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Alarm - Backup - Electric Laboratory Performance Testing 

RATIONALE 

This SAE Standard has been revised to incorporate updates to the referenced standards for sound level meters. 

1. SCOPE 

The scope of this SAE Standard is the definition of the functional, environmental, and life cycle test requirements for 
electrically operated backup alarm devices primarily intended for use on off-road, self-propelled work machines as defined 
by SAE J1116 (limited to categories of (1) construction, and (2) general purpose industrial). 

1.1 Purpose 

The purpose of this document is to define a set of performance requirements for backup alarms, independent of machine 
usage. The laboratory tests defined in this document are intended to provide a uniform and repeatable means of verifying 
that a test alarm meets the stated requirements. For on machine requirements and test procedures, refer to ISO 9533. 

2. REFERENCES 

2.1 Applicable Documents 

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 International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org. 

SAE J184 Qualifying a Sound Data Acquisition System 

SAE J1116 Categories of Off-Road Self-Propelled Work Machines 
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2.1.2 ANSI Accredited Publications 

Copies of these documents are available online at https://webstore.ansi.org/. 

ANSI/ASA S1.4-2014/Part 1 American National Standard Electroacoustics - Sound Level Meters - Part 1: 
Specifications 

ANSI/ASA S1.4-2014/Part 2 American National Standard Electroacoustics - Sound Level Meters - Part 2: Pattern 
Evalluation Tests 

ANSI/ASA S1.4-2014/Part 3 American National Standard Electroacoustics - Sound Level Meters - Part 3: Periodic 
Tests 

ANSI S1.15-1997/Part 1 (R2016) Measurement Microphones - Part 1: Specifications for Laboratory Standard 
Microphones 

ANSI S1.40-2006 (R2016) Specifications and Verification Procedures for Sound Calibrators 

2.1.3 ASTM Publications 

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, 
Tel: 610-832-9585, www.astm.org. 

ASTM B117 Method of Salt Spray (Fog) Testing 

2.1.4 Military Specifications 

Available from Defense Printing Service, Detachment Office, 700 Robbins Avenue, Building 4D, Philadelphia, PA 
19111-5094. 

MIL-STD-810B Environmental Test Methods 510 and 514.1 

2.1.5 IEC Publications 

Available from IEC Central Office, 3, rue de Varembe, P.O. Box 131, CH-1211 Geneva 20, Switzerland, 
Tel: +41 22 919 02 11, www.iec.ch. 

IEC 61672-1 (2013-09) Electroacoustics - Sound Level Meters - Part 1: Specifications 

IEC 61672-2 (2013-09) Electroacoustics - Sound Level Meters - Part 2: Pattern Evaluation Tests 

IEC 61672-3 (2013-09) Electroacoustics - Sound Level Meters - Part 3: Periodic Tests 

2.1.6 ISO Publications 

Available from International Organization for Standardization, ISO Central Secretariat, 1, ch. de la Voie-Creuse, CP 56, 
CH-1211 Geneva 20, Switzerland, Tel: +41 22 749 01 11, www.iso.org. 

ISO 9533 Earth-Moving Machinery - Machine-Mounted Audible Travel Alarms and Forward Horns - Test Methods 
and Performance Criteria 

  

Full document details: SAE J994_202306

https://webstore.ansi.org/
http://www.astm.org/
http://www.iec.ch/
http://www.iso.org/
http://www.avadocuments.com/doc/sae-j994-202306
http://www.avadocuments.com/doc/sae-j994-202306


 
SAE INTERNATIONAL J994™ JUN2023 Page 3 of 15 
 
 
2.2 Related Publications 

The following publications are provided for information purposes only and are not a required part of this SAE Technical 
Report. 

2.2.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org. 

SAE J1105 Horn - Forward Warning - Electric - Performance, Test, and Application 

SAE J1211 Handbook for Robustness Validation of Automotive Electrical/Electronic Modules 

SAE J1455 Recommended Environmental Practices for Electronic Equipment Design in Heavy-Duty Vehicle 
Applications 

SAE J1849 Emergency Vehicle Sirens 

2.2.2 ANSI Accredited Publications 

Copies of these documents are available online at https://webstore.ansi.org/. 

ANSI S1.1 Acoustical Terminology 

ANSI S1.13 Methods for the Measurement of Sound Pressure Level 

ANSI S1.42-2001 (R2016) Design Response of Weighting Networks for Acoustical Measurement 

3. DEFINITIONS 

3.1 FREE FIELD 

A free field, for the purposes of this document, is defined as a space with no reflecting surface within 15 m of the sound 
source in any direction. 

3.2 HORIZONTAL REFLECTING PLANE 

A horizontal reflecting plane is defined as flat ground with a surface no rougher than an asphalt road. A paved parking lot 
with no reflecting surfaces within 15 m would be an acceptable horizontal reflecting plane for the tests outlined in this 
document. 

3.3 ZERO DEGREE AXIS 

A line known as the “zero degree axis” is defined to correspond to the centerline of the sound producer, perpendicular to 
and extending outward from the output face of the alarm. 

3.4 SAMPLE ALARM 

A sample alarm shall consist of an alarm randomly drawn from the production population.  

3.5 PREDOMINANT SOUND FREQUENCY 

The predominant sound frequency of the alarm shall be defined as the frequency that produces the highest A-weighted 
sound pressure level. This frequency may or may not correspond to the fundamental frequency produced by the alarm. 
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3.6 TEST VOLTAGES 

The nominal, extreme low and extreme high system test voltages are defined for each system voltage in Table 1. All voltages 
are ±0.2 V, measured at the input terminals of the alarm when the alarm is operating.  

3.6.1 TEST VOLTAGE TABLE 

NOTE: On multi-voltage alarms, use the extreme low system voltage from the lowest system voltage included in the 
multi-voltage range, and the extreme high system voltage from the highest included voltage range, and all included 
nominal voltages, unless otherwise specified.  

Table 1 - Test voltages 

System 
Voltage(1) 

Nominal System 
Voltage 

Extreme Low 
System Voltage 

Extreme High 
System Voltage 

 12 (IC)   14.0   9.0   16.0 
 24 (IC)   28.0 18.0   32.0 
24 (E)   28.0 22.0   31.0 
36 (E)   42.0 34.0   46.0 

    42 (IC)(2)   49.0 38.0   53.0 
48 (E)   56.0 45.0   62.0 
72 (E)   84.0 67.0   92.0 
80 (E)   93.0 74.0 102.0 
96 (E) 112.0 90.0 123.0 

(1)  IC - Internal Combustion. E - Electric (Battery Powered). 
(2)  New European Electrical System. 

The extreme high system voltages for system voltages of 36 V, 48 V, 72 V, and 80 V are equal to the nominal system 
voltages because these are battery powered (e.g., fork lifts) and will not be subjected to possible alternator failures causing 
excessively high voltages as in the 12 V, 24 V, and 42 V internal combustion electrical systems. 

3.7 TEST SEQUENCE 

All functional and performance tests shall be conducted in the order in which they are presented. The same sample alarm 
shall be used for all of the functional, environmental, and life tests. 

4. INSTRUMENTATION 

Persons technically trained and experienced in current techniques of sound measurement should select and operate the 
equipment. Sound engineering judgment, including an assessment of the “state-of-the-art” with respect to test equipment, 
facilities, and test personnel, should be used when establishing specific test procedures used to verify compliance with the 
requirements of this standard. When single-sided test parameters are specified, such as “minimum,” “maximum,” and “at 
least,” it is intended that the required specific parameter be met, with the constraint that deviations from the nominal 
parameter value (on the open-ended side) be minimized. When non-specific parameter tolerances are used, such as 
“approximately,” it is intended that deviations from the nominal parameter be minimized. 

4.1 A sound level meter which meets the Type I requirements of ANSI S1.4/IEC 61672. 

4.2 As an alternative to making direct measurements using a sound level meter, a microphone or sound level meter may 
be used with an electronic data recorder, provided the system meets the requirements of SAE J184, for the frequency 
range that is of primary concern. The deviations in the data recorder frequency response from flat response, especially 
at lower frequencies, shall not affect the overall reading by more than ±0.5 dB. 

4.3 A sound pressure level calibrator meeting the requirement of ANSI S1.40 (accuracy within ±0.5 dB). 
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4.4 A temperature measuring system accurate to ±0.5 °C over the range of -40 to +85 °C. 

4.5 A voltage measuring system accurate to ±100 mV over the range of extreme system voltages for the tested system 
voltage(s). 

4.6 Vibration apparatus. 

4.7 Environmental chamber. 

4.8 Dust chamber. 

4.9 Rain, steam, and corrosion chamber. 

5. SOUND PRESSURE LEVEL TEST SETUP 

Sound pressure level test: Two acceptable test methods will be described for measuring alarm sound pressure level. 

5.1 Test Method 1 

The alarm is located in a free field or an equivalent fully anechoic room. The microphone is directed toward the alarm sound 
output opening along the zero degree axis and at the distance specified by the test requirements. 

5.2 Test Method 2 

This is an alternative method for testing an alarm sound pressure level without the aid of an anechoic room. The alarm is 
located in a free field except for a horizontal reflecting plane and an acoustical barrier partition. The acoustical barrier 
partition shall be constructed as described in 5.2.1 and 5.2.2. 

5.2.1 Required Materials for Acoustical Barrier 

Unless otherwise specified, all dimensional tolerances are ±10 mm. 

a. Two pieces of particle board 900 x 1200 x 16 mm ± 2 mm thick. 

b. Two tripods adjustable to 1200 mm high. 

c. Three each 200 x 200 mm x 90 degree sheet metal shelf brackets. 

d. Two sections of sound absorbing material of dimensions 1200 x 1350 mm and a thickness of 50 mm or greater. The 
sound absorbing material should have an absorption efficiency of at least 50% at 50 Hz rising to at least 75% at 1000 Hz 
and greater. 

5.2.2 Construction of Acoustical Barrier 

Using the three 200 mm shelf brackets and screws, center and attach one of the 900 x 1200 mm particle boards 
perpendicular to the other 900 x 1200 mm base board to yield a 900 mm high wall as shown in Figure 1. Two brackets 
should be located 150 mm from the outside edge on one side of the upright board. The third bracket should be mounted in 
the center on the other side of the upright board. Cover the exposed particle board with the sound absorbing material as 
shown in Figure 1.  

5.2.3 Alarm and Microphone Locations 

Secure the alarm and microphone to their tripods. Position the alarm and microphone on opposite sides of and equidistant 
from the sound barrier at a height of 1200 mm ± 10 mm above the horizontal reflecting plane. The distance between the 
two devices is specified in 6.3 of the functional test requirements. 
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