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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. ISO 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 75 % of the member
bodies casting a vote.

International Standard ISO 11094 was prepared cjointly by 1Technical
Committees ISO/TC 43, Acoustics, Sub-Committee SC 1, Noise and
ISO/TC 23, Tractors and machinery for agriculture and forestry, Sub-
Committee SC 13, Powered lawn and garden equipment.
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Introduction

This International Standard describes a method for measuring the air-
borne noise emitted by powered grass-cutting machines essentially in
accordance with ISO 4872. The method specifies the determination of
the acoustical characteristics of a machine in terms of the A-weighted
sound power level. The values obtained are the fundamental quantities
for characterizing the sound output of the machine under test. The A-
weighted sound power level of the machine is calculated from measured
values of the A-weighted sound pressure level at several microphone
positions located on a hypothetical hemispherical surface which en-
velops the machine. It has, however, been considered appropriate to
specify fewer microphone positions than those in ISO 4872.
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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 garden

tractors with mowing attachments

1 Scope

This International Standard specifies methods for
measuring the A-weighted sound pressure levels at
prescribed microphone positions in the proximity of
the machine under test while' the machinenis rstas
tionary or in motion. From"these "values ‘the "A-
weighted sound power level of the machine may,be
calculated.

It defines 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 4.1). The
operating and mounting conditions of the machine
under test are described in detail.

NOTE 1  For noise control purposes, for example in the
development of quieter machines, other methods em-
ploying frequency analysis are usually applied.

This International Standard applies to the following
types of mower designed for private or professional
(commercial) use in recreational, decorative and
domestic areas:

— powered lawn mowers: walk-behind mowers,
self-propelled mowers and riding mowers with,
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.

It does not apply to the following:

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

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

This International Standard does not describe the
following:

— measurement of sound pressure levels at the
operator’s position (i.e. at the ears of the oper-
ator);

— determination of the directivity characteristics of
the emitted noise and of the content of impulsive
noise since these quantities are irrelevant;

— determination of frequency characteristics, for
example, for noise control purposes in the de-
velopment of quieter machines, where frequency
analysis in octave bands or one-third octave
bands is usually applied.

NOTES

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 this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 354:1985, Acoustics — Measurement of sound
absorption in a reverberation room.

ISO 4046:1978, Paper, board, pulp and related terms
— Vocabulary.

1SO 4872:1978, Acoustics — Measurement of airborne
noise emitted by construction equipment intended
for outdoor use — Method for determining com-
pliance with noise limits.

ISO 5395:1990, Power lawn-mowers, lawn tractors;
lawn and garden tractors, professional mowers, ‘and
lawn and garden tractors with mowing attachments
— Definitions, safety requirements and test pro-
cedures.

IEC 651:1979, Sound level meters.

IEC 804:1985, Integrating-averaging sound level me-
ters.

IEC 942:1988, Sound calibrators.

3 Definitions

For the purposes of this International Standard, the
definitions given in ISO 5395 and the following defi-
nitions apply. For the convenience of users, some
definitions from 1SO 5395 are repeated.

3.1 sound pressure level, . : Ten times the loga-
rithm to the base 10 of the ra{io of the square of the
sound pressure to the square of the reference sound
pressure. It is expressed in decibels. The reference
sound pressure is 20 pPa (2 x 107 ° Pa). The symbol
for the A-weighted sound pressure level is LPA.

3.2 A-weighted surface sound pressure level, [ ,:
Mean sound pressure level weighted over {he
measurement 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

the reference sound power. It is expressed in deci-
bels. The reference sound power is 1 pW(10_ 12 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-weighted sound
pressure levels of any noise which is not generated
by the machine under test.

3.6 maximum operating engine [motor] speed:
Highest engine/motor speed obtainable when ad-
justed in accordance with mower manufacturer’s
specifications and/or instructions with the cutting
means engaged, taking into account all tolerances.

[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) 5395:1990).1.3.47]

3.8 | cutting width: Width of cut measured across the
cutting means’ at right-angles to the direction of
travel and calculated from the dimensions of the
cutting means or the diameter(s) of the blade tip
circle(s). i

[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 or orien-
tation of the vehicle, mower or parts thereof when
the operator is in the normal operating position.

3.10 machine: Term used for any kind of grass-
cutting machinery, e.g. lawn mower tractor with at-
tachments for mowing.

4 Acoustic environment

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.



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

The artificial surface shall have absorption co-
efficients as given in table 1, measured in accord-
ance with ISO 354.

Table 1 — Absorption coefficients

Frequency Absorption Tolerance
Hz coefficient
125 0,1 +0,1
250 0,3 + 0,1
500 0.5 + 0,1
1000 0,7 + 0,1
2000 0,8 + 0,1
4000 0,9 40,1

The absorptive material shall be placed on a hard,
reflecting surface and have a size of at |east
3,6 mx 3,6 m placed at the centre of the test en-
vironment. The construction of the“suppotrting struc-
ture shall be such that the requirements’ for the
acoustical properties are also met with the absorp-
tive material in place. The structure shall support
the mower to avoid compression of the absorbing
material.

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

4.1.3 Natural grass

The test environment shall be covered, at least for
the horizontal 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).

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

5 Instrumentation

5.1 Instrumentation for measuring acoustical data

The instrumentation shall be designed to permit the
determination of A-weighted sound pressure levels
averaged over time on an energy basis. Tolerances
of the measuring chain shall not exceed the toler-
ances specified in the relevant clauses of IEC 651 for
instruments of Type 1. If used, integrating-averaging
sound, level meters,shall be in accordance with
IEC 804 for instruments of Type 1.

T6 minimize the influence of the observer on the
measurements, the microphone(s) should preferably
be connected by cables to the measuring instru-
ments. The observer, shall not stand between any
microphone and the machine whose sound power is
being determined, nor in close proximity to any
microphone.

To ensure compliance with the requirements of
IEC 651, the measuring instrumentation shall be
calibrated at intervals of not more than 2 years in a
suitable laboratory with a sound calibrator fulfilling
at least the requirements for a Class 1 calibrator in
accordance with IEC 942.

At least before and after each series of measure-
ments, an acoustical calibrator with an accuracy of
+ 0,3 dB shall be applied to the microphone(s) to
verify the calibration of the entire measuring system,
including microphone cable(s), if used, at one or
more frequencies. One calibration frequency should
be in the nominal range from 250 Hz 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.
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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.

5.3 Instrumentation for measuring the operating
conditions of machines

The rotational speed of engines, motors, cutting
means, etc. shall be measured with speed indicators
having an accuracy of +1 % for the range of
measured values.

The voltage at the socket (plug) of the cable of
mains-powered machines, and the voltage at the
terminals of battery-powered machines shall be
measured with a voltmeter having an accuracy of
+ 1 % for the range of measured values.

6 Operation and location of machines
under test

6.1 Selection of attachments and‘adjustment
of mowing systems

The machine shall be assembled and completed for
mowing as specified by the manufacturer. If a grass
catcher is provided or available for the machine
from the manufacturer, it shall be fitted and empty.

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

— either a sheet of Kraft paper, as defined in
ISO 4046, with a grammage (substance) of
80 g/m2 is cut at least along 50 % of the width
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-

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.

6.2 Preconditioning the machine

Prior to noise measurements, the machine under
test shall have completed a running-in period of at
least 2 h. During this running-in period the 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 a cutting
width exceeding 0,6 m, the cutting means may be
declutchedduring 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 manufacturer.

The fuel tank shall be not more than one-half 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 supplied
with a.c. power at rated voltage + 2 % and at fre-
quency of 50 Hz or 60 Hz, according to the usual
frequency of the country in which the 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.



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.

The battery voltage shall be measured at the battery
terminals.

6.6 Operation and location of machines when
stationary

Non-self-propelled machines, and self-propelled or
ride-on machines provided with means for disen-
gaging or separating ground-drive wheels during the
mowing operation, shall be operated for noise
measurements with the machine stationary, the
ground-drive disengaged and no operator present,
at the maximum 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 waythat the' pro-
jection of the geometrical centre of their main parts
(excluding handle, grass catcher, etc.) coincides
with the origin of the coordinate ;system .of the
microphone positions. If an artificial surface, in, ac-
cordance with 4.1.2 is used, it shall be placed so that
its geometrical centre also coincides with the origin
of the coordinate system of the microphone pos-
itions. The longitudinal axis of the machine shall be
on the x-axis.

6.7 Operation and location of machines when
travelling

Self-propelled or ride-on machines without means
for disengaging or separating the ground-drive
wheels during the mowing operation shall be oper-
ated for noise measurements with the machine
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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.

During travel, the projection of the geometrical cen-
tre of the main part of the machine shall coincide
with the x-axis of the coordinate system of the
microphone positions. The direction of travel point-
ing from + x through the origin of the coordinate
system towards — x.

7 Measurement of A-weighted sound
pressure levels

7.1 Measurement surface and microphone
positions

The measurement surface shall be a hypothetical
hemisphere of area S = 2nr? enveloping the ma-
chinewnder test and terminating on the test surface.

The radius r of the hemisphere depends on the
width of cut of the machine under test, and shall be

a) r=4m for machines with a width of cut up to
1.2 m;

b) =10 m for machines with a width of cut ex-
ceeding 1,2 m.

NOTE 8 This criterion is in accordance with the re-
quirements of ISO 4872. Experience shows, however, that
measurements with a 4 m hemisphere may give satisfac-
tory results for mowers with a width of cut up to 2 m.

There shall be six microphone positions located on
the hemisphere, having the coordinates listed in ta-
ble 2 and illustrated in figure 1.
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