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The purpose of this document is to define a set of performance requirements for electric warning horns, independent of
machine usage. The laboratory tests defined in this document are intended to provide a uniform and repeatable means of
verifying whether or not a test horn meets the stated requirements. For on-machine requirements and test procedures, refer

to ISO 9533.
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3. DEFINITIONS
3.1 FORWARD W

The forward warning

iments are available online at http://webstore.ansi.org/.

stical Terminology

nods for the Measurement of Sound Pressure Levels
sical Measurement of Sound

ions

Iiments are available online at https://webstore.ansi.org/.

Earthmoving Machinery - Machiné Mounted Forward and Reverse Audible Warning

nod.

ARNING HORN'SYSTEM

The horn is defined as an‘eperator controlled audible warning device.

Heavy-Duty Vehicle

Alarm - Sound Test

horn system for purposes of this document consists of a horn and an actuating switch (see Figure 1).

HORN

o

o,

ACTUATING
SWITCH

Figure 1 - Forward warning horn system schematic
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3.2 FREE FIELD

A free field, for the purposes of this document, is defined as an essentially open, acoustically non-reflective space such as
an anechoic chamber or outdoors. No more than one reflective surface (other than a hard floor or ground surface, see 6.2)
may be present, and that surface must be more than 15 m from the sound source.

3.3 HORIZONTAL REFLECTING PLANE
A horizontal reflecting plane is defined as a hard reflecting flat ground surface (e.g., concrete or non-porous asphalt). A
paved parking lot with consideration to the free field requirements of 3.2 would be an acceptable horizontal reflecting plane

for the tests outlined in this document.

3.4 ZERO DEGREE AXIS

A line known as the Cer, perpendicular to

and extending outwa

"zero-degree axis" is defined to correspond to the centerline of the sound produ
rd from the output face of the horn.
3.5 SAMPLE HORN

The sample horn shpll consist of a horn randomly drawn from the production population. The same 5
used for all of the fupctional, environmental, and life tests.

ample horn shall be

3.6 EXCITATION FREQUENCY

The frequency at which the horn system is electrically or mechanically operated in order to generate sound. The sound

frequency may be di
3.7 FUNDAMENT|

The first harmonic in
fundamental frequen

fferent from the excitation frequency due to resenant and filtering effects in the sy
AL SOUND FREQUENCY

a series of harmonic frequencies produced by the horn. Each harmonic frequeng
cy. If a harmonic series cannot be identified, the fundamental frequency shall be ¢

5tem.

y is a multiple of the
efined as the lowest

significant sound frejuency generated by the horn.

3.8 HIGH SOUND FREQUENCY ZONE

The range of sound frequencies produced.by the horn from 700 to 3500 Hz, excluding 700 Hz.

3.9 LOW SOUND|FREQUENCY ZONE

The range of lower gound frequencies produced by the horn from 250 to 700 Hz, including 700 Hz.

3.10 PREDOMINANT FREQUENCY

The frequency that droduces the highest A-weighted sound pressure level

3.11 NEAR FIELD

A zone, surrounding a sound source, within which, sound level measurements cannot be accurately measured. For the
requirements of this document the depth of the near field zone is equal to twice the wavelength of the lowest significant
frequency of the test horn to be measured.

3.12 TEST VOLTAGES

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

NOTE: The nominal operating voltage(s) must be indicated on the horn. On multi-voltage horns the upper and lower
nominal operating voltages appropriate for the horn shall be marked on the horn (see Table 1) for example a 12-to-
36-V horn must be marked 12 to 36 V.
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Table 1 - System test voltages

Nominal System Normal System Extreme Low System Extreme High System
Voltage Voltage Voltage Voltage
12 (IC) 13.6 9.0 16.3
24 (IC) 27.2 17.9 32.6
24 (E) 25.6 21.8 29.4
36 (E) 38.4 32.6 44.2
42 (IC) 47.6 38.0 53.0
48 (E) 51.2 43.5 58.9
72 (E) 76.8 65.3 883
80 (E) 85.3 72.5 981
96 (E) 102.4 87.0 117.8
IC — Integnal Combustion, engine running for normal and extreme high voltages, engine off for extreme low
\éoitalgzctric (Battery Powered)

NOTE: The nominal
per cell for €
charging syg

For electric

Internal com
the IC vehic
normal syste
an equivalern
nominal volt

4. TEST SEQUEN

All functional and pe
shall be used for all
5. INSTRUMENTA

Persons technically

system voltages are calculated as 2.0 V per cell. The normal-system voltages are ¢
lectric (E) vehicles and 2.267 V for internal combustion(IC) vehicles. The differe]
tems increasing the system voltage.

bustion (IC) vehicles are subject to possible alternator failures causing excessive
es at 12 and 24 nominal voltages, extfeme high system voltages are calculated
m voltage. The extreme low system-voltage is calculated as 30% below the norn
t electric vehicle to represent a battery discharge condition with the engine off. Th
age are more tightly regulated as-taken from the former revision of this standard.

CE

rformance tests shalljbe conducted in the order in which they are presented. Th
he functional, environmental, and life tests.

TION

frained, and experienced in current techniques of sound measurement should sg

equipment. Accept

e
facilities, and test pJ’

engineering judgment, including an assessment of the “state-of-the-art” with resp
sohnel, should be used when establishing specific test procedures used to veri

alculated as 2.133 V

hce accounts for the

ehicles, extreme high and low system voltages are calculated as 15% above and below normal system
voltages, representing fully charged and discharged battery levels.

ly high voltages. For
as 20% above their
al system voltage of
e IC vehicles at 42 V

e same sample horn

lect and operate the
ctto test equipment,
compliance with the

requirements of this standard. When single-sided test paramelers 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.

meter which meets the Type | requirements of ANSI S1.4.

As an alternative to making direct measurements using a sound level meter, a microphone or sound level meter may

be used with a sound recorder and/or a graphic level recorder or indicator meter, provided the system meets the
requirements of SAE J184 for the frequency range that is of primary concern. The deviations in the sound recorder
frequency response from flat response, especially at lower frequencies, must not affect the overall reading by more

5.1 A sound level
52

than +0.5 dB.
5.3

An acoustical calibrator that meets the requirements of ANSI S1.40 (accuracy within £0.5 dB).
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5.4 A temperature measuring system accurate to 0.5 °C over the range of -40 to +85 °C.

5.5 A voltage measuring system accurate to +0.1 V over the range of extreme system voltages for the tested system
voltage(s).

5.6 Vibration apparatus.
5.7 Environmental chamber.
5.8 Dust chamber.

5.9 Rain, steam, and corrosion chamber.

6. SOUND PRESSURE LEVEL TEST SETUP
Two acceptable testmethods are described for measuring the radiated sound pressure level ofithe hgrn.
6.1 Test Method 1

The horn is located in a free field or an equivalent fully anechoic room. The microphoneg is directed toward the horn sound
output opening along the zero-degree axis and at the distance specified by the testrequirements.

6.2 Test Method 2
This is an alternativg method for testing a horn’s sound level without the aid of an anechoic room. Th¢ horn is located in a
free field except for & horizontal reflecting plane and an acoustical barriér partition. The acoustical barfier partition must be
constructed.
6.2.1 Required Materials for Acoustical Barrier

Unless otherwise spgcified, all dimensional tolerances are’+10 mm.
Two pieces of particle board 900 x 1200 mm; 16 .mm = 2 mm thick.
Two tripods adjustabjle to 1200 mm high.

Three each 200 x 2J0 mm, 90-degree-angle sheet metal shelf brackets.

Two sections of sound absorbing.material of dimensions 1200 x 1350 mm and a thickness of 50 mm qgr greater.

The sound absorbing material'should have energy absorption efficiency (acoustic absorption coefficignt) of at least 0.5 at
250 Hz, rising to no less than 0.95 at 1000 Hz, and a Noise Reduction Coefficient (NRC) rating of no lgss than 0.90.

6.2.2 ConstructionLaofAcoustical Barrier

Using the three 200 mm shelf brackets and screws, attach one of the two 900 x 1200 mm particle boards perpendicularly
in the center of the other board to yield a 900 mm high wall as shown in Figure 2. 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 particleboard with the sound absorbing foam as shown in Figure 2.

6.2.3 Horn and Microphone Locations

The horn to be tested shall be mounted in the manner specified by the horn manufacturer. The horn shall be rigidly fixed on
a steel base (mounting fixture) the mass of which should exceed 30 times that of the horn to be tested. Secure the horn to
the mounting fixture. When using test method 2, position the horn and microphone on opposite sides of and equidistant
from the sound barrier at a height of 1.20 m + 0.01 m above the horizontal reflecting plane. The distance between the horn
and the microphone shall be 2.4 m. The sound level will be increased by 6 dB to adjust it to the reference distance of 1.2 m.
The reference distance cannot be used directly because it may be in the near field for the low frequencies.
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6.3 Allowable Background Noise Level

While the sound pressure level test is in progress, the sound pressure level due to all sources other than the horn device
shall be at least 15 dB lower than the sound pressure level of the horn. This precaution reduces the effect of background
noise on the sound level test results.

6.4 Sound Level Meter Settings

The sound level meter shall be set for fast response per ANSI S.1.4 Section 6 and have the A-weighting network installed
when checking sound pressure levels.

6.5 Instrumentation Precautions

Proper usage of all fest insirumentation is essential to obfain valid measurements. Operafing manugls or other literature
furnished by the insfrument manufacturer should be referred to for both recommended operation‘ef the instrument and
precautions to be obiserved. Specific items to review include:

6.5.1  The MicrophHone

In selecting the type|of microphone, its directional response characteristics and its ofientation relativg to the ground plane
and source of noise ghould be considered.

6.5.2 Calibration

Field calibration sholild be made immediately before each test sequence. Internal calibration means arg acceptable for field
use, provided that external calibration is accomplished immediately before field use.

6.5.3 Windscreen$

When using a windscreen, it should be calibrated for thectype of noise source being measured and data corrected if
necessary. It is recommended that measurements be made only when the wind speed is below 19 kny/h.
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Figure 2 - Acoustical barrier dimensions for test method 2
7. FUNCTIONAL TEST REQUIREMENTS
Unless otherwise spgcified, data.measurements shall be taken during a minimum test period of 5 segonds of operation at
ambient temperaturg of 25 °C +34°C and nominal system voltage(s) (£0.1 VDC) for the tested system yoltage(s) in Table 1,
with a rest period of B0 seconds’between activations.
7.1 Predominant $ound-Frequency

Measure and record the predominant sound frequency of the horn. The acceptable predominant frequency range is 250 to
3500 Hz.

7.2  Significant Sound Frequencies and Levels

Measure and record the sound levels and frequencies contained in the sound of the horn that have sound levels within
30 dB of the strongest tone in each frequency zone in accordance with 7.4 and 7.6.

7.3 Low and High Frequency Zones

To ensure a rich sound signature, recognizable as a forward horn, and detectable in presence of masking sounds, the horn
sound shall contain tones in both low and high sound frequency zones.
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7.4 Low Frequency Zone

The low frequency zone shall contain at least one tone within 25 dB of the predominant frequency. This tone can be the
fundamental frequency tone, a harmonic, or a product of the excitation frequency that falls within the low frequency zone.
This tone frequency should be equal to the frequency difference of two significant tones in the high frequency zone to
support a fundamental tone recognition.

7.5 Product of Excitation Frequency

If the excitation frequency of the horn is below 250 Hz, the sound level of the tones within the low frequency zone should
be at least 6 dB higher than any sound content below 250 Hz.

7.6 High Frequency Zone

The high frequency zone shall contain at least two tones within 15 dB of the predominant frequencytoerje. These tones shall
be spaced at betwegn 250 and 700 Hz, so that their frequency difference is equal to a significant frequency in the lower
frequency range.

7.7 Sound Pressufe Level

Measure and record| the sound pressure level of the horn at all nominal system veltages included in [the voltage range of
the horn using the methods of 6.1 or 6.2. The microphone shall be placed on the-zero-degree axis of the horn at a distance
of 2.4 m from the frpnt face of the horn. The resulting sound pressure levelshall be increased by 6|dB to scale it to the
reference distance df 1.2 m, used to rate the horns. The horn shall be designated according to the types listed in Table 2.
The measured sound pressure level for the sample horn must be within‘z4 dB of the reported type. [The sound pressure
level rating in dB(A) gnd the associated type shall be clearly identified ‘@n the horn.

Table 2 - Sound level type rating at 1.2 m

Type J 117 dB(A)
Type K 112 dB(A)
Type L 107-dB(A)
Type M 97.dB(A)
Type N 87 dB(A)
Type O\\ Other; as specified by the manufacturer

Unless otherwise stgted, the variationson sound pressure level measurements is +4 dB of the stated type.
7.8 Sound Pressure Level Change with Voltage
Measure and record the seund pressure level at the extreme system voltages appropriate for the h¢rn (see Table 1) for

example a 12-to-24-V horn must be tested at extreme system voltages of 9 V and 32.6 V. The sound pressure level shall
not vary more than 48 dB from the baseline data measured in 7.7

7.9 Horn Activation Delay

Measure and record the delay between power application and horn activation. The horn activation delay shall be defined
by the time difference between power application to the input terminals of the horn and electrical signal appearing across
the terminals of the sound transducer. The horn activation delay shall be no more than 100 ms.

8. ENVIRONMENTAL TEST REQUIREMENTS
Unless otherwise specified, data measurements shall be taken after a minimum of 5 seconds of operation at ambient

temperature of 25 °C £ 11 °C and nominal system voltage(s) (+0.1 VDC) for the tested system voltage(s) in Table 1, with a
rest period of 30 seconds between activations.
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8.1 Low Temperature Tests

Temperature soak the horn in the environmental chamber at -40 °C £+ 3 °C for a minimum of 2 hours prior to the following
tests. Remove the horn from the environmental chamber to make measurements. Unless otherwise specified, it is required
that the following measurements be made within 2 minutes of removing the horn from the environmental chamber. If all
required measurements cannot be made within the 2-minute allotted time interval, the temperature soak must be repeated
for an additional 1 hour prior to proceeding with additional measurements.

8.1.1 Low Temperature, Nominal System Voltage

Within 2 minutes after removing the horn from the environmental chamber, measure and record the sound pressure level
of the horn for all included nominal system voltages within the voltage range of the horn (see Table 1). The sound pressure
level must be within +8 dB of the baseline data measured in 7.7. Repeat 7.1. The predominant sound frequency shall be
within the frequency[range speciied In 7.71.

8.1.2 Low Temperature, Extreme System Voltages
Within 2 minutes aft
of the horn for both €
within +8 dB of the b
system voltage(s) af
and 36V, in this cas

br removing the horn from the environmental chamber, measure and reeord the $ound pressure level
xtreme system voltages for the tested system voltage(s) in Table A."The sound pressure level shall be
bseline data for the respective nominal system voltage(s) measured-in 7.7 that is closest to the extreme
propriate for the horn (see Table 1). For example, a 12-to-36-\ horn requires basgline data for 12, 24,
e the extreme voltages to be applied are 9 and 44.2 V.
8.1.3 Room Temperature Check

11 °C for a minimum
1. The predominant

Subsequent to perfo
of 1 hour. Repeat 7
sound frequency shz

ming the measurements in 8.1.1 and 8.1.2, allow the horn to warm up to 25 °C +
7. The horn shall meet the sound pressure lgvel requirements of 7.7. Repeat 7,
Il be within the frequency range specified in1.

8.2 High Temperature Tests

Temperature soak the horn in the environmental champer at 85 °C + 3 °C for a minimum of 2 hours prior to the following

tests. Remove the h

that the following m
required measurems

brn from the environmental chamber to make measurements. Unless otherwise sy
basurements be made withini2 minutes of removing the horn from the environm
nts cannot be made within-the 2-minute allotted time interval, the temperature so

for an additional 1 hur prior to proceeding Wwith additional measurements.

8.2.1 High Tempe
Within 2 minutes aft
of the horn for all inc
level must be within
within the frequency

rature, Nominal System Voltage

br removing.the horn from the environmental chamber, measure and record the 5
uded nominal system voltages within the voltage range of the horn (see Table 1).
18 dB of the baseline data measured in 7.7. Repeat 7.1. The predominant soun
range-specified in 7.1.

ecified, it is required
ental chamber. If all
bk must be repeated

sound pressure level
The sound pressure
d frequency shall be

8.2.2 High Tempe

rature, Extreme System Voltages

Within 2 minutes after removing the horn from the environmental chamber, measure and record the sound pressure level
of the horn for both extreme system voltages for the tested system voltage(s) in Table 1.

The sound pressure level shall be within +8 dB of the baseline data for the respective nominal system voltage(s) measured
in 7.7 that is closest to the extreme system voltage(s) appropriate for the horn (see Table 1). For example, a 12-t0-48-V
horn requires baseline data for 12, 24, 36 and 48 V, in this case the extreme voltages to applied are 9 and 58.9 V.

8.2.3 Room Temperature Check
Subsequent to performing the measurements in 8.2.1 and 8.2.2, allow the horn to cool to 25 °C £+ 11 °C for a minimum of

1 hour. Repeat 7.7. The horn shall meet the sound level requirements of 7.7. The predominant sound frequency shall be
within the frequency range specified in 7.1.
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8.3 Rain Test

Mount a sample horn, not in operation, such that the zero-degree axis of the horn is horizontal. Subject all exposed sides
of the horn to simulated blown rain for a minimum of 2 hours. Simulated blown rain is defined as having a precipitation rate
of 2.5 (+1.6/-0) mm of water per minute (as measured with a vertical cylindrical collector having a height of approximately
100 mm and the inside diameter shall be a minimum of 140 mm, centered on the vertical axis of the test platform), delivered
at an angle of 45 degrees from a nozzle with a solid cone spray. Within 2 minutes after removal of the horn from the rain
test, repeat 7.7. The horn shall meet the sound pressure level requirements of 7.7 within 1 minute of activation of the device.
The predominant sound frequency shall be within the frequency range specified in 7.1.

8.4 Vibration Tests

A sample horn, as mounted on the supports supplied, shall be bolted to the table of the vibration test machine and the test

conducted as followy

8.4.1 Resonance

WIth the horn In operation at a cycle or 1 second Of power and 4 seconds Off.

Search

Determine and recofd the resonant frequencies of the horn for each position (x-y-z axis) by slowly van

applied vibration thrg
by strain-gauging off
Figure 3). If an acce
8.4.2 Resonance
Vibrate the horn item
and at no less than t
For resonant freque

Figure 3. If the resg
frequency to maintai

8.4.3 Vibration Cy
Use a cycle time of

each axis (x-y-z) at
axis for the resonan

ugh 10 to 500 Hz with sufficient amplitude to excite the horn. Resonance of comp
components, observing signal interruptions of the electronic circuit, or a combi
erometer is used its mass must be 2% or less of the mass of the unit under test.
Dwell

nree other significant resonant frequencies (if they'were found) along each axis as
hcies below 27 Hz, vibrate at a constant displacement (double amplitude) of 6
h peak resonance. Record the final resonance frequency.

cling

15 minutes to ascend to 500 Hz-and descend to 27 Hz (see Figure 3). Vibration

10 g (peak) above 27 Hz. Fhetotal cycling time for each axis is 3 hours, minus t
dwell test in 8.4.2 (MIL-STD-810B Method 514.1). During the final 15-minute cy

last), connect the noinal system voltage toithe horn. It must be applied through a switching device so t

power in cycles of 1
cycle. At the end of
predominant sound {

second on and 4 seconds off +10%. Check that the horn functions continuousl
the vibration test| repeat 7.7. The horn shall meet the sound pressure level requ
requency shall'be within the frequency range specified in 7.1.

ing the frequency of
bnents is determined
hation of these (see
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