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SUMMARY PAGE

THE PROBLEM

Arn evaiuation was made os to the tone, noise, and speech threshold attenuztion
characteriztics of the Gertex RCA X~1 ond the RCA X-2 personnel noise protective
devices, each tested with a iiquid ear cushion and o foom rubber ecr cushion, Two
generai types of measures were obtained: 1) physical mecsures taken from the output
of o minicture condenser microphone serving as on artificicl ear mounted within ¢
plaster monikin head; and 2} listener-observer judgments of threshold shift, normal
listening versus device over the eors, 10 ' e various stimuli presented ambientiy o
10 individuals. The judgments ircluded re:ponses to: o) pulsed pure tone at eight

discrete frequencies, bj pulsed wide~band and cctave-bands of neise, and c) Spendee
words .

FiNDIM/GS
Both the physical and the subjective relative attenucticn measures show that
the RCA X~2, empisying beth ear cushions afferds as much attenuation os, or more

than, the V=5IR. The Gentex RCA X~1 was not so eificient as the V~51R at the
lower frequencies or bands of noise but was fer *he higher frequency ronge.
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iNTRODUCTION

ir crder 1o comply with o request of the Bureau of Aeronautics (Aer~AE-522/38
letre-, dated 7 Augu:r 1958) an evaluation of the sound attenuation characteristics
wat made ¢t rwo "Fiite Deck Helmets." Gentex-RCA type X-1 and RCA type X-2,
universel £:1, Since the cushiors previding the circum-auricle seal to the head were
:rterchangeabie, each heimet wos eveluated with both cushions. The summary of
‘he {-rding: wes to be designated Repert No. 18 of TED PEN AE~-1403.

Two gerer -] :efs of meosures were chiained on each helmet with the "sealing
pide " i1 tercharged resulting o four sets of measures, two for each helmet.

PROCEDURE

The rwo sets of dato obtained or the X~1 and X-2, both types of ear cushions
were: 1) physical mecsures employing an artificial ear, and 2} three sets of judg~
mer.fol respenses to three different series of sound stimuli. These procedures have
been previously reported irs TED PEN AE 1403, reports numbered 6 threugh 17,

PHYSICAL MEASURES

The physicezi measzures were relateve oitenuction values obtained from the
nutput of ar: Altec 150-BR condenser microphone 1 sed as an artificial ecr appro-
prictely pesiticned within a plaster manikin heod. The specific techniques and
equipment have been fuily described previously i reports TED PEN AE-1402. 1,
.3, .4, .b6and .9. The reiciive attenuction values obtained were the differences
in db scund pressure level {re 0.0002 dyre/cm? } between the microphcne cutput
when the manikin hecd did not have the specific protective helmet in place versus
the microphore output when the device was positicned on the manikin head. B

SUBJECTIVE MEASURES

The subject:ve mec:ures comprise the responcas of 10 individuals (male) with
ncrmal, or better than rommal hearing acuity. The listening tasks were threshold
responses to each cf three sets of sound stimuli and h < been described earlier in
Repo:ts 1403.1, .6 and .9. Each of ths three listening tasks was ¢ threshold
judgment with the pretective device covering the ears compared to a basic thres-
bold judgment with the ects unprotected.

The responses required frem the listeners were binaural threshold judgments

o the scurnd shimui? were ambientiy introduced into the sound-proofed, sourd-treated
testing roem. The three criterion measures were: ) a pulsed pure tone threshold shift
in db {th:ee experimental sezsions per individuel for each heimet, both ear cushiors,
ot eight discrete frequencies); b) pulsed wide-bond ond octave-band noise threshoid
shifts (cre relciive cttenuation value per individual per roise band per helmet cordi-
tion); and ¢ Spordee word thresheld shift juag 2nts {ons observation per individucl
pe: helmet per cuzhion).




The propused American Standaids Associshion standard procedures for reai-aar
evaluotion of protective devices were employed in obtaining the present pulsed pura
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, ecach cf the vaives reported 1s the
mean of 30 judgments. )

All of the factors of the experimental testing situation conform 12 the proposed
ASA standardy for example, the noise floor of the testing room, the'fitting"of the
prctective device, listener-observer positioning, et cetera.

RESULTS
PHYSICAL MEASURES

The sound pressure autput of the miniature condenser microphone, in piace
as an artificial eor within the plaster manikin head, wos automatically plotted
on a grophic device (Bruel and Kjaer Level Recorder, Model 2301). This yielded
a frequency~intensity respecnse characieristic plot of the system (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 cre given in Table 1.

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 heimets and
ear cushions could be ranked as fo their relative attenuation efficiency in the
fellowing order: «) RCA X-2, liquid cushion; b) X-~2, fram rubber cushion;
c) Gentex RCA X-1, liquid cushion; 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 reversais at 230, 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 ciso obtained from the
output of the artificici ear under the conditions of the protective helmet off
versus the helmet in plcce when the noise field was 120 db of three continuous
noise types introduced ambiently into the sound room. Table {} lisis these rela-
tive values in addition to similar values obtained euarlier on the V~51R.

The relative attenuation vaiues in Table 11, 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.




Table i

Discrete Frequency Relative Attenuation Values in db Obtained From an
Artificial Eor Within a Ploster Dummy Head. Sound Pressure Reference
Leve!, 128 db at 2500 cps. Similar Values Previously Obtained on
The V~51R are Also Given

e ——

Relative Attenuation (db)
Frequency Gentex-RCA X-i RCA X-2
Foam Cushion Liquid Cushior,  Foam Cushion Liquid Cushion  V-51R

75 cps 12 15 28 31

125 23 21 22 28 1
250 29 34 33 40 25
500 25 32 31 36 19
1 kes 43 38 3¢ 34 42
2 32 37 40 40 42
4 35 38 31 42 48
8 43 30 40 38 45
10 37 37 37 42

Table I

Relative Attenuation Values 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 Ncise.
Values Previously Obtained on the Y=31R are Also Given

Relative Attenuation (db)
GentexRCA X-1 RCA X-2
Noise Type Foem Cushion Liquid Cushion Foam Cushion Liguid Cushion V-51R

ASA White 27 32 35 36 20
Harvard (Spect.1) 1§ 19 29 29 i8
Recorded JRB 2] 24 31 32 18

(%)




SUBJECTIVE MEASURES

a) Pulsed Pure Tone Threshold Shift

Audiograms (Bekesy Audiometar) 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 thresheld shift
values were caiculated for each of the eight discrete frequencies presented as stimuli,
totalling thirty judgments per frequency. Table {i! lists the r:ean relative pure tone
threshold shift judgment values and the associated standard deviations for the X-1
(both 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 threshcid
shift curves for each helmet cre plotted in Figures 1 and 2. Standard deviations are
also plotted for the protective helmzts, not for the V-51R.

Table 1l

Meo~ Relative Pulsed Pure Tone Threshold Shifts and Standard Deviations
in db for the Gertex~RCA X-1 and RCA X-2 (N = 10, Three Judgmental
Sessions Per Observer) Plus the Same Values on The Two Devices With
The Cushion Seals Interchanged (N = An Additional 10 Observers,
Three Sessions Per {ndividual). Similar Threshold Shift Values
Obtained From the V=51R are aiso Given

E——  ——— — —— _ _— . —— —— _— ____ ——— ___—— 1

X-1 X=2
Foam Cushion Liquid Cushion  Foam Cushion Liquid Cushion ~ V=5IR
Frequency M. S.D. M., 5.D. M. S.D. M. 5.D. M. 5.D.

75 cps 8 4.85 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 3 3.60 9 3.50 14 3.81 19 4.66 15 5.8
500 14 4,58 18 3.69 28 2.3 30 4.74 16 6.5
1000 27 5.06 27 3.69 33 4.8] 35 4.75 22 9.0
2000 37 5.85 31 6.34 35 4.78 37 5.85 26 19.3
4000 31 7.64 34 6.18 38 520 36 6.26 30 7.5
8000 27 6.45 29 5.12 36 ¢80 34 6.07 26 9.3

The attenuation effectiveness of the two protective helmets, two ecr cushions per
helmet, couid be ranked as to their subjective threshold shifts as follows: 1) X~2 with
the iiquid cushions, 2) X~2 with the foam rubber cushions, 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 examination of Table i1l and Figures | and Z indicates that the RCA X2
with either ecr cushion affords greater cttenuaticr than the V=51R. This is parti~
cularly rrue fer 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 ic the heod by the liquid filled ear cushion. The Gentex-RCA X-1 did
et demonstrate higher relative attenuation values than the V-51R at frequencies
be'ew 500 cps but did yield grecter attenuation above that frequency regicn.

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

The decibel means iisted in Table IV are the averaged relative threshold shift
values derived from the judgments of each of the 10-member listener panel. The
stimuli cons’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
both ir. Figures 3 and 4. Mecn attenuction values of the V=51R previously obtained
from the above stimuli are also found in Table [V and Figures 3 and 4.

Tabie IV

Mear. Reiative Pulsed Wide=Band and Octave-Band Noise Threshold Shifts
And Standard Deviations in db For The Gentex=-RCA X~1 ard RCA X~2
{N = 10) Plus the Same Meacsures cn the Two Devices With the
Cushion Seols Interchanged (N = 10 Additional Observers).
Vztues Previously Obtained on the V=51R are Also Given

|

X-1 X~-2
Foom Cushicn Liquid Cushicon Foam Cushion Liquid Cushion  V-51R
Noise Bands M S.D. M 5.D. M §.b. M S$.D. M 5.D.

20~10,000cps 19 22

3.46 3.44 28 2.8 2B 2.3 z2 43
20-75 8 5.95 10 1.7 17 1,97 18 .50
75-150 10 4.80 12 3.21 18 3.23 21 2.8 16 4.0
150-300 8 2.89 ki 2.20 20 5.26 21 4.76 17 2.3
300-600 T 294 16 3.39 27 5.74 27 3.15 18 4.4
600--1200 22 3.8 25 3.69 32 2.74 3 3.81 18 3.0 3
1200-2406 28 3.20 32 1.34 33  3.01 33 3.45 25 4.0 E
2400-4800 25 4.47 3} 4.61 31 3.62 30 a4./0 29 4.2
4800-10,000 29 323.12 29 3.13 32 5.8 32 3.72 9 4.9 E

M

BILAL SRR

Sk U E U
kL WJ\\, «ih‘l.}\‘ AR




RELATIVE ATIENATION /Y dé

GENTEX-RCA K-/ (Vigd cushion) % ——— X
BLAH X-R (Poarm cushion) O - ——- ©
0 ~ V-5/R Q-—-—a
o X
A /x
O=—-—-o T TA— - —ad - —A
A /// N
~ X JAY
~ ~—
O — - ll@“h\\.u‘\ lllll ©
4o}
50}
| | | 1 ) | 1 .M\Q )
\«wb&mm.m\m. 7 s 21 M.MM. 285~ 8% Pé- v Y800 \mﬂnhsoa
W/iLE BAND & OCTAVE-BAND AO/SE
FIGURE 4

MEAN BANDS-OF-NOIETHRESHOLD SHIFTS & STANDARD DEVIATIONS FOR GENTEX-RCA X-1
(L1QUID CUSHION) AND RCA X-2 (FOAM CUSHION). SIMILAR VALUES
FOR THE V~51R ARE ALSO SHOWN. 10 JUDGMENTS PER POINT




£

v it e RORANRI AR 1 Taen s

GENTEX-BCA X~ (Foam Oushjon) X = X

BCA X-R N\\WEN i Sh 1ow) Decmm = =@
o
X X
o} T T,

o
T
/
!
!
i
Q
o
/

RELATIVE RQA7TENUATION /N &b
(O
/
/
/
/
/
@
xX P
K
x
/
[>S

— o Ay —

W
o
1
/
/
/
 /
1\
]
x

5
L

s}
Il L 1 e 1 I I L L
-~ - - - - - 0 ~ O -
785 M(UW Ll u\.w.n \Wvﬁo h‘b %M‘W \M‘h%o N.\ oo MNMMO 7g 0o
WIDE BANO & OCTAVE-BAND NO/SE
FIGURE 3

MEAN BANDS -OF ~NOISE THRESHOLD SHIFTS & STANDARD DEVIATIONS FOR GENTEX-RCA X-1
(FOAM CUSHION)} AND RCA X-2 (LIQUID CUSHION). SIMILAR VALUES FOR
THE V-51R ARE ALSO SHOWN. 10 JUDGMENTS PER POINT




‘H’!-E' i!‘.’es -C:id .“h:ff 39::"‘:‘0 ctier ~r -

\F'\i
23

n values indicste thet the helmets {vnd
ear cuthicn permutatiors) could be rarked 1o the ~ame manner as found for the pure
‘e doia, .e., Part o, The attero-t.or for wide~bond roise of the X-2 {bcih

curhicr:) exteeded the v ces found fur the V<51R and the X~1. The X+l with the
iiquid cuthion yielded crieruation veives to wide~band ro.se equar ‘o these of the
V-51R but wes scmewhat peerer thor the :ame cup with the feam subber cushien,
The subjecti e threshald shift voives, wher ranked, yielded comparcble relotive
attenuation values to those found when the erisficial ear-menikin head vias sub-
jected ic 120 db of ASA white raose.

¢j Sporndee Word Recepticn Thresheid Shift

LTSt Y

The criteriun vaive ¢f Spondee word recepiion thresheld has been defined s the
levei ot whick 50 per ¢ cert correct word reception wxs uchieved, The mean !h.reshc.id
shifs: cfiorded by the pratective device, i.e., device on versus device off, are !
inTable V &’or‘g with stendacd devist.cr velues for the 10~ 'sfer-er-ebser'vex pcm €:.
Compurcble vaiges previcusly determined for the V<51R cre clse given, Figure 5is

bor graph of the dats found in the Table.

Tsole v

Meszn Relztive Threzhcid Shift £~ Spondee ‘W.rds and Siondzrd Deviviions
for the Gertex~RCA X~1 ond RCA X=2 {1 = 10) Plus the Same Measures
cr: *he Two Devices With the Cushior Seais interchanged (N = 10
Addiricra, Ooservers), Previcusly Obkuined Vuives for the V-51R
Are Aisc Giver

Device Threshcid Shifi
M S.D.
Gertex-RCA X~1 {fcam cushicn) 17 6.48
Gertex~RCA X-1 {iiquid cushiz) 24 8.87
RCA X~z {foum cu:l'fi'* ] 27 9.94
RCA X-2 {iiquid zushien) 27 9.30
V-51R 18 3.50

The indicctions frem the Spondee werd threshicld shift date are thit the RCA X2
with either exr cushicn gove grecter relative attenustior: then did the Genjex~RCA X~1
or the V=5IR. An cbservaiion gereralized from the present dcis is that the Spondee

word thresheid shift i within 1 db, ecch device ond exr cushion combinc-:;cn, of the
relct ve thresheld shift voives for the viide-band noise. The present cbservatior is
somewhesr different from thuse faund in Special Reports TED PEN AE-1402.12 and . 17
in which the Spardee word threshold shift vaiues were clcser tc the mean of the 300-
600, 6001200 arnd 1200-4800 cp: eciave bands of noize, %rz the prezent instance the

mecn values of the three roze bunds we.id be iower {show greater relative attenusiion)

- -
thoe thase found for Spondee words, 10
— AT T TN
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SPONDEE WORD THRESHOLD SHIFTS FOR THE GENTEX-RCA X-1
(BOTH EAR CUSHIONS) AND RCA X~2 BOTH CUSHIONS). THE MEAN
OF SIMILAR MEASURES FOR THE V~-51R ARE SHOWN.




NON-EXPERIMENTAL CONSIDERATIONS

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

2. The liquid ear cushion was reported to be more comfortable under the
laboratory testiny 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 litile, if any, readjusting.

It is suggested that the elastic straps that provide inzreased 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,

[EEI PR wx"v.,]-. e
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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
(sagittal 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.
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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.

s R

Rk A

LISTENER THRESHOLD SHIFT DATA

a) The pulsed pure tone reletive 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 ottenuation 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 os 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 $00-
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 trye 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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