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bag restraint systems are discussed,

Reproduced by

The relative contributions to auditory temporary threshold shift (ITS) of the air bag w.” icle
volume displacement and of the high frequency noise burst associated with activation, air tur
bulence, unfolding, elc., of the system were investigated. Ten male university subjects with nor-
mal hearing were exposed to each of three cunditions: (a) to-a pusitive pressuie pulse of 165 dB
peak pressure with a rise time of 65 ms and a duratiun of 960 wsec, (k) to a high frequency
noise burst in the 350 ¥»-2 kHz band at 153 dR rms with rise and fall bmes ¢f 25 7. and 2
dusation of 400 ms and (c) to & and b presented simultanevusly. TTS was measured for 12
discrete frequencies ranging from 125 Hz to 12 kH:z for each erposure condition, The kigh
frequency noise burst produced the greatest an:ount of TTS The positive pressuce pulse pro- o
ducer r.. measurable changes in hearing levels. The twe componzals occurtring simulianeously
relted in less TTS than that produced by tie noise Lurs: rlone. Theze results suggest that
TYE asso.duted with aic beg inflation noise is primarily the product Jof the high frequency noise.
The positive pressure Huls2 comnonent appears to reduce the effectiveness of the high frequency
neigz burst in producing TS, yome implications of thi, obzervation. relative lo the use of air
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PREFACE

This study was initiated in the Aerospace I ‘edical Research Laburatory, Aerospace Medical
Division, Wright-Patterson Air Force Base, Ohio. The research was conducted by Heonry C,
Sormmer and L. Charles W. Nixon of the Biological Acoustics Branch, Biodvaeniics snd
Bionics Division for the Pepartment of Transportation, Nativnal Highway Safety Inshtute,

under Interagency Agreement TA-0-1-2160. This study represents a final report under the
subject Interagency Agreement. Acknowledgement is made of the assistance of Maj D.

Johnson of the Biodynemics and Bionics Division and Mr. L. Keith Kettler-and Mr. William
Miller of the University of Dsyton Research Institute.
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INTROBUCTION

National interest in the health and well-being of the average citizen has been extended to
the area of automotive iransportation and safety, specifically to the personal hazerds asseciated
with motor vehicle collicion and impact. Each year, over 50,000 persons receive injuries that
are fatal, and much larger numbers experience less acute injuries due to motor vehicle impact
and cellision. Cuwrrent safety devices, the lap belt and shoulder harness, wh'.h ave standard
equipment in all new ; sssenger vehicles, have demonstrated. their eficiency in significantly
reducing serious and fatal injuries in collision. Hovever, various statistics reveal that only
about four percent of «e drivers anu ~~cupants in automobiles actually use the total personal
protective accessories available. Public education and information programs on the advantages
of lap beits and chorlder hamesses have not significantly incrsased their vse by vehicle
cccupants, A recent spproach to #his safety problem has focused on the action required of
an occupant te engage the safety device, i.e,, the pusitive action required to connect the lap
belt and/or shoulder harness into proper position to provide restraint, A possible solution to
the non-use provlem has emerged in the form ot a “passive” safety or restraint system. concept
that wowld require no-action at all by the motor vehicle occupants but would provide protection
in the ovent of a crash. Of the various concepts of passive restraint systems, which have
appeared, such as energy absorbing seats, thuckly padded-contoured interior, automari posi-
tioning of belto and hamesses, the inflatable cushion or air bag concept has received the mos*
attention and perhaps is one-of the most promising of the various approaches.

The inflatable cushion or air bag syatem is intended to zapidly inflate in front of vecupants upon
vehicle impact to cushion the forward motion of the boay and provide protection against
serious injury. Und 2 normal conditions the inflatable cushion renrains ccllapsed. Upon impact:
of sufficient intensity, a triggering device activates the inflation system deploying the-cushion.
Current generation inflation systerns capable of satisfying the extremely rapid inflation times
(30-70 ms), produce an intense acoustic signal associate:l with activation of the system, This
sudden, high intensity impulse is of <oncern with regard to possible adverse effects on the
human auditory system of individuals ‘iside the vehicle. This concern has been expressed for
possible permanent adverse effects on the .ardrum membrane and on hearing, as well as
yssible temporary loss of sensitivity in mediately after inflation, The nature of the impulsive
noise necessitates investigative work t evaluate such quastions, since direct extrapolations

from aveilable air bag exposure data to proposed impulsive noise hearing damage risk criteria
mey not be directly appropriate. R
Early in the development of inflatable. protection systems, the potential problem of the intense
noise was recognized, At those times the primacy physical components of the acoustic signal
ocewring inside em automobile were quentified. T'wo major charscteristics appear in the
signal. One component consists of the high frequency eaergy resulting from activation of the
infiation system (usually explosive detona"icn) , air turbulence, rapid unfolding of the cushion
and the like. The other component is th2 low frequency energy ,posilive preseare nalss)
generated by the volume displacerent of the rapidly expanding cushien inside the vehicit:,

Tuitial estimoates of the potentisl hazard to hearing of these impulses were obtained from
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subjective judgemonts and experiences of personnel working on the sir bagz concept develop-
ment and subsequently, from interpretation of proposed damage risk criteria for impulsive
noise, The first experimental investigation of the impulse noise effects on humans exposed 91
subjects to a prototype air bag inflation noise inside a closed sutomobile (Nixon, 19£9). After
these findings were reported to the scientific community procedures for assessing the air bog
impulse noise and/or evaluating bearing damage risk for exposure to the unique air bag noise
were.produced by Allen et al (1971) and by Mertz (1870). One difference between the assump-
tions and procedures emploved in the two methods concerned the manner ix, which the low

frequency compt .ent of the impulse was.gssr med to function relative to the human auditory
systen,

Ta estimating potential rixk of air bag noise Allen et al (1971) suggest that no evidence existe
which indicates that the low frequency component is contributing to measured auditery
temporary threshold skitt (TT3), consequently the pressure wave should ke removed from
the signal when analyziag the high frequency component. Their estimates of risk are based
vnon cormputations which employ this interpretation. Mertz (1970), on the other haund,
sugzests that “a more realistic evalvation of the pressure wave would require ear tolerance
restrictions on both high and low frequency components.” The latter procedure propesed
for estimating risk includes both components and is described as a general pressure wave
analysis system for use with impulsive air bag noises of all types. :

The contribukion of the low frequency rressure pulse to the effect of the composite signal
on the suditory system is of practical significance. If the pressure pulse increases risk, v
ignore it underestimates its hazard if the pressure pulsa is negligible, to include i overestimats
risk, either of which could be costly. The components of the specific air bag stimulus have
not been separated and examined in the past, however the effects of static pressure oa hearing
sensitivity have been reviewed and investizated by Hansen (1955). He reports.a reduction
of as much as 22 dB in aural sensiiivity under positive or negative middle ear pressure for

frequencies below 1500 Hz, Although his stimuli were not impulsive the principle ipvolved
rmight hold for transients as well.

The purpose of this investigetion was to determine the relative contribution of TTS of each
of the two main acoustic components of an air bag inflation impulse, singly and £ vorabizetion.
Volunteer subjects were exposed %0 (a) a positive pressure pulse, (b) a noise bwst (high
frequency) and (c) a comkination of a and b presenied simultaneously. Threshold hearing
levels were measured on all subjects prior tc and following exposure to each condilion to
debermine the independent . »d combined effects ¢f the components of the signal on hearing,
A differential effect of the lew frequency noiss would be indicated by TTS values significar:Sy
difiarent from those produced in the other exposure conditions,
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FIETHOD
IMPULSE MEASURFMENT

The measurement and: analysis of the impulsive noise in this investigation were accomy lished
with the special purpose rystems described by Somier (1973). Conventior al sound measure-
ment equipment anid sound level meters are not appropnate for defining these signals and
will provide erroneous results, The very rapid time kstory and the intense low frequency
and infrasound compcnents require special instrumenia.on resnunse features, The microphone
and its essociated equipment must be able to respond o the vressure pulse as well os the
higher frequency en~rgy associated with the nivise busst, therefore the system response shoula
be from 0 Hz (dc) w: at Jeast 10 kHz. Usa of insirumentation which does not satisfy these
general requirements can result in a loss of part of the signal, phase shift and distortien.

.

SUBJECTS

Ten male university students in taeir late teens and early twenties sesved as subjects in this
experiment. These volunteers were paid on an hourly basis for this service, All subjects had
normal hearing in both ears for the audiometric test frequencies ranging from 120 Hz to
8 kHz (International Stsndards Organization, 1964). Each subject was examined by a
physician and determined to have no respiratory or middle ear it fection. This examination
also required that the subject be able to equalize middle ear pressure by a Valsalve maneuver

which provided evidence of tympanic rembrane mobility and also that the eustachicx tube
was clear of obstruction.

The tympanic membrane consists o? three layers of tissue. In the event of rupture or perfora-
tion, only two layers regenerate leaving the healed ear less strong at that weakened point.
Scar tissue may be indicative of prior rupture or damage, and possibly a. dvum membrane
more vulnerable to intense impulse noise. Subjects with scar tissue on the tympanic membrane
were not included in the study because the actu:! effects of the mazimum levels of the
experimental stimulus on such ears were not complecely known. Two of the twelve subjects

examine< for the study did not gqualify for participation, one because of tympanic membrane
sear tissue, the other because of a head cold,

EQUIPMENT , -

The equipmeiit used to generaie the (a) pesitive pressure pulse, (b) noise burst and (c)
both in combination can be seen ia block diagram form in Figure 1. Hearing threshold Izvels
were measured i1 an audiometric test room with a special purpnse clinical audiometer.

(a) Positive Pressure Pulse: The positive pressuve pulse wus gererated by the AMRL

- Dynamic Pressare Chamber (D'°C). The DPC is a haman test facility for measuring-effects

of infrasound on maun, Basicall’, It consisis of s 6-foot diameter hydrvsulicaily operated
piston coupled to an enclozed air velume of approxxmately 55 cubic feet, When the hydraulic
actuafor is provided an instantaneou. vositive vol. .ge, the piston moves forward, displacing
the enclosed air volume cazsing a presswization of the chamber. Voluntzers were ot exposed
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inside the chambe, instead one ear was coupled to the DPC by an ear cup which was attached
to-a port opening to the chumber in the manner seen in Figure 1. The rise time of the pressure
pulse is approximately 50 ms and is governed by the mass of the pistsn and the comypressibility
of the enclosed air volume. The pressure fall time of the DFC ~an be controlled by providing
an air leak of select:d size so the pressure can return to ambient at a rate corresponding to
the air leak. The wave form of the positive pressure pulse is displayed in Figure 2a. In this
investigation the positive pressure pulse was presented al a peak sound pressure leve' of 165
dB te 20 #N/m* with a rise time of 65 ms and a duration (A t) of 960 ms,

(b) Noise Burst: The noise burst was generated by a-pair of loudspeakers (University Driver
Type 1-35) and was coupled to the earcup in such a way thay it was divected toward the ear.
The loudspeaker coupling device was smaller but concentric tu the access port use i to pass
the pressure pulse to the subject’s ear. The pressure tirue history trace of the noise burst ie
presented in Figure 2b. The rms sound pressure level was 153 dB re 20 sN/m* with a rise
tirae and all time of 25 ms each. The duration of the noise burst, including the rise and fall
time, was 400 ms. For the noise burst only presentation, the DPC was not activated.

(c) Positive Pre.sure Pulse and Noise Burst in Combination: The c.mposite signal, 1.e., the
positive pressure pulse plus the noise burst, recuired both the DPC and the loudspeakers to
be activated simultaneously. Figure 2c shows the pressure time history trs ce for the composite
signal.

Energy spectral density (ECD) analyses were performed on the indep~rdent and composite
signals used as exposures in this investigation and compared to the FSD of an actual air
bag inflation noise measured at the ear level of a right front passenger in an automobile.
inspection of Figure 3 reveals that the positive pressure pulse has its peak energy at 0.5 Hz
with a high frequency roll off of approximately & dB per octave. The energy in the noise
burst is concentrated in the region of 300 Hz to 2 kHz, where it is as much as 5 dB to 15 dB
greater than in the actual air bag noise shown.

Limitations in performance characleristics of the signal generation systems prevented an
exact simulation of an actual air bag m.asurement. The characteristics of the simulated
signals are comsidezred to k2 equally as effective as the actual impulses in producing TTS and
are more than adequate to demonstrate the principle under investigation.

(d) Hearing Thres'wld Level Measurement: Hearing threshold levels were measused with
the subject seated in an Industrial Acoustics Company (doublewall IAC) audiometric test
booth. The subject’s task was 1 , continuous) y vary, using a subject control switch, the loudness
of the test signal between ar .ability and inaudibility. These-auditory responses were measured
with Rudmose Clinical Bekésy type audiumeter, Tracor model ARJ-6A. Thresholds of
hearing were measurcee for the left ear onl at frequencies of 125 Hz, 250 Hz, 500 Hz, 1 kHz,
1.5 kHz, 2 kHz, 3 kHz, 4 kliz, 6 kHz, 8 kHz, 10 kHz and 12 kHz. The high frequencies (10
kHz and 12 kFz) were calibrated to Tracor high freguency standards. The audiometer was
set for 2 pulses por secund and an attenuation rate of 5 dB per second. Hearing level responses

vere automatically plotted on a standard audiometric record form &3 a fun “ion of frequency
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Figure 2. Pressure Time Histories for (a) Positive Pressure Pulse,

() Noisz Burst and (¢} Positive Pressuve Pulse With the Noise Burst
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{gec Figure 4). Each audiometric test frequency was presented for 30 seconds and the entire
audiograrn (12 test frequencies) was completed in 6 rainutes.

PROCEDURE

The experiment r~quired subject participation on seven different da,s. Table I presents the
test schedule for each subject. "Fle medical examination, audiometric screening and test
instructions were given to each subject on the first day. Subjects also practiced plotting their
audiometric thresholds for each frequency on three separate occasions during this initial
visit. The experimental procedures followed for the remaining six sessions were ezactly the
same, only the exposure condition was varied in accordance with Table I. A test session
began by giving the subject 2 brief otoscopic examination of the external auditory canal to
insure there was no wax buildup or outer ear infection present. Two preexposure audiograms
(125 Hz to 12 kHz), separated by 2 5-minute rest pericd, were then administered. After
completion of the second preexpesure audiogram the suliject moved from the audiometric
test booth fo the exposure area and placed his left ear in the earcup mounted on the IPC.
The subject’, left ear was then exposed to the condition specified for that day’s session
(see Table I). After experiecing the exposure the subject moved from the DPC area and
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TABLE |
TEST SCHEDULE
Subject Day
1 2 3 4 1 8 7
1 Exam 140 145 160 HF PP Both
2 Exam 140 145 150 RP Poth Hr
3 Ezam 140 145 150 Both HEF PP
4 Exam 140 145 150 HF Both PP
& Exam 140 145 160 PP ur Both
6 Exam 140 146 150 PP HR Both
7 Exara 140 145 150 PP Both HF
8 Exam 140 145 180 pe HF Both
1 Exam 14C 145 150 Both Hr PF
10 Exam 140 148 150 HF Both rr

Note 1: Noiss intensity levels in dB re 20 uN/m?
HF == Noise burst (163 dB,,,)
PP = Pauitive prezsure pulse (165 dBpux)
Both = HF aud PP in combination

Nete 2 Ia order to insure that no aubject experienced TTS in excess of 30 dB, exposure intensitiez were gradvally in-
creaced from 140 dB -to 1) dB iu successive 5 dB steps The actual experimental cundilions-in 5 6-7 were randvm
» ized to tecour | for possible order effects.

agaiu entered the : udiometric test booth. The subject was asked to perform a valsalva prior
to initiation of the postexposwre audiometric tests If the acoustic impulse had created a
negative middle ear pressure, due to the rapid inward movements of the tympanic membrane,
which was not equalized, an errcnesvus audiogram would have been obiained. The audiogram
would have shown TTS due to the exposure plus a threshold shift due to the negative pressure,
both of which would have been erroneously attributed to the exposure.

The vubject began plotting postexposure threshold of hearing for the exposed ear exactly 1
minute after termination of the expisure stimulus, The temporary threshold shift (TTS)
measure for each frequency was obtained by subtracting the average of the two preexposure
audiograms from the values of tne posterposure audiogram. If a TTS was measured, the
subject was periodically tected'at various intervals until the TTS had disappeared. All subjects
recovered their preexposure hearing levels within 2 hours after exposure.

A criterion for withdrawal from the study was set so that any subject who experienced geeater
than 30 dB TTS at any test frequency would be eliminated from further participation in the
experiment. The procedure used to insure that this 30 dB TTS value was not exceeded, was
to increase the intensity of the bust exposures in successive & dB steps on days 2, 3 and 4.
The exposure schedules were identical for each subject on these days increasing from 140 dB
rms to 150 dB rms (dB re 20 «21/m®) in three step.. 11 a 30 dB or greater T'TS did not occur
or was not approached with any of these exposures, the subject was considered not to be
unusually susceptible and was allowed to proceel to the exper mental conditions for days 5, 6
and 7. Th2 experimental conditions of (1) noise burst (153 aB rms), (2) positive pressure
pulse (165 dB peak) and (3) both (1) and (2) in combination were randomized for each
subject on these las* three days, During the cuurse of their total experiment, no subject
experienced sufficient TTS to be dropped from further participation because the £0 dB TTS
criterion was exceaded.

11




RESULES

The main effects for test frequency and exposure condition are summarized in Table IL.
Significant differences between average TTS values were obtained for the main effects of
test frequency (p < .01) and exposure condition (p < .05) ~nd also for the interaction of
Frequency x Exposure Condition (p < .05).

The mean TTS obtained for each independent audiometri. test frequen.y collapsed over
all other conditions is shown in Figure 5. A Newman-Keuls test, used to determine where
the significant difference occurred, showed that mean TYS - alues at 125 Hz, 250 Hz, 500 I’z
and 1 kHz were significar tly (p < .05) lower than mean TS values at all ofher frequencies
and that the TTS values wera not significantly- differens. within either the 125 Hz thru 1 kHz
or the 1.5 kHz through 12 kHz groups. The main effect of the exposure conditions, collepsed
over all other conditions, on TTS is presented in Figuse 3 in histogram form. The positive
pressure pulse produced the least amount of TTS (-0.0.3 dB). TWith the nuise burst alone
baving the largest effect (2.99 dB). The combination of the positive pressure pulse with the
noize burst produced a TTS greater than that for the pressure pulse alone but.sraller than
the noise burst alore (1.51 dB). The Newman-Keuls test showed that the noise burss, pmduced
significantly greater TT'S then the pressure pulse and that the TTS due to the comgposite signal
did not differ significantly from that produced by the noise or pressure pulse alune.

Although there was no statistically significant difference between {he effects of the combined
noise burst and of the positive pressure pulse or the noise burst alone, the composite signal
did produce less TTS then the noise burst. From this-observation and reference to Figures 3
and B, *he composite signal does not produce a greater TTS than the:noeise burst, in fact, the
composite tends to reduce-the amount of TTS obtained,

The interaction of Test Frequency x Exposure condition can be best understood by refemizg
to Figure 7. The low frequency audiometric frequencies (125 iz o 1 kHz) were not afie ted
by any of the exposure conditions, however the higher frequetcies were clearly differentiated.
This differe~ce as a function of frequency and exposure produced the resultant inferaction for
Test Frequency x Exposure condition Independent analyses for each test frequency showed

TADLE I
SUMPMARY ANALYSIS OF VARIAMCE
Source of Variancy df Sum of Squares Mean Square F Raiio
1 (Frequeicy) i1 77789267 071752 4.112%+
2 (Expo3aure) 2 79162817 395.81303 47248
a {(Subjects) 9 959.25344 106.58372
12 22 70587317 ) 3203505 1.764*
13 99 1702.16466 1710358
23 18 174024103 = 96.63005
123 163 360023434 13.18300
Total 369 10277.28400
*p< 05
*n < 01
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Figure 6. Main Effect for Audi.ory Threshold Shift as & Function of Exposure Conlition

that the positive pulse produced s gnificantly more TTS (p < .05) than the noise burst level at
test frequencies of 1.5k, 3k, 4k, 5k, and 12 kHz with the composite exposure significantly
different from the noise burst onl's at 6 k... '

Prior to dismiszal #~ the day, each subject was infurmally asked how that day's exposure
compared to those egperienced on priov Jdays. Nine out of ten subjects indicated that the
compoesite signal (positive pressure pulse plus noise hurst) was less objectionable than the
noisz barst alone, however, all ten subjects reporied the positive pressure pulse to be the
least objectionable. .
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SECTION IV
DISCUSSION

The heasin; threshold levels of the volunteess in this investigation were differentially shifted
(TTS) by eachof the three exposure stimuli. The high frequency noise Lurst clearly produced
the greatest "TTS at the middle and high test frequencies. The positive pressure pulse caused
essentially no changes in hearing threshold levels. The addi.iv.. of the positive pressure pulse
to the high frequoncy noise burst resulved in lesser TTS values than produced by the noise
burst alone. The positive pressiire pulse 4id not add to the effects of the noise burst, ut did
reduce itz effer Liveness in causing TTS. A namber of inl.rpretations may be offered rulative
to theze findings.

The simulated aix bag roise etivulus was selecwed Lrst to alln. the question concerning the
positive pressure pulee to be anawered and second to somewhsat approximaie an actual air
hag inflation noise in frequency response and level. The sinulated signal and an actual air
bag noise of equivaient peak pressure level are compared in Figure 3. The energy below 100
Hz i. both signals wculd ke expected to preduce aeacly equivalent TTS on average, if any.
The encigy above 150 Iz, speciically the 300 Hz to 2 kiiz baad, is greater in the simulation
sig.nal and would be expected to produce relatively more TIS on average. This greater cua-
centration of er.ergy and i*s effect «n measured TTS does not invalidate any of thy findings
in this study ortheir jaterpretation.

Motor vehicle occupants experience v hole body expasures .o the air bag inflation noice whereas
this study examined effects cn only one ear of the supgect. To int..pret ur extrapolate data
obtained during ths investigation, cue must face the gquestion that whole body exposures may
produce different effecis than ¢xposures only to the ear. Sume believ. that the cpportunity
for the —niddle car pressure to equalize via the eustachian tube in whoie body ¢xposures does
not exist for the aural exposure. However, the eustackian tube operctes to equalize the
atmospheric pressure in the middle ¢ ar through actions such as swallowing. The eustachian tube
does not normally function during exposure to relatively brief impulsise stimuli, consequently
no equalization is expected to occur in either type of itcpulsive expowure used herein. There-
fore, the aural esposure is representativ: of the reapc.ice of the audilosy sy.tem lo impulsive
ounrds such as actual air bag noise can be so interpreted.

The human aud:tory mechanism reacts in the presence of intense sound with protective actions
that reduce transmission to the inner ear. The mode of vibration of the stapes is altered from
a piston-lize movewent to a rocking motion in the oval window due to momentary dislocations
of the ossitudar joints, In additicn, the stapedius and tensci tymapani muscle. contract in
response to loud sound producing an increase in stiffness and possibly i damping of {he
ossicular chain, The threshold for this muscle action is about 80 t» 95 dB shove detection
threshold of hearing for the various frequencies. The response laiensy-due to neural processing
and integration time is nominaliy from abont 25-35 ms up to 730 ms but may be shoriened for
very intensa signals. The reflex rediices transmission of energy of around 2 k¥z and helow.
The awoustic reflex was r.obably active for all sigrals used in this study, which xanged from
153 dB 1o 165 dB with durations of 400 ms and 820 ms aad rise times of 28 s aad 85 zw,
respectively. The nature of the acoustic refiex is such that its effect on responsss measured
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iy, this study is considered to be uniforna and not diffeventiated by th. three stimuli, conse-
¢vently the relationsbips between them would be wmaflected.

The magnitude of the average TTS differences (collapsed over all other conditions) among
the three exposure conditions is rather small, 1.5 to 3.0 dB. This may be partly kecause the
sound pressure levels at which cxposures occurred were not sufdiciently intense to cause large
TTE values. Nevertheless, the mean data displayed in Figure 7 indicaie clearcut differences
in TTS for frequencies above 1 kHz ss a function of type o1 acoustical exposure. Although
the sizes of the differences ave small, the principle cuncerning the cole of the posidive pressure
pulse is demonstrated.

The positive pressure puise prodiced hy an air bag infiation is related to the leak rate of the
vehic'e in which it ir activated. The high frequency energy remains remtively unchaaged,
except to be riding on the positive pressure pulse or on the ambient in the alsence of this
component. The positive pressare componen. would Le experied to docrease with increased
leak rate. The positive pressure pulsz common to a dvors clused windsws-up configuration
weuld essentially disappear in a com ertible with top and windows down. If ove wers o extro-
polate the relative auditory hazard ficin the closed sedan to convertible mtuation, tne same
air bag mf~tion might well be more haza :dous in fi-e convertible, or lese hazardous in the
sedan, due to the ameliorating effect of the positive pressure pulse 9n the high frequency
energy. Data are not available at this fime for air bag inflaticn noises in pen convertibles,

however analysiz of inflation noises recorded in a large anechoic chamber tead to support
this assumption.

The positive pressure pulse is also a function of the ar bag volume that displaces the volume
of the vehicle interior. Full-car complements of air bag systems couid includz from three to as
many as five biflatable cushions. Since all systems musi be inflated within millisecends after
impact, we estimated that the positive pressure produced when all bags are inflated at the same
time in an unvented vehicle will be relatively high. This multi-inflation condition is recognized
as one area in which additicnal knowledge and experience are required to be able to assess the
impact of the total signal as well os that of the positive pressure comgpunent on motor vehicle
gccupans, ‘ g

Hearing damage risk criteria for impulsive noises have been formulated for impulses oo auring:
in free field (A-duration) and under reverberant conditions (B-duration) (Coles, 1558).
For practiral purposes the B-duration has been used to assess air bag impulsive noise because
af the reverberation cundition inside the wehicle. B-duration analysis of air bag acoustic
signature is or may be a reasonable spproach for assezsing potentisl hazard to hearing, however,
this has not been fully resolved. Air baj noise exporure criteris rovsi give the most cons:d-
eration tothe lagher frequency edergy.

"This Dwestigation considered one aspect of auditory response behavior to an air bag acoustic
impoine Tt was not.designed to expiain the mechanisms und interactions invoived in the nature
of the respunse. Results were clearcut for the conditions tested and dv provide some quanti-
tative indication of the total effects of one positive pressure pulse on one type of high frequency
energy, which was the question under consideration. Questions yet to be answered inclurfe
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effects of greater and lesser pocitive pressure pulses on this same noise burst, actual funceioning
and role of the acoustic reflex, change: in aurss impedance of the middie ear system, and the

like. A more comple'e answer to these general questions which iavolve the mech.nisms and
interactions should “» pursued in subsequent investiyative eforts.
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