
SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8512 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER; (724) 776-4970 FAX: (724) 776-0790

SAE WEB ADDRESS  http://www.sae.org

Copyright 1991 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.

SURFACE
VEHICLE

400 Commonwealth Drive, Warrendale, PA 15096-0001
STANDARD

An American National Standard

J2104 JUN91/
ISO 6395 SEP88

ISSUED
JUN91

Issued 1991-06

ACOUSTICS—MEASUREMENT OF EXTERIOR NOISE
EMITTED BY EARTHMOVING MACHINERY—

DYNAMIC TEST CONDITIONS

This document is equivalent to ISO 6395, except for minor reorganization of paragraphs 1 through 4.

Foreword—This Document has not changed other than to put it into the new SAE Technical Standards Board
Format.

This SAE Standard is a special test code for specific types of earthmoving machinery.  It is an extension of SAE
J2101/ISO 4872, which contains the general requirements for construction equipment.

A simulated dynamic rather than an actual work cycle test condition is chosen.  Dynamic test conditions provide
acceptable noise emission data, which are repeatable and representative.  Actual work cycle tests are complex
and repeatability can be a problem.

Specific procedures are described in this document to enable the sound power emission in dynamic test conditions
to be determined in a manner that is repeatable.  Attachments (bucket, dozer, etc.) for the manufacturer’s
production version are to be fitted since this is the configuration most likely to exist when the machine is in actual
use.

This document enables compliance with noise limits to be determined.  It can also be used for evaluation purposes
in noise reduction investigations.

An additional special test code is given in SAE J2105/ISO 6396.2.  This other special test code is intended to be
used to determine the noise emitted by earthmoving machinery, with the machine in dynamic test conditions,
measured at the operator’s position in terms of the equivalent continuous A-weighted sound pressure level.

Corresponding measurements of noise emitted to the environment and noise at the operator’s position under
stationary test conditions are described in SAE J2101/ISO 6393 and SAE J2103/ISO 6394, respectively.

1. Scope—This SAE Standard describes a method for determining the noise emitted to the environment by
earthmoving machinery in terms of the A-weighted sound power level while the machine is working under
dynamic test conditions.
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2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein.  Unless otherwise indicated the latest revision of SAE publications shall apply.

2.1.1 SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J2101/ISO 4872—Acoustics—Measurement of airborne noise emitted by construction equipment
intended for outdoor use—Method for determining compliance with noise limits1

SAE J2102/ISO 6393—Acoustics—Measurement of airborne noise emitted by earth-moving machinery—
Method for determining compliance with limits for exterior noise—Stationary test condition

SAE J2103/ISO 6394—Acoustics—Measurement of airborne noise emitted by earth-moving machinery—
Operator’s position—Stationary test condition

SAE J2105/ISO 6396.2—Acoustics—Measurement of noise emitted by earth-moving machinery at the
operator’s position—Simulated work cycle test conditions

2.1.2 ISO PUBLICATIONS—Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ISO 1585—Road vehicles—Engines test code—Net power
ISO 6165—Earth-moving machinery—Basic types—Vocabulary

2.1.3 IEC PUBLICATIONS—Available from International Electrotechnical Commission, 3, rue de Verambe, P.O. Box
131, 1211 Geneva 20, Switzerland.

IEC Publication 651—Sound Level Meters
IEC Publication 804—Integrating-Averaging Sound Level Meters

3. Definitions—For the purposes of this document, the definitions given in ISO 4872, together with the following,
apply:

3.1 Equivalent Continuous A-Weighted Sound Pressure Level, LpAeq,T —The A-weighted sound pressure
level averaged on an energy basis over the whole measurement period.

3.2 A-Weighted Sound Power Level, LWA—The A-weighted sound power level using equivalent continuous
A-weighted sound pressure levels averaged over the measurement surface and averaged on an energy basis
over the whole measurement period.

4. Field of Application—This document is applicable to the following specific crawler and wheeled types of
earthmoving machinery (see Appendices):  excavators (hydraulic or rope-operated), tractors with dozer equip-
ment, loaders, and backhoe loaders (also known as excavator-loaders) (see Figures 1 to 4).

1. Cross-references to specific clauses, subclauses, etc., in ISO 4872 apply to the first edition published in 1978.
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FIGURE 1—EXCAVATOR

FIGURE 2—TRACTOR WITH DOZER EQUIPMENT

FIGURE 3—LOADER
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FIGURE 4—BACKHOE LOADER

5. Instrumentation—The instrumentation shall be capable of carrying out measurements as described in 8.1.
Integrating-averaging sound level meters shall meet the requirements of IEC Publication 804 for a type 1
instrument.  Alternative instrumentation, including the microphone and cable, shall meet the requirements of
IEC Publication 651 for a type 1 instrument.

An omnidirectional microphone shall be used for measurements so as to reduce possible directivity errors.
The microphone and its associated cable shall be chosen so that the combined sensitivity does not change
significantly over the temperature range encountered during the measurements.

6. Test Environment

6.1 General—The test environment specified in SAE J2101/ISO 4872, Section 4 and Appendix A, applies.
Additional requirements for this special test code are given in 6.2 to 6.6.

Humidity, air temperature, barometric pressure, vibration, and stray magnetic fields shall be within the limits
specified by the manufacturer of the instrumentation.

6.2 Test Site and Environmental Correction, K—For test site measurement surfaces which consist of a hard
reflecting plane, such as concrete or sealed asphalt [6.3.1 a and b], and with no sound-reflecting obstacles
within a distance from the source equal to three times the greatest distance from the source center to the lower
measurement positions (measurement hemisphere radius), it may be assumed that the environmental
correction, K, is less than or equal to 0.5 dB; it is therefore negligible and is disregarded.

For the all-sand test site [6.3.1 c], an environmental correction K will have to be determined and used in the
sound power calculation.

6.3 Test Site

6.3.1 GENERAL—The following three types of test site measurement surface, described in 6.3.2, and 6.3.4, are
allowed:

a. Hard reflecting plane (concrete or sealed asphalt);
b. Combination of hard reflecting plane and sand;
c. Sand.
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The hard reflecting plane shall be used for testing the following:

a. Rubber-tired machines:  all modes of operation;
b. Excavators:  all modes of operation;
c. Crawler loaders:  stationary hydraulic mode of operation.

The combination of hard reflecting plane and sand shall be used for testing crawler dozers and crawler
loaders in the travel mode with the machine operating on the sand surface and with the microphone on the
hard reflecting plane.

An alternative test site consisting of all sand may be used for testing crawler dozers and crawler loaders in
the travel mode and stationary hydraulic mode, provided that:

a. The environmental correction, K, determined in accordance with SAE J2101/ISO 4872, Appendix A, is
less than 3.5 dB.

b. If K is greater than 0.5 dB the correction is accounted for in the calculation of the sound power level.

6.3.2 HARD REFLECTING PLANE (TEST SITE MEASUREMENT SURFACE a)—The test area bordered by the micro-
phones shall consist of concrete or sealed asphalt.

6.3.3 COMBINATION OF HARD REFLECTING PLANE AND SAND (TEST SITE MEASUREMENT SURFACE b)—The travel path
of the machine shall consist of humid sand of grain size up to 2 mm.  The minimum depth of the sand shall
be 0.3 m.  If 0.3 m is not deep enough for track penetration, the depth shall be increased accordingly.  The
surface between the machine and the microphone shall be a hard reflecting plane, as described in 6.3.2.
This provides a reflecting plane rather than an absorptive surface for the measuring environment.

A minimum size combination site can be used by having just a single reflecting plane with a sand path along
the side.  Then operate the machine in a forward travel mode twice but in opposite directions for each of the
three microphone positions.  The reverse travel mode can be done in the same manner.

6.3.4 ALL-SAND SITE (TEST SITE MEASUREMENT SURFACE c)—The sand shall be as specified in 6.3.3.

6.4 Background Noise—Background noise at each measurement position shall be at least 10 dB lower than the
noise emitted by the machine.

6.5 Climatic Conditions—Measurements shall not be carried out under the following conditions:

a. When precipitation, i.e., rain, snow, or hail, is falling.
b. When ground surface is covered with snow.
c. When the temperature is below -10 °C or above +35 °C.
d. When wind speed exceeds 8 m/s.  For wind speeds in excess of 1 m/s, a microphone windscreen shall

be used, and appropriate compensation for the effects of its use shall be allowed for in the calibration.
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7. Measurement of Equivalent Continuous A-Weighted Sound Pressure Levels

7.1 Size of Measurement Surface—The measurement surface to be used for the test shall be a hemisphere.
The radius of the hemisphere shall be determined by the basic length, l, of the machine (see Figures 1, 2, 3,
and 4).

The basic length of the machine is equal:

a. For excavators:  the total length of the upper structure, excluding attachments, main structural moving
members such as boom and stick;

b. For other machines:  the total length of the machine, excluding attachments such as dozer blades and
bucket.

The radius shall be:

a. 4 m when the basic length, l, of the machine to be tested is less than 1.5 m;
b. 10 m when the basic length, l, of the machine to be tested is greater than 1.5 m but less than 4 m;
c. 16 m when the basic length, l, of the machine to be tested is greater than 4 m.

7.2 Microphone Positions on the Hemispherical Measurement Surface—There shall be six measurement
positions, i.e., positions 2, 4, 6, 8, 10, and 12, arranged as defined in 7.2.3, alternative B, of SAE J2101/ISO
4872.  The microphone array and coordinates shall be as shown in Figure 5.

7.3 Travel Path and Positioning of the Machine

7.3.1 TRAVEL PATH—For tests on all machines except for tests

a. On excavators (see 7.3.2);
b. In the backhoe mode of operation for backhoe loaders (see 7.3.3);
c. In the stationary hydraulic cycle mode of operation (see 7.3.4).

The travel path of the machine is shown in Figure 6.  The centerline of the machine travel shall be the x-axis
and the longitudinal axis of the machine shall coincide with this axis.  The travel path length shall be AB,
which is equal to 1.4 times the hemisphere radius (see SAE J2101/ISO 4872).  The center of the travel path
shall be along the x-axis.  The sound pressure level shall be measured only while the machine midpoint is
operating on the travel path between positions A and B in Figure 6.  The machine forward travel mode shall
be from A to B and the reverse travel mode shall be from B to A.

7.3.2 POSITIONING OF THE MACHINE—For Tests on Excavators:  The center of rotation of the upper structure of the
excavator in Figure 1 is defined as the machine center for the purpose of locating the machine.  The center
shall coincide with the center of the hemisphere, C, in Figure 6.  The longitudinal axis of the machine shall
coincide with the x-axis and the front of the machine shall face direction B.  Machine operation where the
machine is positioned is specified in Appendix A.

7.3.3 POSITIONING OF THE MACHINE—For Tests in the Backhoe Mode of Operation for Backhoe Loaders:  The
longitudinal axis of the machine shall coincide with the x-axis and the front of the machine shall face direction
A, i.e., the backhoe part of the backhoe loader in Figure 4 shall face direction B.  The midpoint of the basic
length, l, in Figure 4 shall coincide with the center of the hemisphere, C, in Figure 6.  Machine operation
where the machine is positioned is specified in Appendix D.

7.3.4 POSITIONING OF THE MACHINE—For Tests on all Loaders in the Stationary Hydraulic Mode of Operation:  The
longitudinal axis of the loader shall coincide with the x-axis and the front of the machine shall face direction
B.  The midpoint of the basic length, l, in Figure 3 shall coincide with the center of the hemisphere, C, in
Figure 6.  Machine operation where the machine is positioned is specified in Appendix C.
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