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This International Standard describes a method for ‘meas
borne noise emitted by powered grass-cutting machines
accordance with ISO 4872. The method specifies”the det
the acoustical characteristics of a machine innterms of th
sound power level. The values obtained are the fundamen
for characterizing the sound output of the, machine under
weighted sound power level of the machifie is calculated fr
values of the A-weighted sound pressure level at severa
positions located on a hypothetical hemispherical surfa*
velops the machine. It has, however, been considered 3
specify fewer microphone positions than those in ISO 4872
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INTERNATIONAL STANDARD

I1ISO 11094:1991(E)

Acoustics — Test code for the measurement of airborne noise
emitted by power lawn mowers, lawn tractors, lawn and

garden tractors, professional mowers, and lawn and garde'n
tractors with mowing attachments

1 Scope

This Intefnational Standard specifies methods for
measuring the A-weighted sound pressure levels at
prescribefd microphone positions in the proximity of
the machjne under test while the machine is sta-
tionary of in motion. From these values the A-
weighted sound power level of the machine may be
calculated.

It define§ acoustical requirements for measure-
ments in an essentially free field over a partially re-
flecting plane, covered with a specified official
absorbing material or natural grass (see 4.4)7 The
operating|and mounting conditions of the.machine
under tes{ are described in detail.

NOTE 1 For noise control purposesyfor’example in the
development of quieter machines, other methods em-
ploying freqjuency analysis are usually applied.

This Interpational Standard-applies to the following
types of mower designéd™for private or professional
(commerdjal) use inyrecreational, decorative and
domestic preas:

— powered “tlawn mowers: walk-behind mowers,
self-prppélled mowers and riding mowers with,

It does not apply.to.the following:

— towed machines with mowing systems which are
not powered by the machine but ppwered by a
gearing mechanism from the wheels of the ma-
chine;

s agricultural and forestry machines for grass-
cutting or grass-harvesting.

This International Standard does not Hescribe the
following:

— measurement of sound pressure lpvels at the

operator’s position (i.e. at the ears
ator);

determination of the directivity char
the emitted noise and of the content

noise since these quantities are irre

determination of frequency charac

of the oper-

Acteristics of
of impulsive
evant;

teristics, for

example, for noise control purposes in the de-

velopment of quieter machines, whe
analysis in octave bands or one-

re frequency
hird octave

bands is usually applied.

NOTES

for example, rotary- and reel-mowing systems,
and with reference to the power source such as
mains-powered electric  mowers, battery-
powered electric mowers and internal com-
bustion engine-powered mowers;

— lawn and garden tractors or other multi-purpose
gardening machines with attachments for
mowing, with mowing systems as for powered
lawn mowers being powered by electric batteries
and/or internal combustion engines;

— professional (commercial) mowers and turf-care
equipment.

2 A-weighted sound power levels determined in accord-
ance with this International Standard tend to result in re-
peatability standard deviations of approximately 1 dB,
provided that the noise spectrum does not contain pro-
nounced discrete frequencies. If it does, the magnitude of
the repeatability standard deviations may be larger than
1 dB. The repeatability standard deviation of 1 dB reflects
the cumulative effects of all causes of measurement un-
certainty, excluding variations in the noise emission from
machine to machine in mass or quantity production and
from test site to test site.

3 For different test sites, the reproducibility standard
deviation may be 2 dB. Artificial test site surfaces will
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probably give the smallest reproducibility standard devi-
ations.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on thls Internatlonal Standard
are encouragedte S 5

ISO 354:1985,

. Members of IEC and ISO maintain
rrently valid International Standards.

Acoustics — Measurement of sound

absorption in ja reverberation room.

ISO 4046:1978,
— Vocabulary

1SO 4872:1978
noise emitted
for outdoor
pliance with n

ISO 5395:1990

Paper, board, pulp and related terms

Acoustics — Measurement of airborne
by construction equipment intended
iIse — Method for determining com-
oise limits.

Power lawn-mowers, lawn tractors,

lawn and garﬂen tractors, professional mowers, and

lawn and gar:
— Definitions
cedures.

IEC 651:1979,

IEC 804:1985,
ters.

IEC 942:1988,

en tractors with mowing attachments
safety requirements and test pro-

Sound level meters.

ntegrating-averaging sound level me-

Sound calibrators.

3 Definiti

For the purp
definitions gi

S

es of this {nternational Standard, the
en in 1SO_5395 and the following defi-

nitions apply.| For th€ convenience of users, some

definitions fro

180(5395 are repeated.

the reference sound power. It is expressed in de(:I—
bels. The reference sound power is 1 pW(1O W)
The symbol for the A-weighted sound power level is

Ly

3.4 measurement surface: A hypothetical surface
of area S which envelops the machine under test
and on which the microphone positions are located.

3.5 background noise: At the microphone positions
on the measurement surface the A- welghted sound
enerated

by the machine under test.

3.6 maximum operating engine [motor| speed:
Highest engine/motor speed obtdjnable when ad-
justed in accordance with mower manufhcturer’'s
specifications and/or instructions with the cutting
means engaged, taking into account all toldrances.

[1SO 5395:1990, 1.3.23}

3.7 grass catcher: Part or combination |of parts
which provides)'a means for collecting grass
clippings or debris.

[1SO 5395:4990, 1.3.17]

3.8 “cutting width: Width of cut measured agross the
cutting means at right-angles to the dirg¢ction of
travel and calculated from the dimensionjs of the
cutting means or the diameter(s) of the blade tip
circle(s).

[1SO 5395:1990, 1.3.9]

3.9 directional designation: Those designations,
such as front, forward, rear, right, right-hand, left-
hand, which refer to the direction of travel pr orien-
tation of the vehicle, mower or parts therdof when
the operator is in the normal operating position.

3.10 machine: Term used for any kind qf grass-

cutting machinery, e.g. lawn mower tractor] with at-
tachments for mowing.

4 Acoustic environment

3.1 sound pressure level, [

Ten times the loga-

rithm to the base 10 of the ra {10 of the square of the
sound pressure to the square of the reference sound

pressure. It is

sound pressure is 20 pPa (2 x 10~

for the A-weig

expressed in dembels The reference
Pa) The symbol
hted sound pressure level is L.

3.2 A-weighted surface sound pressure level, 1

Mean sound
measurement

pressure level weighted over {he
surface. (See clause 8.) It is ex-

pressed in decibels.

3.3 sound power level, L;;: Ten times the logarithm
to the base 10 of the ratio of a given sound power to

4.1 Criteria for adequacy of the test
environment

411 General

The test environment shall be a flat open space (a
slope, if any, not exceeding 5/100), visibly free of
sound-reflecting objects (building, trees, poles, sign
boards, etc.) within a circular area with a radius
equal to approximately three times the radius of the
hemispherical measurement surface used. Two
alternatives for the surface of the test environment
are given in 4.1.2 and 4.1.3.
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For measurements indoors, the sound field inside
the measurement room shall be similar to that of an
acoustical free field and the values obtained shall
be the same as those obtained when measurements
are undertaken outdoors in the open air using an
artificial surface.

4.1.2 Artificial surface

1ISO 11094:1991(E)

4.3 Climatic conditions

At the open test site, the wind speed shall be less
than 8 m/s, and preferably not greater than 5 m/s.
For wind speeds in excess of 1m/s, the
microphone(s) shall be equipped with a suitable
wind-screening attachment and appropriate cor-
rections for the effects of its use shall be applied in

accordance with the manufacturer’s instructions.

The air temperature of the test environment shall

not be below 5 °C

The artificial surface shall have absorption co-
efficients _as given in table1 measured in accord-
ance with ISO 354.
Table 1 — Absorption coefficients
Frequgnc .

g Y Abso::p_tlon Tolerance

H3 coefficient

12p 0,1 + 0,1

25D 0,3 + 0,1

50p 0,5 + 0,1

1000 0,7 + 0,1

2000 0,8 + 0,1

4000 0,9 + 0,1

The absofptive material shall be placed on a hard,
reflecting| surface and have a size of at least
3,6 mx3)6 m placed at the centre of the test eny
vironmenf. The construction of the supporting struc-
ture shall be such that the requirements for' the
acoustical properties are also met with the absorp-
tive matdrial in place. The structure shall support
the mower to avoid compression ofsthe absorbing
material.

NOTE 4 [See annex A for an example of a material and
construction which can be expécted to fulfil these re-
quirements.

4.1.3 Natural grass

The test ¢nvironment shall be covered, at least for
the horizpntal® projection of the measurement sur-
face used—with-high-quality natural grass—cut before
the measurements are taken to a height of cut in
accordance with 6.1. The surface shall be clean of
grass clippings and debris and shall be visibly free
of moisture, frost or snow.

4.2 Criterion for background noise

At the microphone positions, the A-weighted sound
pressure level due to any background noise shall
be at least 6 dB, and preferably more than 10 dB,
below the A-weighted sound pressure level when
the machine under test is operating (see 7.3).

5 Instrumentation

5.1 Instrumentation formeasuring aca

The instrumentation.shall be designed
determination of A-weighted sound pry¢
averaged over time on an energy basi
of the measuring chain shall not excse
ances spegified in the relevant clauses
instruments of Type 1. If used, integrati

ustical data

to permit the
essure levels
5. Tolerances
ed the toler-
of IEC 651 for
hg-averaging

sound\level meters shall be in accgrdance with

IEC,804 for instruments of Type 1.

To minimize the influence of the obs

erver on the

measurements, the microphone(s) shoyld preferably
be connected by cables to the meaduring instru-

ments. The observer shall not stand

between any

microphone and the machine whose sqund power is

being determined, nor in close prox
microphone.

To ensure compliance with the req
IEC 651, the measuring instrumentat

mity to any

hirements of
on shall be

calibrated at intervals of not more than 2 years in a

suitable laboratory with a sound calib
at least the requirements for a Class 1
accordance with IEC 942.

At least before and after each series

ator fulfilling
calibrator in

of measure-

ments, an acoustical calibrator with ar} accuracy of
+ 0,3 dB shall be applied to the microphone(s) to

verify the calibration of the entire meas
including microphone cable(s), if use

iring system,
d, at one or

be in the nominal range from 250 Hz

uency should
to 1 000 Hz.

The calibrator shall be checked annually to verify
that its output is within the specification.

NOTES

5 An example of an appropriate instrument for these
measurements is a Type 1 sound level meter that meets
the requirements of IEC 651 for measurements of steady
noise.

6 Another example of an appropriate instrumentation
system is an integrator which performs an analog or digi-
tal integration of the squared signal over a specified time
interval.


https://standardsiso.com/api/?name=19d726f4680cf0749627b6fe25f8d7d0

ISO 11094:1991(E)

5.2 Instrumentation for measuring the climatic
conditions

The wind speed shall be determined with instru-
ments having an accuracy of + 10 % at the limiting
wind speed.

The temperature shall be determined with instru-
ments having an accuracy of + 1 °C.

The air pressure shall be determined with instru-
ments having an accuracy of + 1 kPa.

ment, see 4.1). If the maximum height of cut of the
machine is less than 30 mm, the height of cut shall
be adjusted to the highest position provided. The
height of cut shall be adjusted with the machine
resting on a hard, flat surface.

NOTE7 For cylinder (reel) mowers, care should be
taken to avoid overheating the blades by operating con-
tinuously (without cutting grass) and therefore appropri-
ate interruptions for cooling and lubrication should be
introduced.

5.3 |nstrumeLtation for measuring the operating
conditions of machines

The rotationa] speed of engines, motors, cutting
means, etc. shall be measured with speed indicators
having an agcuracy of +1 % for the range of

measured vaIIes.

The voltage

t the socket (plug) of the cable of

mains-powered machines, and the voltage at the

terminals of
measured wit
+ 1 % for the

battery-powered machines shall be
h a voltmeter having an accuracy of
range of measured values.

6 Operation and location of machines
under test

6.1 Selection of attachments and adjustment
of mowing systems

The machine ghall be assembled and completed for
mowing as spgcified by the manufacturer«lfia grass
catcher is provided or available for the) machine
from the manyfacturer, it shall be fitted.and empty.

For cylinder |(reel) mowers, theDrotating cutting
cylinder(s) and/or the stationary cutting edge(s)
shall be adjupted using one of the following two
procedures, which shallbée mentioned in the test
report, such that

— either a gheet ‘of Kraft paper, as defined in
ISO 4046, [with  a grammage (substance) of
80 g/m? is 5 i
of cut, or

— the gap between moving and stationary blades
at standstill does not exceed 0,15 mm over the
whole width of cut when checked with calibrated
strip gauges.

Blades of knives of cylinder (reel) mowers shall be
lubricated with SAE 20/50 grade oil.

If the maximum height of cut of the machine is
greater than 30 mm, the height of cut shall be ad-
justed to the lowest position provided, but not lower
than 30 mm (the height of grass of the test environ-

6.2 Preconditioning the machine

Prior to noise measurements, the .mdchine under
test shall have completed a runping-in perjod of at
least 2 h. During this running-in\period th¢ blades
or knives of cylinder (reel) mowers shall be adjusted
so that they do not come, into contact with each
other.

Immediately before<\the first series of noise
measurements, the complete machine shall be op-
erated for a period of approximately 10|min for
stabilizing. For cylinder (reel) mowers with & cutting
width exceeding 0,6 m, the cutting means|may be
declutched during this period to avoid damage to the
blades.

Noise measurements shall be started immediately
following this stabilizing period.

6.3 Operation of engines

The fuel or fuel/oil mixture, and the oil quantity and
quality shall be as specified by the manufacfurer.

The fuel tank shall be not more than one-h3glf full at
the beginning of the measurements.

6.4 Operation of electric motors supplied
from mains

Machines with mains-operated motor(s), designed
for a.c. only, or for a.c. and d.c., shall be $upplied
with a.c. power at rated voltage + 2 % an{l at fre-
quency of 50 Hz or 60 Hz, according to the usual

W whic € machine is to
be used or, if designed for d.c. only, shall be sup-
plied with d.c. power at rated voltage + 2 %, except
for commutator motors which shall be supplied with
rated voltage + 1 %. The maximum frequency tol-
erance shall be + 1 %.

Machines designed for a voltage range shall be
supplied with the highest voltage of the range with
the same tolerance as above.

The supply voltage under load shall be measured
at the plug cap of a non-detachable cable, or at the
appliance inlet if a detachable cable is provided, but
in no case at the entrance of extension cables.
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6.5 Operation of electric motors supplied
from batteries

Noise measurements shall be started with fully
charged batteries as specified by the manufacturer,
but shall not be continued when the battery voltage
under load drops to lower than 0,9 times the battery
voltage under load at the beginning of the
measurements for lead-acid batteries, or to lower
than 0,8 times for other batteries.

I1ISO 11094:1991(E)

travelling and an operator or in the normal position,
at the maximum operating engine/motor speed and
the maximum operating speed of the cutting means
(see 3.6). If the machine is provided with a variable
gear for the speed of travel independent of the
speed of the cutting means, a setting for the lowest
speed of travel shall be selected. If, however, the
speed of travel depends on the speed of the cutting
means, a setting shall be selected that corresponds
with the maximum operating speed of the cutting

means.

Th b tt e valdaaga chall ha raacura datitbha hattar,
e batteprvoltage-shal-be-measuredatthe-battery

terminals|.

6.6 Operation and location of machines when
stationaty

Non-self-propelled machines, and self-propelled or
ride-on machines provided with means for disen-
gaging o] separating ground-drive wheels during the
mowing [|operation, shall be operated for noise
measurements with the machine stationary, the
ground-dfive disengaged and no operator present,
at the mgximum operating engine/motor speed and
the maximum operating speed of the cutting means
(see 3.6).

Stationary machines shall be measured by placing
them on the test surface in such a way that the pro-
jection oflthe geometrical centre of their main parts
(excluding handle, grass catcher, etc.) coincides
with the|origin of the coordinate system of :the
microphope positions. If an artificial surface in-ac-
cordance|with 4.1.2 is used, it shall be placed so that
its geomatrical centre also coincides with'the origin
of the cdordinate system of the microphone pos-
itions. The longitudinal axis of the machine shall be
on the x-gxis.

6.7 Ope¢ration and location,of machines when
travellinl

Self-propglled or ride:6n machines without means
for diserljgaging ©rn‘separating the ground-drive
wheels duiring thesmowing operation shall be oper-
ated for [nojse/“measurements with the machine

During travel, the projection of the gegmetrical cen-

tre of the main part of the machine 9
with the x-axis of the coordinate sy
microphone positions. The direction of
ing from + x through the(erigin of th
system towards — x.

hall coincide
stem of the
travel point-
e coordinate

7 Measurementof A-weighted sound

pressure levels

7.1 Measurement surface and mia
positions

The measurement surface shall be a
hemisphere of area § = 2nr° envelof
chine under test and terminating on the

rophone

hypothetical
ing the ma-
test surface.

The radius r of the hemisphere depends on the

width of cut of the machine under test,

a) r=4 m for machines with a width
1.2 m;

b) =10 m for machines with a widt
ceeding 1,2 m.

NOTE 8 This criterion is in accordance
quirements of ISO 4872. Experience shows,
measurements with a 4 m hemisphere may

and shall be

of cut up to

h of cut ex-

with the re-
however, that
give satisfac-

tory results for mowers with a width of cut up to 2 m.

There shall be six microphone position

s located on

the hemisphere, having the coordinatep listed in ta-

ble 2 and illustrated in figure 1.
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Dimensions in metres

0,71r

r =radius of hemisphére

Figure 1 — Microphone positions on the hemisphere (see table 2)

Table 2 — Coordinates of microphone positions

Position X y 5
No. r 7
1 + 0,7 + 0,7 1.5m
2 —0,7 + 0,7 1.5m
3 —-0,7 - 0,7 1.6 m
4 +0,7 —-0,7 1.5m
] — 0,27 + 0,65 0,71r
6 + 0,27 — 0,65 0,71r
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7.2 Measurement of sound pressure levels

The measurements shall be carried out with the
frequency-weighting characteristic A. If an inte-
grating-averaging sound level meter is used, the
result obtained is the required energy average of the
sound pressure level. If a sound level meter is used,
the time-weighting characteristic S shall be applied.
If other instrumentation is used, the time weighting

1ISO 11094:1991(E)

7.3 Corrections for background noise

The A-weighted sound pressure levels recorded at
each of the microphone positions shall be corrected
for the influence of background noise according to
table 3.

Table 3 — Corrections for background noise
Values in decibels

Correction to be

Difference between sound subtracted from sound

shall be [equivalent.

For statipnary machines, the measurement time in-
terval (pgriod of observation) shall be at least 15 s.

For trave¢lling machines, the measurement time in-
terval shiall be equal to the time it takes for the ma-
chine to [pass at constant speed the distance of 2 m
between|the coordinates x=+1m and x=—1m.

If a sound level meter is used for the measurements
and the [fluctuations of the indicating pointer are
within a range of 5 dB, the noise is considered to be
steady for the purposes of this International Stan-
dard ang the level is taken as the average of the
maximurm and minimum levels during the measure-
ment time interval. If the fluctuations are greater,
three to five readings shall be taken at equal inter-
vals during the measurement time interval and the
energy average of the sound pressure level at each
microphgne position shall be calculated from*the
readings|using equation (1) (see 8.1).

Three sefries of sound pressure level measurements
shall be garried out, resulting in three surface sound
pressure| levels calculated in accerdance with 8.1.
The aritimetic mean of these three” values is con-
sidered fo be the correct surface sound pressure
level for|determining the saund power level of the
machinelin accordance with\8.2.

If the maximum sound-power level is desired, the
sound pfessure levels [ , shall be measured at
least three times\MAhe sound power levels obtained
from the$e measurements differ by more than 1 dB,
further measurements shall be taken until two
power lgqvels are obtained which do not differ by

pressure,leyel measured

with sound source
operating and background
sound pressure level
alone

<6 Measuremlents invalid

1,0
1,0
8 1,0
q,5
9,5

8 ‘Calculation of surface sound| pressure
level and power level

8.1 Calculation of A-weighted surface sound
pressure level, LpA

The A-weighted surface sound pressjure level IT:
shall be calculated from the measured values oftﬁe
A-weighted sound pressure level L], (after cor-
rections have been applied; see 7.3 and note 10), by
using the following equation:

N
— 1 0,11 a;
l’pA =101Ig N 210 A dB )]

i=1

where

L,n is the energy-averaged A-fveighted sur-
face sound pressure level, in decibels
(reference: 20 pPa);

L, is the A-weighted sound fressure level

more than 1 dB; the higher of these shall be the
sound level of the machine.

NOTE9 If, for measurements on a travelling machine,
a sound level meter is used, in most cases the sound
pressure level of interest will be equal to the reading
taken at the instant when the machine passes the centre
of the measurement surface.

resulting from the b microphone pos-
ition, corrected if necessary for back-
ground noise and other influences, in
decibels (reference: 20 uPa);

N is the total number of measurements; in
general, N is equal to the number of
microphone positions.
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NOTE 10  Equation (1) may be used generally for deter-
mining the energy-average of measured sound pressure
levels, for example in the case of fluctuating noise (see
7.2).

Corrections for the effects of temperature, humidity,
altitude of the test environment and microphone
wind-screening attachments shall be made, if nec-
essary, to the measured values of the A-weighted
sound pressure levels according to the instructions
of the manufacturer of the acoustical instrumenta-
tion.

c) Name and address of the company or organiz-
ation which ordered measurements.

9.2 Description of the machine under test
a) Category of equipment as specified in clause 1.
b) Mowing system as specified in clause 1.

c) Manufacturer or dealer, and trade-mark.

8.2 Calculation of A-weighted sound power
level, Ly,

d—Modetortype dimension,and seriarmuomber.
e) Accessories and attachments for mowing.

f) Grass-catching device.

The A-weight

d sound power level of the machine,

Ly,, in decibels (reference: 1 pW), shall be calcu-
lated from the| following equation:

T S
Lya=L,4{+10 Ig—§0~ dB .. (2
where
Ij[; is the energy-averaged A-weighted sur-

fage sound pressure level, in decibels

(re

is
Ef
0

S

ference: 20 pPa);

he area of the measurement surface
= 2nr°), in square metres (reference:
=1 m°).

g) Power source of the machine as spefified in
clause 1.
h) Number of blades.or cutting cylinders.

)

9.3" Supply, fuel and lubrication for op

Type of bladé€s, diameter in millimetfes,
signed for grass-catching or not, separafe fan or

blower for transport of grass clippings of not.

Totab cutting width, in millimetres or mef

res.

de-

pration

For hemispheles with the specified values for r, the
values for S and for 10 1g(S/.S,) are given in tabled4:

Table 4 — Numerical values for sound power level
calculations

r N 101g 2
g 1]

m m2 dB

4 100 20

10 628 28

a) Electric supply: d.c., a.c., rated voltage, rated
frequency, battery voltage and capacity| voltage
and frequency with tolerances during measure-
ments.

b) Fuel: gasoline, diesel, fuel/oil mixture, fuel tank
capacity, in litres.

c) Oil: quality and quantity, in litres.

d) Supply for hydraulic motors.

9.4 Preconditioning of the machine

a) Running-in period before testing, in houts.

b) Stabilizing period before each sdries of

9 Information to be recorded
The information given in 9.1 to 9.8, when applicable,
shall be compiled and recorded for measurements

that are made in accordance with the requirements
of this International Standard.

9.1 General data

a) Name and address of the laboratory where
measurements have been carried out.

b) File number and date(s) of measurements.

measurements, in minutes.

9.5 Operating conditions of the machine
a) Adjusted cutting height, in millimetres.
b) Setting of speed control(s).

c) Procedure of adjustment of blades and knives of
cylinder (reel) mowers.

d) Speed of engine or motor, in revolutions per
minute.
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