Human Factors Engineering Test Procedures

 [extensive excerpts from Human Factors Engineering Data Guide for Evaluation (HEDGE)]

Please use Edit/Find or Ctrl-F to find word/phrase on this page.

This section contains valuable procedures for testing systems or equipment to determine if the design meets the human engineering guidelines, specifically, MIL-STD-1472. These test procedures were developed by Dr. James C. Geddie for U.S. Amry systems and equipment, but they are directly applicable to similar systems in other organizations. For non-military applications, they can easily be tailored or serve as a baseline for those wishing to develop their own test procedures. 
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5.1 TEST PROCEDURE - LIGHTING

5.1.1 Objective - The purpose of this procedure is to present test methods and measures for assessment of workspace lighting. The procedure is primarily intended for internal enclosures but can be extended to external work sites to the degree that requirements for external lighting are consistent with those defined for internal illumination.

5.1.2 Criteria - The criteria for establishing whether sufficient illumination is present shall be those contained in TABLE XV in MIL‑STD‑1472F for different work areas and types of tasks except for blackout or special low‑level lighting requirements. The criteria for assessing display lighting are presented in TABLE XVI in MIL‑STD‑1472F.

5.1.2.1 Direct Glare - Glare control methods assume the operator is using unaided vision. Eyeglasses reflect glare into the eyes if a bright light behind the viewer is between 30 degrees above and 45 degrees below the line of sight, or if it is within 20 degrees left or right of the line of sight.

5.1.2.2 Reflected Glare - Reflected glare from work surfaces is a common, but frequently overlooked cause of reduced performance in visual tasks. FIGURE 3.7 in MIL‑HDBK‑759A(MI) gives acceptable ranges of reflectance values for different surfaces.

5.1.2.3 Indicator Light Coding - The coding of simple indicator lights shall be that presented in TABLE II in in MIL-STD‑1472F and the criteria for group viewing of optical projection displays shall be those in TABLE IV in MIL-STD-1472F.

5.1.2.4 Transilluminated Display Brightness - The brightness of transilluminated displays shall be 10% greater than the surrounding surface but never more than 300% of the surrounding surface. The brightness contrast of the figure‑ground relationship shall be at least 50%.

5.1.2.5 CRT Brightness - The brightness of the surface around a CRT shall be from 10% to 100% of that of the CRT. None of the surface surrounding the CRT shall exceed it in brightness with the exception of warning lights.

5.1.2.6 Aircrew Station Signals - Lighting used in aircraft should also conform to the criteria contained in JSSG-2010. 

5.1.3 Facilities and Instrumentation
5.1.3.1 Facilities - None.

5.1.3.2 Instrumentation - Photometers, as described in Table 2‑1, are used for illumination measurements. The photometer should be capable of measuring both illuminance (in foot‑candles candles or lux) produced by light arriving at a surface, and luminance or brightness (in foot‑lamberts or candela per square centimeter) emitted by an extended source or reflected by a surface.

5.1.4 Method - This test will not require use of representative test participants. The conduct of the test will have the HFE specialist acquire illumination levels falling on selected workspace areas, and brightness values of displays, and perform a comparison of obtained light values with criteria denoting the minimum allowable levels.

5.1.4.1 General Guidelines - For efficient performance of the various tasks that crews must perform, certain minimum amounts of light are required. Among the duties of a vehicle crew, map reading undoubtedly requires the highest level of illumination. The amount of light necessary for gross tasks such as the location and identification of stowage items is generally the lowest level required.

For a given task, the illumination required varies with conditions inside and outside the shelter or fighting compartment. In the daytime, for example, crew members are required to look out through the periscopes or other visual devices to drive the vehicle, spot the enemy, sight targets, etc. Alternatively, they must manipulate controls, load weapons, clear machine guns, read maps and perform other tasks inside the fighting compartment. Thus, the crew members' eyes are exposed alternately to outside and inside light levels, which at times may differ over a wide range. When this difference in intensity is great, glare results from exposure to the higher illumination and time is required for the eyes to become adjusted to the lower light levels inside the fighting compartment. During this adjustment, visual efficiency is greatly reduced, with a corresponding reduction in ability to perform the task at hand. As noted above, this glare problem becomes severe in the cold region environment where sunlight reflects from snow or ice‑covered terrain.

The illumination of outside objects may not be controllable; the inside illumination of a compartment is, and must be sufficiently bright to permit performance of all the necessary duties within the compartment, but dim enough so as not to interfere with dark adaptation during night operations. A single white light bright enough for map reading and other necessary duties may interfere with dark adaptation; and if dimmed to where it will not interfere with dark adaptation, it may not be sufficiently bright for the performance of required duties. Therefore, the location, type, and intensity of light source is important to the successful completion of a mission.

One of the most serious of all illumination problems is glare or dazzle ‑ relative bright light shining into the observer's eyes as he/she tries to observe a relatively dim visual field. Glare not only reduces visibility for objects in the field of view, but also causes visual discomfort.

Direct glare arises from a light source within the visual work field. It should be controlled by:

a.
Avoiding bright light sources within 60 degrees of the visual field. Since most visual work is at or below the eye's horizontal position, placing light sources high above the work area minimizes direct glare.

b.
Using indirect lighting.

c.
Using more relatively dim light sources, rather than a few very bright ones.

d.
Using polarized light, shields, hoods, or visors to block the glare in confined areas.

Reflected glare refers to reflections from bright surfaces in the visual field. It should be controlled by:

a.
Using surfaces that diffuse incident light rather than reflect it without diffusion.

b.
Arranging direct light sources so their angle of incidence to the visual work area is not the same as the operator's viewing angle.

Other critical issues for lighting are as follows:

a.
Luminance contrast of labeling, legend lights, indicator lights, and CRT characters.

b.
Lighting uniformity within displays and balance across groups of displays.

c.
Trim range from minimum to maximum brightness of display lighting.

d.
Readability of displays in full sunlight.

5.1.4.2 Test Conduct - The HFE specialist will identify all areas on work stations within a test item where lighting could be a problem. Alternate light sources will be identified for assessment (i.e., panel lighting, map light, dome light, general area lighting, etc.). Potential glare problems in areas where the test participant is subjected to high levels of direct or reflected light will also be identified.

5.1.4.2.1 Ambient Illumination (Illuminance) - The HFE specialist will measure light levels using a photometer, at areas identified in the test plan, under conditions of maximum and minimum illumination for cases where the light intensity is controllable. For all lighting tests, the ambient illumination should be measured and reported. For work benches and consoles, several readings should be made in approximately one foot increments in a grid pattern over the surface to be evaluated. The illumination readings shall be recorded on a data sheet reflecting the same grid pattern. Readings shall be performed in low and daylight conditions of ambient light.

5.1.4.2.2 Display Brightness (Luminance) - To measure the brightness levels of displays, a spot brightness meter or spot photometer shall be used. Several areas within each display should be measured to identify hot spots or areas of non-uniform luminance. Display lighting will be assessed for lighting uniformity, lighting balance, trim range and sunlight readability.

Lighting uniformity and balance will be assessed by measuring the brightness (in foot-lamberts) at six equally spaced points around each display surface. The spot brightness photometer will be used for this measurement.

Trim range will be assessed by measuring the maximum brightness of each display to ensure visibility in the brightest expected ambient environment. The decrease in illumination as the dimming control is operated will be assessed for smoothness and evenness. The minimum brightness will be assessed to ensure that the display will be visible under all expected use conditions.

Readability of displays in direct sunlight will be assessed by observing the brightness contrast and hue contrast of displays under all expected use conditions. Luminance contrast measurements are used to determine brightness contrast (see paragraph 5.1.4.2.4).

5.1.4.2.3 Reflectance - Reflectance should be measured on all control panel surfaces, work station surfaces, and other surfaces where reflected light may cause discomfort or interfere with visibility. Reflectance is a function of the amount of light reflected from a surface given the amount of light falling on the surface. Therefore, measurements of both ambient illumination (illuminance) and luminance must be made at each measurement point. Measurement points should be established in a grid pattern along the surface. The size of the grid will depend on the surface area; larger areas should have a grid of one‑foot or two‑foot increments. Measurements should be taken under potential lighting conditions. Luminance measurements should be taken with the spot photometer "looking" perpendicular to the surface, with the distance from the surface dependent on the field of view of the probe. Illuminance measurements should be taken with the photometer probe mounted flat on the surface. The measurements will be substituted in the following formula:


Reflectance = (Luminance [foot-lamberts] / Ambient Illumination [foot-candles]) X 100

5.1.4.2.4 Luminance Contrast - Luminance contrast measurements will be taken with a spot brightness photometer. The photometer will be placed so that the target fills at least half of the viewing reticle and a measurement in foot-lamberts or candela per sq. cm. taken. The photometer will then be positioned so that the reticle is filled by the background and another measurement taken. This procedure will be repeated several times to compensate for any fluctuations in brightness and the measurements averaged. For large surface areas such as CRT screens, several areas should be sampled. Each pair of target and background luminance measurements should be substituted into the following formula:

Contrast = ((Higher Luminance ‑ Lower Luminance) / Lower Luminance) X 100

Since the numerator and denominator are both in luminance units, it makes no difference what units are used. Both numerator and denominator must be in the same units (foot-lamberts or candela per sq. cm.)

5.1.5 Data Required - The test measures will involve illumination values of light falling on a surface or area (in foot-candles), and the brightness levels of illuminated displays (in foot-lamberts). Each measurement should be repeated three times and the results averaged. Where reflectance or contrast values are required, illumination and/or brightness values are substituted in the above formulas.

5.1.6 Data Reduction and Presentation - The analysis of data in this procedure will be directed at identifying areas where either sufficient light is not available, or where too much light (glare) is present. Data presentation will be in the form of line drawings of panels, consoles or work areas with brightness data indicated for locations of light measurements. Specific data points, such as CRT brightness, will be presented by means of tables.

Ambient illumination at workspaces, panel or workspace reflectance, display brightness and target/background contrast values obtained from the test will be compared with appropriate criteria from MIL‑STD‑1472F, MIL‑HDBK-759A(MI), JSSG-2010 as described in paragraph 5.1.2. Measured values that do not meet these criteria will be noted.

Return to Top
5.2 TEST PROCEDURE - NOISE MEASUREMENT

5.2.1 Objective - The purpose of this test procedure is to provide HFE subtest planning personnel with a description of the methods, criteria, and instrumentation required in the assessment of noise. The test and analysis of noise will be made to determine if noise levels produced by an item under test, or by components of that item, present hazards to personnel and/or if they meet aural non-detectability criteria, speech intelligibility considerations or contribute to community annoyance. Noise assessment is performed to determine the effectiveness of noise prevention and protection devices. The types of noise tests to be performed for each class of test item are listed in TABLE 5.2-1. Criteria and methods for sound level measurements are also described in MIL-STD-1474D and in TOP (Test Operating Procedure) 1-2-608. Additional documentation for specific noise test types is listed in Appendix F of Part I.

[image: image6.png]WBGAT (*C)

=120
48 fue

- 110
&0 b

100

l D -y
3 i :
| 1
| ]
| i
| i - 80
25 1 11 1
0 &0 120 180 240

Exposure Time (Min.)

VBGT (°F)

Figure 5.3-3. Upper Limits of Exposure for
Unimpaired Mental Performance





5.2.2 Criteria - The types of noise of concern in this procedure include steady‑state and impulse noise. Criteria for acceptable noise levels and for the identification of hearing protection requirements are contained in MlL‑STD‑1474D. Additional criteria which are applicable to aircraft are provided in JSSG-2010. Criteria for shipboard equipment are provided in MIL‑ STD‑740‑1.

5.2.2.1 Steady‑State Noise - Steady‑state noise is a periodic or random variation in atmospheric pressure at audible frequencies. The duration of the variation exceeds one second and it may be intermittent or continuous.

Steady‑state noise definitions and measurement procedures are provided in MIL‑STD-1474D. Steady‑state noise shall be within limits for categories of personnel-occupied areas as specified in MIL‑STD‑1474D. Steady‑state noise limits for aircraft are specified in JSSG-2010.

5.2.2.2 Impulse Noise - Impulse noise is 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 somewhat slower decay of the pressure envelope to ambient pressure, both occurring within one second. A series of impulses may last longer than one second.

Impulse noise definitions and measurement procedures are provided in MIL‑STD‑1474D. Impulse noise shall not exceed the limits for peak pressure level, A-duration and B‑duration specified in MIL‑STD‑1474D or with special requirements established for the system under test.

5.2.3 Facilities and Instrumentation
5.2.3.1 Facilities

5.2.3.1.1 Stationary Operation Tests

a.
For movable test items: Select an open area of uniform grade that is free of all sound‑reflecting surfaces (such as buildings, trees, hillsides, or signboards) and interfering sound sources within 30.5 meters (100 ft.) of the test item and sound measuring instrumentation. The terrain surface must be paved or stone, hard dirt, or other material having similar acoustic characteristics.

b.
For test items permanently mounted: Test the item on site and state the conditions of the test report.

c.
MIL‑STD‑1474D states that when practical, the background noise level, including wind noise, shall be at least 10 dB below that of the equipment noise being measured, but shall always be at least 10 dB below the criteria. (There is an exception for aural non‑detectability. See 5.2.4.6)

5.2.3.1.2 Interior Noise Tests - The following courses are required:

a.
Vehicle course: A smooth, straight, paved road that is level and free of all loose gravel or other foreign matter; long enough to allow the vehicle to accelerate to two‑thirds of the maximum rated engine speed or two‑thirds of the posted vehicle speed 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 100 ft. (30.5 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.

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. For pass-by tests, the area must be free of large obstructions (large piers, breakers, etc.) for a minimum of 100 ft. (30.5 meters) from the course the craft is to follow. Place three marker buoys in a straight line 50 ft. (15.2 meters) apart to mark the course.

c.
Rotary Wing Aircraft Course: Rotary wing aircraft should be tested using the criteria and guidance in JSSG-2010. 
5.2.3.1.3 Exterior Noise Tests - These tests require a smooth, straight, paved road that is level and free of all loose gravel or other foreign matter; at least 200 ft. (61 meters) in length; and free of all sound‑reflecting surfaces for 100 ft. (30.5 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.

5.2.3.1.4 Aural Non‑detectability Tests - For these tests select an open area of uniform grade; with a uniform, fiat, grass surface free of tall vegetation, snow, or other sound absorbing materials; and free of sound‑reflecting surfaces for a radius at least 260 ft. (80 meters) from the center of the area. For stationary tests of extremely low‑noise‑level items, use an anechoic chamber.

5.2.3.1.5 Speech Intelligibility Tests - 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.
Open‑field facility: An open field, free of all large buildings or high hills that would reflect or block sound energy, and having an ambient noise level equal to or below 50 dB(A).

b.
Closed‑room facility: 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.

5.2.3.1.6 Air Conditioner Tests - 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.

5.2.3.2 Instrumentation

5.2.3.2.1 Steady‑State Noise System - Steady‑state noise measurement and recording equipment is described in TABLE 2‑1. A sound level meter will suffice for surveying locations for high noise levels or if the test plan calls for a weighted average sound pressure level measurement. Where octave band frequency analysis is necessary, a recording and frequency analysis system will be necessary. 
Instrumentation should meet the following requirements:

a.
Microphones shielded against wind effects, having a flat response at grazing incidence (90') or having an essentially flat response at normal incidence (0°) shall be used. A random incidence corrector should be used with a one‑inch microphone. Microphones must have a flat frequency response between 20 Hz and 18kHz.

b.
Sound level meters conforming to the requirements for Type I as specified by ANSI S1.4.

c.
Octave band filter sets conforming to the requirements for Type E, class II as specified by ANSI S1.11.

d.
Magnetic tape recorder having a flat frequency response from 20 Hz to 18 kHz (( 2 dB).

e.
Frequency analyzer providing dB(A), dB(B), dB(C) and octave‑band levels.

5.2.3.2.2 Impulse Noise System - Impulse noise measurement and recording equipment is described in TABLE 2‑1. Instrumentation should meet the following requirements from MIL‑STD‑1474D:

a.
Microphones/transducers having a flat dynamic response of ( 2 dB over the frequency range of 20 Hz to 70 kHz are required. Microphones having the appropriate dynamic range and rise time characteristics should be used for measurements up to approximately 171 dB; transducers (blast gauges) should be used for measurements above 171 dB; both having suitable conditioning electronics.

b.
Frequency modulated (FM) magnetic tape recorder: Having a frequency response up to 80 kHz (( 0.5 dB).

c.
Digital oscilloscope or other suitable equipment to digitize peak intensity and duration of impulse noise.

5.2.3.2.3 Alternate Noise Instrumentation - Any noise recording devices, components, or combinations of instrumentation used as part of or in lieu of the above items shall conform to ANSI S6.1 and applicable provisions of ANSI S1.4.

5.2.4 Method - Noise measurement is required whenever there is a question whether or not noise levels associated with a test item would present problems for:

a.
The health, safety, and performance capability of operators/maintainers.

b.
The capability to conduct normal communications among operators/maintainers.

c.
The detectability of the item by enemy personnel.

d.
Community annoyance.

5.2.4.1 General Guidelines - Long duration exposure to high levels of noise may result in permanent loss of hearing capability. Personnel exposed to high noise levels are affected in terms of their performance capability. The effects of noise on performance can be direct effects where the noise field adversely affects the person's ability to perform operations. The effects are also indirect in that noise generally leads to fatigue that in turn results in performance decrements.

Exposure to noise also impacts performance through its effect on the capability to communicate. The effect of noise on communication must be determined both during the time that personnel are exposed to noise, and immediately after the exposure if personnel are in a situation where a high level of hearing ability is required (e.g., hearing whispered commands immediately after disembarking from a personnel carrier).

The effect of noise on detectability of an item in a combat situation also needs to be determined in an assessment of the noise levels associated with an item. However, the assessment of aural non‑detectability would be conducted only if specifically required by the procuring agency.

Noise measurement generally involves sampling and recording noise intensities over the frequency range under representative operational conditions. The obtained noise measurements are then compared with noise limit criteria that specify maximum acceptable levels for personnel safety, communications, non‑detectability and community annoyance.

However, it must first be determined if the item tested requires noise measurement. If the item has a source of noise incorporated in its operation, the HFE specialist should assess the likelihood of problems resulting from the associated noise. Where problems can be anticipated, a noise measurement test shall be incorporated into the HFE subtest. Also, as an insurance against the possible occurrence of unknown harmful effects, or when in doubt, a noise measurement test should still be performed.

Guidelines for assessing whether or not a noise test is required include:

a.
The assessment used by the HFE specialist should be based on past experience with similar items having similar noise sources. If this experience is not available, the HFE specialist should arrange to inspect a sample test item which is fully activated or powered.

b.
Determination should be made of the expected effects of noise on human performance, communications, safety, and health.

c. 
A sample of types of item components which should be assessed include:

( 1 )
Motors, engines, and other power equipment

( 2 )
Mechanical devices

( 3 )
Weapons

( 4 )
Air conditioners, fans, blowers, etc. 

( 5 )
Moving vehicles (wheeled or tracked)

( 6 )
Aircraft.

When measuring noise, the following meteorological conditions should also be determined:

a.
Temperature

b.
Humidity

c.
Barometric Pressure

d.
Sky Cover

e.
Ground Cover (especially snow conditions)

f. 
Wind Velocity and Direction.

5.2.4.2 General Test Conduct ‑ Steady‑State Noise:

a.
Determine measurement locations relative to the noise source. In general, measurements are made at all personnel positions or at locations called out in the test plan. See TOP (Test Operating Procedure) 1‑2‑608 for additional test conduct information. Make a sketch showing the location and orientation of test item and each microphone location with respect to the test site.

b.
Select appropriate facilities and instrumentation from that listed in paragraph 5.2.3.

c.
Ensure that all instrumentation used has a valid calibration certification. Make an instrumentation calibration check at the test site prior to, during and immediately following the test measuring a sound of known frequency and sound pressure level using the microphone and recording system installed.

d. 
Equip all vehicles with a calibrated tachometer and speedometer.

e.
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 insure that all auxiliary equipment in continuous use when the vehicle is in motion is installed and operating normally.

f.
Load all load-carrying vehicles (trucks, trailer, forklifts, etc.) with two-thirds thirds of their usual rated payloads.

g.
Install all panels, canvas, louvers, and equipment.

h.
Check and adjust fire pressure or track tension to that prescribed for the load.

i.
Check installation of safely equipment such as guards, mufflers, and warning devices.

j.
Install all noise‑producing auxiliary equipment normally used.

k.
Prepare an acoustical test data sheet. Record information on the test item, the time and place of test trials, and the conditions under which the test is to be conducted. If steady‑state noise data are to be recorded for later analysis, use recorded voice messages on the tape to identify the data.

l.
All personnel exposed to hazardous noise or blast levels must wear appropriate hearing protection. Personnel who will be occupationally exposed to steady‑state noise levels above 85 dB(A) shall be entered in a hearing conservation program as outlined in TB MED 501.

m.
Weapon systems shall be remotely fired for all noise lasts described in paragraph 5.2.4.9.

n.
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 and hearing protection provided is capable of reducing the expected noise to non-hazardous levels. When the presence of one or more operators is required, the sensing transducer will be mounted 6 in. (15 cm) from one ear of each person: for impulse noise measurements ‑ 6 in. (15 cm) to the right of the right ear. If a wall or other reflecting surface is less than 12 in. (30 cm) from the ear, the microphone will be positioned equidistant from the ear and that surface. It necessary, a microphone can be helmet‑mounted.

o.
When no operator is present, the measurement shall be made at the corner of the expected head positions. For standard test purposes, this position will be 60 in. (150 cm) above the ground plane for standing personnel. For aural non‑detectability tests, the microphone height will be 48 in. (1.2 m) above the ground. For measurements at seated personnel positions, the microphone height will be 31.5 in. (80 cm) above the seat. Microphones should be secured in place using tripod mounts or other methods.

p.
Ambient noise level for steady‑state noise tests shall be at least 10 dB below the noise being measured.

q.
Tests are not conducted when wind velocities exceed 12 mph (54 m/s) or during active precipitation. Microphones shall be shielded from wind effects under all conditions.

r.
When the ambient temperature changes more than 5°F (2.8°C) during the conduct of the test, instrumentation calibration shall be performed after each series of measurements (5.2.4.2c).

s.
Tests will be conducted with the test item configured and operated as expected during field training or combat conditions.

t.
If equipment requires an external power generator or other similar aids, the test will be conducted with all appropriate subsystems operating.

Steady‑state noise test procedures depend on the measurement objectives of the test and on the test item class. Types of steady‑state noise tests include the following:

a.
Noise levels at operator positions relative to the test item.

b.
85 dB contour mapping.

c.
Aural non‑detectability testing.

Details of the test procedures vary according to the test item class and, in the case of maneuvering vehicles, whether the vehicle is stationary or moving.

5.2.4.3 Stationary Equipment ‑ Steady‑State Noise Tests
5.2.4.3.1 Generators, Pumps, Heaters, and Other Power Equipment

a.
Place microphones at the approximate centers of the probable head positions of all operating personnel and at positions 5 ft. (1.5 m) from each side and each end of the test item, 60 in. (150 cm) above the ground plane.

b.
Operate equipment in a manner most similar to its normal operating conditions and record dB(A), dB(C), and octave‑band pressure levels at all microphone locations. When the noise generated by operating conditions varies due to load, speed, or other reasons, conduct the test under that condition which produces the highest noise level.

c.
When the operating noise level exceeds 85 dB(A) at a distance of 5 ft. (1.5 m), determine the distances from the noise source at which the noise level is equal to 85 dB(A). Make as many readings as necessary to accurately plot an 85 dB(A) contour curve (See Paragraph 5.2.6.1a).

5.2.4.3.2 Air Conditioners
a.
Mount the air conditioner in one end of the wall of the air conditioner test facility, with the evaporator side protruding at least 4 in. (10.2 cm) inside the wall as shown in FIGURE 5.2-1.
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b.
Record the sound pressure level at three locations inside and three locations outside the test chamber as follows:

( 1 )
Inside: On a centerline perpendicular to the evaporator grille, 30( to the left, and 30( to the right of the centerline. All positions are 48 in. (122 cm) from the center of the grille and 48 in. (122 cm) above the floor.

( 2 )
Outside: On a centerline perpendicular to the condenser grille, 45( to the left, and 45( to the right of that centerline. All positions are 48 in. (122 cm) from the center of the grille and at a height on line with the center of the grille.

Operate the air conditioner at its maximum cooling capacity (coldest temperature setting and maximum blower speed) and record dB(A), dB(C), and octave‑band pressure levels at each microphone location.

5.2.4.3.3 Parked Vehicles
a.
Place microphones 6 in. (15 cm) to the right of the driver's right ear and at the center of the probable head location of the assistant driver, crew members, and passengers.

NOTE:
When the occupants consist of a group of five or more persons in vehicles such as personnel carriers and buses, a noise survey will be made of all occupied spaces, and five positions covering the range from the highest to the lowest noise levels will be selected to represent the noise level for the entire crew.

b.
Operate the vehicle at idle and at two‑thirds of the maximum rated engine rpm or two‑thirds of the posted vehicle speed. Operate vehicles having torque converters at stall conditions. Observe appropriate limitations on idle and stall operations to prevent overheating or damage.

c.
Construct an 85 dB(A) contour curve around the exterior of the vehicle, recording at as many positions as necessary to accurately draw the curve (5.2.4.3.1c above).

d.
Record dB(A), dB(C) and octave‑band pressure levels at all interior microphone locations with windows open and again with windows closed.

e.
Make additional noise measurements as necessary at all crew positions in the vicinity of any auxiliary equipment, such as heaters, blowers, and hydraulic pumps, with the engine at idle speed.

f. 
Rotary wing aircraft should be tested using the criteria and guidance in JSSG-2010. 
5.2.4.4 Moving Equipment ‑ Interior Noise
5.2.4.4.1 Wheeled Vehicles

a.
Conduct steady‑state noise measurements at interior operator positions with microphone placement as in 5.2.4.3.3a. but with the vehicle moving over a paved test course.

b.
Operate the vehicle at two‑thirds maximum rated engine speed or two‑thirds of the posted vehicle speed in each of its forward gears over a paved test course (paragraph 5.2.3.1.2), with any auxiliary equipment that adds to the overall noise level (e.g., heaters, blowers, air conditioners) in operation.

c.
Record dB(A), dB(C) and octave‑band pressure levels at each microphone location for each gear range with the windows or hatches both open and closed.

5.2.4.4.2 Tracked Vehicles - Conduct the test as in 5.2.4.4.1 above except that when the tracks are without rubber pads, operate the vehicles on compact earth.

5.2.4.4.3 Small Watercraft - (Applies to craft having fixed positions for crew and passengers and sound penetrated only by the propulsion unit.)

a.
Place a microphone at the approximate ear positions of the operator, each crew member and each passenger.

b.
Operate the craft in calm water ‑ waves of 6 in. (15 cm) or less - at five evenly spaced speed increments from slow to maximum speed.

c.
Record dB(A), dB(C) and octave‑band pressure levels at each microphone location for each speed.

5.2.4.4.4 Large Watercraft - (Applies to vessels with multiple sources of noise.)

a.
Operate the vessel in waters not to exceed moderate seas - waves of 3 ft. (0.9 m) or less ‑ at varying speeds up to and including top speed (flank).

b.
Conduct a noise survey of the pilot house, 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.

c.
Place a microphone in the area of maximum noise of each compartment and record the dB(A), and octave‑band pressure levels for the condition of vessel operation that produces the most noise.

d.
When cargo handling, vehicle movement, or pumping operations are part of the normal working operation of the vessel, conduct a separate test of each of these operations while the vessel is moored.

5.2.4.4.5 Rotary Wing Aircraft - Conduct the test using guidance in JSSG-2010. 

5.2.4.5 Moving Equipment ‑ Exterior Noise (Drive‑By)
5.2.4.5.1 Motor Vehicles (SAE J366B, TOP (Test Operating Procedure) 1‑2‑608)

[image: image8.png]Figure 5.2-5. Typical 140 dB Noise Contour Curve
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a.
Place a microphone 50 ft. (15.2 m) from, and perpendicular to, the centerline of the vehicle path as shown in FIGURE 5.2‑2, 5 ft. (1.5 m) above the ground plane. Place a marker 50 ft. (15.2 m) in front of the microphone centerline.

b.
If a sound level mater is being used, set the meter for fast response on the A‑weighted network.

c. Operate vehicle toward the marker at two-thirds maximum rated engine speed or two thirds of the posted vehicle speed, in a gear that will allow the vehicle, when fully accelerated, to reach the maximum engine speed between 10 and 50 ft. (3 and 15 m) beyond the microphone centerline without exceeding 35 mph (56 km/h) before reaching the end line.

d.
Observe the sound level meter 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 noises).

e.
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.

f.
Report the sound level as the average of the two highest readings that are within 2 dB of each other.

5.2.4.5.2 Powered Mobile Construction Equipment - (From SAE Procedure J-366B; for further details, see SAE J88A.) Conduct this test using the same procedure as in 5.2.4.5.1 above except:

a.
Place the microphone 50 ft. (15.2 m) from, and perpendicular to, the longest side surface of the equipment being tested as shown in FIGURE 5.2-3, 4 ft. (1.2 m) above the ground plane.

b.
Operate self propelled equipment in a forward intermediate gear over the prescribed course as shown in FIGURE 5.2-3 at full governed engine speed. Operate hydrostatic or electrically driven equipment as nearly as possible to one-half its maximum ground speed.

c.
Test scrapers, spreaders, water distributors, and other equipment having major noise generating machinery with that machinery in operation.
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5.2.4.5.3 Watercraft

a.
Place a microphone 50 ft. (15.2 m) from the line described by three course markers on a dock, a floating platform, or another boat. Position the microphone so that it is perpendicular to the line of markers, opposite the censor marker al 4 to 5 ft. (1.2 to 1.5 m) above the water surface, and not clover than 2 ft. (0.6 m) to the surface of the dock or platform on which the microphone stands.

b.
If a sound level meter is being used, set it for fast response on the A-weighting network.

c.
Operate the craft so that it passes within 1 to 3 ft. (0.3 to 0.9 m) 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.

d.
Observe the sound level meter while the craft is passing the markers and record the maximum dB(A) reading.

e.
Make at least three measurements for each side of the craft.

f. 
Report the sound level for each side of the craft as the average of the two highest readings.

5.2.4.6 Aural Non‑detectability Tests - Select from Table 3 of MIL‑STD‑1474D a measurement distance that corresponds to the nominal 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 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 Sl.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 three times the major dimension of the item.

5.2.4.6.1 Vehicle Stationary - Silent Watch

a.
Place a microphone 4 ft. (1.2 m) above the ground plane at a measurement distance selected from MlL‑STD‑1474D.

b.
Record the ambient sound pressure levels in each octave band with the vehicle completely silent.

c.
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.

d.
Make a noise survey around the vehicle using a portable sound level meter to determine that side which produces the maximum noise. Orient the vehicle so that the noisiest side faces the microphone and record the sound pressure levels in each octave band.

5.2.4.6.2 Vehicle Stationary - Combat Readiness - Repeat the procedure described in paragraph 5.2.4.6.1 above with the vehicle engine at idle and all heaters, weapon systems, and electronic instruments operating.

5.2.4.6.3 Vehicle Moving

a.
Place the microphone in the center of a circle of 164 ft. (50 m) radius and record the ambient sound pressure level in each octave band.

b.
Operate the vehicle in both clockwise and counterclockwise directions at speeds of 5, 10, 15, and 20 mph (8, 16. 24, and 32 km/h) and record the sound pressure level in each octave band.

NOTE:
If there are variations in the sound pressure level with respect to vehicle position on the course, use only those positions producing the highest readings to determine the non‑detectable distance.

5.2.4.6.4 Equipment at Idle (Standby Condition)
a.
Place the microphone at the selected distance from the test item. While the item is completely silent, record the ambient sound pressure level in each octave band.

b.
Turn on the equipment to its lowest operable condition (idle) and again record the sound pressure level in each band.

NOTE:
Orient the test item so that the side of the test item generating the highest noise level is facing the microphone. Make an octave band analysis at this point.

5.2.4.6.5 Equipment at Maximum Working Condition - Use the procedure described in paragraph 5.2.4.6.4 above except with the test equipment at its normal maximum load condition. Exception: 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 the higher noise level unless it is detrimental to the test item to do so.

5.2.4.7 Speech Intelligibility Tests - For equipment that requires effective oral communication among crew or passengers for field employment, a speech intelligibility test may be necessary. Such a test is particularly important it the sound pressure levels recorded at each significant crew or passenger position (as determined in accordance with 5.2.4.3 or 5.2.4.6 above) approach or exceed the noise limits stated in MIL‑STD‑1474D. When required, the speech intelligibility test is conducted as described in Test Procedure 5.5.

5.2.4.8 Typical Duty Cycle Tests - When the typical duty cycle noise level is specified by the requirements document, determine the equivalent continuous noise level (Leq') of the test item as described in MIL‑STD‑1474D.

5.2.4.9 General Guidelines ‑ Impulse Noise - For test purposes, impulse noise is defined as 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. The following data are required for the evaluation of impulse noises:

a.
Peak pressure level in dB or psi.

b.
A‑duration: The time required for the initial positive pressure pulse to rise from ambient pressure to peak amplitude and return momentarily to the ambient level (See MIL‑STD‑1474D).

c.
B‑duration: The total time that the envelope encompassing successive pressure fluctuations (positive and negative) of the primary portion of an impulse noise is within 20 dB of the peak pressure level, plus the time intervals that any subsequent fluctuations (reflective pulses) are within 20 dB of the peak pressure level (See MlL‑STD‑1474D).

5.2.4.10 General Test Procedure ‑ Impulse Noise - The following procedures apply to all impulse noise tests that follow.

a.
Determine measurement locations relative to the noise source. In general. measurements are made at all personnel positions or at locations called out in the test plan. See TOP (Test Operating Procedure) 1‑2‑608 for additional test conduct information. Make a sketch showing the location and orientation of test item and each microphone/transducer location with respect to the test site.

b.
Select appropriate instrumentation in accordance with paragraph 5.2.3.2. When the expected pressure levels are in excess of 171 dB (6.9 kPa or 1 psi), use suitable pressure transducers (e.g., blast gauges); when expected levels are below 171 dB (6.9 kPa or 1 psi), use fast‑response microphones. Record impulse noise with an FM tape recorder having a flat (( 0.5 dB) frequency response up to at least 80 kHz. (If speed reduction techniques and direct readout devices are used in the analysis of the recorded noise data, the frequency response characteristics of the devices must be at least proportionally equivalent to the characteristics of the recording device.)

c.
Ensure that all instrumentation used has a valid calibration certification. Make an instrumentation calibration check at the test site prior to, during and immediately following the test measuring a sound of known frequency and sound pressure level using the microphone and recording system installed.

d.
Prepare an impulse noise data form showing the microphone positions used. Record peak pressure level in dB and A‑duration and B‑duration in suitable time units for each microphone location and each replication of the test (weapon firing, etc.). Record information on the test item, the time and place of test trials, and the conditions under which the test is to be conducted. Use recorded voice messages on the tape recorder to identify the data.

e.
All personnel exposed to hazardous noise or blast levels must wear appropriate hearing protection. Personnel who will be occupationally exposed to peak pressure levels of impulse noise above 140 dB shall also be entered in a hearing conservation program as outlined in TB MED 501.

f.
Weapon systems shall be remotely fired for all noise tests described in paragraph 5.2.4.9

g.
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 and the hearing protection provided is capable of reducing the expected noise to non-hazardous levels. When the presence of one or more operators is required, the sensing transducer will be mounted 6 in. (15 cm) from one ear of each person: for impulse noise measurements ‑ 6 in. (15 cm) to the right of the right ear. If a wall or other reflecting surface is less than 12 in. (30 cm) from the ear, the microphone will be positioned equidistant from the ear and that surface. If necessary, a microphone can be helmet‑mounted.

h.
When no operator is present, the measurement shall be made at the center of the expected head positions. For standard test purposes, this position will be 60 in. (150 cm) above the ground plane for standing personnel and 31.5 in. (80 cm) above the seat for seated personnel. Microphones should be secured in place using tripod mounts or other methods.

i.
Ambient noise level for steady‑state noise tests shall be at least 25 dB below the noise being measured.

j.
Tests are not conducted when wind velocities exceed 12 mph (54 m/s) or during active precipitation. Microphones shall be shielded from wind effects under all conditions.

k.
When the ambient temperature changes more than 5°F (2.8°C) during the conduct of the test, instrumentation calibration shall be performed after each series of measurements.

l.
If impulse noise measurements are to be taken at operator positions within a test item (such as a vehicle), tests will be conducted with the test item configured and operated as expected during field training or combat conditions.

m.
Measure peak pressure level, A‑duration and B-duration from data recorded during each of at least three separate tests. Use the arithmetic means of the peak pressure levels, A‑durations and B‑durations from these (three or more) tests (if consistent) to define the impulse noise when the range of peak pressure levels does not exceed 3 dB. If the range of peak pressure levels exceed 3 dB, conduct additional tests until the number of measurements equals or exceeds the range in dB.

n.
When possible, take data analysis equipment to the test site to determine whether the peaks of the recorded impulse noises are within the 3 dB range. If analysis equipment cannot be taken to the test site, fire additional rounds/detonations (if economically feasible) or arrange additional impacts (paragraph 5.2.4.13) to provide greater assurance of an adequate test.

o.
To map a 140‑dB noise contour curve:

( 1 ) 
Place a transducer 5 ft. (1.5 m, above the ground plane as close to the test item as is considered safe (in accordance with associated guidance documents) and on each 30° radial line centered at the test item (paragraph 5.2.6.2c). If the weapon can be considered symmetrical, measurements may be made on one side only.

( 2 )
Place a second series of transducers, a third series of transducers twice the distance as the second, and finally a fourth series of transducers twice the distance as the third. From this configuration of transducers, a 140dB noise contour curve around the test item can be predicted by interpolation.

5.2.4.11 Weapon Firing Tests - Conduct the following tests on an appropriate firing range (paragraph 5.2.3.1.7). Unless otherwise stipulated, position all weapons under realistic conditions comparable to those employed in combat or training missions.

5.2.4.11.1 Hand‑Held and Shoulder Weapons

a.
Mount hand‑held and shoulder weapons in a test firing fixture with their barrels or tubes 5 ft. (1.5 m) above and parallel to the ground plane.

b.
Mount one sensing transducer at the center of the probable head position of the operator and another sensing transducer 6 ft. (2 m) to left or right of the muzzle at the same height as the muzzle.

c.
Remotely fire these rounds allowing enough time between rounds for the noise pulses from the preceding round to decay to ambient before the next round is fired. When automatic weapons are tested, it may be necessary to load the weapon one round at a time.

d.
Record peak pressure, A‑duration, and B‑duration for each round.

5.2.4.11.2 Rifle with Grenade Launcher

a.
Mount the rifle in a test firing fixture with the rifle butt resting on the ground and the barrel elevated to its maximum safe position for launching grenades.

b.
Mount one sensing transducer at the center of the probable head position of the operator and another transducer 5 ft. (2 m) to the left or right of the muzzle at the same height as the muzzle.

c.
Launch at least three grenades and record the peak pressure, A‑duration, and B‑duration of each launching as outlined in paragraph 5.2.4.10c.

5.2.4.11.3 Machine Guns (Tripod Mounted)

a.
Mount the machine gun in a test firing fixture representative of its normal tripod mounting condition.

b.
Mount a sensing transducer at the center of the probable head position of each crew member, and mount another sensing transducer 6 ft. (2 m) to the left of the muzzle at the same height as the muzzle.

c.
Fire three separate rounds with enough time between rounds for the pulse envelope to decay to ambient before the next round is fired. Record peak pressure, A‑duration and B‑duration in accordance with paragraph 5.2.4.10c.

5.2.4.11.4 Recoilless Rifles

a.
Mount the recoilless rifle in a firing fixture so that the tube is 5 ft. (1.5 m) above and parallel to the ground plane.

b.
Mount a sensing transducer at the center of the probable head position of each crew member (gunner and assistant gunner), and mount additional sensing transducers at as many positions around the weapon as necessary to describe the noise contour curve (paragraph 5.2.4.10e).

c.
Fire a minimum of three rounds and record peak pressure levels, A‑durations, and B‑durations at the crew positions and the peak pressures around the test item to establish the 140‑dB noise contour curve.

5.2.4.1 1.5 Mortars

a.
Position the weapon for remote firing so that the mortar tube is facing downrange.

b.
Mount a sensing transducer at the center of the probable head position of each crew member; mount another sensing transducer 6 ft. (2 m) to the left or right of the muzzle at the same height as the muzzle; and mount additional sensing transducers at as many locations as necessary to accurately describe the noise contour curve (paragraph 5.2.4.10e).

c.
Conduct tests with the weapon positioned at both the minimum and maximum safe tube elevations.

d.
Fire a minimum of three rounds and record the peak pressure levels, A-durations, and B‑durations at the crew positions and the peak pressures around the test item to establish the 140‑dB noise contour curve.

5.2.4.11.6 Small Arms Mounted in Vehicles
a.
Mount the weapons in or on the vehicles as they would be under normal combat or training conditions.

b.
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 downrange.

c.
Mount a transducer at the center of the probable head position of each crew member while in a seated position.

( 1 )
With the vehicle hatches closed, fire the weapon and record sound pressure level, A‑duration and B‑duration at each crew position.

( 2 ) 
Repeat the above test with the hatches open.

d.
Mount a transducer at the center of the probable head positions of all crew members simulating their heads protruding from an open hatch. Fire the weapon and record the data as in c above.

5.2.4.11.7 Towed Artillery
a.
Position the weapon on an appropriate range in the same manner as it would be used for the training of personnel. Elevate the muzzle to the position (within the range safety limits) that produces the highest noise level achieved in normal fire (excluding direct fire).

b.
Mount a sensing transducer at the center of the probable head position of each crew member and instructor and mount additional sensing transducers at as many locations around the weapon as necessary to accurately construct a 140‑dB noise contour curve (paragraph 5.2.4.10e).

c.
Fire the weapon as many times as necessary, but a minimum of three, to establish the peak pressure, A‑duration, and B‑duration for each transducer location in accordance with paragraph 5.2.4.10c.

5.2.4.11.8 Self-Propelled Artillery (Open Mount)

a.
Position the vehicle on an appropriate range so that the gun is facing forward with respect to the vehicle and downrange. Raise the muzzle to the elevation (within the range safety limits) that produces the highest noise level.

b.
Proceed with the test as in 5.2.4.11.7 above.

5.2.4.11.9 Self‑Propelled Artillery (Closed Mount or Turret)

a.
Position the vehicle on an appropriate range so that the gun is facing forward with respect to the vehicle and downrange. Raise the muzzle to the elevation (within the range safety limits) that produces the highest noise level.

b.
Mount a sensing transducer at the center of the probable head position of each crew member while seated in the vehicle. All hatches are to be closed during firing.

c.
Mount a sensing transducer 50 ft. (15.2 m) to the left or right of the muzzle and 5 ft. (1.5 m) above the ground plane (to represent an adjacent vehicle).

d.
Fire the weapon as many times as necessary, but a minimum of three, to establish the peak pressure, A‑duration and B‑duration for each transducer location in accordance with paragraph 5.2.4.10c.

5.2.4.11.10 Air Defense Weapons

a.
Position the weapon on an appropriate firing range so that it is facing downrange. Elevate the gun muzzle to the position (within the range safety limits) that produces the highest noise level achieved in normal firing.

b.
Mount sensing transducers at the center of the probable head positions of all crew members and operating personnel, and mount as many sensing transducers around the weapon as necessary to accurately map a 140‑dB noise contour curve (paragraph 5.2.4.10e) around the weapon.

c.
Fire the weapon as many times as necessary, but a minimum of three, to establish the peak pressure, A‑duration and B‑duration for each transducer location in accordance with paragraph 5.2.4.10c.

5.2.4.12 Explosive Ordnance Tests - For these tests, noise‑measuring efforts are concerned primarily with determining the area of noise hazard around the ordinance item rather than at an operator position.

a.
Mount as many sensing transducers around the ordinance item as necessary to map a 140‑dB noise contour curve (paragraph 5.2.4.10e).

b.
Record the peak pressure level, A‑duration and B‑duration at each transducer location for as many detonations as considered feasible. The arithmetic averages of the peak pressure level, A‑duration and B‑duration for as many devices as are detonated will constitute the final results.

5.2.4.1 2.1 Mines

a.
Plant the mine as directed by the operational procedure in an open field and set it for remote detonation.

b.
Follow the test procedure in 5.2.4.12 above.

5.2.4.12.2 Grenades

a.
Place the grenade in an open field 5 ft. (1.5 m) above the ground plane.

b.
Follow the test procedure in 5.2.4.12 above.

5.2.4.12.3 Bombs

a.
Place the bomb on the surface of a field or other materiel for which the bomb was designed. Prepare the bomb for remote detonation.

b.
Follow the test procedure in 5.2.4.12 above.

5.2.4.12.4 Demolition Charges
a.
Place or mount the demolition charge in or on a simulated fixture for which the charge was designed 5 ft. (1.5 m) above the ground plane.

b.
Prepare the demolition charge for remote detonation.

c.
Follow the test procedure in 5.2.4.12 above.

5.2.4.13 Material Other Than Weapons and Explosive Ordinance - Items such as machinery (drophammers, 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. For impulse noise tests a minimum of five separate impulses are required to establish the arithmetic means of peak pressure level, A‑duration and B‑duration as described in paragraph 5.2.4.10c.

5.2.4.13.1 Stationary Machinery (e.g., Drophammers)

a.
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 their intended use.

b.
Place sensing transducers at the center of the probable head positions of all operators, helpers, and maintenance and observer personnel.

c.
Mount as many transducers around the test item as necessary to accurately record and map a 1 40‑dB noise contour curve of the item (paragraph 5.2.4.10e).

d.
Operate the machine using the operation and material that causes the highest noise level.

e.
Make as many machine operations as necessary to assure completeness of noise data for the determination of peak pressure level, A‑duration B‑duration and the noise contour curve.

5.2.4.13.2 Portable Machinery (e.g., Pneumatic Hammers)

a.
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 the tests.

b.
Mount sensing transducers at the center of the probable head positions of the operator and all other personnel required in the area during the operation.

c.
Mount as many transducers around the setup as necessary to accurately record and map a 140‑dB noise curve of the item (paragraph 5.2.4.10e).

d.
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, A‑duration, B‑duration and the noise contour curve.

e.
If the portable 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 5.2.4.13 above.

5.2.5 Data Required
5.2.5.1 Steady‑State Noise - Record the following data for each test:

a.
Test 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). Nomenclature, model and serial numbers, and manufacturer of all instruments used.

g.
Test conductor and equipment operator.

h.
Microphone locations.

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

j. 
Noise contour data (distances and directions from the equipment at which 35 dB(A) is measured).

5.2.5.2 Impulse Noise - Record the following data (as applicable) for each test conducted.

a.
Test item nomenclature and identification data.

b.
Type of ammunition for explosive charge.

c.
Test item condition (type mount, hatch position mounting method, etc.).

d.
Components and on board equipment included. 

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.
Test conductor and equipment operator.

h.
Microphone locations.

i. 
Peak pressure level, A‑duration and B‑duration measurements of impulse noise for each microphone location.

j.
Noise contour data (distance and directions from the test item at which 140 dB peak is recorded).

5.2.6 Data Reduction and Presentation
5.2.6.1 Steady‑State Noise

a.
Tabulate all direct sound level meter measurement data using a data collection sheet similar to that in MIL‑STD‑1474D.

b.
When data are recorded on magnetic tape, analyze the data in the laboratory for each specified requirement. If a requirement is not specified:

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

( 2 )
Extract a portion of each test segment from the magnetic tape and perform a frequency analysis.

c.
Present data taken for 85‑dB(A) contour curves as shown in FIGURE 5.2‑4.

d.
When required, compute the equivalent continuous noise level (Leq') as described in MIL‑STD‑1474D.

e.
Assess the noise conditions referring to the steady‑state noise level criteria in MIL‑STD‑1474D for the following, as applicable:

( 1 )
Minimum distance personnel may approach without hearing protection.

( 2 )
Type of hearing protection required.

( 3 )
Type of communication possible.

( 4 )
Distance of probable communication.

( 5 )
Speech intelligibility.

( 6 )
Maximum detectable distance.

( 7 )
Primary sources of noise (i.e., exhaust, tracks, etc.).
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5.2.6.2 Impulse Noise
a.
Analyze the impulse noise data recorded on magnetic tape using an oscilloscope to determine peak pressure level, A-duration and B-duration as described in MIL-STD-1474D.

b.
Tabulate the data taken to determine safety conditions for personnel. When making comparison noise tests between two types of weapons or ammunition, or to determine whether a simulator is loud enough to represent the actual device, only peak pressure levels are required and are reported by round number.

c.
Present data taken for 140-dB contour curves as shown in FIGURE 5.2-5.

d.
Assess the noise condition referring to the actual impulse noise level criteria MIL-STD-1474D, for the following as applicable:

( 1 )
Minimum distance personnel may approach the area without hearing protection.

( 2 )
Type of hearing protection required.
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( 3 )
Maximum detectable distance.

Return to Top
5.3 TEST PROCEDURE - TEMPERATURE, HUMIDITY, AND VENTILATION MEASUREMENT

5.3.1 Objective - The purpose of this procedure is to present methods and criteria for the evaluation of temperature, humidity, and ventilation. The procedures outlined in this section apply to enclosed areas that have controls for these environmental factors and to enclosures that meet these provisions with the exception of Wet Bulb Global Temperature (WBGT), which applies to the outdoor environment and to enclosed areas without any means to control these environmental factors.

5.3.2 Criteria

5.3.2.1 Air Temperature Humidity and Ventilation Criteria - Dry‑bulb air temperature, humidity and ventilation criteria are provided in paragraph 5.8.1 of MIL‑STD‑1472F in connection with requirements for heating, air conditioning and ventilation equipment. Additional criteria and methods are provided in documentation listed in Appendix F of Part I. The following criteria are applicable to test items which have personnel enclosures.

a.
Heating shall be provided within mobile personnel enclosures utilized for detail work or occupied during extended periods of time to maintain interior dry bulb temperature above 50°F (10°C). A minimum of 68°F (20°C) shall be maintained within permanent and semi‑permanent facilities. Heating systems shall be designed such that hot air discharge is not directed on personnel.

b.
Adequate ventilation shall be assured by introducing a minimum of thirty cubic feet per minute per person into any personnel enclosure; approximately two‑thirds should be outside air. Air shall be moved past the person at a rate less than 100 fpm (30 mpm) if possible to preclude loose papers from being blown off of work surfaces. Intakes for ventilation systems shall be so located as to minimize the introduction of contaminated air from such sources as exhaust pipes, etc.

c.
Air conditioning shall be provided if the effective temperature within personnel enclosures utilized for detail work during extended periods exceeds 85°F (29°C). (See FIGURE 34 in MIL‑STD‑1472F). Air conditioning systems shall be designed such that cold‑air discharge is not directed on personnel.

d.
Humidity values should approximate 45 percent relative humidity at 70(F (21°C). This value should decrease with rising temperatures, but should remain above 15 percent to prevent irritation and drying of body tissues, e.g., eyes, skin, and respiratory tract. (See FIGURE 36 in MIL‑STD‑1472F).

e.
In providing for heating and cooling of enclosed areas, it is important that the temperature of the enclosed area be held relatively uniform. The temperature of the air at floor level and at head level should not differ by more than 10°F (6(C).

f.
When special protective clothing or personal equipment, including full and partial pressure suits, fuel handler suits, body armor, cold regions clothing and temperature regulated clothing are required and worn, a comfort micro climate between 68°F (20°C), 14 mm Hg ambient water vapor pressure and 95(F (35°C), 3 mm Hg ambient water vapor pressure shall be maintained by heat transfer systems.

g.
Temperature and humidity exposure should not exceed the tolerance limits given in FIGURE 36 in MIL‑STD‑1472F when corrected for air flow rate.

h. In addition to the specific criteria cited above, information is presented below of a more general nature but useful to the HFE specialist in his/her overall evaluations of the environment.

( 1 )
During the summer, the comfort zone is between 65°F and 75°F (18°C and 24°C). During winter it is 63°F to 71°F (17°C to 22°C).

( 2 )
Humidities between 30 and 70 percent generally represent the comfortable range. Humidity values should approximate 45 percent relative humidity at 70°F (21(C).

( 3 )
The reference temperature for seated personnel is measured 24 inches above the seat reference point (S.R.P.). In cold environments, cab compartments should maintain a temperature no lower than 50°F (10(C) (dry bulb).

( 4 )
Temperature measures (dry bulb) should be taken at the floor level, hand use, and head and face areas, and at various body positions. The temperature should not vary more than 15°F (8°C) above and 10(F (6°C) below the reference temperature. The heating system should achieve these requirements within one hour after it is turned on.

( 5 )
TABLE 5.3‑1 indicates general effects of temperature on human subjects.

( 6 )
FIGURE 5.3‑1 indicates the relationship between temperature and humidity as it affects the general comfort of the individual.

( 7 )
Skin temperatures as they relate to different degrees of comfort are presented in TABLES 5.3‑2 and 5.3‑3.

( 8 )
FIGURE 5.3‑2 shows the effects of cold water with no exposure suit.

( 9 )
Windchill Index (Wl) is an empirical expression which evaluates the effects of air movement and air temperatures on the environment's total cooling power. FIGURE 3‑3 in MIL‑HDBK‑759A(MI) gives values for Wl as a function of wind speeds and air temperature. A Wl of 1200 indicates a requirement for protection of the human.

i.
Prolonged exposure of an ungloved soldier to effective temperatures below 55(F (13(C) often results in a "stiffening" of fingers, which degrades performance in tasks requiring manual dexterity.

j.
A soldier wearing arctic clothing should not be exposed, while sitting quietly, to temperatures higher than 60(F (16°C); a temperature of 35(F to 45°F (2(C to 7(C) is probably optimal.

l.
In cold‑weather operations, crew heating is required for efficient tank operation. Owing to the great mass of steel involved in the design of most armored vehicle fighting compartments, it is doubtful whether a heater of sufficient capacity can be installed for general heating of an entire fighting compartment. Local space heating at the crew positions will normally be needed. To minimize power requirements for local space heating, the soldier will still require significant protective clothing. This also means that space must be allowed in the engineering design for the soldier with his protective clothing envelope. In addition, space heating can be minimized for well clothed soldiers by providing auxiliary heat for the extremities.

m.
Heating shall be provided within permanent and semipermanent personnel enclosures utilized for detail work or occupied for prolonged periods of time to maintain interior dry bulb temperature of 68°F (20°C).

n.
There should be provisions for regulating the amount of heat the heater delivers, with devices like shutters, louvers, fan‑speed controls or fool-proof carburetors.
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5.3.2.2 Surface Contact Temperature Criteria - Temperature limits for unprotected skin contact with surfaces are given in paragraph 5.13.4.6 of MIL‑STD‑1472F. Surfaces that personnel touch such as gearshift levers, steering wheels, dash controls, seats, side panels, compartment walls, etc. should have low heat conductivity.

5.3.2.3 Wet Bulb Global Temperature - The Wet Bulb Global Temperature index (WBGT) is the most comprehensive measure for characterizing the effect of a heat stress environment on humans. FIGURE 5.3‑3 indicates the upper limits of exposure for unimpaired mental performance (Occupational Exposures to Hot Environments, US DHEW, HSM 72‑10269). WBGT definitions and measurement procedures are contained in ISO 7243. Measures include the following:

a.
Normal WBGT index using dry‑bulb, wet‑bulb and global temperature sensors

b.
Modified WBGT index used in direct sunshine

c.
Weighted WBGT which uses three sets of sensors located at the height of the head, abdomen and ankles.

d.
Maximum one hour WBGT index which is the maximum value of mean WBGT recorded over any one hour period.
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The following are general guidelines for application of the WBGT index (TB MED 507, p. 1 4 ):

a.
When the WBGT index reaches 78°F (26(C), extremely intense physical exertion may precipitate heat exhaustion or heat stroke; therefore, caution should be taken.

b.
When the WBGT index reaches 82(F (28(C), discretion should be used in planning heavy exercise for unseasoned personnel.

c.
When the WBGT reaches 85(F (29(C), strenuous exercise such as marching at standard cadence should be suspended for unseasoned personnel during the first three weeks of training. At this temperature, training activities may be continued on a reduced scale after the second week of training.

d.
Outdoor classes in the sun should be avoided when the WBGT exceeds 85( (29(C).

e.
When the WBGT reaches 88(F (31(C), strenuous exercise should be curtailed for all recruits and other trainees with less than 12 weeks training in hot weather. Hardened personnel, after having been acclimated each season, can carry on limited activity at WGBT of 88(F to 90(F (31(C to 32(C) for periods not exceeding six hours a day.

f.
When the WBGT index is 90°F (32°C) and above, physical training and strenuous exercise should be suspended for all personnel (excluding essential operational commitments not for training purposes, where the risk of heat casualties may be warranted).

g.
Wearing of body armor or NBC warfare protective uniforms in effect adds 10°F (6(C) to the measured WBGT. Limits should be adjusted appropriately.

5.3.3 Facilities and Instrumentation
5.3.3.1 Facilities - None.

5.3.3.2 Instrumentation - Instruments used for temperature, humidity and ventilation measurements include thermometers, psychrometers, air velocity meters and a heat stress monitor which measures WBGT. These are listed in TABLE 2‑1.

5.3.4 Method
5.3.4.1 General Guidelines - While the effects of temperature on human performance and physiology are not thoroughly understood, certain extremes of temperature have been demonstrated to have detrimental effects. Moderately complex tasks without physical exertion are satisfactorily completed in relatively high temperatures. However, for increasing task complexity or for physical or mental stress, the maximum temperatures must be lowered for continued work effectiveness.

The combination of temperature, ventilation and humidity produces effects which are different than those produced by each factor individually. An evaluation of any one factor must therefore give consideration to the other factors. When temperature is measured, for example, humidity and ventilation should also be measured.

The remainder of this procedure applies to environmental measurement under conditions where the enclosure has and where it does not have provisions for varying internal temperature, humidity, and air flow. In those enclosures where controls are available for varying the environment, measurement will be conducted for the accuracy of these controls.

5.3.4.2 Selection of Conditions - In planning a test of temperature, humidity, and ventilation, the initial step is to identify the conditions under which the test will be accomplished. These will include:

a.
Manning level ‑ enclosure empty, minimal manning, and maximum manning.

b.
Time of day or shift.

c.
External temperature, humidify, wind velocity, sky cover, and ground cover (snow or ice).

The next step is to identify the measurements to be made under the selection conditions. These include:

a.
Dry bulb temperature ‑ at one location within the enclosure for approximately each five square feet of floor space.

b.
Humidity at the same locations within the enclosure.

c.
Air flow rate and volume at the same locations.

d.
WBGT measurements at locations where heat stress is to be evaluated.

5.3.4.3 Test Setup - A test stand will be used which shall be at least six feet tall and easily movable. Thermometers, humidity sensors, and air flow rate sensors will be mounted on the stand in the following manner:

a.
Thermometers - at floor level and at each two foot increment in the vertical direction up to and including six feet from the floor.

b.
Psychrometer - four feet above the floor level.

c.
Air flow rate meters ‑ at two and four feet.

Provisions shall be made for measuring the environmental parameters with the room empty, staffed at minimal level, and staffed at the maximum level. Tests will be scheduled to include measurements at different times of the day and shift, and with varying external temperature and humidity levels.

For the control accuracy measurement, a set of temperature and ventilation levels is pre‑selected. The temperature and ventilation levels are manipulated to the selected levels, and measurements are made of the degree to which resultant enclosure temperature and ventilation match the control values and of the time lag incurred in reaching these levels.

5.3.4.4 Test Conduct - Temperature, humidity, and ventilation will be measured under the following conditions:

a.
For every five square feet of enclosure floor space there should be a test stand mounted with instruments as described above.

b.
Measurements are made prior to the start of workday or shift, and then at four hour intervals into the shift. Measurements are also to be made at four discrete times of day: dawn, noon, dusk, and midnight.

c.
Measurements are made with the enclosure empty, minimally manned, and maximally manned.

d.
Measurements are made under varying conditions of external temperature, humidity, wind velocity, snow and ice, measured at each of the four sides of the enclosure or on those sides which face the external environment. (This will apply only to large enclosures. For tents and vehicle cabs only one external measurement location is necessary.)

e.
Air flow volume measurements are made at the duct. The duct opening should be divided into small grids, and a measure of air velocity made at each grid section with a hot wire anemometer. The measurement should be averaged and substituted in the following formula:

Flow volume (cu. ft/min.) = Velocity (ft./min.) X Duct Area (sq. ft.)

For multiple duct enclosures, the quantity of air for each duct should be summed.

f.
Surface temperature should be measured where there exists a potential for soldier contact with hot surfaces. A surface temperature probe should be used to measure at least five spots that are equal distance on the surface. The temperatures should be averaged. Specific hot spots should be noted.

g.
Where heat stress is anticipated, WBGT measures will be taken including the normal and modified WBGT indexes, the weighted WBGT index using head, abdomen. and ankle‑height sensors, and the maximum one hour WBGT index as appropriate.

Specified temperatures and air flow rates are sequentially selected via heat, air conditioning, and blower controls. After a period of thirty minutes, measures of temperature, humidity, and air flow rate will be made under conditions and procedures as described above.

5.3.5 Data Required
5.3.5.1 Environmental Measures - Mean values of dry‑bulb air temperature, humidity, and air flow rate will be computed for each manning condition, each time of day and shift, each external environment condition, and each vertical and horizontal location independently. Touch surface dry‑bulb temperatures and WBGT measures will be reported where these are appropriate. The mean values should be compared with the criteria described in paragraph 5.3.2.

5.3.5.1 Control Accuracy Measures - Data for the assessment of environmental Control Accuracy include the control settings used, the resulting temperatures and air flow rates/volumes, and the time interval required to reach these levels.

5.3.6 Data Reduction and Presentation - The data shall be compiled and separated into two categories. One category shall be Environmental Measurements and the other Control Accuracy Measurements. Within each category exist specific comparisons by degrees, percentages. and rates between criteria established and measurements taken.

Those measures which fall outside of limits prescribed by the criteria listed in paragraph 5.3.2 should be tabulated separately under a discrepancy list.

In addition to measurements that can be compared to specific criteria with quantitative limits, there may exist data for which there are no minimums and maximums established. This material should be assessed, where applicable, with reference to information provided in the latter portion of paragraph 5.3.2 (sub‑paragraphs (1 ) through (9)). Where such comparisons can be made, those areas that do not meet desired standards should be added to the discrepancy list.

The discrepancy list should be reviewed and recommendations made for each problem encountered. The data should be presented in tabular form.
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5.4 TEST PROCEDURE ‑ VISIBILITY MEASUREMENT

5.4.1 Objective - The purpose of this test procedure is to describe test methods and measurements for assessing visibility (other than lighting) from or within a test item. The factors influencing visibility include field of view (unobstructed), distance to and orientation of components requiring visibility, and viewing media (fog, rain, clear air, glass, icing on glass, blowing snow, ice fog).

5.4.2 Criteria
5.4.2.1 Visual Angles

a.
A vehicle driver shall have a 180° (3.14 radians) field of view forward (( 90° (1.6 radians) from the centerline).

b.
A truck driver should be able to see the road at a point 10 ft. (3 m) in front of the vehicle. Upward visibility shall extend at least to 15° (0.3 radians) above the horizontal.

c.
Maximum eye rotation without head movement is 40° (0.7 radians) up, 20° (0.35 radians) down, and ( 35° (0.6 radians) laterally.

d.
Maximum head rotation is 100° (1.75 radians) up‑down, and 120° (2.1 radians) right‑left.

e.
Maximum eye and head rotation is 90° (1.6 radians) up and down ( 95( (1.7 radians) laterally.

f.
Aircraft personnel shall have a field of view as defined in JSSG-2010. 

Additional criteria and methods for measurement of the field of view from vehicles are provided in TOP (Test Operating Procedure) 3‑2‑812.

5.4.2.2 Eyepiece Components - The radii of Figure 43 in MIL‑STD‑1472F defines a surface of revolution within which a satisfactory symmetrical eyepiece and cup must be designed if interfaces with facial features are to be avoided.

5.4.3 Facilities and Instrumentation
5.4.3.1 Facilities - To adequately determine visibility outside a vehicle, a hard surfaced area is necessary to measure visual angles and distances. Ideally, this area should have a grid overlaid on the surface to use for measurement reference points.

5.4.3.2 Instrumentation

a. Measuring tape ‑ 100 ft.

b. Surveyor's transit.

c. Surveyor's level rod.

5.4.4 Methods
5.4.4.1 General Guidelines - Visibility measurements should be required whenever an item user must: view through windows, port holes. periscopes, etc., associated with the item; visually acquire and recognize components of the item; read displays and labels mounted in or on the item; use optical devices associated with the item.

5.4.4.2 Selection of Conditions

a.
Test participants shall be representative of the 5th to 95th percentile in: eye to seat height for seated operations; or eye height for standing operations. Participants shall be screened for visual anomalies and classified in the normal range (corrected or uncorrected) in visual acuity, depth perception, color vision, and phoria.

b.
Some test participants should be wearing eyeglasses for situations where glare is an expected problem.

c.
Test participant clothing should be representative of use to the extent that such clothing can influence the specific test (effects of helmet on visual envelope, etc.).

d.
Representative item operations will be used to the extent that they could require a configuration of the item or item components which could affect visibility.

5.4.4.3 Test Setup - Identify item components which restrict visual angles (windows, accesses, mirrors, etc.). Acquire criteria data on required angles if available. If visibility outside a test item is to be assessed, the test item should be placed on a flat, hard surface area. TOP (Test Operating Procedure) 3‑2‑812 describes procedures for determination of fields of vision from vehicles.

Select components to be visually acquired and identified in the test. Consideration should be given to components (controls, displays, labels, test points, etc.) which appear to be partially or totally hidden at all times or under certain item configurations, and which are required to be visible to the participant. The HFE specialist should consider maintenance activities as well as normal operating procedures for the selection of components. If ambient light is identified as a factor influencing user performance, a range of light levels shall be established to cover the range of representative lighting conditions.

Select target displays and labels which appear to present a problem for reading in terms of display or label location, size, shape, orientation, lighting, scaling, or arrangement with other displays and labels, and in terms of participant size and clothing conditions. Select display illumination levels to cover the range available under different and representative levels of ambient light. Table III in MIL‑STD‑1472F details mechanical display applications. The Design Checklists for Labels, Manuals & Markings and for Displays provided in Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION) should be consulted to identify visibility/reading requirements and these should be considered in selecting visibility/reading targets.

5.4.4.4 Test Conduct

Visual Angles - Determine visual angles by measuring the dimensions of the window, access, or mirror, and the distance to the eye. For viewing blocks, perform the measurements as illustrated in FIGURE 5.4-1. Visual angles of displays, controls, and cockpits of aircraft can also be measured by using a surveyor's transit placed at the design height for the 5th and 95th percentile personnel.
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5.4.4.4.2 Interior Visibility - Test participants are placed at the work station in the normal operating position and are asked to find specific displays or labels. No familiarization or training on display/label location should be given to offset memory effects, and all participants should begin the test at the same general level of familiarity with the item, The HFE specialist starts a timer or stop watch with the command to find a display, and stops the timer when the display or label has been located.

Test participants in the prescribed work station are requested to read labels and display values or nomenclature for labels and displays indicated to them by the HFE specialist. The HFE specialist measures the time from command to the correct response.

5.4.4.4.3 Exterior Visibility - Evaluate optics and glass windows, etc. (if applicable) by having subjects view through them. Vary internal illumination from minimum to investigate potential glare effects of the media.

Evaluate fields of view from vehicles by plotting visibility contour maps using a data collection form similar to that provided in Appendix A of Part I. (See TOP (Test Operating Procedure) 3-2-812). The test object should be placed so that the operator position is at the center of the circle. Using a surveyor's level rod or similar device, the HFE specialist should determine where the visibility contour lies for the 5th and 95th percentile soldier. Sample visibility contour maps are presented in FIGURE 5.4-2.
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5.4.5 Data Required

5.4.5.1 Visual Angles - Record the dimensions of the visual angles of the window, access, mirror, display, control and windshields.

5.4.5.2 Internal Visibility - Record time to access and accuracy of finding components; record time to read and accuracy of reading labels.

5.4.5.3 External Visibility - Record visibility contour maps.

5.4.6 Data Reduction and Presentation
5.4.6.1 Visual Angles - Compare obtained visual angles with criteria provided in paragraph 

5.4.2.1. Depict angles pictorially (both obtained angles and criteria).

5.4.6.2 Internal Visibility

a. 
For visual location of components, compute probability of component visual access as function of time for 5th percentile and 95th percentile participants. Determine if body size affects visibility of components. Identity problem areas, including:

( 1 )
Insufficient illumination or glare.

( 2 )
Obstructed vision.

( 3 )
Poor component location.

Present data pictorially or graphically, as applicable.

b.
For display and/or label reading, compute probability of correct display reading as a function of time for 5th and 95th percentile participants. Determine if body size affects display reading capability. Identity problem areas including:

( 1 )
Insufficient illumination or glare.

( 2 )
Inappropriate orientation of display/label to the viewer.

( 3 )
Inappropriate location of display/label.

( 4 )
Inadequate scaling or character size.

Present data in tabular form.

c.
   For eyepiece components, the radii of the eyepiece components (Figure 43 in MIL‑STD‑1472F) should be applied to cushion forms when they are compressed to the maximum. These data should be presented pictorially.

External Visibility - Compare obtained visibility contours to the criteria in paragraph 5.4.2.1 and the IAP, IEP or TDP. Depict the visibility contours on visibility contour maps.
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5.6 TEST PROCEDURE ‑ WORKSPACE AND ANTHROPOMETRICS

5.6.1 Objective - The purpose of this test procedure is to describe the methods and measures for evaluating the adequacy of workspace in order to ensure that the item being tested can accommodate operators and maintainers with regard to their physical characteristics.

5.6.2 Criteria - Design criteria which involve dimensions of workspace are based on anthropometric data on human body dimensions. The general principle is that workspace, access openings, etc. should accommodate a considerable range of body sizes. In general, this range is taken to be that from the 5th percentile for females to the 95th percentile for males. In some cases, equipment Is intended for use by males only and the corresponding range is that from the 5th to the 95th percentiles for males. These percentile values as well as other body dimension statistics such as means and standard deviations are determined through anthropometric measurements taken on large samples from selected populations. Ranges of anthropometric data are used to define design criteria for workspace dimensions. 

5.6.2.1 Workspace Design Criteria - Selected anthropometric data are provided in section 5.6 of MIL-STD‑1472F. Design criteria for workspace dimensions are provided in section 5.7 of MIL‑STD‑1472F. These criteria address workspaces and operator positions which are common to many test items. These include standing operation at consoles, seated operation at consoles and other selected working positions. Access, clearance and workspace design criteria in the area of design for maintenance are covered in section 5.9 of MIL‑STD‑1472F. In particular, the HFE specialist should review FIGURES 26 through 45 and TABLES XIV, XVIII, and XX in MIL‑STD‑1472F to identify workspace dimension criteria.

5.6.2.2 Other Anthropometric Data and Workspace Design Recommendations - The workspace design criteria in MIL‑STD‑1472F address a number of common operator working positions. A certain test item, however, may require body positions for access, egress, work at the worksite, etc. which are not covered by MIL‑STD‑1472F. In these cases, it will be necessary to characterize, sketch, photograph, etc. the required body position and orientation and to use anthropometric data directly to assess the suitability of the dimensions of the test item. Other sources of anthropometric data data are DOD‑HDBK‑743, MIL‑HDBK‑759A(MI), Chapter 11 of Van Cott and Kinkade (1972), and Gordon et. al. (1989). The Gordon et. al. data are of particular importance because they contain the most recent measurements. For mobile operations that require stooping, squatting, kneeling, crawling or prone positions, dimensions presented in FIGURE 2‑32 and TABLE 2‑17 In MIL‑HDBK‑759A(Ml) shall apply. For aircrew station geometry, the HFE specialist should also refer to JSSG-2010. Criteria and methods for evaluation of equipment stowage provisions are contained In TOP (Test Operating Procedure) 2‑2‑802.

5.6.2.3 Protective Clothing - Many of the anthropometric dimensions referred to above are taken from nude subjects and are applicable when light clothing worn. Use of protective garments such as arctic clothing, however, may considerably reduce mobility and functional reach while increasing the required access dimensions. Recommended clearances at a seated operator station to accommodate use of arctic clothing are provided in FIGURE 45 and TABLE XX in MlL-STD‑1472F. Mobile workspace dimensions for arctic clothed personnel are contained In FIGURE 2-32 and TABLE 2‑17 In MIL‑HDBK759A(Ml). Arm and hand access requirements in arctic clothing are contained in FIGURE 39 in MIL‑STD‑1472F. Whole body access dimensions while wearing bulky clothing are contained in FIGURE 33 In MIL‑STD‑1472F. Minimum handle dimensions with mittened hand are presented In FIGURE 42 in MIL‑STD‑1472F. Anthropometric dimensions with various types of clothing including arctic gear and helmets are addressed in section 2.2.4.2 In MIL‑HDBK‑759A(MI). TABLE 5.6‑1 presents reach capabilities at various arm angles under the conditions of winter clothing and pressure suit from Alexander, et. al. (1976).
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5.6.3 Facilities and Instrumentation
5.6.3.1 Facilities - None.

5.6.3.2 Instrumentation - Instrumentation for anthropometric measurements includes an anthropometer with attachments for various body dimension measurements and a weight scale as listed in TABLE 2-1.

5.6.4 Method - Workspace must be compatible with the anthropometric dimensions of the users of the equipment. The limits of anthropometric data, such as body dimensions and reach, are expressed in terms of 5th and 95th percentile measurements as described in paragraph 5.6.2. These points represent the two extreme limits of the population which it is reasonable to expect an item to accommodate. Clothing appropriate to accomplish item tasks and representative clothing worn during item operation/ maintenance must also be considered. This clothing, in some instances, adds significantly to clearance requirements. The primary interest in cold regions evaluation of workspace is the effect on the full arctic uniform on clearance and reach. 

5.6.4.1 General Guidelines - The general approach involves selecting body dimensions to be considered and selecting test participants classified as 5th and 95th percentile male and female appropriate to the applicable dimensions. These participants then perform required activities using the test item under representative conditions. Where problems are noted in conducting specific tasks, measurements will be made to determine the causes of the problems.

5.6.4.2 Selection of Conditions
a.
Test participants representative of the 5th 95th percentiles in specific and appropriate physical characteristics should be selected. If it is necessary to determine 5th and 95th percentiles of body dimensions, use the procedures contained in DOD-HDBK-743.

b.
Clothing should be worn consistent with the most extreme weather conditions under which the item may be expected to operate or be used.

c.
The full range of operator/maintainer activities should be addressed, including such tasks as adjusting seats, mirrors, belts, etc. Sample Task Checklists are provided in Appendix A of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION). These should be reviewed in identifying item specific tasks which could be affected by anthropometric and workspace dimension characteristics.

d.
Seated eye-height measurement may be reduced by as much as 2.5 inches when personnel sit in a relaxed manner. The natural position should be considered in seating requirements but should not be used as a justification of inadequate clearance.

e.
Minimum and maximum dimensions of certain workspaces are called out in MIL-STD-1472F as described in paragraph 5.6.2.1 above. Where these design criteria are applicable to the test item, the necessary dimensional measurements should be completed first since test participants are not needed. After these requirements have been met, concentration can than be directed to observing difficulties encountered by test participants.

5.6.4.3 Test Setup
a.
Assess the test item with respect to clearance limits for components such as hatches, accesses, and safety exits, and make plans for their use to ensure proper passage for appropriately clothed 95th percentile participants.

b.
Assess item for reach distances which involve the extension of body parts insuring the accommodation of 5th percentile personnel, especially as constrained by bulky arctic clothing.

c.
Ensure that information on operation/maintenance of the item is available and transcribed into a checklist so that a full range of activities is completed.

5.6.4.4 Test Conduct - From the list of tasks that are required to conduct the test, a checklist should be constructed of those tasks in which body parts play a functional role. From this list, tasks should be checked off which are covered by workspace design criteria described in paragraph 5.6.2.1. Performance of the remaining tasks should be observed and difficulties recorded. If personnel are not available with 5th and 95th percentile dimensions, extrapolations should be made to the ability of the 5th and 95th percentile personnel to perform the tasks. Design characteristics of the workspace should be assessed using the Workspace DesignChecklist provided in Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION).

5.6.5 Data Required - Record the following data:

a. Dimensions of all workspaces that conform to workspace dimension criteria described in paragraph 5.6.2.1.

b. Anthropometric measurements of dimensions of test participants who best represent the male and female 5th and 95th percentiles.

c. List of difficulties encountered due to workspace dimensions by each participant in the performance of assigned tasks.

d. With each difficulty encountered, measurement of relevant dimensions of the specific workspace involved and the dimensions of the affected body parts of the 5th and 95th percentile personnel involved, including extrapolations where necessary.

5.6.6 Data Reduction and Presentation - Measured dimensions of workspaces which are subject to the design criteria referenced in paragraph 5.6.2.1 should be compared with the applicable design criteria. Where dimensions fall outside of prescribed limits, a separate list should be developed to contain these discrepancies.

A list should be compiled of all difficulties encountered with workspace as a result of physical characteristics of operating personnel. Next to each difficulty should appear the dimensions of the space involved and the dimensions of the affected body parts that relate to the specific space problem (extrapolations included). Clothing used during the testing should be described.

A summary of discrepancies should be listed with recommendations for each problem encountered.
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5.7 TEST PROCEDURE - FORCE/TORQUE MEASUREMENT

5.7.1 Objective - The purpose of this test procedure is to outline the criteria for force/torque measurement torque describe methods for evaluating conformance for force/torque design criteria.

5.7.2 Criteria
5.7.2.1 Muscle Strength - FIGURES 22 and 23 and TABLES XVII and XVIII in MIL-STD-1472F show maximal forces In varying situations, grip forces, lifting criteria, and the minimal forces exertable In several attitudes for males. Lifting limits are subject to additional considerations described In paragraph 5.9.11.3 of MIL-STD-1472F. Additional muscle strength data for males and females are provided in section 2.4 of MIL-HDBK-759A(MI).

5.7.2.2 Resistance and Torque Limits - Minimum and maximum limits for certain resistances and torques of various controls are found in FIGURES 5 through 21 and in TABLES IX, X, and XI in MIL-STD-1472F. These criteria are also included in the Force and Direction sections of the appropriate Sample Design Checklists in Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION).

5.7.3 Facilities and Instrumentatlon
5.7.3.1 Facilities - None.

5.7.3.2 Instrumentation - Instrumentation to be used is listed in TABLE 2-1. Instruments include force and torque dial gauges with attachments which permit these to be connected to controls and components, torque wrenches, measuring tapes and weight scales.

5.7.4 Method - Force and torque limits should be based on the weakest potential operators and on work position, use conditions, clothing etc. which may affect exertion of force and torque. Lifting and carrying performance should not be required at or near the limits of physical abilities as fatigue develops rapidly. Over and above the concern for discomfort and reduced effectiveness is the risk of injury which can occur in the form of muscle/ligament strain or rupture. Control resistance levels are subject to additional considerations. Resistance levels should be low enough to prevent fatigue and discomfort. However, they should be high enough to prevent inadvertent operation of the control and also provide kinesthetic cues to control movement.

5.7.4.1 General Guidelines - Test participants representative of the male and female 5th and 95th percentiles in muscle strength should be selected. Identify the force application case in terms of body position, direction of force application and limb(s) used from the figures and tables referred to in paragraph 5.7.2.1 which most closely matches the force application required by the test item task. Use the force/torque measurement instruments listed in TABLE 2-1 to determine the maximum force in the applicable case of which test participants are capable. Select the test participant(s) which most closely approximate the male or female 5th and/or 95th percentile strength capabilities given in the criteria cited In paragraph 5.7.2.1.

Testing of activities that relate to data for certain resistances and torques of various controls referred to in paragraph 5.7.2.2 should be conducted utilizing the minimums and maximums as guidelines in evaluating equipment operation.

In areas of activity associated with force or torque for which there are no specific guidelines test participants of the 5th percentile in strength should be observed for evidence of difficulty in carrying out assigned tasks.

There should also be concern if test participants representative of the 95th percentile report a lack of adequate friction in the movement of any of the controls required in the operation of the item.

Certain elements influence the strength of test participants over and above the inherent capacity of the individual. In the overall planning of a test, in the election of test participants, and in approaches to specific requirements, the following factors (which tend to decrease strength) should be considered as applicable.

a.
Age.

b.
Altitude (lack of oxygen).

c.
High ambient temperature, especially when combined with high humidity.

d.
Acceleration.

5.7.4.2 Test Setup - A review of tasks associated with the test item should be performed to compile a list of tasks requiring force or torque application including all hand and foot control operations required by the test item. A review of tasks should be performed to identify activities requiring force application such as activating door or hatch handles. A review of required tasks should also be made to identify activities that require lifting or carrying weights.

5.7.4.3 Test Conduct - The initial segment of the test will involve having each test participant activate each control or a subset of representative controls to each control setting. At the conclusion of these activities, the test participant will state that the force required to activate the control was too high, too low, or adequate. The HFE specialist will indicate on a checklist similar to that shown in TABLE 5.7-1 those controls identified as having activation forces which are either too low or too high.

For controls identified by at least one test participant as requiring too little or too much force/ torque, suitable measurements will be performed. The actual force/torque required to set the control to a specified setting will be measured five times and the average of the five measurements will be used as the force measurement for that control.

Average measurements for selected controls will be compared with the force/torque design criteria referenced in paragraph 5.7.2.2. Where force applications are required for controls or item components other that those identified in paragraph 5.7.2.2, the maximum values shall not exceed those presented for 5th percentile operators in the strength data referenced in paragraph 5.7.2.1.

The weights associated with each task from the compiled list of activities involving weight carrying or lifting should be compared with the data referenced in paragraph 5.7.2.1. These weight limits shall be used as the maximum reference values in determining the maximum weight of articles requiring one-soldier lifting, providing the article to be lifted conforms with the requirements of paragraph 5.9.11.3 of MIL-STD-1472F. Other lifting cases depending on the size and configuration of the lifted object and on the number of soldiers assigned to lifting it may result in modification of the table weight limits. Refer to paragraph 5.9.11.3 of MIL-STD-1472F to identify the appropriate weight limits subject to design features and task requirements for the test item.
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5.7.5 Data Required - Record the following data:

a.
Anthropometric measurements of test participants (as applicable).

b.
Item controls or components for which difficulty is noted in force application.

c.
Force/torque measurements of controls and components which provided difficulty to test participants.

d.
Weights of articles lifted or carried.

e.
Strength measurements of test participants.

f.
Comments by test participants of difficulties encountered.

5.7.6 Data Reduction and Presentation - Force/torque measurements of those controls used in the operation of the item should be compared with force/torque limits prescribed for those controls as referenced in paragraph 5.7.2.2. Those controls whose force/torque measurements fall outside the limits should be listed separately.

Those tasks requiring force/torque application, weight lifting or carrying that produce activities outside of limits referenced in paragraph 5.7.2.1 should be listed separately. Any difficulties with force/torque application, weight lifting or carrying encountered by test participants that are not covered above shall be evaluated and, if determined to be valid, listed separately.

A summary of all discrepancies shall be compiled and recommendations made for each problem listed. TABLE 5.7-1 presents a Sample Checklist for Control/Component Force Assessment. TABLE 5.7-2 presents a Sample Data Summary Sheet for Control/ Component Force Assessment.

Table 5.7-2. Sample Data Summary Sheet for Control/ Component Force Assessment
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5.8 TEST PROCEDURE - HFE DESIGN CHECKLISTS

5.8.1 Objective - Design Checklists are used by the HFE specialist in assessing the design features of the test item. Selection of specific checklists depends on the identification of Test Item Components. The determination of applicable Test Item Components Is made using the relevant Test Item Class and Subclass as described in HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION).

5.8.2 Criteria - The criteria for selection of Design Checklists are found In section 2.6 of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION). Sample Design Checklists are provided in Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION). Where Sample Design Checklist items express required design criteria from MIL-STD-1472F, paragraph references are provided. Checklist Items which do not have paragraph references are provided for guidance and were obtained from other HFE sources such as MIL- HDBK-759A(MI).

5.8.3 Facilities and Instrumentation
5.8.3.1 Facilities - None.

5.8.3.2 Instrumentation - Design checklists will be used by the HFE specialist in assessing design features while physically at the applicable workstation of the equipment undergoing test. Where problems are suspected in Test Item Component design, measurements will be made using applicable lest procedures from sections 5.1 through 5.20.

5.8.4. Method
5.8.4.1 General Guidelines - Whenever a design assessment is to be conducted, Design Checklists will be used. A Design Checklist form is presented in Appendix A of Part I and Sample Design Checklists are contained in Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION). The HFE specialist should identify the Test Item Class/Subclass and the applicable Test Functions as described in sections 2.1 and 2.2 of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION). He/She should then identify the Test Item Components with which operators/ maintainers interact in performing necessary tasks. These components are then evaluated in the HFE test. The HFE specialist should use the Design Checklists noted in FIGURE 3 of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION) for the Test Item Class/Subclass as guidance but should add or delete components and corresponding Design Checklists to or from the list based on the components associated with the test item.

5.8.4.2 Test Conduct - The HFE specialist will use the appropriate sections of the Sample Design Checklists in Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION) based on the review of components associated with the test item. Design Checklist items should be deleted which are not applicable or important for the item assessment. Where appropriate, Checklist statements which are not contained in the Checklist and which are judged to be important should be added. This can be done by photocopying Sample Design Checklists from Appendix B of HEDGE (HUMAN FACTORS ENGINEERING DATA GUIDE FOR EVALUATION) and modifying the copies.

The HFE specialist will determine if the Design Checklists will be used directly or if other personnel or the test agency will actually acquire the data using the checklists. If the former, then the HFE specialist only needs to copy relevant Design Checklists, acquire the instrumentation needed, and schedule time at the workstations of interest. If the Design Checklists are to be used by other personnel, the HFE specialist may need to adapt the checklist instruction for the users. The basic checklist instruction is as follows:

______________________________________________________________________  

You are to assess design features of an equipment item using Design Checklists. You should use appropriate checklists for each operator workstation and the maintenance position at each item of equipment to be maintained. The statements in the checklists establish the criteria for the assessment. In some cases, compliance can be determined simply through observation. In other cases, you will need to make measurements. Where measurements are required, you should sample components to be measured being sure to include any components which appear to have problems in terms of the criteria. If the component design meets the criterion described in a checklist statement, check it off as Adequate (YES). If it does not meet the criterion, check it as Inadequate (NO) and note the problem in the comments column.

_____________________________________________________________________

5.8.5 Data Required - Data are gathered by using the Design Checklists and any referenced design criterion documents such as MIL-STD-1472F at each workstation or maintenance position. Indications of whether Test Item Component design is adequate or inadequate on specific criteria are recorded. If the component Is judged to be in compliance with the checklist item then the design is Adequate and the YES column is checked. If the component is not in compliance with the item then the design is Inadequate. The NO column is checked and the Comments column (and additional pages if necessary) is used to characterize the deficiency. The Not Applicable column (N/A) can be used if the Design Checklist statement is not applicable to the test item or item component.

5.8.6 Data Reduction and Presentation - Design problems noted as cases where components were judged inadequate will be listed. Judgments will be made as to whether these problems represent deficiencies or shortcomings. In determining that a problem is a deficiency or shortcoming the following checklist (from TOP (Test Operating Procedure) 1-1-012) should be used:

a.
 Does the incident (performance or component):

( 1 ) 
Create a hazard to personnel or equipment?

( 2 ) 
Seriously impair operational capability?

( 3 ) 
Cause serious damage if operations were to continue?

b.
 If the answer is YES to one or more of the above, is the incident:

( 1 ) 
Something not anticipated in equipment of this type?

( 2 ) 
A characteristic of design that requires change?

( 3 ) 
Expected to occur again at similar frequency? (not random)

c. 
It the answer is YES to all three questions in paragraph 5.8.6.b, then the problem is a true deficiency. If the answer to any one of the three is NO, then it is a shortcoming.
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5.9 TEST PROCEDURE - PANEL COMMONALITY ANALYSIS

5.9.1 Objective - This procedure describes a method for quantitatively establishing the commonality of controls and displays located on different consoles within the same system.

5.9.2 Criteria - MIL-STD-1472F states that the arrangement of functionally similar or identical primary controls shall be consistent from panel to panel throughout the system equipment unit or vehicle (paragraph 5.4.1.3.4). The standard further states that where coding is selected for the purpose of differentiating among controls application of the code shall be uniform throughout the system (paragraph 5.4.1.4.1). Concerning displays, MIL-STD-1472F states that the arrangement of displays shall be consistent in principle from application to application (paragraph 5.2.1.4.10).

5.9.3 Facilities and Instrumentation - None.

5.9.4 Method - Although MIL-STD-1472F states that controls and displays must be consistent from panel to panel in terms of location. arrangement and coding, the standard does not specify a minimum level of consistency or commonality. If the commonality between panels is not high, a greater number of operator errors can be expected through confusion and lost time looking for components on a panel after training on a different panel. For situations where an operator may be called on to operate either one of two panels at any time the commonality between those panels should be at least 0.8 indicating that 80% of the controls and displays are similar along specified dimensions.

The dimensions of panels used for commonality assessment are as follows:

a.
Presence: Controls and displays (C/D) are present on both panels where they are not unique to one of the panels.

b.
Location: C/D are located in The same quadrants of the two panels.

c.
Type: C/D are of the same type or shape on both panels.

d.
Size: C/D are of the same size (+/- 50%) on both panels.

e.
Labeling: C/D are labeled identically in terms of function designation on both panels.

f.
Arrangement: C/D are arranged similarly on both panels.

g.
Color: C/D color is the same on both panels.

h.
Operation: Direction of motion relationships between C/D is the same on both panels.

5.9.4.1 General Guidelines - The HFE specialist will identify similar panels within the system which must be operated by the same test participants. The HFE specialist will then enumerate the controls and displays on each of the two panels (each pair of similar panels) using the Commonality Analysis Data form Appendix A of Part I. This listing will be made using panel drawings or using actual panels. During the development of the list, notation will be made that a control or a display is unique to a specific panel, and also if components which are not unique to a specific panel are present on both panels.

5.9.4.2 Test Conduct – The HFE specialist will identify C/D commonalities using the Commonality Analysis Data Form from Appendix A of Part I. He/she will note if each control or display is not common along the specified characteristics using the following rules:

a.  Location:  Located in a different panel quadrant (upper right, lower right, lower left, upper left).

b.  Type:  C/D shape and type definitely different.

c.  Size:  The C/D on one panel is at least 50% larger or smaller than its counterpart on the other panel.

d.  Labeling:  C/D have different designations on different panels.

e.  Arrangement:  C/D are arranged in a way to cause confusion.

f.  Color:  C/D are colored differently. 

g.  Operation:  C/D motion is definitely different due to factors other than shape/type.

5.9.5  Data Required – The data to be collected in this procedure are the notations of C/D commonality along specified dimensions. 

5.9.6  Data Reduction and Presentation – When all data have been collected, the index of commonality for each pair of panels will be computed as follows: 

LC  =  PP   x    [(3PQ  +  2PT  +  PS  +  PI  +  PA  +  PC  +  PO) / 10 ]

Where:  LC  
=    index of commonality.

PP  
=    proportion of non-unique C/D functions present on both panels. 

PQ  
=    proportion of C/D present on both panels which are located in the same  quadrant.

PT  
=    proportion of C/D present on both panels which are the same type.

PS  
=    proportion of C/D present on both panels which are the same size  +- 50%.

PI  
=    proportion of C/D present on both panels which have the same identification label. 

PA  
=    proportion of C/D present on both panels which have the same arrangement. 

PC  
=    proportion of C/D present on both panels which are the same color. 

PO  
=    proportion of C/D present on both panels which have the same operation. 

If the panel commonality index LC is equal to or greater than 0.8 the panels are judged to have adequate commonality. 
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[image: image1.png]Teble 35.6-1. Fitth Percontile Arm Reach Capablility Expressed as a
Percentage of the Shirt Sleeves Condition for
Winter Clothing and Pressure Sulted Conditions

Arm Winter Pressure
Angle Clothing Sulit

Right 0° (front)

or Lefi 75% 72%
Right 30° (0.5 rad) 82% 75%
Left  30° (.5 rad) 82% 63%
Rizht 60° (1.0 rad) 87% 78%
Left  60° (1.0 rad) 868% 78%
Right 80° (1.6 rad) BB% 83%
eft  80° (1.6 rad) 91% 82%

All measurements made 24 in. (51 cm) above the deck
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