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1. SCOPE

This SAE Standard is used to determine the exterior A-weighted equivalent sound power level of static and in-place
dynamic machines (dozer, loader, excavator, and backhoe) similar to the sound power obtained in ISO 6393 static and
ISO 6395 dynamic sound power test procedures. Additional machine types, specifically sweepers and scrubbers,
covered by SAE J2130 have been added, and other work machine types covered by SAE J1116 may be added with
appropriate cycle descriptions and machine preparation. The recommended test procedures include conventional
integrating sound pressure level methods or the sound intensity method using paired microphones. The sound intensity
methodology provides a practical indoor alternative and permits measurement in the factory environment. The
procedures in this document assume that the dominant sources are not highly sensitive to load (i.e., cooling fan, engine,
track system). This test can be used as a substitute for the ISO 6393 static and ISO 6395 dynamic sound power tests for
many machine types.

The requirements for the machine setup and operation, and the microphone array and hemispherical measurement
surface are given in this document. This document shall be used in conjunction with instrumentation manufacturer's
recommendations and ISO 9614-1. The accompanying sound intensity procedure clarification is provided pending more
widespread understanding of sound intensity.

2. REFERENCES

2.1 Applicable Publications

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.
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2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J184 Qualifying a Sound Data Acquisition System

SAE J1116 Categories of Off-Road Self-Propelled Work Machines
SAE J2130 Self-Propelled Sweepers and Cleaning Equipment
212 ANS| and ISO Publications

Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-4900, www.ansi.org.

ANSI §1.4 Specifications for Sound Level Meters ANSI § 1.4A-1985—Amendment to ANSI
S 1.4-1983
ANSI §1.40 Specification for Acoustic Calibrators

ANSI| §1.9-1996 (R2006) Instruments for the Measurement of Sound Intensity

ISO 9614-1:1993 Acoustics—Determination of sound power levels of noise sources using sound intensity—
Part 1: Measurement at discrete points

ISO 9614-2:1996 Acoustics—Determination of sound power levels of noise sources using sound intensity—
Part 2: Measurement by scanning

ISO 9614-3:2002 Acoustics—Determination of sound power levels of noise sources using sound intensity—
Part 3: Precision method for measurement by scanning

ISO 6165-1997 Earth-moving machinery—RBasic types—Vocabulary

SO 6393:1998 Acoustics—Measurement of exterior noise emitted by earth-moving machinery—Stationary
test conditions

ISO 6395:1996 Acoustics—Measurement of exterior noise emitted by earth-moving machinery—Dynamic
test conditions (includes Amend.1:1996)

2.1.3 |EC Publications

Available from International Electrotechnical Commission, 3, rue de Verambe, P.O. Box 131, 1211 Geneva 20,
Switzerland, Tel: +41-22-919-02-11, www.iec.ch.

IEC 60942 Ed.3.0 (2003-01) Electroacoustics—Sound calibrators

IEC 61043 Ed.1.0 (1993-11) Electroacoustics—Instruments for the measurement of sound intensity—
Measurements with pairs of pressure sensing microphones

IEC/TS 62370 Ed.1.0 (2004-05) Electroacoustics—Instruments  for the measurement of sound intensity—
Electromagnetic and electrostatic compatibility requirements and test procedures

IEC 61672-1 Ed.1.0 (2002-05) Electroacoustics—Sound level meters—Part 1: Specifications
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2.2 Related Publications
The following publications are provided for information purposes only and are not a required part of this document.
2.21 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1057 Identification Terminology of Earthmoving Machines

SAE J1349 Engine Power Test Code—Spark Ignition and Compression Ignition—Net Power Rating
SAE Technical Paper 850991  In-Place Dynamic Sound Power Test Method

222 IS0 Publications

Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-4900, www.ansi.org.

ISO 1585-1992 Road Vehicles—Engine Test Code—Net Power

ISO 3744:1994 Acoustics—Determination of sound power levels of noise sources using sound pressure—
Engineering method in an essentially free field over a reflecting plane

ISO 11205:2003  Acoustics—Noise emitted by machinery and equipment—Engineering method for the determination
of emission sound pressure levels in situ at the work station and at other specified positions using
sound intensity

2.2.3 |EC Publication

Available from International Electrotechnical Commission, 3, rue de Verambe, P.O. Box 131, 1211 Geneva 20,
Switzerland, Tel: +41-22-919-02-11, www.iec.ch.

|IEC Publication 60804 (1985) Integrating—Averaging Sound Level Meters (plus amendments)
3. INSTRUMENTATION
3.1 The integrating sound pressure level system is used in conjunction with a free field over a reflecting plane (4.1.1).

3.1.1  The integrating sound level meter must permit the determination of the value of the A-weighted sound pressure
level, energy averaged, over a time period dependent on the machine test cycle. IEC 61672-1 Ed.1.0 (2002-05).

3.1.2 Any alternate system in place of a meter must perform the same functions required in 3.1.1.
3.1.3 The components of the measuring instrumentation system shall meet the Type 1 requirements given in the
relevant clauses of IEC 61672-1 Ed.1.0 (2002-05) or ANSI §1.4. Systems shall be qualified according to SAE

J184 for the frequency range of interest.

3.1.4 The acoustic calibrator used for calibration prior to and after the test sequence shall have an accuracy within
+ 0.5 dB and meet the requirements of ANSI §1.40 or IEC 60942 Ed.3.0 (2003-01).

3.1.5 A microphone windscreen shall not be used except when it is required to reduce wind induced noise that is within

15 dB of the sound level of the source being measured. VWhen a windscreen is used, it shall not affect the sound
level of the source being measured by more than £ 0.5 dB(A) under zero wind speed conditions.
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3.2 The sound intensity measurement system frequency response, linearity, A-weighting, and crest factor specifications
shall conform to the Type 1 requirements of ANSI 8§1.9 or of SAE J184 for the frequency range of interest.
Alternatively use IEC 61043 Ed.1.0 (1993-11) and IEC/TS 62370 Ed.1.0 (2004-05) to assemble an acceptable
intensity system.

3.3 The anemometer or other device used in measurement of ambient wind speed and direction shall be accurate
within £ 10% at 20 km/h.

3.4 The engine speed indicator shall be accurate within £ 2% of the indicated reading.

3.5 The ambient temperature measurement shall be accurate within + 1 °C.

4. PROCEDURE

41 Test Site

A non-absorbing reflecting plane is required.

411 For sound pressure level instrumentation, a free field is required above the reflecting plane. There shall be no
sound-reflecting obstacles within a distance from the source equal to three times the radius of the measuring
hemisphere.

41.2 For sound intensity instrumentation the presence of reflecting objects is less critical, but no absorbing object or
additional noise source other than the machine being measured shall be inside the measurement surface. This
system permits measurements in most factory environments.

4.2 Measurement Surface

Size and shape depend on the instrumentation selected and the machine dimensions:

421 For sound pressure level instrument systems the measurement surface is a hemisphere with the radius

determined by the length of the main body of the basic machine structure, excluding major attachments such as
dozer blades, buckets, and booms. The radius (r) of the measurement hemisphere surface is given in Table 1

according to the basic length (f).

TABLE 1 - HEMISPHERE RADIUS RECOMMENDATION

Basic Length (.f,’) of the Radius (r) of Hemispherical

Machine Measurement Surface
{<15m 4m
15m<l<4m 10m

{>4m 16m

As a guideline for larger machines, over 6.5 m, the hemisphere radius should be 2.5 times the length of the basic machine
not including attachments.

422 For sound intensity systems, rectangular and spherical surfaces are convenient for calculating surface segments
and reproducibility. Though not required by this document, a hemispherical measurement surface is described to
show the process and demonstrate the factors to be considered: perpendicular orientation of probe axis and the
minimum number of surface segments. The measurement hemisphere radius should be large enough to enclose
the machine and its moving attachments. A semi-cylindrical surface with hemispherical ends has proven
satisfactory for long machines.
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4.3 Measurement Surface and Microphone Positioning

4.3.1 For sound pressure level instrument systems, the measurement surface shall be a hemisphere of radius (r) given
in Table 1. Location coordinates of the microphone positions are given in Table 2 and Figure 1.

TABLE 2 - COORDINATES OF THE MICROPHONE LOCATION POINTS

Location No. ~ Figure No. ~ x/r" Yir ZIr Z
1 2 0.70 0.70 — 1.5m
2 4 -0.70 0.70 — 1.5m
3 6 -0.70 -0.70 — 1.5m
4 8 0.70 -0.70 — 1.5m
5 10 -0.27 0.65 0.71 —
6 12 0.27 -0.65 0.71 —

1. The positive X axis is the machine primary direction of travel.

Reference for
Positioning
Machine Only

-

Radius of hemisphere: r

}

0.71r

o
Ll.Sm

FIGURE 1 - HEMISPHERE MEASUREMENT SURFACE FOR SOUND PRESSURE
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