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1. SCOPE. 

 

This Test Operations Procedure (TOP) describes procedures for measuring the sound levels 

transmitted through air of developmental and production materiel as a means of evaluating 

personnel safety, speech intelligibility, and security from acoustic detection and recognition, and 

community annoyance.  It covers tests for steady-state noise from military vehicles and general 

equipment, and impulse noise from weapon systems and explosive-ordnance materiel.  For 

materiel that produces sound pressure levels (SPL) 171 decibels (dB) (6.89 kilopascal (kPa) or 

1.0 pounds per square inch (psi)) and above, the procedures and instrumentation described in 

International Test Operations Procedure (ITOP) 04-2-8221** for measuring blast overpressure 

apply.  This TOP does not include procedures for measuring the noise from aircraft. 

 

1.1 Steady-State Noise. 

 

Per Military Handbook (MIL-HDBK)-1908B2, steady-state noise is defined as a periodic or 

random variation in atmospheric pressure at audible frequencies.  It may be continuous, 

intermittent, or fluctuating, with the sound-pressure level varying over a wide range, provided 

such variations have a duration exceeding 1 second. 

 

1.2 Impulse Noise. 

 

For test purposes, impulse noise is defined as a short burst of acoustic energy consisting of either 

a single impulse or a series of impulses.  The pressure-time history of a single impulse includes a 

rapid rise to a peak pressure, followed by a somewhat slower decay of the pressure envelope to 

ambient pressure, both occurring within 1 second.  A series of impulses may last longer than 

1 second, and when that happens the series should be considered both steady-state and impulse 

noise. 

 

1.3 Repetitive Impulse. 

 

For systems that produce a series of repetitive impulses, determine the number of impulses 

produced within the first 200 milliseconds (ms).  This number of impulses is multiplied by the 

average B-duration of single impulses to determine an effective B-duration, which is used to 

establish the maximum allowable peak-pressure level for the repetitive system. 

 

2. FACILITIES AND INSTRUMENTATION. 

 

2.1 Facilities. 

 

2.1.1  Steady-State Noise. 

 

2.1.1.1  Stationary Operation Test. 

 

 

 

** Superscript numbers correspond to Appendix C, References. 
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 a. Equipment shall be tested in its exact operating environment if the location is known 

and such testing is feasible, as unique aspects of that location affecting noise output would be 

difficult to duplicate.  Otherwise, the test site shall be a uniformly flat surface, free of ice, snow, 

or vegetation over 15 centimeters (cm) (6 inches (in.)) tall; and shall be free of reflecting 

surfaces such as objects, buildings, trees, or hillsides within 30 meters (100 feet (ft)) of the test 

item and sound measuring equipment. 

 

 b. For unique test items permanently mounted, test the item on-site, and state the 

conditions in the test report. 

 

 c. For a test item that produces sound levels within 10 dB of the average, ambient, 

sound-pressure level of the test site, use an anechoic chamber that has an ambient, sound-

pressure level at least 10 dB below that of the item being tested, and always at least 10 dB below 

the criteria.  Where applicable, use a windscreen when testing in wind velocities of 10 kilometers 

per hour (km/hr) (6 miles per hour (mph)) or more, but measurements shall not be made at 

velocities of 20 km/hr (12 mph) or more.  An exception to this requirement is when conducting 

aural nondetectability measurements; the use of conventional background-noise corrections is 

permitted in accordance with American National Standards Institute (ANSI) S1.133. 

 

2.1.1.2.  Interior Noise Test of Moving Equipment. 

 

These tests require a smooth, straight paved road, that is level (˂1 percent grade) and free of all 

loose gravel or other foreign matter; long enough to allow the vehicle to accelerate by 8- or 

16-km/hr (5- or 10-mph) increments to the maximum speed tolerated by the vehicle, operator, or 

track in all forward gears and to maintain that speed for at least 30 seconds; and free of all 

sound-reflecting surfaces for a distance of 30 meters (100 ft) on each side.  For tracked vehicles 

without rubber pads, a similar course of compact earth having a cone index in the range of 100 to 

150 is required unless otherwise specified.  Measurements shall not be made when the road 

surface is wet, covered with snow or ice, or during precipitation, unless specified by the 

procuring activity. 

 

2.1.1.3  Exterior Noise Test of Moving Equipment. 

 

 a. Vehicle Course.  These tests require a smooth, straight, paved road that is level 

(˂1 percent grade) and free of all loose gravel or other foreign matter; at least 60 meters (200 ft) 

in length; and free of all sound-reflecting surfaces for 30 meters on each side.  For tracked 

vehicles without rubber pads, a similar course of compact earth having a cone index in the range 

of 100 to 150 is required unless otherwise specified.  Measurements are not made when either 

the road surface or measurement surface is wet, covered with snow or ice, or during 

precipitation, unless specified by the procuring activity 

 

 b. Watercraft Course.  A body of water of sufficient area and smoothness to permit 

normal operation and maneuvering of the craft at maximum operational speeds is required.  For 

pass-by tests, the area must be free of large obstructions (large piers, breakers, etc.) for a 

minimum of 30 meters from the course the craft is to follow.  Place three marker buoys in a 

straight line 15 meters (50 ft) apart to mark the course. 
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2.1.1.4  Aural Nondetectability Test. 

 

For these tests, select an open area of uniform grade; with a uniform, flat surface free of 

vegetation over 15 cm (6 in.) tall, snow, or other sound-absorbing materials; and free of 

sound-reflecting surfaces located within 30 meters of either the test item or sound measuring 

equipment.  For stationary tests of extremely low-noise-level items, use an anechoic chamber. 

 

2.1.1.5  Speech Intelligibility Test. 

 

When possible, use the natural environment of the test item (i.e., its normal position of intended 

use) when testing against speech-intelligibility criteria.  One of the following will usually be 

required: 

 

 a. An open-field facility is considered an open field, free of all large buildings or high 

hills that would reflect or block sound energy, and having an ambient-sound level equal to or 

below 50 dB(A). 

 

 b. A closed-room facility is considered a room or chamber similar in acoustic 

characteristics to the location in which the test item is used.  Vehicle communication sets are 

tested in the vehicle(s) in which they are intended to be used.  The ambient noise will vary with 

respect to the facility, and if no facility is specified, use 50 dB(A) as the maximum allowable 

ambient-pressure level. 

 

2.1.1.6  Air Conditioner Test. 

 

These tests require a chamber with an acoustical tile ceiling and a movable wall to provide a 

room of the size for which the air conditioner was designed.  The room should be empty except 

for sound-measuring instrumentation and electrical heater banks. 

 

2.1.2  Impulse Noise. 

 

 a. Select a range to suit the type of weapon and firing, or detonation requirements. 

 

 b. Reflecting Surfaces.  Where practical, measurements shall be made with no reflecting 

surfaces, including personnel, within 30 meters (100 ft) of both the test item and the transducers.  

For weapons that must be supported, a stand shall be used having minimal reflecting or 

obstructing surfaces.  When stand-mounted, an unimpeded reflecting path from the noise 

source(s) to the ground and back to the transducers shall be provided.  A minimum of five 

impulses shall be measured for each condition unless a lower number of samples is negotiated 

with the procuring activity (e.g., missile defense testing).  If the range of peak pressure levels 

exceeds 5 dB, additional samples shall be obtained until the range of peak pressure levels is 

within a 5 dB range. 

 

 c. Other Impulsive Noise.  For impulsive noise sources not associated with weapon 

firing, the testing environment shall be representative of the intended environment in which the 
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system will be used.  This shall include all reflective surfaces, including personnel, which will be 

present when the system is fielded.  Measurements shall be taken at a location most 

representative of the user’s head position, during operation. 

 

2.2 Instrumentation. 

 

2.2.1  Steady-State Noise. 

 

 a. Microphones.  Pressure microphones shielded against wind effects, having an 

essentially flat response at grazing incidence (90 degrees) should be used.  Free field 

microphones having an essentially flat response at normal incidence (0 degrees) can be used with 

the addition of a random-incidence corrector.  They must have a flat frequency response between 

20 Hertz (Hz) and 20 Kilohertz (kHz). 

 

 b. Sound Level Meter (SLM).  Must conform to the requirements for Type 1 as specified 

by ANSI S1.44. 

 

 c. Octave Band Filter Sets.  Must conform to the requirements for Order 3, Type 3-D, 

extended range, as specified by ANSI S1.115. 

 

 d. Other noise recording equipment or combinations of instrumentation shall conform to 

ANSI S1.4. 

 

 e. Frequency analyzer providing dB(A) and octave-band levels. 

 

2.2.2  Impulse Noise. 

 

2.2.2.1  Transducer. 

 

 a. Undamped Resonance.  Undamped resonance shall be not less than 100 kHz. 

 

 b. Time Constants.  For other than direct current (DC) response, time constants shall not 

be less than 200 ms. 

 

 c. Non-Linearity.  Non-linearity shall not be greater than 3 percent of full-scale output. 

 

 d. Sensor Surfaces and Holders.  Diameters of sensor surfaces shall not be more than 

6.4 millimeters (mm).  Transducer holders should be small and minimize flow interference over 

the sensor surface. 

 

 e. Rise Time.  Rise time capability shall be less than 1/20 of the measured A-duration of 

the impulse and should not be more than 20 microseconds (µs).  Cables that cause an increase in 

measured rise time shall not be used. 

 

 f. Acceleration Sensitivity.  Acceleration sensitivity shall be less than 0.014 kPa/g in the 

axial direction, and less than 0.069 kPa/g in the transverse direction. 
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2.2.2.2  Transducer Application. 

 

For measurements above 7 kPa (171 dB), condenser microphones shall not be used. 

 

2.2.2.3  Recording System. 

 

 a. Equipment for capturing and storing steady-state noise shall have a minimum of 16-bit 

resolution, with 24-bit resolution preferred, and a sampling rate of a minimum of 48,000 samples 

per second.  The anti-aliasing filter roll-off rate shall be not less than 36 dB/octave. 

 

 b. Record impulse noises using a digital recorder.  Sampling rate shall be a minimum of 

200,000 samples/second.  The analog signal shall be filtered, using a Bessel type, with 40-kHz 

cutoff frequency.  The roll-off rate shall be not less than 36 dB/octave.  The complete data 

acquisition system shall provide a minimum of 35 dB signal-to-noise ratio. 

 

2.2.2.4  Alternate Noise Instrumentation. 

 

Any sound-recording devices, components, or combinations of instrumentation used as part of or 

in lieu of the above items shall conform to ANSI S6.16 and applicable provisions of ANSI S1.4. 

 

3. REQUIRED TEST CONDITIONS. 

 

3.1 Steady-State Noise. 

 

3.1.1  Safety. 

 

During tests, neither the operator nor crew members shall occupy the location(s) where the noise 

is being measured, unless they are essential to the operation of the test item, nor is the hearing 

protection provided capable of reducing the expected noise to nonhazardous levels.  Department 

of the Army (DA) Pamphlet (PAM) 40-5017, Chapter 6, provides additional guidance on hearing 

protectors. 

 

3.1.2  Vehicles. 

 

 a. Equip all vehicles with a calibrated tachometer. 

 

 b. When possible, select new vehicles for the test (vehicles that have completed the 

prescribed break-in time).  Inspect for normal operation in accordance with the appropriate 

specification and to ensure that all auxiliary equipment that would be in continuous use when the 

vehicle is in motion, is installed and operating normally. 

 

 c. Load all load-carrying vehicles (trucks, trailers, forklifts, etc.) with two-thirds of 

maximum payload or as specified by the procuring activity. 

 

 d. Install all panels, canvas, louvers, and equipment used on the vehicle. 
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 e. Check and adjust tire pressure or track tension to that prescribed for the load. 

 

3.1.3  Stationary Equipment. 

 

 a. All safety equipment such as guards, mufflers, and warning devices shall be installed. 

 

 b. All noise-producing, auxiliary equipment, normally used with the test item, shall be 

installed. 

 

3.1.4  Environment. 

 

 a. Ambient noise level for steady-state noise tests shall be at least 10 dB below the noise 

being measured and shall always be at least 10 dB below the criteria. 

 

 b. Tests shall not be conducted when wind exceeds 20 km/hr (12 mph), or during 

precipitation.  Microphones shall be shielded from wind effects under all conditions. 

 

 c. When the ambient temperature changes more than 3 °Celsius (C) (5 °Fahrenheit (F)) 

during the conduct of the test, an instrumentation-alignment check (in accordance to equipment 

manufacturer guidelines) shall be made after each series of measurements. 

 

3.2 Impulse Noise. 

 

 a. Weather Conditions.  Measurements should normally be made at wind speeds below 

20 km/hr (12 mph).  However, this guideline may be eased when measuring high SPL. 

 

 b. Background Noise.  Background noise, including wind noise, shall be at least 40 dB 

below the peak pressure level being measured for acceptance and at least 20 dB below the peak 

pressure level for noise contours. 

 

4. TEST PROCEDURES. 

 

4.1 Steady-State Noise. 

 

4.1.1  Noise Test On Stationary Equipment. 

 

 a. Mechanical equipment such as generators, pumps, heaters, and other non-vehicular 

items except for stand-alone air conditioners. 

 

  (1) Place microphones at the approximate centers of the probable head positions of all 

unoccupied operator and maintenance personnel.  Maintenance personnel noise measurements 

shall be taken with enclosure panels removed and access panels open.  If personnel must occupy 

a position, place the microphones 150 mm (6 in.) to the side of the ear closest the noise 

source(s). 
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  (2) Operate equipment in a manner most descriptive of its normal operating condition 

and record dB(A) and octave-band pressure levels at all microphone locations.  When the noise 

generated by operating conditions varies due to load, speeds, or other reasons, conduct the test 

under that condition which produces the highest noise level.  If there are more than one unique 

operating modes, conduct the test under each condition. 

 

  (3) When the operating noise level is 85 dB(A) or greater, determine the distances 

and directions from the noise source at which the noise level is equal to 85 dB(A).  The 85-

dB(A) contour shall be determined from measurements taken at positions around the noise 

source at angular increments not greater than 45 degrees, and at the noisiest angle.  Make as 

many noise measurements as necessary to accurately plot an 85-dB(A) contour curve. 

 

 b. Exterior measurements of stationary vehicle. 

 

  (1) Microphone locations. 

 

  (a) Place microphones 150 mm (6 in.) to the right of the driver's right ear and at the 

center of the probable head position of all other normally occupied positions during field use.  

For vehicles expected to carry more than five personnel, place microphones at five representative 

positions.  Where the operator, crew, or passenger station(s) is not clearly defined, or where 

unattended use of equipment is intended (e.g., some mobile electric power, pumps, etc.), the 

noise measurement position(s) shall be designated by the procuring activity. 

 

  (b) If an 85-dBA contour curve around the exterior of the vehicle is required, place 

microphones at angular increments not greater than 45 degrees around the stationary vehicle, and 

determine the distance at each radial at which the noise level is equal to 85 dB(A). 

 

  (2) Operate the vehicle at idle and at two-thirds of the maximum-rated engine 

revolutions per minute (rpm).  Operate vehicles having torque converters at the highest, 

attainable, governed vehicle rpms that still maintain torque-converter stall conditions.  Observe 

appropriate limitations on idle and stall operations to prevent overheating or damage. 

 

  (3) Record dB(A) and octave-band pressure levels at all interior microphone locations 

with windows open and again with windows closed. 

 

 c. Air Conditioners.  These tests require a chamber with an acoustical tile ceiling and a 

movable wall to provide a room the size for which the air conditioner was designed.  The room 

should be empty except for sound measuring instrumentation and electrical heater banks. 

 

  (1) Mount the air conditioner so that the evaporator grille is 1.22 meters (48 in.) from 

the floor and centered in one end of the wall of the air conditioner test facility, with the 

evaporator side protruding at least 102 mm (4 in.) inside the wall (Figure 1). 
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Figure 1.  Air conditioner test setup. 

 

 

  (2) Record the SPL at three locations inside and three locations outside the test 

chamber as follows: 

 

  (a) Inside.  On a centerline perpendicular to the evaporator grille, 30 degrees to the 

left, and 30 degrees to the right of that centerline.  All positions are 1.22 meters (48 in.) from the 

center of the grille and 1.22 meters (48 in.) above the floor. 

 

  (b) Outside.  On a centerline perpendicular to the condenser grille, 45 degrees to the 

left, and 45 degrees to the right of that centerline.  All positions are 1.22 meters (48 in.) from the 

center of the grille and at a height on line with the center of the grille. 

 

  (c) Operate the air conditioner at its maximum cooling capacity (coldest temperature 

setting and maximum blower speed) and record dB(A) and octave-band pressure levels at each 

microphone location. 

 

4.1.2.  Interior Noise Test of Moving Equipment. 

 

 a. Wheeled Vehicle. 

 

  (1) Microphone locations.  Place microphones 150 mm (6 in.) to the right of the 

driver's right ear and at the center of the probable head position of the assistant driver, and at all 
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positions normally occupied during field use.  For vehicles expected to carry more than five 

personnel, place microphones at five representative positions.  Where the operator, crew, or 

passenger station(s) is not clearly defined, the noise measurement position(s) shall be designated 

by the procuring activity. 

 

  (2) Vehicle speed.  Operate the vehicle in 8- to 16-km/hr (5- to 10-mph) increments 

to the maximum speed tolerated by the vehicle, operator, or track in the highest gear, over a 

paved test course, as in paragraph 2.1.1.3.a.  Additional measurements may be made in all other 

gears at two-thirds of maximum or posted vehicle speed for that gear. 

 

  (3) Auxiliary equipment.  All auxiliary equipment that adds to the overall noise level 

(e.g., heaters, blowers, and air conditioners) shall be operated at their highest setting.  Where 

both heaters and air conditioners are present, the one producing the higher sound level shall be 

operated. 

 

  (4) Vehicle payloads.  All load-carrying equipment shall be operated with two-thirds 

of maximum payload or as specified by the procuring activity.  Vehicles (including tractor/trailer 

combinations) shall be operated at two-thirds of the off-highway payload.  Auxiliary trailed 

equipment shall not be towed during testing.  Vehicles shall also be tested at the maximum 

payload including towed trailers at maximum payload where applicable to the vehicle design. 

 

  (5) Equipment openings.  All windows, hatches, and vents shall be in the normal 

operation position as defined by the procuring activity.  If possible to operate with these either in 

the open or closed positions, both configurations shall be tested. 

 

  (6) Record dB(A), and octave-band pressure levels at each microphone location. 

 

 b. Tracked Vehicle.  Conduct the test as stated in paragraph 4.1.2.a(2) except that when 

the tracks are without rubber pads, operate the vehicles on compact earth, as stated in 

paragraph 2.1.1.3.a. 

 

 c. Small Watercraft (applies to craft having fixed positions for crew and passengers, and 

sound generated only by the propulsion unit). 

 

  (1) Place a microphone at the approximate ear positions of the operator, each crew 

member, and each passenger. 

 

  (2) Operate the craft in calm water, 150-mm (6-in.) waves or less, at five evenly 

spaced speed increments from slow to maximum. 

 

  (3) Record dB(A), and an octave-band analysis at each microphone location for each 

speed. 

 

 d. Large Watercraft (applies to vessels with multiple sources of noise). 
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  (1) Operate the vessel in waters not to exceed moderate seas, l-meter (3-ft) waves or 

less, at five evenly spaced speed increments from slow to maximum. 

 

  (2) Conduct a noise survey of all areas where personnel could potentially be exposed 

to excessive steady state noise, including but not limited to the pilothouse, crew compartment, 

engine rooms, and work areas under all conditions of vessel operation, using a sound-level 

meter.  With all special equipment normally used in that compartment operating, determine 

positions of maximum noise. 

 

  (3) Place a microphone in the area of maximum noise of each compartment and 

record the dB(A) and octave-band analysis for the condition-of-vessel operation that produces 

the most noise. 

 

  (4) When cargo-handling, vehicle-movement, or pumping operations are part of the 

normal working operation of the vessel, conduct separate test of each of these operations while 

the vessel is moored. 

 

4.1.3  Exterior Noise Test of Moving Equipment (Drive By). 

 

 a. Motor Vehicle (Society of Automotive Engineers (SAE) Procedure J3668). 

 

  (1) Test site setup.  The microphone shall be located 15.2 meters (50 ft) from the 

centerline of the vehicle travel, and 1.2 meters (4 ft) above the ground plane.  The microphone 

point is defined as the point of intersection of the vehicle path, and the normal to the vehicle path 

drawn from the microphone (Figure 2). 

 

 

 

Figure 2.  Motor vehicle drive-by noise test setup (SAE J366). 
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  (2) The microphone shall be oriented with respect to the source so that the sound 

strikes the diaphragm at an angle at which the microphone was designed to have the flattest 

frequency response over the frequency range 100 Hz to 10 kHz. 

 

  (3) An acceleration point shall be established on the vehicle path 15.2 meters (50 ft) 

before the microphone point. 

 

  (4) An end point shall be established on the vehicle path 30.4 meters (100 ft) from the 

acceleration point and 15.2 meters (50 ft) from the microphone point. 

 

  (5) The end zone is the last 12.2 meters (40 ft) of vehicle path prior to the end point. 

 

  (6) The measurement area shall be the triangular area formed by the acceleration 

point, the end point, and the microphone location. 

 

  (7) Acceleration test.  Select the highest rear axle and/or transmission gear (highest 

gear is used in the usual sense; it is synonymous to the lowest numerical ratio) and an initial 

vehicle speed such that a wide-open throttle of the vehicle will accelerate from the acceleration 

point: 

 

  (a) Starting at no more than two-thirds (67 percent) of maximum rated engine speed. 

 

  (b) Reaching maximum test speed within the end zone. 

 

  (c) Without exceeding 55 km/hr (35 mph) before reaching the end point. 

 

  (8) Deceleration test.  For the deceleration test, approach the microphone point at 

maximum test speed in the gear selected for the acceleration test.  At the microphone point, close 

the throttle and allow the vehicle to decelerate to one-half of maximum test speed.  If the vehicle 

is equipped with an exhaust brake, this deceleration test is to be repeated with the brake full on 

immediately following closing of the throttle. 

 

  (9) Data.  Set the SLM for fast response on the A-weighted network.  Observe the 

SLM during the period that the vehicle is accelerating and record maximum dB(A) values as the 

vehicle is driven past the microphone.  The applicable reading is the highest sound level obtained 

for the run (ignoring peaks caused by extraneous ambient noise). 

 

  (10) Make at least three measurements on each side of the vehicle unless it becomes 

obvious after the first run that one side is definitely higher in sound level.  Report the sound level 

for the side of the vehicle with the highest readings. 

 

  (11) Report the sound level as the average of the two highest readings that are within 

2 dB of each other. 
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 b. Powered Mobile-Construction Equipment (SAE J889).  This test shall be conducted 

using the same procedure stated in paragraph 4.1.3.a with the exception of the following: 

 

  (1) Machines shall be operated at a constant speed in a forward intermediate gear 

ratio at no-load at a location as specified in Figure 3.  The power source(s) shall be operated at 

maximum governed speed (high idle).  Intermediate is intended to mean second gear ratio for 

machinery with three or four gear ratios, third gear ratio for machinery with five or six gear 

ratios, fourth gear ratio for machinery with seven or eight ratios, etc.  If there is a problem with 

the transmission shifting up or down in this phase of the test, one gear lower or higher may be 

used to eliminate the problem.  Machines with hydrostatic, electric drive, or other type drives 

shall be operated at approximately one-half its maximum ground speed with the governor control 

set in maximum (high idle) position at no-load.  If this operating condition cannot be attained 

because of the interaction of the power source(s) and drive controls, then the ground speed may 

be increased or decreased so as to still permit the power source(s) governor control(s) to be set in 

the maximum (high idle) position. 

 

 

 

 

Figure 3.  Powered mobile-construction-equipment drive-by noise test (SAE J88). 

 

 

  (2) Machines that have major noise-generating components which are normally in use 

at this ground speed shall have these major components in operation during testing. 
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  (3) Machines that have a major attachment that is normally used for the main 

operating function shall be equipped with this attachment. 

 

 c. Watercraft (SAE J3410). 

 

  (1) Place a microphone 25 meters (82 ft) from the line described by three course 

markers (paragraph 2.1.1.3.b) on a dock, a floating platform, or another boat.  Position the 

microphone so that it is perpendicular to the line of markers, opposite the center marker at 1.2 to 

1.5 meters (4 to 5 ft) above the water surface, and not closer than 0.6 meter (2 ft) to the surface 

of the dock or platform on which the microphone stands. 

 

  (2) Set the SLM for fast response on the A-weighting network. 

 

  (3) Operate the craft so that it passes within approximately 0.5 to 1 meter (1.6 to 

3.2 ft) of the far side of all three markers with the engine operating at the midpoint of the full-

throttle rpm range recommended by the manufacturer. 

 

  (4) Observe the SLM while the craft is passing the markers and record the maximum 

dB(A) reading. 

 

  (5) Take at least three measurements for each side of the craft. 

 

  (6) Report the sound level for each side of the craft.  The sound level for each side of 

the boat shall be the average of the first two readings for each side which are within 1 dB of each 

other. 

 

4.1.4  Aural Non-Detectability Test (Military Standard (MIL-STD)-1474E11, paragraph C.5.1). 

 

Equipment having an aural non-detectability requirement shall not exceed the limits of Tables 1 

or 2, as specified by the procuring activity.  Two category limits are available.  The selection of 

the category is based upon the anticipated use of the equipment and the criticality of the aural 

non-detectability. 
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TABLE 1.  LEVEL I AURAL NONDETECTABILITY LIMITS (dB) 

 

 
 

 

TABLE 2.  LEVEL II AURAL NONDETECTABILITY LIMITS (dB) 

 

 
 

 

4.1.5  Speech Intelligibility Test. 

 

For equipment that requires effective oral communication among crew or passengers for field 

employment, a speech intelligibility test may be necessary.  When required, conduct the speech 
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intelligibility test as described in TOP 01-2-610 (Part 1)12 and MIL-STD-1474E, paragraph 

4.3.3.2. 

 

4.1.6  Typical Duty Cycle Test. 

 

 a. If a typical duty cycle testing is specified by the procuring activity, a time-weighted 

average level (Lavg) shall be determined using an integrating SLM or other recording 

instruments that measures (Lavg) as defined in MIL-HDBK-1908B (using the time-sound level 

exchange rate appropriate for the service involved).  Minimum sampling time shall be 

10 minutes and should consist of integral multiples of duty cycles.  When the Lavg does not 

change by more than 2.0 dB(A) from sample to sample, two samples shall be adequate.  If 

additional data samples are needed, data samples shall be taken until the number of samples 

made is at least as large as the dB(A) range of results for the data set (e.g., a range of 5 dB(A) 

between data samples would require at least five samples).  The equipment shall be operated at a 

test site typical of the environment in which the equipment is to be used, as specified by the 

procuring activity.  The composite Lavg from all samples shall represent the duty-cycle noise.  

Excluding individual samples from the composite average is permissible for operator error in 

mechanical performance during the sampling 

 

  (1) Category level I (Table 1) non-detectability limit assumes that the listener is in a 

quiet rural area with the closest heavily used highway and community noise sources further then 

4 km (2.5 miles) away. 

 

  (2) Category level II (Table 2) non-detectability limit assumes that the listener is in a 

quietest background noise level with the closest heavily used highway and community noise 

sources further then 10 km (6.2 miles) away. 

 

  (3) Select from Tables 1 or 2 a measurement distance that corresponds to the 

non-detectability range desired or requested by the requirements document.  Unless otherwise 

specified, the octave-band-pressure levels measured at the measurement distances must not 

exceed those values listed in the table for any band at any azimuth around the equipment if 

non-detectability is to be achieved at the corresponding distances.  If the ambient noise is less 

than 10 dB below the level of the test item, the use of conventional, background-noise 

corrections is permissible (ANSI S1.13).  If the test item is small and meets the safety 

requirements, the test may be conducted in an anechoic chamber.  When measuring the noise of a 

large item at close distances, the measurement distance must be more than four times the major 

dimension of the item. 

 

 b. Test Site.  Equipment shall be tested in its exact operating environment if the location 

is known and such testing is feasible.  When this is not possible, the test site shall be a uniform 

flat surface, free of ice, snow, or vegetation over 15 cm (6 in.) tall; and it shall be free of 

reflecting surfaces such as buildings, trees, or hillsides within 30 meters (100 ft).  An anechoic or 

hemi-anechoic chamber may be substituted for outdoor measurements. 

 

 c. Microphone Location.  The microphone shall be positioned 1.2 meters (48 in.) above 

the ground, on 30 degree radials around the test item at the indicated measurement distance.  The 
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noise of an item should, whenever possible, be measured at a distance of at least four times the 

major dimension of the source.  Measurements taken at this distance follow the inverse square 

law (6-dB decrease for each doubling of distance) with the resulting measurements being 

appropriate for predicting non-detectability.  Record the linear (non-weighted) SPL in each 

octave band at each location. 

 

 d. Vehicle Stationary - Silent Watch. 

 

  (1) While the item is completely silent, record the ambient SPL in each octave band. 

 

  (2) Place the vehicle in a silent watch condition (i.e., radio, rangefinder, and other 

electronic equipment turned on and all other noise-producing devices or equipment turned off). 

Record the SPL in each octave band. 

 

 e. Vehicle Stationary - Combat Readiness.  Repeat the procedure described in 

paragraph 4.1.4.d with the vehicle engine at idle and all heaters, weapon systems, and electronic 

instruments operating.  Record the SPL in each octave band. 

 

 f. Equipment at Idle (Standby Condition). 

 

  (1) Place the microphone at the selected distance from the test item.  While the item 

is completely silent, record the ambient SPL in each octave band 

 

  (2) Turn the equipment to its lowest operable condition (idle) and again record the 

SPL in each octave band. 

 

 g. Equipment at Maximum Working Condition.  Repeat the procedure described in 

paragraph 4.1.4.f, with the exception to operate the test equipment at its normal maximum-load 

condition.  If, by reducing or increasing the speed or working condition of the test item, the noise 

level increases, conduct the test at that speed or condition that produces higher noise levels 

unless detrimental to the test item to do so. 

 

4.2 Impulse Noise. 

 

4.2.1  Personnel Occupied Area. 

 

 a. Weapon Position.  Weapons shall be tested in all positions and in the system locations 

from which they are normally fired.  Standing position for shoulder-fired and hand-held weapons 

is defined as being mounted with the barrel or tube centerline 1.60 meters (5.2 ft) above and 

parallel to the ground.  For vehicle mounted weapons, mount the weapon in or on the vehicle as it 

would be under normal combat or training conditions.  Position the vehicle to create the most 

severe noise conditions with respect to the crew members (e.g., gun firing directly over the hatch 

of a crew member) when firing the weapon down range. 

 

 b. Transducer Location.  For shoulder-fired and hand-held weapons operated remotely, 

transducers shall be located at the center of each operator or crew member's probable head 
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location. For other weapons the transducer shall be positioned 1.60 meters (5.2 ft) above the 

ground surface; for sitting locations it shall be 80 cm (31 in.) above the seat.  With the operator 

present, the measurement shall be taken 15 cm (6 in.) from the ear closest to the main noise 

source (i.e., muzzle or breech, as the case may be) on a line between the operator's ear and the 

noise source.  For vehicle mounted weapons, mount a transducer at the center of the probable 

head position of each crew member while in a seated position.  With the vehicle hatches closed, 

fire the weapon and record SPL, A-duration, and B-duration at each crew position.  Repeat the 

above test procedure with the hatches open. 

 

 c. Measure peak-pressure level and B-duration from data recorded during firing of at 

least five single fired rounds.  If the extreme spread of peak pressure level exceeds 5 dB, then 

additional rounds will be fired until the number the spread of peak pressure level range is within 

5 dB.  It is acceptable to fire three rounds instead of five for weapons that are known to make 

noise that has been previously established to have less than a 3 dB extreme spread.  By taking 

additional data, it is possible to make statistical use of all the information to make a more 

realistic health risk assessment.  Details of the process and how many samples are required are 

contained in Technical Guide (TG) 33813. 

 

 d. Reference Transducer.  If required, a transducer shall be placed 200 cm (79 in.) to the 

side of the major noise source of the weapon (e.g., perpendicular to the muzzle for closed breech 

systems and perpendicular to the rear for rocket launchers), with the weapon and the sensor 

160 cm (63 in.) above the ground. 

 

 e. Operational Mode.  Weapon systems should be tested in all operating modes.  This 

includes firing postures for small caliber weapons, different mounting conditions for weapons 

fired with different mounting systems, and testing of large caliber weapons for each variable that 

is expected to affect noise generation (including temperature conditioning, firing azimuth and 

elevation, charge weight, and type of cartridge fired). 

 

4.2.2  Equal Pressure Contours (140- and 165-dBP Noise Contour). 

 

Where the impulse noise level exceeds 140 dBP, the distances and directions from the noise 

source at which the noise level is equal to 140 dBP shall be determined.  The distances and 

directions from the noise source shall, at which the noise level is equal to 165 dBP, also be 

determined for weapon systems that generate sounds at that level.  Measurements are to be taken 

at positions around the major noise source at angular increments not greater than 45 degrees.  

Where the 140-dB contour is too far from the source to make its direct measurement practical, its 

location may be extrapolated from measurements taken at a distance producing a level not 

greater than 150 dB and assuming spherical divergence decay rate (6 dB per doubling of 

distance). 

 

4.2.3  Materiel Other Than Weapons and Explosive Ordnance. 

 

Items such as machinery (drop hammers, jackhammers, etc.) and impact tools that produce 

impulse noises are tested not only against impulse-noise criteria, but also against steady-state 

criteria when appropriate as indicated in Section 1.2.  For impulse noise tests, a minimum of five 
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separate impulses is required to establish the arithmetic means of peak-pressure levels and B-

duration as described in paragraph 1.2. 

 

 a. Stationary Machinery (e.g., drop hammers).  Since these test items are not portable, 

they may be tested within an enclosure, the most suitable of which is the room or area of 

intended use. 

 

 b. Portable Machinery (e.g., pneumatic hammers).  Conduct these tests in an open area 

free of all reflecting surfaces and where the ambient sound-pressure level is at least 25 dB below 

the values expected during testing. 

 

 c. Operate the equipment using the operation and material causing the highest noise level 

and for as many operations as necessary to determine peak-pressure level, B-duration, and the 

140-dB noise contour curve. 

 

 d. If the machinery requires other equipment in support of its operation (such as 

generators or air compressors), test the supporting equipment also for its steady-state noise level 

as indicated in paragraph 4.1.1.a. 

 

5. DATA REQUIRED. 

 

5.1 Steady-State Noise. 

 

 a. Test item nomenclature and identification data. 

 

 b. Test item condition (e.g., hatch position, with or without muffler, percent load, speed, 

etc.) 

 

 c. Test site (surface, terrain, etc.). 

 

 d. Type of test (stationary, highway, drive-by, etc.). 

 

 e. Meteorological data (temperature, humidity, barometric pressure, sky cover, wind 

direction, and velocity). 

 

 f. Nomenclature, model and serial numbers, and manufacturer of all instruments used. 

 

 g. Name of test conductor and equipment operator. 

 

 h. Microphone locations. 

 

 i. Sound levels in dB(A), and in each octave band. 

 

 j. Noise-contour data (distances and directions from the equipment at which the 

specified noise limit is measured). 
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5.2 Impulse Noise. 

 

 a. Test item nomenclature and identification data. 

 

 b. Type of ammunition or explosive charge. 

 

 c. Other test details important to noise (e.g., quadrant elevation, azimuth, firing posture 

for hand-held weapons, hatch or window details, temperature conditioning, environmental 

control equipment settings, etc. (type mount, hatch-position mounting method, etc.). 

 

 d. Meteorological data (temperature, humidity, barometric pressure, sky cover, wind 

direction, and velocity). 

 

 e. Nomenclature, model and serial numbers, and manufacturer of all instruments used. 

 

 f. Names of test conductor and equipment operator. 

 

 g. Microphone locations. 

 

 h. Peak-pressure level, A-duration, and B-duration measurements of impulse noise for 

each microphone location. 

 

 i. Noise-contour data (distance and directions from the test item at which 140 and 

165 dB, if applicable, peak is recorded). 

 

6. PRESENTATION OF DATA. 

 

6.1 Steady-State Noise. 

 

 a. Tabulate all direct SLM measurement data using a data collection sheet. 

 

 b. When data are recorded, analyze the data in the laboratory for each specified 

requirement.  If a requirement is not specified: 

 

  (1) Analyze the data for dB(A), and octave-band sound levels in each octave band. 

 

  (2) Extract a portion of each test segment and perform a frequency analysis. 

 

 c. Present data taken for 85-dB(A) contour curves as shown in Figure 4. 
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Figure 4.  Typical 85-dB(A) noise contour curve for a military vehicle. 

d. When required, compute the equivalent continuous noise level (Leq) as described in

MIL-HDBK-1908B. 

6.2 Impulse Noise. 

a. Digitized data files and information necessary to understand sampling rate, pressure

units, type of transducer used (condenser microphones invert the signal being recorded), and test 

conditions represented for each file. 

b. Tabulate data taken or present data taken for 140- and 165-dBP contour curves in a

polar plot. 

c. Compare the impulse noise data with the limits specified in the Army Hearing

Division interim impulse noise criterion and the criteria contained in MIL-STD-1474E, or with 

other special requirements established for the system. 
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APPENDIX A.  CHARACTERISTICS OF NOISE. 

 

 

A.1 GENERAL. 

 

 a. Sound.  Sound is the sensation produced through the ear resulting from rapid 

fluctuations in atmospheric pressure.  These fluctuations are expressed in decibels using 

0.0002 microbar (which is the same as 0.0002 dynes/cm2) as the reference pressure (often 

abbreviated to re 0.0002 bar, 20 micro Pa or 0.0002 Pa).  This reference is the smallest change in 

pressure at 1000 Hz that personnel with good hearing can detect.  The relative amplitude of these 

pressure fluctuations is termed the SPL, and its value is given by: 

 

 
 

 where: P1 is the overpressure and Po is the reference overpressure of 0.0002 microbar.  

For steady-state noises, Pl is the root mean square (rms) over pressure value, 

whereas for impulse noises, it is the instantaneous peak overpressure value.  The 

relationship between overpressure expressed in psi and decibels is one 

microbar = 1.450 x 10-5 psi.  Sound may be produced by a vibrating object that 

regularly compresses the air near its surface causing a wave to propagate from the 

object, or by pulses in the air generated by a shock wave and its reflections.  For a 

simple, pure tone (i.e., a sine wave) the number of times per second the pressure 

changes through a complete cycle is the frequency of the sound.  The audible 

frequency range for men with acute hearing is about 20 to 20,000 Hz.  Normal 

speech involves the frequencies from about l00 to 7000 Hz, with the most 

important frequency centered about 1200 Hz. 

 

 

 b. Noise.  Noise is unwanted sound.  Noises may be divided in two ways: 

 

  (1) Steady-state (or continuous) noise, such as that produced by a tank or jet engine. 

 

  (2) Impulse noise, such as that produced by gunfire. 

 

A.2 STEADY-STATE NOISE. 

 

Steady-state noise is continuous noise that maintains essentially the same amplitude and spectral 

distribution over a period of time.  There are two principal types of steady-state noise: 

 

 a. Steady-state wide band noise which consists of a wide range of frequencies 

(examples: noises from tanks, reciprocating engines, and ambient noise). 
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APPENDIX A.  CHARACTERISTICS OF NOISE. 

 

 

 b. Steady-state narrowband noise consisting of noises that range from pure tones to those 

that are wide band but with energy concentrated in a narrow part of the total frequency spectrum 

produced, including noise produced by turbines, transformers, and sirens operating under 

constant conditions.  Steady-state noise levels are given as rms values expressed in decibels. 

 

 c. Hazardous levels of steady-state noise may cause temporary hearing loss which 

recovers over time to normal or very close to normal.  The incremental changes build up over 

time upon repeated exposures causing increasing amounts of permanent hearing loss. 

 

A.3 IMPULSE NOISE AND BLAST WAVE. 

 

An idealized impulse noise produces the same physical phenomenon as a blast wave.  A shock 

front is created, which is characterized by a discontinuity in pressure.  The pressure rise from 

ambient to peak occurs in less than a microsecond.  In practice, there may be precursors in the 

form of advance elements of the gun-firing process which arrive before the main muzzle blast.  

Reverberations and reflections also increase the complexity of the wave form creating a number 

of nodes.  The duration of an impulse noise is generally in the millisecond range for large 

weapons and in microseconds for small arms.  Impulse noises that are repeated rapidly, such as 

machinegun fire, are called repeated impulse noises.  In some cases, such as with gun noise 

heard from within a closed tank, the impulse has no apparent shock front.  These kinds of sound 

can cause instantaneous permanent hearing damage or can, if intense enough, damage internal 

organs.  The nature of this kind of injury is different than that associated with steady-state noise.  

Blast overpressure and impulse noise are discussed in greater detail in ITOP 04-2-822. 
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APPENDIX B.  ABBREVIATIONS. 

ANSI American National Standards Institute 

°C degrees Celsius 

cm centimeter 

DA Department of the Army 

dB decibel 

DC direct current 

°F degrees Fahrenheit 

ft feet 

Hz Hertz 

in. inch 

ITOP International Test Operations Procedure 

kHz Kilohertz 

km/hr kilometers per hour 

kPa kilopascal 

Lavg average level 

Leq equivalent level 

μs microsecond 

MIL-HDBK Military Handbook 

MIL-STD Military Standard 

mm millimeter 

mph miles per hour 

ms millisecond 

PAM Pamphlet 

psi pounds per square inch 

rms root mean square 

rpm revolutions per minute 

SAE Society of Automotive Engineers 

SLM sound level meter 

SPL sound pressure level 

TG Technical Guide 

TOP Test Operations Procedure 

.
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