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Impulse Noise from Automotive Inflatable Devices

FOREWORD
All acronyms are defined in this document in Section 3.0 "Definitions."
a. Relationship of the document to other documents

The follpwing organizations are involved in setting standards or recomfmendations for impulse noise
analysis]

1. Arbgitskreis (AK)
2. Amagrican National Standards Institute (ANSI)

3. Natipnal Academy of Sciences/National ResearchyCouncil, Committee on Hearing, Bioacoustics
and|Biomechanics (CHABA).

4. North Atlantic Treaty Organization (NATO)Research Study Group 29 on "Impulse Ndise Effects"
5. U.S| Department of Defense (DOD)
6. U.S]|Department of Transportation (DOT)
b. History, packground, and introductory material.
1. Evojution of Impulse Noise Risk Assessment
(a) pa. 1960 Research into damage risk criteria for impulse noise centers on occupgtional
pxposurefrom steady state noise. Military research established the threshold for pardrum

rupture/at 180 dB for an unprotected ear with a free-field sound pressure wave at/grazing
neidence.

(b) 1966: Criterion for steady state noise published by CHABA Working Group 46 (Kryter et al.,
966)
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1968: First criterion specifically for impulse noise published by CHABA based on Coles et al.
(1968). This criterion: lowered the tolerable pressure by 5 dB for normal incidence of noise
wave to ear, lowered the allowable pressure by another 5 dB to protect 95% of population
instead of 75% as in Coles et al., established 179 dB peak SPL over 25 microsecond
duration as single impulse limit to unprotected ear, accounted for acoustic reflex contraction
of middle ear muscles, and established a correction factor for single impulse exposures by
permitting a 10 dB increase in allowable pressure. The method of signal analysis was also
specified in this paper using the A and B-durations (see Definitions section). Lacking other

aola_nnacaiva ractraint anainaare A ANtAA thaeoA maathaAde anA Aridarisn Thaninal A ver alrba
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systems produced impulses in the range of 140 to 150 dB. These were considergd to be
nssociated with a low risk for PTS.

1969: Classic experiments with human volunteers exposed to automotive airbagq performed
and reported Nixon (1969).

1971: Bolt, Beranek, and Newman revised earlier impulse noise-criteria to specifjcally
pddress impulse noise produced by airbag deployment (Allen.et al., 1971). Raw pressure-
lime data was low-pass filtered at 300 Hz for A-duration<alculation and high-pass$ filtered at
300 Hz for B-duration calculation. This method analyZesthe low and high frequency data as
f they act independently on the ear, without interaction between them.

1973: Another classic set of human volunteer-experiments conducted by Sommgr and Nixon
1973). Volunteers were exposed to low freguency noise (by itself), high frequendy noise (by
tself) and low plus high frequency noise acting together. A protective effect of low frequency
hoise was suggested.

1975: MIL-STD-1474A "Noise Limits for Army Materiel" first published. This standard
established maxima for combinations of peak Sound Pressure Level and B-duration beyond
which varying types of hedring protection are required by military personnel. Thege B-
durations are calculated using the wideband pressure-time data collected (with the low and
high frequency noisesahalyzed together in contrast to the BBN method).

1987: SAE J247 (FEB87) Recommended Practice—Instrumentation For Measurjng Acoustic
mpulses Within' Vehicles. Describes the instrumentation and procedure for measprement of
pirbag noisetin vehicles.

1992 National Academy of Sciences/National Research Council (1992) reports that "The
1968 criterion should not be used for low-frequency impulses such as air bags, spnic booms,
f izats : isi frart e 1968
criterion did not account for the spectral distribution of the energy, the number of impulses, or
the temporal spacing of the impulses.

1996: A mathematical model of the feline ear is reported by Price and Kalb from the US Army
Research Lab. The model calculates risk based on a hypothesis that damage to the hair cells
in the cochlea correlates to a mathematical function of the number and amplitude of basilar
membrane displacements in a manner analogous to mechanical fatigue of solid materials.
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(k) 1996: Math model of the feline ear is validated for airbag impulses (Price, Rouhana and Kalb,
1996; Price and Kalb, 1996). The model has a movie function that shows the development of
the risk of impulse noise-induced threshold shift as it relates to the impulse noise pressure-
time history.

1997: MIL-STD-1474D "Noise Limits" a revision of MIL-STD-1474C. This standard continues
the use of maxima for combinations of peak Sound Pressure Level and B-duration beyond

which varying types of hearing protection are required by military personnel. The limits are
nnnnnnnnnnnnn aof V-V AP\ aducad by 1l:nID-FomM|L_
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STD-1474B).

(m)

1999: The ARL Ear model is extended to a human ear model (Price andKalb, 19

1999: ANSI Working Group S3-32 issued a draft report on the effects of impulse
group recommended using the 8-hour equivalent energy (LAEQ8),ctiterion for im

DI).

hoise". The
bulse noise

below a peak SPL of 140 dB, and the ARL criterion for impulse noise above a pegk SPL of
140 dB.

2001: The ARL Ear Model was reviewed by a Peer Réview Panel of the American Institute of
Biological Sciences. The panel concluded that the.Ear Model "represents a signifjcant
mprovement over the Department of Defense Design Criteria Standard: Noise Linits of 12
February 1997 (MIL-STD-1474D).", that "the model was validated by human expg@sure data
pbtained in Albuquerque, New Mexico", and‘that "the HRED model can be used tp test
potential health hazards associated with_impulse noise levels in excess of 140 dB".

echanics of Hearing--Sound travels through the air as pressure waves. The ekternal ear

trangmitted down the fluid of the cochlea. The pressure wave distorts a membrane th
along the length of the-Cochlea (basilar membrane). Within the cochlea's organ of Cd
thoysands of mjerascopic hairs, embedded in hair cells resting on the basilar membrs
wheh the basjtar'membrane is distorted. This causes the hair cells connected to the
nerJe to generate electrochemical signals, which pass to the hearing centers of the b
intefpreted as sound. Hair cells near the base of the cochlea respond mainly to highg
freqhencies and those near the apex respond mainly to lower frequencies.

ne, move
huditory
rain, to be

—

Human Biovariability Distinct age populations have different hearing acuity. For example, the
elderly typically show distinct changes in hearing from their middle age capability (this is called
presbycusis—45% of Americans over age 75 are affected). The feline subject is a human
surrogate with hearing acuity similar to that of people, although it is viewed overall, as having
significantly greater acuity than humans.

The presence of a middle ear infection can reduce the transmissivity of the middle ear and lower
the effective hearing acuity. It is unknown whether age or iliness have any effect on risk of noise-
induced hearing loss.
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4. Mechanisms of Hearing Loss

1.

Blow to the Head--gross mechanical failure of structures, such as fracture of ossicles and

tearing of the eardrum.

2. Exposure to Continuous Noise--long duration (hours, weeks, months) exposures to loud
noises, such as a rock concerts, heavy equipment, and pneumatic drills without ear
protection. Hearing loss in continuous exposure is believed to be biochemical in nature.

3. Exposure to Impulsive Noise--physical trauma to the cellular structures of the'cpchlea. For
example, the ARL Ear Model risk algorithm identifies the peaks of the upward, displacement
pf the stapes that put the inner ear tissues in tension where they are mostilikely t¢ sustain
damage. Using the calculated stapes displacement as the driving input to the cochlea, the
model calculates the displacement history of the basilar membrang for the duratign of the
nput waveform. Risk is calculated at 23 locations along the basilarmembrane. The
postulated mechanism of injury in the algorithm is similar to mechanical fatigue of the hair
cells in general engineering and is calculated as a function ef\the amplitude of thg vibration
and the number of cycles of vibration. The output of the{ARL model calculation ig presented
n values called Auditory Risk Units [ARU].

1. Scopé¢

New methods are available to assist in evaluating the risk of impulse noise-induced hearing Igss from
inflatable deyices, for example, airbags and seat beltpretensioners. This document presents some
background|on impulse noise measurement technigues and assessment criteria. Related infgrmation
relative to tefst details, for example, preamplifier.specifications and filtering methods and critenja, will be
discussed in a future recommended practice.

1.1 Purpgse

This documeént serves to disseminate information about these tools and techniques to assist the
automotive flestraint development/process.

2. Referpnces

2.1 Applicable Documents

The following @ublications form a part of this specification to the extent specified herein. Unlegs otherwise
indicated, thetatestissteof SAE pu'u:ibo.ﬁw rs-stratt app:y.

2.1.1  SAE PUBLICATIONS

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Kemmer, M.: "Airbag-Inflation Noise Evaluation and Analysis, presented to SAE Airbag System Task
Force, May, 1997.
Kemmer, M.: "Evaluation and Analysis of Airbag Inflation Noise", presented to SAE Airbag Systems Task
Force, February, 1998.
Ochs, J.: "Airbag Inflation Noise—Evaluation and Analysis", presented to SAE Airbag Systems Task
Force, May 13, 1997.
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Price, G.R.: "Predicting and Ameliorating Hearing Hazard from the Noise of Airbag Deployment,
presented to SAE Airbag Systems Task Force, 1997.

Price, G.R. and Kalb, J.T.: "Modeling Airbag Noise Hazard: An Engineering Approach", presented to
SAE Airbag Systems Task Force, October, 1998.

Price, G.R. and Kalb, J.T.: "Airbag Noise, the ARL Ear Model and Progress Toward a Noise Standard;
Comments on the Weissach Tests and the NATO RSG Meeting", presented to SAE Airbag Systems
Task Force, March, 1999.

mber
942218,/1994.
Rouhana, S|W., Dunn, V.C., and Webb, S.R.: "Investigation into the Noise Associated.with Aitbag
Deployment: Part Il -- Injury Risk Study Using a Mathematical Model of the Human Ear," jin
Proceedings of the 42™ Stapp Car Crash Conference, SAE, 1998.
Rouhana, S|W.: "Investigation of Hearing Loss Associated with Airbag Deplaymeéent: Human Ear Model
vs BBN Method", presented to SAE Airbag Systems Task Force, January, 1998.
Rouhana, S|W.: "Airbag Noise: Research, Description and Status”, presented to SAE Airbag|Systems
Task Force, May 13, 1997.
Rouhana, S|W.: " Issues to be Considered in Drafting a Standard-Measurement Procedure fof Assessing
Airbag Noise", presented to SAE Airbag Systems Task Farce; May 13, 1997.
SAE J247—FEB87 SAE Recommended Practice--Instrumentation For Measuring Acoustic Impulses
Within Mehicles
Wunsch, Chris: "Airbag Inflation Noise Tests Conducted‘at Porsche's R&D Center in Germany on 26/27
of Octoler", presented to SAE Airbag Systems Task Force, November, 1998.

2.1.2  ANSI PUBLICATIONS

Available frdgm ANSI, 11 West 42nd Street; New York, NY 10036-8002.
ANSI S12.7{1986 "Methods for Measurement of Impulse Noise", 1986.
2.1.3 ISO|PUBLICATIONS

Available frdgm ANSI, 11 \West 42nd Street, New York, NY 10036-8002.
ISO/TC22/SIC10/WG3'N Draft ISO Technical Report: Road Vehicles -- Test Procedures for Bvaluating

Sound Rressute Level for Side Impact Airbags, IS0 Technical Report 15762 May, 1997.
ISO/TC 43/3C1/DS Draft ISO/DIS 10843 Acoustics—Methods for the Physical Measurement pf Single

n e £ N1 H 4.00.4
Impulses-orBurstsof-Noise;1994-

Standard Reference Zero for the Calibration of Pure-Tone Audiometers, R389, 1964.

2.1.4 DoD PUBLICATIONS

Available from U.S. Government Printing Office, Sales Management Division (SSMB), Washington, DC
20402.

U.S. Department of Defense Design Criteria Standard—"Noise Limits"—Military Standard 1474D",1997.
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2.1.5 NATO PUBLICATIONS

Available from Directorate of Standardization, Stan 2, Kentigern House, 65 Brown Street, GLASGOW G2
8EX, United Kingdom

NATO Research Study Group 29 on "Impulse Noise Effects", minutes, 1997.

2.1.6 DEPARTMENT OF TRANSPORTATION

Available from USDOT

U.S. Department of Transportation—Allen, C.H., Bruce, R.D., Dietrich, C.W., and Pearsons, K.S. (Bolt,
Beranel, and Newman: BBN): "Noise and Inflatable Restraint Systems", BBN Report Number 2020,
DOT Firal Report, DOT-HS-006-1-006, 1971.

U.S. Department of Transportation—Nixon, C.W.: "Human Auditory Response-to an Air Bag [nflation
Noise", Final Report, DOT Contract Number P.O. 9-1-1151, 1969.

U.S. Department of Transportation—Sommer, H.C.: "Description and Use.of a Measurement Bystem for
Air Bag Acoustic Transient Data Acquisition and Analysis”, FinallReport, DOT IA-0-1-2160,

Aerospgce Medical Research Laboratory, Wright-Patterson Air.Force Base Number AMRL-TR-73-8,
March, 1973.

2.2 Related Publications

American A¢ademy of Otolaryngology—Head and Neck Surgery, "Guide for the Conservatior| of Hearing
in Noise{ Sixth Edition, 2001.

American Ingtitute of Biological Sciences—"AIBS Peer Review on the HRED Method for Assessing the
Risk of Auditory Injury for Hearing-Protected Soldiers Exposed to Impulse Noise", April 2,/2001.

ArbeitskreisiZielvereinbarung Airbag Systems AK-ZV 01: "Objective Agreement of the Working
Commitiee of the German Automabile'Manufacturers Audi, BMW, Mercedes-Benz, Porsche, and
Volkswggen regarding Test Equipment and Test Procedures for Airbag Inflation Noise",March, 2001.

Coles, R.R.A., Garinther, G.R., Hedge, D.C., and Rice, C.G.: "Hazardous Exposure to Impulsg Noise", J.
Acoustigal Society of America, Volume 43 (2), 1968.

Hickling, R.:|"The Noise of the-Automotive Safety Air Cushion", Noise Control Engineering, Volume 6 (3),
May-June, 1976.

Hodge, D.CJ and Price;"G.R.: "Hearing Damage Risk Criteria", in Noise and Audiology, D.M. Lipscomb,
ed., Uniyersity, Rark Press, Baltimore, 1978.

Hohmann, B.: "Détonation on impact—hearing damage due to collision noise and airbags", DAGA 2000
Acousti¢ Conference, 2000.

Huelke, Dontatd F., rv1UU|c, Jamite L., Cunlptun, Tillluthy ‘vnv'., P‘lUu:lcllla., StUthGII ‘v‘v’., Il(i:Ully, Pdul: “Ear
Injury and Hearing Loss with Automobile Airbag Deployments.”, Accident Analysis & Prevention 31
(1999).

Kalb, J.T. and Price, G.R.: "Mathematical Model of the Ear's Response to Weapons Impulses”, in
Proceedings of the Third Conference on Weapon Launch Noise Blast Overpressure, Special
Publication BRL-SP-66, U.S. Army Ballistics Research Lab, Aberdeen Proving Ground, MD, 1987.

Katz, J.: "Handbook of Clinical Audiology (Fourth Edition)", Williams & Wilkins, Baltimore, MD.

Kramer, M.B., Shattuck, T.G., Charnock, D.R.: "Traumatic Hearing Loss Following Air-Bag Inflation",
New England Journal of Medicine, Volume 337 (8), 1997.
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Kryter, K.D., Ward, W.D., Miller, J.D., and Eldredge, D.H.: “Hazardous Exposure to Intermittent and
Steady-State Noise”, Report of CHABA Working Group 46 to the NAS, J. Acoustical Society of
America, Volume 39 (3), 1966.

Mattox, D.E., Lou, W., Kalb, J.T. and Price, G.R.: "Histologic Changes of the Cochlea after Airbag
Deployment" in Abstracts of the 20" Midwinter Meeting of the Association for Research in
Otolaryngology, St. Petersburg, FL, 3797, p. 200, 1997.

McRobert, H. and Ward, W.D.: "Damage-Risk Criteria: The Trading Relation between Intensity and the
Number of Nonreverberant Impulses" J. Acoustlcal Society of Amerlca Volume 53 (5) 1973

McFeely, Wd- :
Deployment", Journal of Otolaryngology, Head and Neck Surgery, 121(4) 367- 373 Oct 1

National Academy of Sciences/National Research Council, Committee on Hearing BioaCoeusti

999.
s and

Biomec
National Re
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Academ
Nixon, C.W.

bearch Council, Commission on Behavioral and Social Sciences and Education, (

y Press, Washington, D.C., 1992].

anics (CHABA), Working Group 57, July, 1968.
ng, Bioacoustics, and Biomechanics [Hazardous Exposure to Impulse Noise, Nai

"Human Auditory Response to an Air Bag Inflation Noise", FinalReport, DOT Cq

ommittee

ional

ntract

Number[P.O. 9-1-1151, 1969.
Northern, J.L. and Downs, M.P.: Hearing in Children, Williams & WilKins, 4" ed., 1991, p.13.
Pickles, J.OJ: "An Introduction to the Physiology of Hearing", Academic Press, Harcourt, Bracg and
Jovanoyich, 2" ed., 1988, pp. 23-24.

Posey, J. an

Presentation at the 85" Annual Meeting of the Acoustieal Society of America, GM Resear

d Hickling, R.: "Noise Mechanisms in the Inflationyof the Automotive Safety Air B

a.gu,
Ch

Publicatjon 1411, 1973.

Price, G.R.:|"Functional Changes in the Ear Produced.by High-Intensity Sound. I. 5.0-kHz Stimulation",
J. Acoustical Society of America, Volume 44(6)y1968.

Price, G.R.: ['Functional Changes in the Ear Produced by High-Intensity Sound. Il. 500-Hz Stimulation”,
J. Acoustical Society of America, Volume™51 (2 Part 2), 1972.

Price, G.R.:|"Upper Limit to Stapes Displacement: Implications for Hearing Loss", J. Acousti¢al Society
of America, Volume 56 (1), 1974.

Price, G.R.:|"Transformation Function of the External Ear in Response to Impulse Stimulation", J.
Acoustigal Society of America;-Volume 56 (1), 1974.

Price, G.R.:|"Age as a Factor-in.Susceptibility to Hearing Loss: Young versus Adult Ears", J.|Acoustic
Society pf America, Volume 60 (4), 1976.

Price, G.R.:|"Loss of Auditory Sensitivity Following Exposure to Spectrally Narrow Impulses",|J.
Acoustigal Society of*America, Volume 66 (2), 1979.

Price, G.R.:|"Implications of a Critical Level in the Ear for Assessment of Noise Hazard at High
Intensitigs", JxAcoustical Society of America Volume 69 (1), 1981.

Price, G.R.:|"Belative Hazard of Weapons Impulses", J. Acoustical Society of America, Volume 73 (2),
19883.

Price, G.R.: "Hazard from Intense Low-Frequency Acoustic Impulses", J. Acoustical Society of America,
Volume 80 (4), 1986.

Price, G.R. and Kalb, J.T.:

"Mathematical Model of the Effect of Limited Stapes Displacement on Hazard

from Intense Sounds", J. Acoustical Society of America, Supplement 1, Volume 80, Fall 1986.

Price, G.R. and Kalb, J.T.:

Ear", J. Acoustical Society of America, Volume 90 (1), 1991.

Price, G.R. and Kalb, J.T.:

Components", J. Acoustical Society of America, Volume 99 (2464), 1996.

Price, G.R. and Kalb, J.T.:

(AHAAH) Version 1.0", Ear Model Users Manual, 1998.

“Insights into Hazard from Intense Impulses from a Mathematical Model of the
"Modeling Auditory Hazard from Impulses with Large Low-Frequency

"Welcome to the ARL Auditory Hazard Assessment Algorithm—Human
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Price, G.R., Kim, H.N., Lim, D.J., and Dunn, D.: "Hazard from Weapons Impulses: Histological and

Electrop

hysiological Evidence", J. Acoustical Society of America, Volume 85 (3), 1989.

Price, G.R. and Lim, D.J.: "Susceptibility to Intense Impulses", J.Acoustical Society of America,
Supplement 1, Volume 74, Fall 1983.

Price, G.R., Rouhana, S.W., and Kalb, J.T.: "Hearing Hazard from the Noise of Air Bag Deployment”, J.
Acoustical Society of America, Volume 99 (4, Part 2), 1996.

Price, G.R. and Wansack, S.: "Hazard from an Intense Midrange Impulse", J. Acoustical Society of

America

, Volume 86 (6), 1989.

Roeser, R.J
Saunders, J

Six Pati¢nts", presented at the American Academy of Otolaryngology—Head Neck Surge

Meeting
Sommer, H.
Effects ¢
Yaremchuk,
Loss, Vq
Yaremchuk,
Neck Su

3. Defin

3.1 Acrorn
AHAAH
ARU

AK

ANSI
AHTL
ARL
BAEP
BBN
CHABA

dB
DOD
DOT
ISO

\Malanta M__Hocford Diaan L1 - VA LAl Ninanaoic N _Thinma Dobhlichare NA
7V arCTtCT IV T TOSTOTOU DT, T 1. 7y aororogy oagimosSTS T HCTiC T OiomoTieTS;, TN e

E., Slattery, W.H., Luxford, W.M.: "Automobile Airbag Impulse Noise: Otologic'S

September 19, 1995.

C. and Nixon, C.W.: “Primary Components of Simulated Air Bag Noise'and Their
n Human Hearing”, Final Report, DOT Contract Number IA-0-1-2160, 1973.

K. and Dobie, R.: "The Otologic Effects of Airbag Deployment", d-Occupational H
I. 2, No. 2 and 3, pp. 67-73, 1999.
K. and Dobie, R.: "Otologic Injuries from Airbag Deployment'; Otolaryngology—H
rgery, Vol. 125, No. 3, pp. 130-134, 2001.

tions
yms

Auditory Hazard from Airbags—Human (human ear model from ARL)

Auditory Risk Units output from ARL ear’model

Arbeitskreis der Ruckhaltesysteme-Kooperation, Working Committee of German
Manufacturers

American National Standards dnstitute

Average Hearing Threshold Level

Army Research Laboratory

Brainstem Auditory Evoked Potentials

Bolt, Berenak, and 'Newman

Committee on Heatfing, Bioacoustics and Biomechanics, National Research Cour
Academy of-Sciences

Pecibels,ogarithmic scale for sound pressure or power units
Department of Defense (United States)

Department of Transportation (United States)

nternational Standards Organization

NATO
NIHL
OAE
PB
PTS

SAE
SL
SPL
TC
TTS
WG

‘IIUIt: I At:al Itib Tlcaty Clual I;Lcltiul I
Noise-induced hearing loss
Otoacoustic Emissions
phonetically balanced

permanent threshold shift in hearing (hearing loss that does not fully recover; see
Shift below)

w York, 2000.
ymptoms in
Iy Annual
Relative

earing

ead and

Automobile

cil, National

Threshold

The International Engineering Society for Advancing Mobility Land Sea Air and Space

Sensation Level (speech intensity)
Sound Pressure Level = 20 log (measured Pressure/reference Pressure)
Technical Committee

temporary threshold shift in hearing (hearing loss that recovers; see Threshold Shift below)

Working Group
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3.2

3.2.1 Aco

Definitions

USTIC REFLEX

Transmission of sounds through the middle ear can be attenuated by means of the middle ear muscles
(Tensor Tympani and Stapedius Muscle). These muscles are triggered by the Trigeminal and Facial
nerves. The Acoustic Reflex, can cause contraction of these muscles and can be elicited by loud sounds,
vocalization, tactile stimulation of the head or general body movement (Pickles, 1988). This reflex is

absent in 6. FSc6f

okl

norea. ol

3.22 Aco

Hearing loss
noises.

3.2.3 A-DYRATION

A measurement of the length of time of the low frequency component.of an impulse noise pre

history. It is
to zero.

324 AP

A reverberat
reverberatio
W x H): 3.2
match the rg
using 20-60
described by
from 0.5 to §

An airbag m
cabin door.

cabin as it w
triggered ex
simultaneou
be used to t

al haoo o
o ar o tg—aaots:

USTIC TRAUMA

or other auditory disturbance associated with exposure to a loud noise |or series

calculated from the first rise above the ambient pressurelto the time the pressure

HA CABIN
ion chamber having linear dimensions one-third of those of an international stand

P x 2.37 x 2.03 m. The cabin may belined in with absorptive material on walls an
verberation of a typical passengercompartment. This can be achieved, for exan
mm thick fibrous cotton fleece: ;'The absorption characteristics in closed spaces ¢
determining the reverberation time, which should lie between 30 and 100 ms for
kHz.

pdule (driver, front passenger, side, kneeblocker airbag) can be attached to the in
A dummy torsa.fitted with pressure transducers or microphones can be positione

ernally. Imthe case of multiple inflatable systems, the triggering can take place
5ly or with'a time delay between devices. The pressure rise from initiation of the
iggeradata acquisition device (e.g., a tape recorder or computer).

of loud

5sure-time
first returns

ard

h room. Its volume is 6.44 m°® and notwo walls are parallel. The overall dimensi¢ns are (L x

d floor to
ple, by

an be
frequencies

terior of the
d in the

ould be in avehicle (i.e., sitting in a car seat) with respect to the airbag. The system is

Hevice can

3.25 ARM

o 1
T MEOSCARUNT LAD

A mathematical model of the ear that calculates the risk of impulse noise-induced threshold shift from a
pressure wave. The "risk" is a measure of the mechanical fatigue of the hair cells of the cochlea. The
model consists of transfer functions that characterize the incident sound pressure as it moves from the
free field to the inner ear. The feline model is validated for airbag exposure. The human version of the
model has been validated using military volunteers who had been exposed to impulse noise from large
weapons. The ARL Model represents the ear as electroacoustic elements with inductors representing
mass, capacitors representing acoustic compliance, and resistors representing acoustic resistances. The
model includes graphs of transfer functions—free-field pressure to eardrum pressure; external ear
radiation impedance; eardrum acoustic input impedance; eardrum pressure to stapes volume velocity;
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free-field pressure to stapes volume velocity; and stapes displacement to basilar membrane
displacement. The model represents the stapes as nonlinear. At low intensities, the annular ligament

exerts a linear restoring force on the stapes and can displace easily up to 5 to 6 um. At high intensities,
the restoring force is nonlinear, reaching an asymptote at about 20 um, limiting the motion of the stapes.
Under some circumstances, this nonlinearity appears to limit the transmission of higher frequency noise
to the inner ear.

3.2.6 ASYMMETRIC HEARING LOSS

Hearing loss
agreement @
>15 dB at tw
hearing loss

3.2.7 AuD

A graph for & given ear of hearing thresholds obtained for various frequencies.

3.2.8 AvE

The softest
in decibels H
stand alone
mushroom".

3.2.9 B-DYRATION

A measurenpent of the decay time of the high frequency component of the pressure from an i

noise wavef
pressure is |
represents t

manifold, the airbag cushion unfolding, etc.

3.2.10 BRA

Electrical ac
the brain) th

in an ear that is of different magnitude than that in the other ear. There is no,gen
n how big the difference must be, but some studies suggest that the differenge m
o frequencies or there must be a difference in speech discrimination of 215% in ¢
to be considered asymmetric.

OGRAM

RAGE HEARING THRESHOLD LEVEL (ANSI, 1969)
evel at which a patient can correctly repeat 50% 0f presented "spondee words"; i

earing level (dBHL). A spondee word is a twezgyllable word, each syllable of whi
s a separate monosyllabic word. Some examples are "baseball, hotdog, airplan

brm. It is measured from the time the pressure first rises above the baseline until

ne energy emitted athigh frequencies, (e.g., the gas generation—gas jetting thro

NSTEM AUDJITORY EVOKED POTENTIALS (BAEP)

ivity within the auditory regions of the nervous system (auditory nerve or auditory
ht is.pfoduced by sound and is measured via electrodes on the scalp.

ess than 20 dB of the peak, including all reflections. It is assumed that the B-durItion

eral
ust be
rder for the

is recorded
ch can
e, and

hpulse
he time that

gha

regions of

3.2.11 C-W

EIGHTING

Modification of the frequency content of a signal using a filtering network to more closely approximate the
equal loudness contours of the human ear (see below).

3.2.12 COMPOSITE PULSE

The impulse

noise waveform containing all the frequencies.
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3.2.13 THE EAR

3.2.13.1 External Ear

Auricle or pinna and external auditory canal. The auricle and external auditory canal can amplify sound.
The auricle also functions as a focusing organ and directs (high frequency) sounds into the ear canal.

3.2.13.2 Middle Ear

Tympanic n-jembrane (ear drum), the malleus (hammer), incus (anvil), and stapes (stirrup) be
soft connectjve tissues (suspensory ligaments, the tensor tympani muscle, and the stapedius
The middle
inner ear flujds.

3.2.13.3 Inher Ear

Cochlea and semicircular canals.
3.2.14 EARPRUM RUPTURE

A tear in the
eardrum rup

eardrum. A peak sound pressure level of 180 dBis commonly accepted as the th
ture.

3.2.15 EQUAL LOUDNESS CONTOURS

Curves of pgrceived loudness as a function of frequency for pure tones arriving at the ear. Th
ear respondsg differently to different frequencies” It is most sensitive to sounds at 4 kHz, and le
at lower frequencies and higher frequencies+(e.g., a 42 dB tone at 4 kHz sounds as loud as a
at 1 kHz anfl a 73 dB tone at 50 Hz).

3.2.16 DyYNAMIC RANGE OF HEARING

20 pPa to 1 kPa at 20 Hz ta.20'kHz; speech is transmitted between 500 Hz and 4 kHz.
3.2.17 GRAZING INCIDENEE

Noise wave

irected parallel to the eardrum.

nes plus
muscle).

par functions as an acoustic transformer by matching the impedance of the-air to {hat of the

reshold for

B human
ss sensitive
50 dB tone

3.2.18 HEA

A hearing loss at least equal to 26 to 40 dB. Individual demonstrates difficulty understanding
speech.

soft-spoken
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3.2.19 HEARING LEVEL

Audiometric test tones are specified in hearing level (HL) rather than SPL because the normal ear is not
equally sensitive to low and high frequency sounds. According to current standards (ANSI, 1969) it takes
39 dB more SPL for the normal ear to barely hear a 125 Hz tone than it does to barely hear a 1000 Hz
tone. Because it is desirable to have a 0 dB dial reading at the point where the normal ear can just barely
hear the stimulus, regardless of frequency, the audiometer has been designed to compensate for
differences in hearing sensitivity as a function of frequency.

3.2.20 Hyp

See Recruitment.

3.2.21 IMPU

High amplitu
microsecond
2 to 500 ms
3.2.22 INTQ
Patient is un

3.2.23 Mot

41-55 dB. Ipdividual demonstrates an understanding of speech at close range, but requires g

3.2.24 NOHRMAL INCIDENCE

Noise wave

3.2.25 0Ocd

Loss in the 4

3.2.26 OTO

FRACUSIS

LSE NOISE
de, short duration noise, such as from military weapons or fireworks e.g. sound h
to millisecond rise of waveform with large amplitude (140 te170 dB) and short d
for example, airbags and seat belt pretensioners may pfeduce impulse noise.
LERANCE TO LOUDNESS

comfortable in loud/noisy environments after exposure to impulse/other noise.

ERATE HEARING LOSS (ANSI, 1969)

directed perpendicular, to the eardrum.

ULT SHIFT / HIDDEN- SHIFT

ACQUSTIC EMISSIONS (OAE)

aving a
urations of

mplification.

000+ to 6000*Hz range which is above the speech frequency range of 500 to 4000 Hz, and
may not be apparent without comparison of pre- and post-exposure audiograms.

Acoustical s

l Al & la Lad & L Fy) 1 & l la al b L H I f
gnarstnat carroe aetectied i tne ear canarspontaneousiy-as Narrowoanctonarsignals a ter

stimulation of the ear and are thought to be due to vibrations produced at various locations within the

cochlea.

3.2.27 PERMANENT THRESHOLD SHIFT

A change in hearing secondary to noise exposure that is permanent (remains longer than 6 months).
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3.2.28 PEAK AMPLITUDE

The maximum value of sound pressure attained, expressed in psi (kPa). It may also be expressed as

sound press

3.2.29 PrO

ure level in decibels (dB).

FOUND HEARING LOSS (ANSI, 1969)

91+ dB. Person does not rely on hearing as the primary modality for communication.

3.2.30 REC

Abnormal ph

RUITMENT

enomenon of loudness sensitivity. As one raises the intensity of a tonesthe perg

loudness grows more rapidly than in a normal ear.

3.2.31 REev

FRBERATION TIME

The time in @ closed compartment in which the sound pressure level is reduced by 60 dB afte

source is cu
30 and 100

3.2.32 RISK
In the ARL N
3.2.33 SEN
A measure (
means 30 d
specify the |
3.2.34 SEV
71 to 90 dB.

3.2.35 SHA

off. To be representative of a passenger vehicle, the reyverberation time should
ms for frequencies from 0.5 to 8 kHz.

nodel, a measure of the mechanical fatigue<6fthe hair cells in the inner ear.
SATION LEVEL (SL)

f stimulus intensity relative to the'threshold of the individual being tested. Thus,
B above the individual's threshold for the specific test stimulus. The term SL ofter
bvel at which speech disctimination tests are administered.

ERE HEARING LOSS

Loud speech may’be understood at 1 ft from the ear.

DOWING

Head shado|
exposed to
distal ear fal

Wwing accurs when the pressure wave of a noise event passes the head of an indiyi

eived

I the sound

ie between

B0 dB SL
is used to

enoise. Since the head is positioned between the noise source and the distal e

than the proximal ear. For example, the study by Price, Rouhana and Kalb (1996) showed an
approximately ten-fold reduction in ARUs by head shadowing.

3.2.36 Sou

ND PRESSURE LEVEL

Twenty times the base 10 logarithm of the ratio of the pressure of a sound to a reference pressure,
expressed in decibels. The standard reference pressure is equal to 20 uPa. A 50 dB SPL tone is 50 dB

above the reference pressure, 0.0002 dynes/cm®. SPL = 20 Log, (P

/P

measured’ ©  refe rence)
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3.2.37 SPE

ECH DISCRIMINATION SCORE

The percentage of phonetically balanced (PB) words a person can correctly repeat at a given sensation

level
3.2.38 TeEM
A change in
3.2.39 THR

The differen
hearing for t

3.2.40 THR

A change in
within 6 mor]

3.2.41 THR
120to 140 g
3.2.42 TINN

Subjective s

3.2.43 VER[IGO

PORARY THRESHOLD SHIFT

hearing secondary to noise exposure that recovers within 6 months.

ESHOLD OF HEARING / HEARING LEVEL

Ce in decibels between a standard average threshold level (ISO R389) and-the th

ESHOLD SHIFT

a person's hearing sensitivity after exposure to a sound; a temporary shift (TTS)
ths and a permanent shift (PTS) is one that remains longer than 6 months.

ESHOLD OF PAIN
B, subject to human Biovariability.
ITUS

ensation of noise in the ear, ringing.of the ears; an irritating repeatable sound in t

he individual being tested. The human ear perceives sound from 20 Hz|i6 20 kHz.

reshold of

Hisappears

e ear.

A sensation jof motion when there is no physical movement.

3.3 Symbols

m’ cubic metey

dB decibels

dyne/cm® dynespersquare centimeter = 1 newton per square meter
kPa kiloPascals

m meter

N/m? FNewton per-square-metet

Pa
uPa
psi
rms
um

Pascal = 1 newton per square meter
1 microPascal

1 pound per square inch

root mean squared

1 micrometer
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4. Testing Considerations for Assessment of Impulse Noise from Inflatable Devices

A number of issues remain unresolved relative to the test procedures for impulse noise. These issues are
discussed in this section, even as researchers continue to develop and compare various test methods.

This section will likely be revised within a year of the publication of this Information Report.

One of the principal issues surrounding airbag noise measurement is whether to measure in a vehicle

environment or in a chamber that S|mulates a vehicle. While research to-date has shown a str
of vehicle erp

componentsg do not usually have access to prototype vehlcles when the development of an'in
device begins. Thus, they have no way to assess the impulse noise-induced hearing loss-risk
late in the vehicle development process when changes can affect program timing. It isilikely t
recommended practice will suggest initial tests in a simulated vehicle environment followed by
confirmation| tests when a prototype vehicle is available.

Dynamic tegting for assessment of airbag noise-induced threshold shifts is.net necessary for
reasons. Firt, the noise of a crash itself is typically much less than that.ef.the deployment of
devices (145 dB vs 165 dB for a typical full frontal airbag system, respectively). Second, most
transducersjavailable today possess significant acceleration sensitivity. This sensitivity to acc
makes it difflcult to obtain accurate measurements of the noise.during the crash.

4.1 Simulation of a Vehicle Using a Reverberation Chamber
Issues to be|considered in the selection of a standardized chamber include:

What volume is typical of a vehicle’s passenger compartment?
What are the acoustic properties inside of a vehicle?

Shopld the ratio of glass to plasticrim be simulated?

Shopld dummies be included?

Shopld the chamber be airtight or have calibrated pressure relief?
Suitability of chamber forhead curtain airbags?

One chambér that has been.proposed for use is called the Alpha Cabin (by Rieter Automotive
Alpha Cabin| can be vented-or have pressure relief. It can be trimmed to represent the vehicle
acoustic chgracteristics:) For example, by using 20 to 60 mm thick fibrous cotton fleece, abso
characteristics similarto those in a vehicle can be simulated.

ong effect

latable
until very
ata

B number of
nflatable

bleration

). The
s expected
"ption

Dummies stould be used to represent the volume taken up by humans in a vehicle—especia

ly the

acoustical influence of tThe upper body.

The measuring transducers should be located at positions closely related to human ear locations.

Whether the windows are open or closed has produced different results in different experiments: driver-

only systems did not show a difference, but driver and passenger systems deployed together
a significant difference.

have shown

Since early in the design of an airbag system, an exemplar vehicle is not available, it is desirable to have

a standard chamber or tank that can be utilized by the airbag supplier for initial evaluations of

prototype

systems. This chamber or tank dimensions and composition should be standard to allow its availability

worldwide to reduce the likelihood of lab-to-lab variation such as that which occurs in anechoi

¢ chambers.
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4.2 Test Setup

Issues considered in the definition of Test Setup:

421  ACCELERATION OF TEST FIXTURE

Dynamic testing for evaluation of airbag noise is not recommended, but if a dynamic vehicle crash is
being measured W|th the measurmg equment |nS|de the vehlcle this equment must be protected from

vehicle decs ansducer
should be o

iented W|th its least sensmve axis in the direction of pr|n0|pal vehicle deceleratlon
4.2.2 GRQUNDING/CHARGE COUPLING

All equipment including the dummies should be connected to a good earth ground. Sharp, large
amplitude spikes in the data may indicate a grounding problem. Be careful n6t.to introduce grpund loops.

4.2.3 MOUNTING OF THE INFLATABLE DEVICE(S)
4.2.3.1 IntVehicle

Mount airbags in design location

4.2.3.2 InfChamber

Attach the infflatable device in a manner similar to:its/in-vehicle orientation relative to the dummy. In the
Alpha Cabin|the device is mounted on the interior of the door to the cabin. The dummy torso fjtted with
the pressurg transducers/microphones is positioned appropriately with respect to the inflatablg device(s).
4.2.4 ELECTROMAGNETIC INTERFERENCE
Care should|be taken to ensure preper grounding of all segments of the dummy to a good eafth ground to
prevent electrostatic discharge 'during the tests. Electrostatic discharge can masquerade as alnoise

signal.

4.2.5 IMPACT BY INFLATABLE DEVICE

should be taken,to mount the sensor (pressure transducer or microphone) in a location that ig outside the

Impact by aarF(airbag or other inflatable device can also masquerade as a noise signal. Theref;Tre, care
zone of inflatabtedevice dcp:uylllm 1t

426 TEMPERATURE

Tests should be conducted at room temperature, e.g. 23 °C £ 5 °C.
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427 OCCUPANTS

Do not test the vehicle/chamber empty: simulate the space that occupants would take up in the vehicle.
Upper body acoustic parameters are important. Research is underway to determine whether all occupant
seating positions should be occupied during the assessment or if just occupying those positions closest

to the inflator would be sufficient.

4.2.8 OCCUPANT POSITION RELATIVE TO THE INFLATABLE DEVICE

The head's ¢loseness and orientation to the packaging of the inflator should to be considered

For

example, a gide airbag packaged in a right front passenger seat might be closer to the ear of f six-year-

old dummy than to that of a 50" percentile Male dummy.

429 HeAp FORMS

SAE condugted testing in Weissach, Germany in 1998. Various head forms were evaluated (ihcluding

Hybrid Il hegad with low frequency, high intensity modified B&K 4136 micfophones, Head Acol

stics head

with standard B&K 4136 microphones, Hybrid Il head with Endevco®@510-B5 pressure transducers and

free-field Dyfran 2013V pressure transducers). Measurements made with the microphones o

pressure

transducers|mounted inside the head in the location of the ear.canal and eardrum were consigtently

higher than those made with the microphones mounted outside‘the dummies' heads, oriented
the eardrum| Several types of head forms are now on the;market.

4.2.10 TRANSDUCER MOUNTING

Transducer mounting in a simulated head form.ear can affect the quality of the impulse noise

normal to

measuremept. Therefore, mechanical and Gaussian noise in the signals should be carefully gontrolled by
the experimenter. Mechanical noise is that'caused by metal-to-metal contact or acceleration ipduced into
the transduder. Gaussian noise refers to,the electrical signal generated by the whipping motign of an

unsecured gable exposed to an impulse noise pressure wave. Cable whipping has been docy
one source ¢f electrical noise in blast type tests.

4.2.11 ORIENTATION OF THE PRESSURE TRANSDUCERS/ MICROPHONES

mented as

Pressure transducers@and microphones oriented normal to the eardrum are recommended because this
is the orientation ofssound waves entering the human ear. This recommendation should be evaluated
relative to thie recommendation in 4.2.1. It may be preferable to mount transducers within a simulated ear
canal. Howgver,'much of the published research has been done using dummy heads without fear canals

4.2.12 PRESSURE TRANSDUCERS VS MICROPHONES

Issues considered in the selection of measuring equipment include:
¢ Should pressure transducers and microphones be used?

— The German Arbeitskreis recommends two high level microphones (e.g., B&K 4136-

WH2816 or equivalent). They specify mounting these in a dummy head mounte
dummy torso.

dona

— Rouhana et al. (1994, 1998) recommended using pressure transducers. Many models are
available that fulfill measurement requirements (Dytran piezoelectric 2013V and Endevco

8510B-2, 8510B-5, 8510B-50. Dytran current source, e.g., Model 4114.)
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Range of acceleration sensitivity: <.0004 psi/g

Range of thermal sensitivity/Operating Temperature: <.03% / °F; -4 to +140 °F.
Range of resonant frequency: > 50 kHz.

System Flat Frequency Response: 0.16 Hz to 10 kHz; DC to 20 kHz (preferable).
Pressure range: 0 to 2.5 psi rms (185 dB)

Calibration issues: Dytran piezoelectric pressure transducers have no static response, but are

calibrated using a shock tube. Endevco piezoresistive pressure transducers have static

The
folloj

implilse generator. The impulses have an octave bandwidih in which the center freq

1; 2
then
rela
of th

The
of th
ban
com
detq
revq
pas

B&K has Type 4231 sound Ievel callbrator of 1000 Hz tone
surlng instruments should be in accordance with SAE J247.

er supply 2609.
HA CABIN ANALYSIS

determination of the reverberation times in the Alpha Cabin is carried out accq
wing method: Excitation signals are generated in the Alpha Cabin by means

4 and 8 kHz are covered. A power amplifier amplifies the excitation signals
n on two speakers, which are placed in the Alpha Cabin. The sound pres
ation process is recorded by a microphone ata height of approximately 0.75 m
e Alpha Cabin and led to a measuring amplifier via a pre-amplifier.

reverberation time is measured and determined at a radius of 0.4 m at 12 positi
e five center frequencies. The measured signal is fed to a preprocessing un
i pass filtered, digitized and intermediately stored. The preprocessing unit also
pensation for basic noise and calculates the relaxation curve. The relaxat
rmined according to the(integrated impulse response method (Schroeder Mg

benger compartment'tare taken from Table 1 below:

TABLE 1—STANDARD PASSENGER COMPARTMENT

rberation times used, as a "measurement standard" and recommended for |a

callbratlon e. g Senes 8510B. The B&K 4136 condenser type m|crophone has piston phone

) B&K 4136-

ophone preamplifier: e.g. B&K 2639 or B&K 2633 or equivalent; B&K measuring amplifier

rding to the
bf an octave
uencies 0.5;
and outputs
sure in the
n the center

bns for each
t where it is
Carries out a
on curve is
thod). The
"standard

Frequency-kHz 0.5 1 2 4 8
Reverberation time (ms) 92 58 39 37 35
4.2.14 DATA'ACQUISITION

4.2.14.1 Appropriate Methods of Data Acquisition Must be Used

Data should be recorded wideband or sampled at no less than 50 kHz. The data acquisition rate appears
to have an effect on the results obtained with the ear model and may need to be standardized to assure
valid comparison of results from lab to lab.

4.2.14.2 Test Initiation

The system is triggered externally. In the case of multiple inflatable systems, the triggering can take
place simultaneously or with a time delay between devices.
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4.2.14.3 Test Signal Initiation

Devices should be deployed using the time spacing that would occur in real-world crash environments.
For example, a side system might be deployed and then the frontal systems at a time phase that would
represent first the side impact, then the vehicle spinning to hit in the front, thus firing the frontal airbags.

4.3 Analy

4.3.1 Risk

The ARL Mg
mechanism
experiments
Kalb, 1996)

inflatable de|
data. Data s

4.3.2 WAaH

The middle
deploys. Mig

sounds, tactjle stimulation of the head or general body movement. The model can simulate th

and some rg
"unwarned"

433 Sus
The model g

that is more
other levels

"README" {ile associated with the model.

5. KeyF
5.1

Rouhana et

In-Vehicle Noise of a Barrier Crash With No Airbag Deployment

sis

del calculates Auditory Risk Units (ARU) based on the fatigue hypothesis forthe
n the inner ear. This model was first created for the feline ear and was validated
with anesthetized feline subjects exposed to non-depowered airbags (Rrice, Ro
A human ear model version was created and is in the process of validation with

human volunteer studies performed by the US Army. The pressure-time data recorded from t

Vices should be analyzed using the human ear model. No special format is neces
pts can be entered using the import function of the model.

NED VS UNWARNED EAR FOR USE WITH THE MODEL

par muscles can be evoked if an occupant "sees the collision" before an inflatablg
dle ear muscle contraction can be the response to a number of stimuli including:

sults show five-fold reduction in ARUs fora "warned" occupant compared with ar
pbccupant (with no middle ear muscle centraction).

CEPTIBILITY
alculates the risk of impulgeé noise-induced hearing loss for the 95" percentile ear]

susceptible than 95% ofall ears in the population). Adjustments can be made for
pf susceptibility (e.g.sthe average or 50" percentile ear) by following the instructig

indings of Previous Airbag Noise Studies

al—(1998) described results of a measurement made in a vehicle during a barrier

njury
in
hana and

sary for the

device

oud
e muscles

(i.e., an ear
ears with
ns in the

crash. The

peak SPL w

H PO PP, N i | =) Llale F7aYaVaVa\l 1 - l " £
do APJPYITUANTIALTTY 159 UD. TI1UNTAIT(cUUU ) dlioU TCPUTITU UTT TTITASUTTITITTIS UT Ul

'ash noise

from a car-to-car side impact crash at 50 km/h. The peak C-weighted SPL was 133 dB(C) at the inboard
right front passenger's ear location.
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5.2 Convertibles/Windows Down Vehicles vs Sedans/Windows Up Vehicles

(Rouhana, 1994, 1998): The ARL Model predicts a greater risk of noise-induced hearing loss for the
convertible or open vehicle compartment. The low frequency carrier wave is absent or approaches zero
when the vehicle compartment is open. With little low pressure to hold the stapes and annular ligament
in tension, more high frequency oscillations are transmitted to the basilar membrane, producing a larger
number of cycles of vibration and resulting in greater likelihood of fatigue. When the vehicle
compartment is closed the Iow frequenmes push the stapes toits I|m|t restrlcted by the annular Ilgament
which appes
produces fe
now conside
the ARL Mo

jel's predictions.

5.3 SAE Tests Using Alpha Cabin

In 1998 SARE

signals mea

5.4

Researchers checked the first version of ARL model for humans against driver
sured in a trimmed Alpha Cabin.

1998 Weissach Tests Using Single Driver Side Airbags

SAE Resealchers were perplexed that they did not replicate earlier findings that a closed con

has lower ris
system, whi
frequency p
same risk. T

5.5 Arbei

Recent calc
the risk caus
in open com
the vehicle i

5.6 Head
Anecdotal e

at the time g
exposed to

k than an open compartment. It appears thatpressure from a driver side only re
th is in the 140 dB range, either is not enoughrto cause NIHL or does not provide
essure to significantly affect the waveform: thus, the high frequency exposure sh
he ARUs calculated for these exposurés indicated no risk.

sKreis

Ilations using the Human Ear-Model to analyze test data corroborated earlier fing
ed by airbag inflation, as predicted by the model, can be lower in closed compart
partments. This is not.always the case and may depend on the size of the airbag
hterior compartment.size.

Position Relative to Sound Source

idence:shows a larger shift in hearing in ears that face the direction of the deploy
f the efash (Rouhana, 1998; Yaremchuk, 1999). Military research has shown that

hirbag

partment
straint
enough low
bws the

ings that
ments than
relative to

ing airbag
ears
Dse

T0|se at grazmg incidence have a lower risk of noise-induced hearing loss than th

exposed at mormatincidence:

6.

6.1

Anecdotal Field Experience

Saunders et al. (1995)

Presented details of six patients with threshold shifts who had been exposed to airbag deployment during
a vehicle crash.
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