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SUMMARY PAGE

THE PROBLEM

The lack of a stendordized procedure for fitting flight helmete often
repulte in a poor compromiee that sacrificee noisse exclusion for comiert,

FINDINGS

A procedurs that involves usc of a2 noise snurce and an automatic
rocording audiometer has been devoloped me an aid in the fitting procaess,
The noleo source allowsz tha aviator to datect acoustical leakage around
Ile ears o that & bettor fit cen be affected, Masked hearing threshoid
levels 2btainod with the halmet's earphonos can be used to demonstrat:
improved performance. Such & procedure would appear to be feasible
for implemontation at tha squadron or air-group level,

{




INTRODUCTION

Prior to the dovolopracnt of tho Sonex Barcup Syetem (soun SR -
eting oarcups), Navy flight holmoets were rogtrdepd zy peyc(hea&cfu:giz:aa
ee having {nedoquato noloe exclusion propertiec, The ocarpade were littlo
mdTro than roceptacles for holding the earphones noar the ea rs, while
providing seme support of the helmat on the head, Consequently, in the

tet nc serious effort was made to adjust helmete for anything other then
& loose, cornfortable fit. Higher nolae levels, such as thoso experiencod
in A-7 and OV-10 sories aircraft, accels ated the dovelopment of an
{mproved earcup system. Large numbecs of APH-typs helmete have
gince been fittod with the Sonex Earcup System, and the newer AP!'.6C
helmeots are currontly boing supplied with the earzcups,

At precent the ouly acoustical tast baing vaed in the saveluation of
holmets {9 the real-ear attenuation test (1), This laboratory tast procedure
requires sophisticeted poychoacoustical instrumentation and an anechoic
chamber, Although holmats selected for Navy ute on tha basis of the
roal-oar attenuation taet may possess axceptionally good nolse attenuation
qualitiss, thase qualitiay may not alweys be realised when the helmet is
worn, particularly when the halmet doas not fit,

Any procedure for fitting aviators' flight halmete should result in e
good compromise batwecon a snug fit for maximum nolee exclusion end o
comfortable fit that can bs tolerated for flights of long duration. Excep:,
porhape, for certein sgquadrons in which extremely nolsy aircraft are vowd,
thore {& no atandard procedure for fitting flight helmets. Haelmet litting,

{f porformed at all, {e¢ typically done {n an envirosrnsnt that {¢ considerably
lose nofey than that inside the ajircraft, Convorsational epecch and hand.
clape are somotimes used by the aviator as crude sound sources for
judging that thora {e & noticeable ruduction in eound,

The nosd for fitting halmets for maximal noise attenvation in s
eimulated or recl nofse eavironment has been cited in & rocent report by
Working Group 54 of the National Ressarch Couacll Commlitea on Hearing,
Bioacoustice and Biomachanics (2), It would appsar feseible to provido
@ simulated noise onviroament and a means of objectively ovaluating any
frprovemoent in nojse exclusion cdtained during the fitting of & helmet.
The noise need not necessarily be a particular aizrcraft noige spectrum
Sut should be a continuous broad-band type with sufficient amplitude to
ellow ths aviator to detect ''lesks' arovrnd his sars and to cause masking
of ajgnels received via the earphones, An objeci've measurament of the
rolative improvement in performance could be obtainsd through use of
cpesch or tons signale. Speach would provide for an evaluation of
communications efficisncy, while tones would provide information ae to
the degree to waich discrate frequencies might be masked,



The purpose of this ctudy wae to dovelop and eveluate on efficiont
practical tochnique for optivnal fitting of fiight helmots, The tochnique
pought wae ona that weuld not requirs any ngw equipment and could be
implomonted at the squadron of air=-group level,

PROCEDURE AND APPARATUS

A vecording of wido-band thermal nolse (-3 dB/octave elops) was
prepared for use on & cartridge-type tape player that norinally provides
the otimulus matoriale for the Naval Aviators' Spaech Discrimination
Test (NASDT) (3). The output of the tape player was connected to an
8-inch loudapaaker (Altoc 403A) located inaide a single-man sudiometric
chambor., The tepe playback level was adjusted to produce e sound
precouras lavel (SPL) of 95 dB at the sars of an individual subjsct. The
earphons cord of tha subject's helmet waa connacted to the amrphone jack
of & Tracor ARJ-4 automatic recording audiorneter, Since helmet ear-
phonoe are normally connecr.ted in series to provide diotic (identical)
signzle to both ears, only & single circuit connection wae required from
the sudioingter. The tracing produced by the audiometer, thersfore,
wae rmade only on the left-ear portion nf the audiogram card, Neo
calibration or matching of eerphones was felt necessary since, for thie
teet, only relativs differences were recurded,

Subjects in the otudy wore student flight surgeons who ware in the
didactic phase of instruction at the Naval Aeruspace Meéical Institute,
Each nian had beon issued an APH-6C fiight helmet with all raodificaticns,
including the Soncx arcup 8ystorm and tha dual visor, Each man wase
oriefed on the purpose of the rast and was ra-acquainted with the Békésy
audiomotric tachmique; {, o., respunding to the presence of ¢ tone by
preccing a button, and roleasing the button when the tone disappeare, He
then donned hies halmet and his varphones were connacted to the audiometer,
A tracing of the subject'a heering threshold in quiet was thun obtained,
using the earphonss in the helmet, Naxt, the noice was turned on and &
tracing of the subject’'s masked threshold wus obtained oa the same
audiogram card. A typical set of tracinge ia shown in Flgure 1.

Tho upper traciag on the audiogram card represents the unmasked
hearing thrashold, The Jowsr tracing i of the masked haaring threshold
lovels obtained in th-s 95.dB noise fisld. The numerical value at each
frequancy s detorniined by drawing a horisontal line in the middle of the
trecing for each frequuncy and reading the corresprnding value along the
decibel ccale. Baged upon preliminary tests, 70 dB was adopted s a
critorion lovel for masked throsholds at 500 and 1000 Hs,
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Figure 1

Sample tracinge obtained on Helmet Performance Test.

Upper tracing - unmasked heariag threshold; lower tracing -
maskod hearing throshold,

RISULTS AND DISCUSSION

A total of 42 studant flight surgoons participated in the etudy. The
reoulte obtained on the helmet perfo :mance test sr¢ summarised {n
Table 1. ‘

The trend toward lower masked thresholds at higher frequanciec 1
duo te greater nojse exclusion provided by ths earcups, Creuter
impurtance, however, in placed on the values obteirad at 500, 1000, and
2000 Hg, the frequoncies which are importent for the reception of spoech;
thase [requencies aro more caeily masked by nofse, and it {o more diffi-
cult to achieve attenustion at these frequencies, Consequently, the degrese
of fit of the earcups may bo noted more readily by observing the macked
throshold levele at the spesech frequencies.




Teble 1

Monne and Standard Doviationo in Declbsls of Maghkod Threchold
Valuse Obteined on Heolrnat Performance Tact for
Subjectos Vearing the APH-4C Flight Halmot

e S e — T e T R e
Eroguopcy - Hg
299 1099 2000 3000 4000 6000
Moan 64,1 62,2 82.9 42,6 4.8 26.4
S, B, 4,6 5.0 4,6 5. ¢ 5.4 6.2
N 42 42 42 40 38 34

Data for individuale with high-frequency hearing loss were axcluded
from Table I in order to obtain numbere that wsuld repracsent normally
expacted vslues, For such individuale, muaked and unmasked threshold
trucings tend to overlap at the higher frequancies, 7Thie effect ‘s {llus-

trated {n Figuva 2,

In this {llugtration the upper tracing at 300, 1000, and 2000 Hs is
the unrnasked thrashold and the lower tracing {8 of the maoked thresghold,
For thig individual the tracings ovarlap at 3000, 4000, and 6000 Hz, A
bilateral high-frequency hearing loss in conjunction with the ambient neise
lavele and earcup noise exclusion properties at these {requencies preducer
thic overlap. It {o eocsential, therefore, that an unmasked hea ing threshold
be obtained prior to the masked hearing threshold; otherwiss, for some
individuals the obtained valucs wou'd tend to indicate that the helmaets were

not porforming well at highor [requencies.
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Figure 2

8ample tracinge ohtained on Helmet Performance .‘ront
lo individual <ith high-frequency hearing loss.

_ Q¢ the 42 student fNight surgeons who participated in the etudy, ié

failed to meet tho 70.dB criterion level. A visual {nepecrtion of the helmo:
fit on these {ndividuale revoaled air gaps batweon the seal of the sarcup

end the head, ranging from one-eighth inch to over one-half inch. Thoss
individusls who appoared to have a emall air gap were advised (o {iaatall
oithor one or two thin foam epacers betwean the earcups and the helmet
ehell, Five of the 16 subjects, however, were advised to exchange their
largo-aize helmote for medium-afze helmeis, At a later test session,

after the subjocts had refitted their helmets, n second test was administesad,

The veluoe obtainod during two test veassions for thie group of 16 men
are chown in Table II. The mean differencos betwaen the two tests
reprosent tho improvement attributable to a better {it batwgaen the earcups

and the head,




From an exarmiination of these data it sappenrs thet o alight atr Gep
avound tho ear can ceusw & drametic change in tha nolze level undarneath
tho earcup, requiring & groator wignal leval te the garphonss in order to
achigve the came aipgnal-to-nolee rativ at the eay,

Tablo U

Moan Maukod Threschold Levels Obtainew from 16 Bubjocte
Wearing the APH.6C Flight Helmat During Two Tust Bésnions

R N R R AT S TR R

T T P, o, A, R O e e

800 100 7900 3009 4000 5908

Firat Tent 77 73 63 53 50 %
Zacond Taote 64 6l 83 40 32 34
Differonce 13 12 Il 18 18 I

sCocond tast wae givon after subjects had sitsred or axchanged thelr
heolmaet.,.

In addition to ob\ «injag masked and unmagkod threcehold dats foy tha
APH-(C flight heimaet, masked threshold data were obtained for varylng
aumbers of subjecte for each of five othor flight halmets currently in use
by the Navy. These deta wera obtained in order to provide guidelines as
to what maskod threshold lavels might be expected for the varioue helmots,
The obtained valuse for each of the helmots, including the APUH.4C, cre

chown in Table I,

While it {e not surprioing, it e Interasting und eacouragiag to neic
that the two best Navy helmeta, the APH6C and the SPH.IB, show
masked threshold lovels that are lowor than lovels obtained fc_ tha other
four helmets, The APH-6C (Bonox aquipped) end the S8PH. 31 (with earcups
almoant tdentical to thosa of the APH.6C) are curren! slate-of-the-art
helmats, and repracent a aignificant improvienent uver thair predececsors,
The lower masked throsholds obtained for the two helmats indicats that
some form ol maskad throshold tast could be helpful in evaluating the ovor.
all acoustical parformance of flight helmete.
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Table 1l

Meen Masked Thvoshald Valuea In Dacibels for 8ix Novy
fHolmote Qbia.ned with Holmst Performanca Test

ABH. 8 3 TYRE T YR Y S V. N T B
APH. 9 92 83 6 63 81 ¢l
APHa6A (Mod)® g ¢ 74 64 hé 43 33
APH-6C (Bopen) 43 64 68 3 43 3% 20
APH- 34 $ 9 9 68 87T 47 8
43710 3B 4 61 a9 48 4b 41 26

“TioAliieation vonointt of application of aesiant araund the pasiphery of
lorgo foam oo renufl,

CONCLURIONS

A wolas source and an sutomatte racarding avdiomater provide an
ofilciont moans of dates mining the nptimal At nl fiight helmete, The nolce
gource allnwe ohg to datact ey avounticral lankage around e aare eo that
& loltgr 1t ran ha sffecied, Mashed hearing thraehuld levaelp oliteined
theough the halmiat'a carphonge can v compared with maaked threshold
voiia e ubtelined fur that garticular heltnel, Nuch a jgrocedurg would appoar
tonaibla for +ffertive implamentation at the aguadron or atrgeoup laval,
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