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ABSTRACT: 

The use of the SPH-4 aviator's helmet in the Army is to provide hearing 
protection, voice communications, and head protection against impact. Efforts 
have been made recently to improve impact protection in the region of the 
earcup. In 1-977, USAARL contracted with Simula Incorporated to develop-an earc 
which would provi-de greater energy absorption on impact and still provide soutVd 
attenuation equivalent to the current standard earcup. A prototype hasbeen 
submitted for evaluation of noise attenuatton and compar?son to the current 
standard earcup. The crushable earcup was found to provide greater hearing 
protection at most test frequencies. 
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INTRODUCTION 

The SPH-4 aviator's helmet (MIL H-43925) currently in use in the 
Army provides hearing protection, voice'connnunications, 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 

I 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 

r, 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 224.22(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 20uPa) of ambient noise 
per l/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. 

1. 
The test equipment and instrumentation are shown schematically in Figure 

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 12788 electronic switch. 
a 50 percent duty cycle. 

The test tone was interrupted with 
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 
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TABLE 1 

AMBIENT.SOUND PRESSURE LEVELS 

Mean sound pressure level values in decibels (re 2kPa) for the USAARL 
Tracoustics Audiometric Room. Also shown are system noise data for the 
instrumentation used in measuring the acoustic noise ‘P , 

ij3rd Octave Band 
Center Frequencies 

in Hertz 

25.0 
31.5 
40.0 
50.0 
63.0 

System Noise -Ambient Noise 

10.00 26.00 
12.00 21.80 
14.00 20.20 
20.60 19.84 

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 - 3150.0 - 0.64 K . 

4000.0 0.50 5000.0 1.57 :*;7 
6300.0 2.43 3111 

8000.0 2.27 
10000.0 ;z 
12500.0 - 0:96 

1.09 
0.18 

16000.0 - 1.77 - 0.71 
20000.0 - 3.34 - 1.62 

A 
B 

LFN 

11.90 
14.80 
22.40 
25.30 

13.27 
20.00 
31.50 
40.60 
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REAL EAR ATTENUATION TEST SYSTEM 

OPERATOR INPUT 

1.) RESET 

2.) TAKE DATA 

3.1 CALI8RATION 

r- 
I THRESHOLD 

SWITCH 

I 

MICRO COMPUTER 

I.1 CONTROLS MOTOR DIRECTION 

2.1 MONITORS THRESHOLD EXCURSIONS 

3.) AVERAGE THRESliOLD DATA. FORMATS. 

AND OUTPUTS TO PRINTER 

4.) CONTROLS CALIBRATION ROUTINE 

A/D CONY. 10 RI1 

POTENTlOMElER 

POSITION IN db 

POTENTIOMETER 

SIGNAL GENERATOR 

FIGURE 1. Arrangement of equipment and instrumentation used for real-ear 
sound attenuation testhg performed at MARL. 







TABLE 5 

MEAN AND STANDARD DEVIATION VALUES OF SOUND ATTENUATION OF THE EARCUPS AND THE'RESULTS 
OF THE ANALYSIS USING TUKEY'S HONESTLY SIGNIFICANT DIFFERENCE PROCEDURE 

Test Frequencies in Hertz 

75 125 250 500 1K 2K 3K 4K 6K 8K 

Crushable Mean 19.5 16.6 16.5 35.0 29.9 33.1 46.2 42.9 37.6 33.0 
Earcup 

S.D. 5.7 5.3 3.3 3.8 5,6 6.1 5.6 8.1 8.0 9.6 

c1 
N 

Standard Mean 15.0 13.1 13,6 28.7 25.5 34.0 43.3 46.4 42.0 31.4 
SPH-4 
Earcup S.D. 6.9 5.8 3.7 4,2 4.6 4.4 4.1 5.1 6.7 8.1: 

Statistically 
Significant at 
.05 'feS Yes Yes Yes Yes No Yes Yes Yes No 

-. ,- 






