shall he isolated in an acoustic enclosure.

7.4 Hydraulle circuit

7.44% The clreuit shall include alt oil fikers, oil
coolers, reservoirs and restrictor valves as required
1o meet the pump hydraulic operalinyg conditlons.
{see clause. &}, ' .

7.4.2 The test tluid and degrae of filtration shall be

in accordance with the manufacturer's recommen-.

" dations.

7.4.3 Inlet and discharge lines shall be inslalled

with diameters in accordance with the manulac-

turers’ recommended practice. Extra care shail be
exercised when assembling intet lines to prevent air
leaking into the circuit,

744 The inlet pres'sure gauge shall be mounted
at the same height as the inlet fittings or it shall be
~ calibrated for any height difference.

7.45 The length of line belween the pump and the -

load valve shall be selected in order to minimize the

effect of standing waves In the discharge line which

_can increase the sound radiated from the pump. At

ISO 4412-3:1991(E)

Jeast 15 m of hose shall be used to meet this re-
quirement,

7.48 A stable load valve shall be used,

NOTE 6 Unstable load valves In the discharge line can
generate and transmit noise through the fluid and plping

~ which can emerge as alrborne sound at the pump.

7.4.7 The load valve shall be positioned as far as
possible from the pump; preferably ouislde the test

room, to minimize interactlon. The load valve shall .

be located close to the pump only when adequate
control of its acoustic performance can be provided.

7.48 Al fluid lines and load valves in the test

‘space shall be wrapped with' sound-Isolating ma-

terials, if required {see 10.1). Mailerial having a
sound-transmission loss of at least 10 dB at 125 Hz,
and a greater loss at higher frequencies, shall be
used. .

8 Operating conditions

8.1 Determine the sound power levels of the pump .
(see clause 11} for any desired sel of operating
conditions (see 12.3.7).

8.2 These test condilions shall ba maimMained
throeughout the fest within the limits glven in table 2.

‘Table 2 — Allowable variations of mean indicated
' values of controlled parameters

Test parameter Allowable varlatlon

Flow | £2 %
Pressure . S 0%
Speed 4-2 %
Temperature . Cod2C

8.3 The pump shall be tested in the
“ge-daelivered” condition with any ancillary pumps
and valves operating normally during the test, so as
to include their nolse contributions to the airborne
noise level of the pump.

9 Location and number of sound
measurement points

Provide and locale six measuring mlcrophones in a
parallelepiped array, in accordance with figure 1_and

* having the coordinates listed in table3. Centre the

array at the intersection of the two reflecting planes,
on the projected centreline of the pump.
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Reflecting plane

Measurement surface

Reference box

d=1m

NOTE - This form of array Is based upon tha microphona arrey described In
IS0 3745421981, annsex C.

Figure 1 — Microphene array on rectangular parallelepiped measuring surface

10 Test procedure

Table 3 — Coordinates of microphone locations

shown In flgure1 10.1 Background noise measurements

Eflzco:; Coordinates )
osition 5 ; 10.1.1 Measure the background noise of interest
P y that is present during the pump noise test which
does not emanate from the pump itself.
1 li+4d 0 Ltd
2 Over the frequency range of interest, the band
I+ d p L+ d sound pressure levels of this background noise shall
2and 3 "1T i(_if_+d) : "3“2““ be at least 68 dB below the pump band sound press-
ure levels at each measurement point.
4 and § h+d :I:(-]i—[—d) ht+d
i 2
I+ d . 10.1.2 Correct for this background noise, if evi-
8 —-’—5— 0 b+d | . denced by these measurements, by applying the
corrections for this purpose given in 180 3744.




ISO Li'-i]sE F‘T*B A1 - '-155];:"33 EIILIJ&H?'? 1 -

10.1.3 When measurement of band levels of back-
ground nolse s not practical, the A-weighted back-
ground souhd level of each measurement point shall
be at least 6 dB below the pump A-weighted sound
level.

Correct these A-welghted measurements for back-
ground noise.

NOTES

7 Easing the reqwréments for background nofse levels
can lead fo an overestimate of the pump band sound
pressure levels.

8 The A—weighted backgrbund sound leve! at. each

measurement point may be checked by covering the
pump with sound-insulating materlals capable of a trans-
mission loss of at least 10 dB over the frequency range
which is “determining" the A-weighted sound leve! of tho
purmp.

10.1.4 }f fhe background Ievel is found to be too
high, check for further noise control of the pump
mounting, drive ot hydraulic circuit, as indicated.

10415 Ensure that the orientation of the micro-

phones and the period of observation are as speci-
fled In 1SO 3744,

10.2 Pump measurements
10.2.1 Measurement sequence

Prior to commenbement of a serles of lests, operale
the pump for a sufficient time to purge air from the

system and to stabllize all variabfes, including fluid

condition, to within the limits given in table 2.
Measure the following for each test:

a) pump speed and ‘ﬂc.)w rate,

b} fluid te'mperature and pressuré at pump inlet and

fluld pressure at discharge flitings or at 1the test
point provided by the pump manufacturer;.

'¢) band sound pressure levels at each measure-

ment point over the frequency range of interest;

d) A-weighted sound pressure level at each meas-
urement point, if required.

10.2.2 New or rebuflt pumps

10.2.21 Repeat the initial pump measurement test
of the serles at the end of a test series or after 1 h
of testing.

10.2.2.2 if the A-weighted sound level at any selec-
ted measurement point does not duplicate that of
the first test within 2 dB (A), the whole test serles
shall be mvalldated

ISO 4412-3:1991(E)

11 Calculation of surface sound pressure
levels and sound power levels

Calculate the sound pressure levels and sound
power levels as described in {80 3744, The surface
area, 5, used in 1SO 3744:1981, 8 3 shal be calcu-
lated as follows:

§ =200+ A+ )+ b+ 20+ d) +
+ () + d)h, + 2d)

where [, §, and § are the dimensions of the refer-
ance box shown in figura1, and d = 1 m.

12 Information to be recorded

12.1 Specifications -

The information glven in 12.2 and 12.3 shall be

compiled and recorded for all measurements made
according to the reguirements of this part of
IS0 4412,

12.2 General !nforrnation

a) name and address of pump manufacturer and, if
applicable, user;

b) referance number(s) for identification of the
pump; ' ' '

¢} name and address of persons or organizatlon

responsible for the acoustic lests on the pump;

d) date and place of acoustic tests;

) a statement that the sound power levels of the.

pump have been oblained [n full conformance
with this part of IS0 4412,

12.3 Pump under test

12.3.% Daescription of pump

a) type of pump {e.g. gear or plston) including an-
citlary equipment;

b) .typ'e' of displacement (e.q. fixed or variable);

c) pump overall finear dimensions (with sketch if
necessary).

d} pump maximum displacement;

e) type of displacement controller and setting.
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12,3.2 Acoustic anvironment for tests

a} the internal dimensions of the test room and the
type of acoustic field for the measurements (e.g.
free field over two reflecting planes);

b} the acoustical treatment of the test room;

¢} the daie of measurement;

d) amblent temperature {in degrees Celsius), rela-
tive humidity {in percentage) and barometric
pressure {in pascals®);

a) results of acoustical gualification of test environ-
ment, as required by 150 3744,

12,3.3 Reference sound source
a) manufacturer, type and serial number;

b) sound power level calibration data, including
name of calibrating laboratory and date of cali-
bratlon.

12,.3.4 Mounting and instaflation conditions of pump
a) dascription of pump mounting conditions;

b nature and characteristics of hydraulic circuit
and detalis of any acoustic insulation treatment;

c) nature and description of other machines being
used which could have an Influence on the
measured sound pressure levels of the pump,

12.3,5 Location of pump in tast environment

12.3.51 Include a sketch showing the location of
the pump in relation to walls, floor and ceiling of test
room. ’

42.3.5.2 Show on this sketch the location of other
reflecting or absorbing screens and noise sources
whiech can Influence measurements.

12.3.6 Instrumentation

a) details of aquipment used to monitor pump op-
erating conditions (see 12.3.7} including type,
serial number and manufacturer;

4) 1 Pa = 10~5 bar .
5) 1c8t = 1 mm?s
6) 1 bar = 105 N/m® = 105 Pa = 0,1 MPa

BN 4251503 0108473 3 MM

b) details of equipment used for acoustic measure-
ments including name, lype, serlal number and
manufacturer; :

¢) bandwidth of frequency analyser,

dy overall frequency response of instrumentation
system and date and method of calibration,

e} method of calibration of microphones and date
and place of calibration,

12.3.7 Pump operating condifions
Include the following details for each test:

a) full description of fluid, including elassification in
accordance with 1SD 6743-4;

b} fluid viscosity classification in accordance with
ISO 3448, in centistokes or in  millimetres
squared per second®,

¢) shalt speed, in revolutions per minute;

.d) infet pressure, in megapascals {bars®);

e) oullet pressure, in megapascals (bars);

f} pump delivery (flow), elther measured or calcu-
jated, in litres per minute;

g) temperature of fluld at pump infet, fn degrees
"~ Celsius,

12.3.8 Acoustical data

Include all data as required by 180 3744,

13 Test report

The test report shail contain the following infor-
mation:

a). the A-weighted sound power level and one-third
octave band sound power levels for each fre-
quency band of interest for each set of operating
conditions;

b} a statement that the sound power levels have
been obtained in full conformance with the pro-
cedures of this part of 1SO 4412 and the specified
paragraphs of SO 3744 for the determination of
sound power levels of noise sources,




IS¢ uul2 PT%3 91 EE 4851903 0108479 5 WA |

14 [ldentification statement (Reference to
this part of IS0 4412)

Use the following statement in test reports, cala-
logues and sales literature when complymg with this
part of ISO 4412:

1SO 4412-3:1991(E)

“Airborne noise levels determined in accordance
with 1SO 4412-3, Hydraulic fiuid power — Test code
for determination of alrborne noise levels — Part 3;
Pumps — Method using a paraHeleperd mlcrophone
anay
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Annex A
(normative)

Errors and classes of measurement

ISO 4412-3:1991(E)

A1 Classes of measurement

Depending on the accuracy required, the tests may

Table A.1 — Permlssible systematic ervors of
measuring Instruments as determined during

be carriad out 1o one of three classes of measure- calibration

ment, A, B or C. The classes of measurement shall Class of

be agreed between the parties concerned. The use measure- | Units A B c

of class A and class B Is restricted to special cases ment

where there i 2 need o have the performance more (see A1) (see A1)

precisely defined. Such tests require more accurate

apparatus and methods, possibly Increasing the o

costs of such tests, This part of ISO 4412, however, Flow & 105 +18 +2,5

specifies class C accuracy. Pressure % +0.5 15 2,5

_ Tempera- o 105 110 42,0

A.2 Errors ture o o o
Speed % 30,5 1.0 L0

Use any device or method that by calibration or

comparison with International Standards has been

demenstrated to be capable of measuring with sys- NOTE — The percentage [imits are of the value of the

tematic errors not exceeding the fimits given in quantity being measured and not of the maximum val-

table AA. ues ?f the test ar the maximum reading of the instru-
ment,
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Annex B
(informative)
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