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Thrc\, distinctiv different types of "noise criteria” which are used to limit
hazasdous ngise cxposure have evolved eover the years, It is important to dis-
tinguish among thz three types in crder that the propexr type may be chosen for
¢p'~Lc wtion and usz2 in various situations. The three types of noise criteria are:

a. Hearmg damage-risk criteria (DRC)
b. Hearing conservation criteria
c. Materiel design standards.

Hearing damzazca-risk criteria are convpv'ehensivc statements of the relation
hetween various c zscriptive parameters of noise exposure (i.e., sound pressure
level, exposure time, etc.) and the probability of temperazry 01 permancnt hearing
loss. DRC are formulated and used by acoustical experts and are characterized by
their statements z-out the probability of hearing loss resulting from noise exposure
in specified prepctions of the pepulation. DRC serve as the data base for the devel-
opment of hearing conservaticn criteria and materiel design standards. Examples
of current DRC arz: "Hazardous-Exposure to latermittent and Steady-State Noise"
(1965), and "Prop:sed Damage-Risk Criterion for Impuly Noise (Gdrmre)" (1968),
both published by the NAS -NRC Committec on Heari ing, Bioacoustics and Biomechanics,
Washington, D. C. :

Hearing conscrvction criteria are noise exposure Hmits which. when excesded
: - ihe employmient of hearing conservatjon weastires. In the Army
¢l as o gidelines for ﬂorzducuﬂg compreaznsive hearing conserva-
,;rr*s 2 Con armd in TB MZED 251, "Noise and Conservation of Hearing. "
D 251 contzins information on noise and hearing conservation programs. applic-
ab!e to ho*b militery and civilian personnel of the Army; prevides guidance for medical
officers, occupaticnal physicians, audiologists, and other ;::rso*mel of the Ariny Medi-
cal Dc—partment crcerned with nnplemc'itmc* these programis; outlines the educational
aspects, of these programs which must be implemented; and identifies the role of com-

nand and all levels of supexvision in these programs.

Materiel cesiza standards provide specific noise limits to equipment designers
and Thanuiacturers . The noise limits must not be exceeded if the materiel is to be

acce pLabIG to the US Army Materiel Command. Design standards evolve from con-
siderations of hezring damage risk, speech mtelhgxbmW, ural detection and federal

and state Icglsla:i:'l, and are n.tnnaed to cover Lyplcal opzarational conditions.

This decumeizz. "HEL STD S-1- 63," is the US Army \'c.\cnel Command's design
standard for rois=. It incorporates the provisions of TB MED 251 with respect to
nojse exposure criteria and MIL-STD-14 /2 with respect to communications criteria,
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1. INTRCLUCTION

1.1 Human Engincering Laboratory (HEL) standards are issued for use by the
major sulordinate commands of the Army Matericl Command {(AMC) and Army
- Project MLianigement Offices in the area of human factors engincering.

1.2 HEL standards provide guidance to the major subordinate commands of AMC
and Army Project Management Offices for the inclusicn of human factors eng ;mcermg
requirenients in research, de"elop"nc*n, and procurcment of AMC matericl, or in
contractual documcnts . :

1.3 HLL standards will serve as the hasis f01 human factors engincering test and
evaluatica in accordance with AMC Supplcment #1 to AR 602-1, dated 15 July 1569.

1.4 Adherence to the provisicans of this standard should result in: - :

2. Reduced hearing loss among persomnel exposed to noise caused by Army
materiel; '

"b. Improved speech cemrmunications in the noise eavironment of Army materiel;

c. When uerlOpl'lc. , decreased possibility of aural detection of Army materi
by the cnemy; and

A Acenrance that Arm v matariel moaiag 91‘!\1“"”“19 sfate ang federal noige limirg,

«? —n - 3 r oy ? Lt - 3 A C
tho sravision s TH R _IJ 231 and Al £0-5.
X

1.5 This cocument, HEL-§-1-63, is the AMC design standard for noise. The require-

ments conizined herein reflect the efficial position of the HEL and supersede all other
data from this Laboratory pexrtaining to thiec subject of this standaxd.

—

2. SCOPE S .

2.1 This standard establishes the acousticzal noise levels permitted in and around
all equipment designed, developed, or procured by AMC. ’

2.2 . This standard establishes the testing req u1remcnts and measurement techniques
for determiining conformance to the noise limits stated herein.

r
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. .3+ APPLICABLE DOCUMENTS ( ‘ . N , ".,l
‘ —( v(‘ ¢ f- rf; :
The documents cited below constitute-a part of this standard to the e,{tcnt speuﬁcd

hcrcm. The latest version of cach document shall be used. .

- fie rpe — . s

-

\EGULAT IONS

Army ¥

AR 40-5 Preventive Medicine

AR 385-30 ‘Safety Color Code Markings and Signs

AR 602-1 Man-Materiel Systems, Human I‘acto;s Eugmeelmg Program

TB MED 251  Noise and Conservation of Hearing

STANDARDS | .

Military '

MIL-STD-1472 Human Engincering Design Cntc ia for Military Systems, Equip-
. » ment and 1‘ac111t1es : : ,

v .

American National Standards Institute (ANSI)

Si.1 Acoustical Terminology

S1.2 Physical Measurement of Sound, Method for the

Sl.4 Scund Le\el \I\,Leb, Specification for

Sl-\’} . L.:.\,-\,.L_.vu .L Lb\]ubllb;bu u.fnl ;:R—Lrlk.‘l ::LLILLJ\,.LD vy 4.\.\.UL ot..u,.ml :v‘:n.u.uu.l.b

nicnis

51.8 Preferred Refercince Quantities for Acoustic Levels

S1.10 Calibration of Microphones, Method for the

S1.11 Octave, Half—Octave, and Third-Octave Filter Sets, Specifications
for ’

S1.13 Sound Pressure Levels, 1} Iethod for the \1easu1cmcnt of

Z224.10 .Octave~-Band Filter Set for the Analysis of Noise and Other Sounds,
' Specification for an .

(Application for price lists and copies should be addressed to American National Stan-
‘dards Institute, Inc., 1430 Broadway, New York, New York 10018.) .

Society of Automotive Enginecers (SAE) - .

.SAE ]366 Exterior Sound Level for Heavy Trucks and Buses
SAE J952 Sound Levels for Engine Powered Eqmpmcnt
SAE J986 Sound Level for Passenger Cars and Light-Trucks

" {Application for price lists and copies should be addressed to Socicty of Automotive
Engineers, Inc., 2 Pennsylvania Plaza, New York, New York 10001.) '

-~
.

OTHER

Robmson, D! W and Whittle, L.S. Acustica 1964, 14, 24-35.

~
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4., DETINITIONS

Definitions ¢ acoustical texrms that do not appear in this section are in accord-
ance with ANSISZ.1. :
0
Aural Non-Detec:zbility Distance is the distance at whi ch ,» for m\ en conditions,
the scund prodic=d by materiel can be heard without clectronic aids 50 percent of
the time in a quist cnv1r011ment, by persons with average hearinfr. :

Quiet Envircmment , for purposcs of non- detectab:h..y, is an environment in
vhich the o::,'c;—ﬁmd levels at the Lstuuu s ears, in thc range {rom 63 to
8000 Hz,are Z3 dB.

Average Heza=ing is that binaural {red-field hearing threshold of normal cars
for SLCad)- sizie noise._ re')orted by Robinson and Whittle (see reference).

dBA is the unit used to express sound level measutcd through the A—wcmhfmo* net-
work of a sound ';-:-\'cl meter. ' . .
dBC is the unit usezd to express sound level measured through the C—\velgbtmff net- .
work of a2 sound Lzvel meter.

Deeibel (dB) Refzrence Level (0 9 is the level that corresponds to 20 pN/mz or
i : .

0. G002 @hay or «. o602 dyncs/em”.
Fxlovier 'f)ﬁz".'a?--?ﬁ" Ninigns - is the sound level, in dBA. measufed at a specified
distence o the =22 of the ilue of travel of a wvehicle. . -

Heaxing ¥ Protectc =s are devices primarily designed to reduce’the rojse reaching the
auc itc*; systeni. They may b2 of any type, i.e., car plugs, ear muifs, or aticnuating
helmets or hea \_;-:s, provided they are approved by The Surgeon General. A current
list of ap')rov a ::3m< can be obtained from The Surgeon General, HQDA (DASG-HE),
Washington, D.C. - 20314. . - ’

Attenuating “zlmets ox Headscts are hearing protectors which provide the wearer -
With elecirois < Communications . _

Impulse Noiscis z short burst of acoustic 'energy The pressure-time history of a
singic impulsc izcludes a rapid rise toa peak pressure, followed by a some-
what slower deczy to ambmnt pressure, both occurring within one sccond.

Peak Pressurz Level is the highest leve 1, in cIB, achieved. (Peak pressureg is the
highest presstcrze, in PSI, aclue\'ed ) Tigure 3 shall be used for conversion between
PSI and dB. ' |
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A-Duraticn {(Pressure Wave Duration) is the time required {or the pressure to
rise to iis jnitial or principal positive peak and return momentarily to ambient
pressure. (Sce Fig. :

B-Duration(Pressure Envelope Duration) is the total time that the eavelope of
pressure iluctuations (positive and negative) is within 20 dB of the peak pressure
level. Included in this time is the duration of that part of any reflection pattern

that is within 20 dB of the peak pressure level. (Sce Fig, 2)

Intermediate Gear means 2nd gear ratio for machines with 3 or 4 gear ratios, 3rd

gear ratio for machines with 5 or 6 gear ratios, 4th gear ratio for machines with
7 or 8 gear ratios, etc. (Gear ratio refers to overall gear reducticns.)

A a

NC (Noise Criterion) Curves are a widely accepted sct of octave band pressure level
" values used as the basis for indoor noise criteria. They specify the maximum level
permitted in each octave band for various types of communication requirements,

NCA (Noise Criterion Alternate) Curves are the same as the NC curves except that
the low-{recuzncy limit has been relaxed. These curves are used where economy and

system effectiveness dictate a compromise.

Random Tacidence Corrector is a device which, when placed on a microphone makes

[ ¢ LI

it practicaliy emuicairectional at 2ll {requenicies of interest.

dic or randem variation in atmospheric nressnre at and-

2
L AUYELIon In exoess of one second, It may be coutinvous

- -
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5. GENER:‘«.L-.LQUIREMN\TS B L R
5.1 Qms‘rsfe“-"" |

a. Subsvstems, such as air conditioners, heaters and auxiliavy equipment,

shall bz desigm2d in such 2 manner that the noise produced by the entire system does

~

r

7

rot excced thz requirenients of this standard.

“be - The Zzct that a subsystem which contributes to the overall noise may be
government-furzished equipment shall not eliminate the requirement that the total
system conform™ to this standard. : -

5.2 Posting ¢f Noise Hazard Areas.  When equipment noise levels are such that

hearing protec:ion must be specified as mandatory to meet the provisions of TB MED 251,
operation and mzintenance manuals shall contain appropriate notations, and caution signs
_shall be posted on the equipment which are clearly legible to all personnel. Noise- hazard
“caution signs shzll conform to the provisions of AR 385-30 and shall be worded as

follows:

-

CAUTION
NOISE HAZARD
HEARING PROTECTION REQUIRED

5.3 Hearing Protectors Where rhoui -od 1o meet the provisicns of TB MED 251,
heaxring pLo“ cIITs (EZ\ICC"’L those devices re q¢111 ng individual fittin g, uuc\.r medical

superv*s;on——:;a TB MED 251, Para 8) should be provided as part of the system’s
equipment. Fco example, they may be packaged with disposable rocket launchers,
or p1 ov-d d in cessenger areas of personnel carriers and aircraft, etc.

v
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.6." STEADY-STATE NOISE - PERSONNEL-OCCUPIED AREAS

7

6.1 Noise Limits. o i . o

.-J

. i | o .
a. Applicable noise limits are identified by the communication requirements at the

pelsonrel -occupicd arcas. Criteria for selecting the ap'nopn 2te noise limits arce
listed in 6.1 -d and the corresponding noise limits are shown in Tables 1 and 2
for Preferred and Commercial Frequencics, 1c<pcct1\rc;y The use of Table 1 is
mandatory for procurement of new AMC materiel; Table 2 shall be used to compare
noisc levels of older materiel with this standard '

.

b. The limits for Categories A, B, C, zmd D are based primarily on hearing conser-
vation priorities, whﬂe the remaining categories are based primarily on communication

requ lirements. . . \

c. IDvery effort shall be made to reduce system noise to or below the limits specified
in Category D. (Category D mecets the unprotected exposure criteria of TB MED 251
for eight hours.) Where the limits specified for Category D can be documented as
bejing clearly beyond the state oi the art, (he jollowing rulcs snail apply: -

1. Tor squcms where electronically- 2ided communication is required and the

o

usc of attenuating helmets or headsets is a system requirement {e.g., certain track-

_laying vehicles oxr aircrafi) Category B may be substituted.

Z.
o ST g 1 4 e g 4o - - H Al ~ v
s yaauired rn" int *-**u* ent shou :.c:l co.m?a:ncat*on is rcmnrx!, (,atcgﬂ*" Cm "; bhe

Laena A 4¢.~.v¢.1 PSR

3. Category A shall be selected only if there is no requirement f{or direct person-
to-pcrson voice communication and analysis of the feasibility of sttcnualing the noise,
conducted by a qualified acoustical laborabo.ly or consultant demonstrates that:

. - ca m e et e et e s

-~

(a) The cost of reducing the noise level to or below that saﬁcmed for
Category C is prohibitive; or

(b} System cffectlveness will b«, semously de'*raded by reducing the noise level
to or below that spe cified for Category C. T

A 4
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d. S:eady-State Noise Category Sclection Criteria:

ote: Materiel producing noise levels akove

"/

85 dBA in personncl occupied arcas

stiz:i have a caution sign aitached o the jteim )

>
N

%

ner Scction 5.2, (See also TR MDD 251.)

Cztegory Criteria for Sclcction
- A No direct person-to- p rson voice communication required.

Mazximum ci szg:n limit for AMC equipment. Hearing protectlon

required at ¢l times.

‘B . Rlectronicallv-aided communication required via attenuating
. O

helmet o1 headset,

C No frequent direct person-to

-person voice communication,

required. Intermittent shouted communication may b\, pos'ulblc '

. D No {requent direct person-to-
Intermittent shouted commun

at a distance of one foot. Commonly achievable. ‘ite. x~\.¢'—(~1 s C

person voice communication required,
ication may be possibie at a distance

of 2 fect. Desirable bu Lﬁ-«'ew achievaeble. Aleets unprotected

AV CIITA Aretfnmetn A TP XAV

Sap st m o s e avs ke aae Cvadais

1 Laee @ Limcsaanm
-—v‘. [V IRV VYR

) Aircraft: frequent direct person-to-person voice communication -
required. ( uqujvalcm to NCA 70.) : :
F . . Iantermittent electronicanywaided voice cernmunication required

via non-attenuating headset o
person-to-person voice coim:
required. (XEquivalent to NC

r loudspeaker; infrequent direct

nunication required; no telephone use
-70.) T

- G Frequent electr onlcallv-alded voice communication required via
non-attenuating headset or loudspeaker; frequent direct person-to-

| < - person voice commiunication
- required. (Equivalent to NC-

o

kY

required; infrequent Le’ephOne use
60.) .

| : - H =~ Frequent. telephone use required. (Equiiralént to NC-50.)
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Table 1
Steady State Noise Limits for Categofies of Personnel Occupied Areas
(Preferred Frequencies [ANSI S1.11])

Octave Band Center =~

Limits (Hz) . Frequency (Hz) ' - Band Pressure Level (dB)
' A* B* Cc* D E F G H
44- 8 63 130 121 111 106 9 8 77 71
88 - 177 125 119 111 101 96 8 79 72 64
177~ 354 250 110 © 103 94 8 8 75 67 58
354 - 707 500 106 102 88 83 75 72 63 54
707 - 1414 1600 105 100 8 8 72 71 6l = 5l
1414 - 2828 2000 112 160 8 73 70 70 58 49
2823 = 5657 4000 © 110 160 84 79 & 8% 58 48
57 47

5657 - 11814 8000 . 110 100 86 - 8L 68 68

*Note: Noisc hazard caution signs shall be posted in ox on equipment when limit A,
B, oxr C is selected (sce Section 5. 2).

-
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Teble 2

Steady State Noisc Limits for Categories of Personnel Oécupied Areas
- (Commercial Freguencies [ANSI Z24.10])

Octave Ezn " Center o
Limits {(iZz)  Frequency (Hz) Rand Pressure Level (dB)
h A* B C* D E F GC H
37.5 - 75 53 133 124 114 109 1000 85 79 73
75-- 130 106 121 113 103 98 8 80 73 66
150 - 500 212 111 104 95 90 82 76 68 60
300 - €00 425 107 102 89 8 76 73 64 55
L 60D - 1270 850 . 105 1) 85 80 73 71 62 52
1205 - 2430 1700 112 3122 84 7% 70 70 &0 S0
2400 - 4300 3400 110 100 84. 79 69 69 58 48
4800 - $500 6800 110

o
D
(5

o]
(9]
[e0]
Q

68 68 57 47

*ote: MNoise hazard caution sigas shall = posted in or on equipment when limit A,
B, or C is selected (sec Section 3.2).

-
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6 2 Test Requirements.

6.2..1 General ) T

a. To be acceptable for use under the selected noise-limit category, the equipment
noise shall not exceed the octave band limits given in Section 6.1  in any octave
band . '

b. Noise measureciments shall be made at:
(1). cach operator position;

- (2) at representative positions where a group of personnel (e.g., passengers)
“will be located, ‘ : )

Note: Where the operator station is not cleaxly defined 1hc noise measurement
position shall be designated by the procuring command. Lﬂ\(,\\'lbe, the procuring
command shall designate representative noise measurement locations where a group
of personnel (e.g., passengers) will bz located. '

c. The data recorded and reporicd shall include octave band pressure levels, dBA,
and dEC. '

d. Allwindows, vents, and access opzinings shall be closed, excent those normally

P I I

torriertetviirioxs J,u.vyu.n. uy\,:.u.uuu 0L L L,Uuuynu,;u.

6.2.2 ? Mobile Lquipment, _ .

(1) Al load -carrying equipment shall be okvrate d with two-thirds of maximum
pav;oad

-«

(2) All auxiliary systems nosinally in continuous use while the equipment is in
motion shall be operated. : '

(3) Auuhary systcms normally opera ted while equ1pment is stauonaly shall be
_tested in accordance vith 6.2.3. e

b, Vehicleé. o S .

(1) Vehicles sha’l be driven along a pavcd level (T 1 p xrcent gradc,) road, e: cept
for those vehicles having non-rubber padc.cd tlac,\s which shail be driven on 2 level,
unpa\ ed surface. . '

'(2)- Vehicle noise shall be measured at tx=.#o"—t11.ircls of maximum rated or govexrned
engine .speed. Vehicles shall be operated in cach gear, where possible, and each dBA
level shall be recerded. An octave band analysis shall then be performed under that
condition preducing the highest dBA level.

10
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c. Off-Road Construction and Matericl -jfandling Equipment noise shall be mea-
sured at full governor ceatrol seiting, In an interimediate gear, under a2 typical
load condition. The load and test surface shall he specified by the _ :

procuring command, but in no case shall the load be less than two-thirds of maxi-
mum rated load. : _ .

d. Watercraft noise shall be measured under nommal cruise conditions.

e. Aircraft

» {1) Fixed wing aircraft noise shall be measurced under normal cruise conditiens.

(2) Rotary wing aircraft noise shall be measured at normal climb, normal
cruise, normal descent, and normal hover, and the dBA level measured under each
condition shall be recorded. An octave-band analysis shall be pexformed under
that condition producing the highest dBA level. Noxmal hover shall be accomplished
at an altitude of less than 3 meters ( 10 {t) above a level grass-covered surface.

6.2.3 Stationary Equipment.

a. All cquipment shall be operated at maximuin rated continuous duty speed.

b. Al equipment shall L operated with two-thirds of meximum rated load.
3

N
N e s yede S o AN $ae e - VU PR S R [P . et oo
Exception: For those itoms of cguinment where this loagd is inarpropriate (e.g. .
v f e e VIN LWL : . B T e, L A I v reae
L A Y L Ly Y P —— 1)4.\}\.«\.‘L.LJ.1{> L RS AN FY Sy S LR = S T N oilz.\..::y [ AR SR I FIC AN VI

to bz used.

c. All auxiliary systems normally in continucus use shaill be operated.

-

4
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7. AURAL ’\*ON DETDC" xBILITY

7.1 Nmse me's. Table 3 shows nojse limits which shall not be exceeded

by those items o] cquipiment (excluding aircraft) which have an aural non-detect-
ability requircement. These limits are for nen-detectability under commonly

found favorable sound propagation conditions. The actual detection distance for
specific conditions of terrain, wind, hackground noise, etc., may occasjonally

be greater but more often will be smaller. The octave band pressure levels at
the "measurement distances” must not be excceded in any band if non-detectability
is to be achieved at the corresponding “nominal non-detectability distances.™

Tab‘@ 3

Aural Non—Dntectablhty oteady-—St"tc No;se Limits

Center Freguency (Hz) : S

Measurement . i Nominal Non-~Detect-

Distance (m) 63 125 250 500 K 2K 4K 8K ability Distance (m)
1-1/4 48 34 32 32 32 32 32 32 5
2 59 45 43 43 43 44 44 45 30
A 00N 46 44 45 A5 , 46 47 4% 100
10 62 48 46 486 47 48 51 34 200
10 66 52 50 50 51 53 57 61 300
15 65 S1 49 49 SO 53 59 64 400
20 64 50 . 48 49 50 53 60 67 ' 500
25 66 52 50 51 53 58 68 79 750
25 63 54 52 54 57 . 63 77 85 10900
25 70 56 54 56 60 67 85 85 1250
25 : 72 58 56 S9 63 72 85 85~ 1500
25 74 60 58 62 68 80 85 85 2000
25 80 66 64. 72 84 8 85 85 ., 4000
7.2 Test Requirements. ' - e

a. Equipment noise which does not exceed the octave band pressure level limits
of Table 3 on any azimuth at cach "measurement distance" for the respective
'nominal non-detectability distance” will be deemed to meet the requirements of
this standard. Listener tests are not reg u1red

b. Tests shall be conducted on a umfoun, flat, grass Su1f‘1CC, frec of tall vege-
1auon Oor Snow. -

g
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c. Equipment operating conditions will depend upon the conditions for which non-
detectability is required, and shall be spccified by the procuring command,

d. The microphone shall be positioned 4 ft (1.2 m) aboveground at the appropriate
measuremeny distance. :

NOTE: Great care must be caken when measuring the noise of a large item at close
distances. Wherever possible the measurement distance should be more than three
times the major dimension of the item. Measurements made at a distance which is
less than three times the major dimension of the noisce source may be in the near
field, in which case the inverse square law dees not hold and the resulting noise
measurements may be inappropriate for predicting non-detectability.

T

.
.

"

L F

13




TTDT
\JIs J.\‘

ST A TE NCis
compliar
“aurel non-cs

.
-
i

Jg?

~ i

of 5c*cL104 .‘g’

81 Pcr

”:zel Limits and Lowtmns Dm‘m;’ Tests

tocsd

ing the ope

[ NePa Py

(1) W‘Vn. no operator s prescnt the measurement shall be made at the center

§

of his probal
tioned 165 cx

’T AL\"D INSTRUME? I‘A\TIO’\’ PRC’“"“DURES FCR STL ADY -
¢ used to measure noise 1or

ified forx p\,reomleboccxmicd arcas (Section §'and
, the data rcportu ¢ requirements -

H*c following procedurc
ith the limits s

ciability (Section7 ), Ina
all be Tellowed.

-ator (s) shall not occupy that location where the noise is
being measuzred inless required to p'uut(, the equipment, ‘

For standing locations

head location. the microphone shall be posi-

1oor; for sitting locations it shall be 80 ecm (31.5 in)

{65 in) above th

above the sezt,

(=6 in) ho
fa ¢ 3s cloe

hen the operator must be present the measurement shall be made 15 cm
If a wall or other reflective sur-
shall be positicne

.LJ.I Gita

lOCElthIl of the microphone Shall e documented (sce 12¢).

Iy to the right of his right car.

r than 30 cm from his right car, the microphone s
m his right car and that surface.

oocuncnted ( i2e).

Interior noise measurements shall be made with the
ed in the area, including test personnel; in no case shall more than t
people be present.

: }:\-p,\...:,-\.. s QU Ter Tl

Oﬂ' of a line
sositioned bzhind

2Bt

nacrb 1o :;1 ’L\,

PR

and microp!

Al e

,-..,.
» oA

8.2 Test En

i
b. The test
gurfages bU.

The backeround noisce lcvel includi
lwlo w that of the equipme
detectability imea

1 &S8

8.3 Micr.ophoae Orientation

a, For interior measurements the mj C1opho11° shall be placed at the measure-
ment location "°1t1ca11y with the sensitive element up.

1o

esscntially {1
should be used.
sha‘l rcqmrc :-

e X

The microphone location shall be

minimum number of peop}e

1@l bz me 5

exien -d..z .z

wind noise, shall be at least 10 dB

t neise in (,c-.Ch octave band. (Exception: For aural non-
asurements (Section 7 ) the use of conventional background noise
corrections is permitted. See ANSIS1.13. ' '

¢ . ' - .
m an open areca of uniform grade and {ree of reflecting
» trees, or hillsides within 30 meters.

Microphones having an
esponse (f 2 dB from 40-12000 Hz) at grazing incidence (9()0)
Mlczophonos having a flat response at noymal incidence (09)
anaom incidcence

-
A&

L.O]. rector.
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b, Slow ::pte** uampmff sh’}ll be LSCd

b. Tor zxterior measurements the m1cr0')hon shall be oriented, .relative 1o -

the nsiz 2 source, in & manner which produces the most uniform frequency response
based ¢ the instrument manufacturer's m%trucuon '

~Arih. . - o3 R RIS I
8.4 Ca Calor rat] jon. Proper acoustical calibration precedures shall be e'ccomphsm.d
to inciviz the influence of cables, ete., before and after each test scaquence.  Inter-
nal clcc_::“o uc calibration means are acceptable for ficld use, provided that theacous-
llLaL cailbrition is accomplished im mediately before and aﬁel field use. (See also
ANSIS1.30.) » '

8.5 Ins:rumecutation Procedures

"8.5.1 Imstrument Specifications.

a. Alltzst instrumentation and procedures shall meet the appropriate specifications
listed iz Section 3.

b. The :owd Level Meter used shall be type 2 (or better) based on ANSI S1.4. QOctave
Band FFilier Sets shall meet the requirements of type E, class II, based o ANSI S1.11.

8.5.2 Icztrument SCLL’A:.,S ’ ’ ’ . | *

1g the "linear™ or "fiat" weighting

anle if nn Yinoaae cnﬁrng i ‘nr':\}'ﬂ'ﬂr:
DY N nNneny e2iiing ra ovkiianlie

a. Thz zcotave band analysis shall be mac 1 vusin
neturnris The Cowreiohting notwarl: chall ho need
LRISRNCUAR AW rhan L o AR LN e

on the pirtjeulay instrument being L.wi

: The fol’o wing guidelines should be observed, in addition to
spzciied in the instrument manufacturer's manual

a. Batteries should be checked and repliced and *echargcd, if necessary, prior
to both czlibration and mca.surement. ) ~

~b. Ins :J:*ncntq should be warmed up priox to calibration and measurements m

accmda:ce with the manufacturer's instructions.

c. The t2chnician should listen to the output of the instrument through a headset,
prior tc =nd while measuring noise, to aurally discern instrument abnormalities

. and overioad or cxcess clectronic noise conditions.

d. Grea:.care must be taken not to Ovcﬂoad the. input amplifier when using sound -
level mctiers having a two-stage attenuator (i.e., one attenuator hefore (input),

and arci-er attenuator after (cutput) the filter network.) Once the attenuators have
been adi:sted to measure the overall level, adjust only the output attenuator to
measure ihe band pressure level or the weighted SPLT

e. A goos eneck or extension cable should be used for grecater convenience a nd
improved microphone to sound level meter separation.

15



f. The measurement should include both an on-site octave band analysis and a
onc minute tape recording, if possible. The tape recording can be used for further
analysis in the laboratory and/or comparison to the on-site measurcment data.

g. At the ¢onclusion of an octave hand analysis, the data should be examined to
verify the following simple checks on measurement accuracy: .

. - AT
(1) No octave band level can be greater than the overall SPL;

(2) The sum of the octave band levels, computed by the appropriate method,
will.approximately equal the measured overall SPL;

(3) Adjacent octave bands should normally not have levels differing by more
than about 20 dB. S

- (4) The levels in several adjacent octave bands normally should not be identical,
If they are, this might indicate measurement of the electronic "floor™ of the instru-
mentation. : , ' . .

-

‘e
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9. EXTERIOR DRIVE-BY NOISE

Table 4 shows nmse limits which shall not bz e\cecc'cd by those items of cquapmcnt
which ha\ e gn exterior drive-by noise requirement.” These limits shall not be
exceeded ata point SO {t (15.2 m) from the centex of the line of travel. Exterior
drive-by noise shall be measured in accordance with the appropriate SAE test pro-
cedure cited in Table 4. A LOlClanCC of '2 dB is p(,ll"'llth,d to allow for variations
in test conditions.

Té-lbz_e_ 4

Sound Level Limits and Test Procedures for Exterior Drive-By Noise

Type of | . Gross Sound Level Test

Equipment : Weight (1bs) Limit (dBA) Procedure

Motor Vehicles >6000 .86 ~ SAE J366
o . <6600 84 ‘. SAE ]J986

Construction and . '

Matericl-Handling - -7 88 - SAE )952

Lquipinent ’ ‘

R /
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16. IMPULSE NOISE

10.1 Impu]z;mNo:?se Limits. The fundamental unprotected exposure criterion for

impuise noisc is [40d5as s Stated in TB MED 251. To sclect the appropriate design

limit for jmpulses greater than 140 dB, for which hearing protcction is mandatory,
nter Table § with the expected number of dailv expasures and the type of hearing

pretection to be used, and then select the indicated curve in Figure 1. Figure 1

shows the permissible peak pressure level and B-duration which shall not be exceeded

by the system. A single exposure consists of cither:

a. A single impulse (no more than enc impulse per second) for non-repetitive
systems (e.g., semi-automatic weapons); or :

b. A burst in the case of systems normally prouwmrr more Lhan one 1mpuloc
per sccond (e.g., avtomatic weapons.)

Table 5 .

Impulse-Noise Limit Sclection Criteria

Expacted Number of . pither Plugs Both P} uvs
Exposures par Day None or Muffs : and Mufifs
. 1000 i W S X Y
100 ’ W - Y Zz .
S : W ,~ R/ - *

* Higher levels than Curve Z not permitted due to possﬂnhty of other non-auditory
© physiological injury. .

T
i
¢

Y

Ty
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10.2 Test Iec ‘.12:"3}"!01'1[0.

10.2.1 Gcncxjal

“a, To be accepteble for use under the impulse~noise limit category selected in 10,1,

peak pressure level and B-duration of a single exposure shall be below the appropriate
impuise-noise reguirement as shown in Figure 1.

b. Impulse-noise measurements shall be made at each operator or crew position,
NCTE: Whkere th=2 operator or crew s‘cati.on(s) is not clearly defined, the noise measure-
ment position(s) z:all be designated by the . . 17 procuring command.

c. The average c¢f at least three peak pressure levels and three B-duration measure-
ments’ shall be rezorted. The average of threc measurements will be sufficient if the
range of pnm pl :szure levels does not exceed 3 dB. If the range of peak pressure levels
exceeds 3 dB, addizional measurements shall be made until the numb::r of mea surements
equals or excecds the ra nge in dB.

d. For -po 1S '..,L‘z vax ,on> cparcros (c.O. , sepax otely*loadcd artillery ammunition),
1
1

o

1211 be reported.

firad and handheld weanons si

1 - -
» inches) above and pary

3 1\0%’)'!‘(‘-':"
a - LR
on-‘*rotr.-‘d in the physical pogition and in the systen

l r

ground., All othsr \.=.-'e.apo..., shail
location fmm .'ils.‘:;'} they are nor

10.2, ? \‘on Repziitive Systen
impulse noise b) .,_oducmo cn

1S.  Pressure vs, time histories shall be made of tlhie
¢ impulse at a time.

16.2.3 Repetitive Systems, The B-duration of a single impulse (e.g., roun fl) shall be
determined. - . The number of impulses produced within the first 200
milliseconds shzali also be determined. This number of mwulse° shall bé muitiplied
by the average B-curation of single impulses to determine an eficct ive B-duration,

S gyt

which shall be uszd to establish the ma aximum allowable peak press sure level for the
repetitive system. : - .
[
A -
33 -
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11. I\’LASUR SMENT A\D INSTRUMENTATION PROCEDURES FOR IMPULSE NOISE

111 . Perscmnel Limits and Locations During T csts

4 ’
o

. ¢ ’ S - .
a. During testing the operator and/or crew shall not occupy the location{s) svhere the

. noise is being measumd unless es semml to the operation of the equipment.

(1) When no operator is D“CSB‘)L‘ the measurcment shall be made at the center of
. bis probable hecad location 165 cm (65 m) above the glound The " location of the
mu,lophone shall be documented. _ o
“{2) When the operator must be presciit the measurement shall be made 15 cm
(40 in) from the ear closcst to the noise source (i.c., muzzle or brecech as the case
may be) on a line between his ear and the noise source. The microphone location shall
be documented. ’

b. Inferior measurements shall be made with the minimum number of people in the
areca, not to excecd three. : o ‘

ii.2 - Test Environment

a. Noisc measurements shall be made with no reflecting surfaces, including perscnnel,
within 30 m, other than d;o>e normally present. The measuring technician and ali

b

instrumentation should 2ico bo further than th g'o diztance from thc 10ise source.

b, Background x‘oise leval shall ba at least 25 A3 below the peak pressure level being
measured, ‘

11.3. - Microphone Orientation, The transducer shall be positioned with the sensing
suxface up, and shall be oriented with re rcuc'e to the n ésc source so that the pressure
wave strikes the sensing suriace at graz mfr incidence (907).

11.4 Calibra’cion. Proper calibration pr o\,cd ues shall be accomplished, to include
the influence of cables, etc., before and after each test sequence. Electrical calibra-
tion means.are accc*)talue for field use, provided that a pistonphone, acoustical cali-

"~ brator, shock tub drop test, or static pressure calibraticn js accomplished immedi-

atcly before and’ afcer field use. -

11 5 - Instrumer tatwon Procedures. :

11.5.1. % Pressure versus Time History of the 1mpulae 'shall be measured b_,r
either of the ioliowing mecthods:

a, Directly photographing the trace obtamed on a cathode-ray osc1llosc:cpv connected
_to a transducer system; or

-
., - . -

vy
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11. MEASUREMENT AND INSTRUMENTATION PROCEDURES FOR IMPULSE NOIS

LTS I . Personnel Limits and Locations During Tests . 3

L) . . . '
a. During testing the operator and/ox crew shall not occupy the locaticn{s) where th

- noise is being measured unless essential to the operation of the equipment,

(1). When no operator is present the measurcment shall be made at the center of
his probable head location 165 cm (065 in) above the ground. The “location of the
microphene shall be documented. - :

‘(2) When the operator must be present the measurement shall be made 15 ecm
(226 in) from the ear closest to the neise source (i.e., muzzle or brecech as the case
may be) on a line between his ear and the noise source, The microphene location slk
be documented. - ’

b. Interior measurements shall be made with the minimum number of people in the
area, not to excecd three. : :

i1.2 - Test Environment

a. Noise measurements shall be made with no 1"=f1°cti ng surfaces, including personn
wit iun 10 m, other than those normally present. Then easu ring technician and ail

~

istrumentrtion should 2lso be furthor than this distaac from the noisc source.,

b. Background noise level shell be at least 25 dB buou the peak pressure level being
measured.

11.3. - Microphone Orienta tio The transducer shall be positioned with the sensi
surface up, and shall be oxic d with reference to the noisc source so that the prc%

wave strikes the scnsing surf 2ce at grazing incidence (907).

11.4 - Calibration. Proper calibration procedures shall Ie accomplished, to includ
the influence of cables, etc., before and after ecach test sequence. Electrical calibra
tion means.are acceptable for field use, provided that a pistonphone, acoustical cali-
~ brator, shock tube, drop test, or static pressure calibration is accomplished imimedi
8te1y before and after field use. .

11 5 - Instrumentation P ‘oyedurcs.

1r.S. 1 .i Pressure versus Time History of thr* nnpulse 'shall be measured by
either of the following methoas:

"a. Directly photographing the trace obtamed on a cathode- -ray oscﬂloscope connected
. to a transducer system; or

-
»
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Figurc 2, Idealized Pressure-Time History of an Impulse Noise.

Pcak Pressure Level: pressure difference AB

AZduration (pressure wave duration): time difference AC ,

B-duration (pressure envelope duration): time difference AD(HEY when a reflection
: . - . . 1s present).

.
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il. ME:ASUREI\-'IENT AND INSTRUMENTATION PROCE URLS FOR Z.C}’ULSL NOISE

J11:1 © Yersomnel Limits and JLocations Doring Tests

¢ ) ‘
a. During testing the operator and/or crew shall not occupy the locatizn{s) where the

- noise is being measured unless essential to the operation of the equinment,

. to a2 transducer system; or

1

(1) When no operator is present the measurement shall be made a7 the centexr of

. his probable head location 163 cm (65 in) above the ground. The location of the

microphone shall be decumented.

‘(2) When the operator must be present the measurement shall bz made’15 cm
(.26 in) from the ear closest to the noise source {(i.c., muzzle or breech as' the case
may be) on 2 line between his ear and the noise source. The microphine location shall
be documented.
b. Inlerior measurements shall b'> made with the minimum anb ¢l pzople in the
arca, not to excecd three.

ij.2 - Test Environment

a. Noise measvreiments shall be made with no reflecting surfaces, 1::1udmg personnel,
within 10 m, other than those normelly nresent. The measuvring tecrician and all

'

-

R - v Ter SR T F3 .. Y3 - R,
instrumentation should 2les bo fis ,}.'.,1 L‘. an this distaace {rom d: @ NOiiE source.

b. Backgrcound noise 1(‘\ 1 shall b2 at least 25 dB below the peak pressure lovel being
measured. )

11.3. - Mijcrophone Orientation. The transducér shall be posmonc: with the sensing
surface up, and shall be oriented with reference to the nojse souxce s that the pressure

~ wave strikes the sensing surface at grazing incidence ($07).

- ~
11.4 Calibration. Proper calibration procechwes shall bz accomplished, {o include
the influence of cailes, etc., before and afiexr each test sequence. Elzctrical calibra-
tion means.are acceptable for field use, provided that a pistonphone, zcoustical cali-

~ brator, shock tube, drop test, or static pressure calibration is apco.*:phshed immedi-

ately bzfore and after field use. .

-

. vs0

il. 5 - Instrumentation Procedures.

11.5.1.1 Pressure versus Time History . of the 1mpuls° s]*all be mezsured by
cither of the following nmiz woc&

“a. Directly photographing the trace obtained on 2 'cathode—ray oscillcscope connected

M 4
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a. Completelist of instrumc
me, serial number and manufacturer.

b. Complete i

entification of the cqu

-
Yy

13

ntarion used for the measure:

yment whose noise is

2N

1Y
At N

oYW

-~
-

~——

name,

equipment,

c. Complete description of the operational conchuons und

ducted z:*;ludmc‘ speed, RPM, load, cte.

d, Date and location of test, '

e. A pihysical description of the a arca, including ground suz

surfaces, if aouropriatc, a sketch of all iioise sources, no
? - h {

g~

menis o

1
1

i.
C

X.
8

1. Frequency response and tape spee

1'

a ’
micrephone locations and

he location of per

Air ternperature, relative humidity, and wind speed.

Metivod and

Bandwidth of freguency apalyz : {octave, one-third oc
-weighted or ﬂot.

Time response of th

Bagt :'.:owu noise level, uswv the
{ the noise sonrce.

L]

.ot

ime of caiibration.

ternate appropriate desc -iption).

V~asvrmrr system (1 e., "slow”

7\""‘3 This section lists the data which shall he
rition to noise InCaSUlC]'ﬂCI ts made in accordance with this standarxd.
As a minimum the following shall be reporied:

ts, including name,"

ing measured inc‘l"ding

Tne, senalx mber, mileage, if appropriate, and any modifications to the

luch the test was con-

fzce and reflecting
‘..-‘c..]. personsiel ope luting

scns physically present

+n~x-

tave, ete. ) and whether

or

Locations and orientation angles of the microphones with

ource,

loyed for the measure-

“fast” yesponse, or

-

eference to the nojse

d of t ne recorder, if used.

m, Name -nd address of persoancl making the noise measurements,

* -

oy

N Y?
.
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