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SUMMARY PAGE

THE PROBLEM

"Ar. evaluaror -was made as to the tone, noise, -3nd speech threshoid attenuatior
chas octeri.tics of the Gentex RCA X-1 and the RCA X-2 personnel noise protective
devices, each tested wNih a liquid ear cushion and a foam rubber ecr cushion0 Two
gener1i types of measures were obtained: 1) physical mecsures taken from the output
of - mjtiiature condenser microphone serving as on artificial ear mounted within a
plcster mrn:kin head; and 2) Iistener-observer judgments of threshold shift, normal
listening versus device over the ears, io ' e various stimuli presented ambiently to
10 Ind.vida-Tt. The judgments included re.y)nses to: a) pulsed pure tone at eig ht
discrete frequencies, b) pulsed wide-band and octave-bands of noise, and c) Spondee
word5.

FiNDINGS

Both the physical and the subjective relative attenuction measures show that
the RCA X-'2, employing b•th ear cushions affords as much attenuation as, or more
than, the V-51R. The Gentex RCA X-1 was, not so efc'ent as the V-51R at the
lower frequencies or bands of noise but wos fc'r h'ie higher frequency range.
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I NTRODUCTiON

ir crder to comply vith a requenst of the Bureau of Aeronautics (Aer-AE-522/38
ie-e- dated 7 Augu,_t 1958) an evaluation of the sound attenuation characteristics
vv' m~de c4 two "F ite, Deck Helmets" Gentex-RCA type X-1I and RCA type X-2,
ur v'erral f~t. Since the cushions providing the circum-auricle seal to the head were
~r.'e hargeable, each helmet wos evcluased with both cushions. The summary of
the'f r-di r was to be des.gnat ed Repcort No, 18 of TED PE N AE- 1403.

T ,:o gener -.1 ýeh, of mec.sures -were obtained on each helmet with the "seal'ing
p~d " ii !e:char-ged resulting -r- four sets. of measures, two for each helmet.

PROCEDURE

The two ýets of data obtained or- the X-1 and X-2, both types of ear cushions
-?Yete.. 1) physt'cal measures: employing an artiEficial ear, and 2) three sets of judg-
mental responses to three different series of sound stimuli. These procedures have
been prev~ously reported '!n TED PEN AE 1403, reports numbered 6 through 17.

PHYSICAL MEASURES

The phyziced measures -were relatwve attenuation values obtained from the
output of or, Altec 150-~BR condenser microphone t sed as an artifi cial ear appro-
p!¾ately pcf1ticned within a plaster manikin heace, The specific techniques and
equipment have been fully described previously it, reports TED PEN AE- 1403. 1,
.3, .4, .6 and .9., The relative attenuation valucs obtained were the differences
ir. db smmnd p:essýure level kre 0.0002 dyne/cm) between the microphone cutput
when the manikin heod did not have the specific protective helmet in place versus
the microphore output w.,hen the device was positioned or, the manikin head.~

SUBJECTIVE MEASURES

The subiective mecaures comprise the respomas of 10 individuals (male) with
ncrmai or better iharn rormal hearing acuity. The listening tasks were threshold
rer~ponsek to each of +hree sets of sound stimuli and h been described earlier in
Repo;-ts 1403.1, .6 and .9. Each of thz three l istening trasks was a threshold
judgment wilh the protective device covering the ears compared to a basic thres-
hold Judgment, w'th the eamr unprotected.

The responses required from the listeners were binaural threshold judgments
u- the scurd stimuli were ambiently ;ntroduced into the sound-proofed, sound-treated
te.,ri g roa-m. The three cr-terion measures were. )ap~e uetoetrsodsu
in dA (thiee experimental zes~ssons per individual for each helmet, both ear cushions,
ot e~ght d-screte freluenc~gesX b) pulsed wide-band and octave-band noise threshold
sh, ts (onse relative. attenuation value per indivduai per troise band per helmet cord"-
tion); cnd c) Spondee word threshold shift juo., ants (onc; observation per imndividual
pe; helmet per Curh~onj).
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The prop-sed American Standards A-socitmOr standard p''cedures for reaI-ear

evaluation of protective devices were employed in obtrining the present putsed pure
tone threshold shift judgments. Each pure tone relative attenuation value, then, is
the mean threshold shift of three observations of each of the ten listeners obtained
at three different experimental sessions. Hence, each of the vaies reported is the
mean of 30 judgments.

All of the factors of the experimental testing situation conform to the proposed
ASA standardi for example, the noise floor of the testing room, the'•ftting"of the
protective device, iistener-observer positioning, et cetera.

RESULTS

PHYSICAL MEASURES

The sound pressure autput of the miniature condenser microphone, in place
as an artificial ear within the plaster manikin head, was automatically plotted
orn a graphic device (Bruf.l and Kjaer Level Recorder, Model 2301). This yielded
a frequency-intensity respcnse characteristic plot of the systenm (microphone and
plaster head) without a protective device in position, and then another curve was
superimposed on the first with the specific device in place over the artificial
auditory meatus. The decibel differences between the two curves yielded the
sound pressure level attenuation values. The sound pressure level ambient in
the sound room was set at 128 db at 2500 cps as the calibration reference value.
The artificial ear relative attenuation values m'e given in Table I.

The artificial ear-manikin head tests yielded relative attenuation values
for both helmets not quite so high as the V-51R at frequencies above 1000 cps
but were greater below that frequency. The four permutations of helmets and
ear cushions could be ranked as -to their relative attenuation efficiency in the
following order: a) RCA X-2, liquid .ushion; b) X-2, fam rubber cushion;
c) Gentex RCA X-l, lPquid cushlion; and d) X-1, foam cushion. The above
ranking is not a frequency by frequency comparison but rather a generalized
one. For example, there are reversals at 250, 1000,and 4000 cps between the
X-1 (liquid cushion) and the X-2 (foam cushion). However, values obtained
from the graphic record which differ by only 1 db are probably nct different due
to the error of reading the measurements.

Sound pressure level relative attenuation values were aiso obtained from the
output of the artific.c:i ear under the conditions of the protective helmet off
versus the helmet in pliace when the noise field was 120 db of three continuous
noise types introduced ambiently into the sound room. Table 1I lists these rela-
tive values in addition to similar values obtained earlier on the V-51R.

The relative attenuation values in Table II, as they relate to the four helmet
conditions, could be ranked ir the same order as they were for the discrete frequency
data above. (See Table I.) Each of the helmets utilizing both ear cushions gave
higher attenuation values for ASA white noise than did the V-51R.
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Table

Discrete Frequency Relafive! Attenuation Values in db Obtained From on
Artificial Ear Within a Plaster Dummy Head. Sound Pressure Reference
Level, 128 db at 2500 cps. Similar Values Previously Obtained on

The V-51R are Also Given

Relative Attenuation (db)
Frequency Gentex-RCA X- i RCA X-2

Foam Cushion Liquid Cushiorn Foam Cushion Liquid Cushion V-51R

75 cps 12 !5 28 31
125 23 1 22 28 11
250 29 34 33 40 25
500 25 32 31 36 19
I kcs 43 38 36 34 42
2 32 37 40 40 42
4 36 38 31 42 48
8 43 30 40 38 45
10 37 37 37 42

Table II

Relative Attenuation Va!ues in db Obtained From the Artificial Ear-Manikin
Head. Ambient Sound Pressure Level was 120 db of ASA White Noise,

Harvard Generator Noise (Spectrum No. 1) and Recorded JRB Noise.
Values Previously Obtained on the V-51R are Also Given

Relative Attenuation (db)
Gentex-RCA X-1 RCA X-2

Noise Type Foam Cushion Liquid Cushion Foam Cushion UiqtAd Cushion V-51R

ASA White 27 32 35 36 20
Harvard (Spect. 1) 15 19 29 29 i8
Recorded JRB 21 24 31 32 18

3

S. . o: -- :: ;•..: •:-.--:: . • ; • -::. l ~ ~ rIIL W~ -= I3 l • nnm wq ia unn n • nn l,,,,,•N il7e7 I ul



SUBJECTIVE MEASURES

a) Pulsed Pure Tone Threshold Shift

Audiograms (Bekesy Audiometer) were obtained on the ten members of the
listening panel. All had normal or better hearing. Each member contributed thres-
hold judgments at three diffeient sessions per helmet for both ear cushion types separa-.
ted in time by a minimum of six hours. The averaged pulsed pure tone threshold shift
values were calculated for each of the eight discrete frequencies presented as stimuli..
totalling thirty judgments per frequency. Table III lists the r:,qan relative pure tone
threshold shift judgment values and the associated standard deviations for The X-I
(boih foam rubber and the liquid filled ear cushion) and the X-2 helmet (both cushions)
along with the values obtained previously on the V-51R ear warden. Mean threshold
shift curves for each helmet aGe plotted in Figures 1 and 2. Standard deviations are
also plotted for the protective helmets, not for the V-51R.

Table Ill

Mea Relative Pulsed Pure Tone Threshold Shifts and Standard Deviations
iti db for the Gerz•ex-RCA X-1 and RCA X-2 (N = 10, Three Judgmental

Sessions P.r Observer) Plus the Same Values on The Two Devices With
The Cushion Seals Interchanged (N = An Additional 10 Observers,

Three Sessions Per Individual). Similar Threshold Shift Values
Obtained From the V-5]R are also Given

X-1 X-2
Foam Cushion Liquid Cushion Foam Cushion Liquid Cushion V-51R

Frequency M. S.D. M . S.D. M. S.D. M- S.D. M. S.D.

75 cps 8 4C85 10 3.84 15 3.94 15 5.59
125 8 3.63 10 2,73 18 2.93 19 3.67 14 6.7
250 5 3.60 9 3.50 14 3.81 19 4.66 15 5.8
500 14 4.58 18 3.69 28 3,35 30 4.74 16 6.5
1000 27 5.06 27 3.69 33 4.81 35 4.75 22 9.0
2000 37 5.85 31 6.34 35 4.78 37 5.85 26 10.3
4000 31 7.64 34 6. i8 38 5.20 36 6.26 30 7.5
8000 27 6.45 29 5.12 36 6.80 34 6.07 26 9.3

The attenuation effectiveness of the two protective helmets, two ear cushions per
helmet, could be ranked as to their subjective threshold shifts as follows:. 1) X-'2 with
the liquid cushions, 2) X-2 with the foam rubber cuzhions, 3) X-1 with the liquid
cushion, and 4) X-1 with the foam rubber cushion. The subjective rankings agree with
those of the physical measures obtained from the plaster manikin head.
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An exomination of Table ill and Figures 1 and 2 indicates that the RCA X-,2
with etther ecr cushion affords greater attenuation than the V-51R. This is parti-
cularly true fcr the critical frequencies of 250 cps and below. Undoubtedly this is
due to the greater volume of the X-2 which appears to be the most efficient when
coupled to the head by the liquid filled ear cushion. The Gentex-RCA X-1 did
,,ct demonstrate higher relative attenuation values than the V-51R at frequencies
belvc, 500 cps but did yield greater attenuation above that frequency region.

b) Pulsed Wide Band and Octave Bands of Noise Threshold Shifts

The decibel means listed in Table IV are the averaged relat-ve threshold shift
values derived from the judgments of each of the 10-member listener panel. The
stimuli ccns'sted of pulsed wide-band noise and octave-bands of noise filtered from
a flat white noise source. A graph of these means and standard deviations is found
bo+h ir, Figures 3 and 4. Mean attenuation values of the V-51R previously obtained
from the above stimuli are also found in Table IV and Figures 3 and 4.

Table IV

Mean Relative Pulsed Wide-Band and Octave-Band Noise Threshold Shifts
And Standard Deviations in db For The Gentex-RCA X- 1 and RCA X-2

(N = 10) Plus the Same Measures on the Two Devices With the
Cushion Seals Interchanged 'N = 10 Additional Observers).

Values Previously Obtained on the V-51R are Also Given

X-1 X-2
Foam Cushion Liquid Cushion Foam Cushion Liquid Cushion V-51R

Noise Aunds M S.D. M S.D. M S.D. M S.D. M S.D.

20-lO, O00cps 19 3.46 22 3.44 28 2.87 28 2.6-3 22 4.3
20-75 8 5.95 10 1.75 17 1.97 18 0.50
75-150 10 4.80 12 3.21 18 3.23 21 2 65 16 4.0
150.300 8 289 1I 2.20 20 5.26 21 4.76 17 2.3
300-600 11 2.94 16 3.39 27 5.74 27 3.15 18 4.4
600-1200 22 3.86 25 3.69 32 2.74 36 3.81 18 3.0
1200-2400 28 3.20 32 1.34 33 3.01 33 3.45 25 4.0
2400-4800 25 4.47 31 4.61 31 3.62 30 4./0 29 -. 2
4800-10,000 29 31.12 29 3.13 32 5.66 32 3.72 29 4.9
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1he ,h-eshc-ld J;h-ft 1.s-' cseý- 4 Cjerl~e -tth eet ~d
ear cu-hicrn pe~mut-ijr") C-aijd be rr~rked 'ir the ý-ýrne mint.er as fctind fc! 11-e p~t;e

v-,.6 , Pa' a,- oTheotr~o fcr -i~de-bond r-o.,e of lthe X-2 6hC'
c.~!h;Cor--) ex-ceeded the v:esfoij--d 'r .eV-51R ý2-d the X-1. 11he X-1 --v'Ff 6-he

uid c ýivn yie'ded c-en~uatr-n - ute; ta Yw.de-bmnd no~se equa" io those o~f the

V-5iR but sc smewhe.7 poo.re: thar i~e same cup with the fc.arn rubber cushicr'.
Th sbec t e thredho Id sI--.f v -~oues, .,her, ranked, yielded comp nrableiesbI C re'otive

allterwa~ion vraltes to those found when the fri~ciai ear-monikin hend wa~s sub-
jected fe 120 db of ASA uvhite r-C.se.

c1 Spondee Word Recepticn, Th-eshcid Sh!;t

The cr~te1-r~n vallue ef Spondee word reception th~eshold has been de-fined as: the
levet rat -,&ch 150 per ce-i, cxr-ect w-ord reception w-,s achieved. T he wean, ihreshca'd
fhtffe affo.-ded by ike pi-;,ect-ve devCce, G.,. devrce on versus device off~ are It s'ed
Mf Tobk' V ý!O-rzq with, s.rda;d devII'oc-nr vc'uezs for the 10-lst-rerer-obse!ver pone..
Compa,'rbe va ;es prel~lcusl y determined for- the V-51R are also 9--ven. Figure 5s
u bor graph of .4ke dota found in the Toble.

Tlo*De 1i

Me-2rz Re!-th'-.e ihre--hozd Shift F,, Sparider W.-.rds cmd S1-.rdz~d ei:o
for~ the Gr-rte-x--RCA X-1i and RCA X-~2 (rN z 10) Plus the SameMere

o.: 'he T'Vo Dev-,ce: With the Cuqhlor S-oi:, interchan~ged -IN =10
Add---r~a, Ot~-er-ve.rs-. Pre-viausly Obt~ined V;Jues for the V-5i1R

Are Also G~ver-

Devkce Tthesh-cld Sh*:;i
_____ ____M S.D.

Ger-!ex--RCA X~-1 (fccom cushicn) 17 6.48
Garltex-RCA X-1 fi Iquid cushlýi') 24 8.87
RICA X-~2 fmcu+"ornj 27 9.94
RCA X--' (qu' d she 27 9.30
V-5iR 18 3.50

The 'ndicctions fr-Cm the Spor-dee wtcrd thresijoid sh Jft date care tha:t the RCA X'2-
-With either e-ur cushiont gcve gireater relo-tive atteruation then did the Gerjiex--RCA X- I
or the V-5 JR. An cbservzttorn geneiral ized- from the present da~i 4 that the Spondee
word rhre.-hold -h:Wt is v-:!thin 1 db. eo-ch device and eonr cuihijon combinct ion, of th~e
relat've threshold shift vziues for 1he Y-de-bcnd n--4'se. TFP preser-f oberevatlorn is
someWhot differ-ent from those fou-Lnd in Special Reports TED PEN AE- 1403. 12 and J 7

nr w.h~ch ;!+e Sporndee -w.ord thresho~d st.'f~t vokie-s -xere ciczer to the mecr, of the 3000-
600; 600- 12-00 atd J-100-4800 cp.- cct-zve bzmids of 'k~, rs the P!erer,,:; instsa--ce the~
mean volues of the thkree !-c-.e 6taz!F '-c..id be icwer (how Qreart.er reiative --ttenuatfiori)
tho-r- thse fi -.nd f a- Spcnrdee :oFd 10
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NON-EXPERIMENTAL. CONSIDERATIONS

1. The woven cloth material of both helmets seemed to give a snug, yet 1
comfortable, support for the ear cups.

2. The liquid ear cushion was reported to be more comfortable under the
laboratory testing conditions than the foam rubber cushion.

3. The elastic band providing tension on the X-1 helmet had to be check-
ed for proper position each time the helmet was worn. The guide
projections of the X-2 seemed adequate to hold the elastic strap and
requiring little, if any, readjusting.

It is suggested that the elastic straps that provide increased pressure to the
ear cups, hence a better seal around the auricle, should be tested for possible
deterioration if lubricants or aircraft fuel come in contact with them.

4. An individual wearing the RCA X-2 would need at least 12 inches
clearance for his head when wearing this helmet. The average distance
tsagittal axis) between the extremities of the two ear cups was 11.5
inches. Only an evaluation under operational conditions would determine
if the width of the helmet is excessive.

CONCLUSIONS
PHYSICAL DATA

The relative attenuation measures obtained from the artificial ear-manikin
head gave higher values for both helmets (both ear cushions) than did the V-51R
at frequencies below 500 cps, but not above. It was possible to rank the effective-
ness of the devices: 1) X-2, liquid cushion; 2) X-2, foam cushion; 3) X-1 liquid
cushion; and 4) X-1 foam cushion.

LISTENER THRESHOLD SHIFT DATA

a) The pulsed pure tone relative attenuation values could be ranked as follows:
1) X-2, liquid ear cushion; 2) X-2, foam cushion; 3) X-1, liquid cushion;
and 4) X-1 foam cushions. Greater attenuation was found for the X-2 than
for the V-51R and also for the X-1 for frequencies above 500 cps.

b) The same ranking could be given the relative attenuation results from noise
stimuli as for the pure tone data. The cross-over in which the X-1 shows
greater attenuation than the V-51R is between the 300-600 cps and 600-
1200 cps frequency region.

c) Both ear cushions when associated with the X-2 helmet yielded greater
attenuation for Spondee words than the V-51R. This was also true for the
X-1 with the liquid ear cushion but did not hold true when the seal was
the foam rubber ear cushion.
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