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INTRODUCTION

The SPH-4 aviator's helmet (MIL H-43925) currently in use in the
Army provides hearing protection, voice communications, and head protection
against impact. However, it has been recognized that impact protection
is significantly compromised in the region of the earcup (Haley, et al.,
1983). In 1977, the United States Army Aeromedical Research Laboratory
(USAARL) contracted with Simula Incorporated to develop an earcup which
would provide greater energy absorption for impact while providing sound
attenuation equivalent to the earcups in the current SPH-4 helmet. Pro-
posed production samples (Simula Assembly Number 100756-3) resulting from
that contract were submitted for testing. This report will discuss the
results of sound attenuation testing conducted at USAARL in accordance
with the current ANSI standard to compare the prototype earcup with the
current standard earcup.

METHODS AND INSTRUMENTATION

The method for determining the sound attenuation characteristics of the
standard and crushable earcups was the ANSI Standard Z24.22(1957), "USA
Method for the Measurement of the Real-Ear Attenuation of Ear Protectors
at Threshold" (Revised 1971). Ten listeners were selected from a pool of
paid volunteers. The subject population was made up of normal hearing
junior college students. A pair of each earcup type (see Figure 1, page 4)
was installed in the same regular size SPH-4 helmet. The same listeners were
used to evaluate the real-ear attenuation characteristics of each earcup type
on different occasions.

The real-ear attenuation measurement was conducted in a custom-built
Tracoustics Corporation Audiometric Examination Room measuring lO'X9'4"X6'6"
(LXWXH) located at the Acoustical Sciences Research Group Laboratory, Sensory
Research Division, United States Aeromedical Research Laboratory, Fort Rucker,
Alabama. There was no audible ambient noise in the test room during the test
period. Mean sound pressure levels in decibels (re 20Pa) of ambient noise
per 1/3 octave band are listed in Table 1. The sound pressure level gradient
characteristics of the test room are contained in Tables 2 through 4.

The test equipment and instrumentation are shown schematically in Figure
1. The tones were generated by a Fluke Model 1060A Synthesized Signal
Generator. The output of this synthesizer was connected to the input of a
Grason-Stadler 1278B electronic switch. The test tone was interrupted with
a 50 percent duty cycle. The on duration and off duration were 370 milli-
seconds each. The rise and decay times of the signal were 40 milliseconds
each. The output of the electronic switch was connected to the input of a
Grason-Stadler model 1288 power amplifier. The amplifier output was connected

3
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TABLE 1

AMBIENT SOUND PRESSURE LEVELS

Mean sound pressure level values in decibels (re 20pPa) for the USAARL
Tracoustics Audiometric Room. Also shown are system noise data for the
instrumentation used in measuring the acoustic noise

1/3rd Octave Band
Center Frequencies

in Hertz System Noise Ambient Noise

25.0 10.00 26.00
31.5 12.00 21.80
40.0 14.00 20.20
50.0 20.60 19.84
63.0 7.84 14.81

80.0 4.77 15.29
100.0 4.29 16.38
125.0 5.43 15.02
160.0 3.07 11.86
200.0 1.27 9.86

250.0 2.50 7.54
315.0 - 0.27 3.00
400.0 - 1.07 2.23
500.0 - 1.84 0.63
630.0 - 2.12 0.73

800.0 - 3.07 - 0.66
1000.0 - 1.57 0.02

* 1250.0 - 2.93 - 1.21

1600.0 - 2.75 - 1.23
2000.0 - 2.05 - 0.71

2500.0 - 1.32 - 0.16
3150.0 - 0.64 0.27
4000.0 0.50 1.5
5000.0 1.57 2.07
6300.0 2.43 3.11

8000.0 1.84 2.27
10000.0 0.07 1.09
12500.0 - 0.96 0.18
16000.0 - 1.77 - 0.71
20000.0 - 3.34 - 1.62

A 11.90 13.27
B 14.80 20.00
C 22.40 31.50

LIN 25.30 40.60
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to a Grason-Stadler 1293 (10 ohm) ster attenuator which provided the operator
with a calibrated control of the test tone intensity. This allowed the
operator to check listener reliability or provide additional sound intensity
when testing very efficient hearing protective devices.

The step attenuator output was input to a Grason-Stadler E-3262A record-
ing attenuator. The direction of the attenuator was controlled by the
listener with a noiseless photo-electric switch. For each test sound, the
listener controlled the signal level in the manner described by Von Bekesy
(1947). The signal was presented via an Altec 605B 15-inch loudspeaker. The

-'. Altec speaker could produce a sound field at the listener's position which
could vary from a minimum of 10 dB below the listener's unoccluded threshold
to a maximum intensity of at least 10 dB above the listener's occluded
threshold at all test frequencies. The voltage input to the speaker was
calibrated at the beginning of each test with a Hewlett-Packard 3400A RMS

.*.-. Voltmeter.

The experimenter was provided with an override control of the system
which allowed him to place and hold the recording attenuator at any value
for purpose of trainina and verifying listener's reliability.

The test stimuli used were pure tones of the following frequencies:
75, 125, 250, 500, 1000, 2000, 3000, 4000, 6000, and 8000 Hertz.

The test listeners were required to have hearing thresholds for both ears
at all test frequencies not greater than 10 dB American Standards Association
(ASA 1951) as measured by a standard diaonostic audiometer. The real-ear
attenuation for each type earcup was determined by taking the differences
between hearin threshold values measured under two conditions. A free-field
reference threshold was obtained for all frequencies with the listener facing
the loudspeaker and with his head position fixed by the use of a chin rest.

S. An attenuated threshold measurement then was made under identical conditions
except that the listener wore an SPH-4 helmet which was fitted with either
the standard or crushable earcup. A full standard real-ear attenuation test
(three attenuation values for each test frequency for each of the 10
listeners) was run for both earcups.

A microcomputer was used to monitor the listener's responses and to
average the threshold data by frequency. The computer also was used to
format and output a digital printer with threshold data and to control the

"K] calibration ruitine.

The resulting output from the digital printer became the raw data for
the experiment. These data were reduced to attenuation values by calculating
the difference between the free-field thresholds and attenuated thresholds
by frequency. The attenuation data then were subjected to statistical

,,.,..analysis.

. . .



> RESULTS AND DISCUSSION

The thrust of this study was a comparison of the two earcups by
frequency. Mean sound attenuation data for each cup by frequency are
presented in Table 5. To determine the significance of differences between

these earcups, the data were analyzed under a lOx2xlO factorial analysis of
variance (ANOVA) model with a priori error rate (0) of .05. The results
indicated that all main effects were significant as were all interactions.
A significant main effect for frequency was expected since nearly all sound
attenuating devices are more efficient at some frequencies. Similarly, the
main effect for subjects was expected since hearing threshold patterns are

known to vary from subject to subject. The main effect for cups suggests
that the crushable earcup attenuates sound significantly better at most
frequencies than the standard cup; (F(l,400) = 30.13, p<.OOl). The two-way
interaction of cups with frequency was significant (F(9,400) = 12.87,
p<.0Ol) indicating a nonconstant difference in mean sound attenuation across
frequency for the two cups.

The results of the ANOVA suggested the need for a multiple comparison.
Tukey's Honestly Significant Difference (HSD) procedure was used for this
purpose (Tukey, 1949). As shown in Table 5, the average attenuation is
greater for the crushable earcup than the standard at all frequencies except
2000, 4000, and 6000 Hz. The results of the HSD analysis indicate that the
crushable cup is as good as or significantly better than the standard SPH-4
earcup at all frequencies except 4000 and 6000 Hz, where results from the
standard cup are better.

The results of this study are most important when considering the fact
that obtaining adequate noise attenuation in the lower frequencies, 1000 Hz

and below, is a perennial problem for two reasons: (1) attenuation is
physically difficult to obtain, and (2) aircraft noise is predominantly in this
range. The development of an earcup that significantly increases sound
attenuation at all lower frequencies and affords areater safety from impact
injury is an important achievement. It offers significant potential for
reducing the incidence of job-related hearing loss among Army aviators.

CONCLUSIONS AND RECOMIVENDATIONS

The crushable earcup was found to provide significantly greater real-
ear attenuation at most frequencies than the standard SPH-4 earcup. For only
two test frequencies--4000 and 6000 Hz-- did the crushable earcup provide
significantly less attenuation than the standard earcup. Of particular
importance is the increased hearing protection provided by the crushable ear-
cup for sounds at 1000 Hz and below.

It is recommended that the new earcup be considered as a replacement
for the current earcup used in the SPH-4 helmet.

. N " . .. ,.,, •.."." '.".' "-.." ". .. " . ,, :"..''..' '....-'.. .. '.. .''.','.J 11:.'
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Technology Labs St Louis, MO 63166
*Propulsion Laboratory MS 77-5

NASA Lewis Research Center Commanding Officer
Cleveland, OH 44135 Naval Biodynamics Laboratory

PO Box 24907
Human Engineering Division Michoud Station
Air Force Aerospace Medical New Orleans, LA 70129

Research Laboratory
ATTN: Technical Librarian Federal Aviation Administration
Wright Patterson AFB, OH Civil Aeromedical Institute

45433 ATTN: Library
Box 25082

US Air Force Institute of Oklahoma City, OK 73125
Technology (AFIT/LDE)

Bldg 640, Area B US Army Field Artillery School
Wright-Patterson AFB, OH 45433 ATTN: Library

Snow Hall, Room 14
John A. Dellinger, MS, ATP Fort Sill, OK 73503
Univ of Ill - Willard Airport
Savoy, IL 61874 Commander

US Army Academy of Health Sciences
Henry L. Taylor ATTN: Library
Director Ft Sam Houston, TX 78234
Institute of Aviation
Univ of Ill - Willard Airport Commander
Savoy, IL 61874 US Army Health Services Command

ATTN: Library
Commander Ft Sam Houston, TX 78234
US Army Troop Support and
Aviation Material Readiness Cmd Commander

ATTN: DRSTS-W US Army Institute of
' St Louis, MO 63102 Surgical Research

Ft Sam Houston, TX 78234

18

-.



. : JJ , . " .' . .. . . . . . . ". - . 4 . , ,..- ,.

I

US Air Force Commander
Aerospace Medical Division Letterman Army Institute of Rsch
School of Aerospace Medicine ATTN: Med Rsch Library
Aeromedical Library/TSK-4 Presidio of San Francisco
Brooks AFB, TX 78235 CA 94129

US Army Sixth US Army
Dugway Proving Ground ATTN: SMA
Technical Library Presidio of San Francisco
Bldg 5330 CA 94129
Dugway, UT 84022

Director
Dr. Diane Damos Naval Biosciences Laboratory
Psychology Department Naval Supply Center, Bldg 844
Arizona State University Oakland, CA 94625Tempe, AZ 85287

US Army Yuma Proving Ground
Technical Library
Yuma, AZ 85364

US Army White Sands Missile Range
Technical Library Division
White Sands Missile Range

*. New Mexico, 88002

US Air Force
Flight Test Center
Technical Library, Stop 238
Edwards AFB, CA 93523

US Army Aviation Engineering
Flight Activity

ATTN: DAVTE-M (Tech Lib)
Edwards AFB, CA 93523

US Navy
Naval Weapons Center
Tech Library Division
Code 2333
China Lake, CA 93555

US Army Combat Developments
Experimental Command

Technical Library
Hq, USACDEC
Box 22
Ft Ord, CA 93941

Aeromechanics Laboratory
US Army Rsch & Tech Labs
Ames Research Center, M/S 215-1
Moffett Field, CA 94035
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Col F. Cadigan National Defence Headquarters

DAO-AMLOUS B 101 Colonel By Drive
* Box 36, US Embassy Ottowa, Ontario, Canada

FPO New York 09510 KiA 0K2
ATTN: DPM

Staff Officer, Aerospace Medicine
RAF Staff
British Embassy
3100 Massachusetts Ave, NW
Washington, DA 20008

Department of Defence
R.A.N. Rsch Laboratory
P.O. Box 706
Darlinghurst, N.S.W. 2010
Australia

Canadian Society of Avn Med

c/o Acad of Med, Toronto

ATTN: Ms Carmen King
288 Bloor Street West
Toronto, Ontario
M55 lV8

Canadian Air Line Pilot's Assn
MAJ J. Soutendam (Ret)
1300 Steeles Ave East

Brampton, Ontario, Canada
L6T 1A2

Canadian Forces Med Ln Off
Canadian Defence Ln Staff
2450 Massachusetts Ave, NW
Washington, DC 20008

Commanding Officer
404 Maritime Training Squadron

4 Canadian Forces Base Greenwood
Greenwood, N.S. BOP INO Canada
ATTN: Aeromed Tng Unit

Officer Commanding
School of Operational and
Aerospace Medicine

DCIE4
P0 Box 2000
1133 Sheppard Avenue West
Downsview, Ontario, Canada
M3M 3B9

20
C%

.



00

IA.
444*

-- v- Rt

ytt


