
USAARL Report No. 2017-06 

USAARL NUH-60FS Acoustic 
Characterization 

By Michael Chen1,2, J. Trevor McEntire1,3, Miles Garwood1,3 
1U.S. Army Aeromedical Research Laboratory 

2Laulima Government Solutions, LLC 
3Oak Ridge Institute for Science and Education 

United States Army Aeromedical Research Laboratory 

Auditory Protection and Performance Division 

November 2016 

Approved for public release; distribution unlimited. 



 

Notice 

Qualified Requesters 

Qualified requesters may obtain copies from the Defense Technical Information Center (DTIC), 
Cameron Station, Alexandria, Virginia 22314. Orders will be expedited if placed through the 
librarian or other person designated to request documents from DTIC. 

Change of Address 

Organizations receiving reports from the U.S. Army Aeromedical Research Laboratory on 
automatic mailing lists should confirm correct address when corresponding about laboratory 
reports. 

Disposition 

Destroy this document when it is no longer needed. Do not return it to the originator. 

Disclaimer 

The views, opinions, and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy, or decision, 
unless so designated by other official documentation. Citation of trade names in this report does 
not constitute an official Department of the Army endorsement or approval of the use of such 
commercial items. 

 



Standard Form 298 (Rev. 8/98) 

REPORT DOCUMENTATION PAGE 

Prescribed by ANSI Std. Z39.18 

Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of 
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any 
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To) 

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

6. AUTHOR(S) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 
a. REPORT b. ABSTRACT c. THIS PAGE 

17. LIMITATION OF 
ABSTRACT 

18. NUMBER 
OF 
PAGES 

19a. NAME OF RESPONSIBLE PERSON 

19b. TELEPHONE NUMBER (Include area code) 

22-11-2016 Final June 2016 to September 2016

USAARL NUH-60FS Acoustic Characterization N/A

N/A

N/A

N/A

N/A

N/A

Chen, Michael
McEntire, J. Trevor
Garwood, Miles

U.S. Army Aeromedical Research Laboratory
P.O. Box 620577
Fort Rucker, AL 36362

USAARL 2017-06

U.S. Army Medical Research and Materiel Command
MCMR-PA
504 Scott Street
Fort Detrick, MD 21702

USAMRMC

Approved for public release; distribution unlimited.

The United States Army Aeromedical Research Laboratory (USAARL) Auditory Protection and Performance Division
(APPD) previously acoustically characterized the Black Hawk flight simulator (NUH-60FS). Since that characterization, the
NUH-60FS underwent upgrades and modifications, leading to the possibility that the previous characterization may no longer
be accurate. Measurements of the NUH-60FS examined the base speakers and higher-level speakers at five different noise-level
settings. The base speakers yielded lower levels across the third octave band levels from 31.5 Hertz (Hz) to 8000 Hz,
while the higher-level speakers had some levels lower and some levels higher. For the pilot seats, research participants should
wear hearing protection for levels greater than one with the base speakers and for all levels with the higher-level speakers
while the flight simulator is in operation. For the two rear positions, the levels change to greater than three for the base
speakers and greater than one for higher-level speakers.
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Introduction 

The United States Army Aeromedical Research Laboratory (USAARL) owns, maintains, 
and operates a Black Hawk flight simulator (NUH-60FS) for aeromedical research purposes. 
Figure 1 below shows the cockpit of the USAARL NUH-60FS and Figure 2 is a schematic of the 
seating positions in the flight simulator. 

 

Figure 1. Cockpit of the U.S. Army Aeromedical Research Laboratory NUH-60FS Black Hawk 
Flight Simulator. 
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Figure 2. U.S. Army Aeromedical Research Laboratory NUH-60FS Seat Positions Schematic. 

The USAARL Auditory Protection and Performance Division (APPD) previously studied 
the acoustic levels of the NUH-60FS.  The Table below reproduces the data used for analysis of 
the previous testing (Gordon & Ahroon, 2000). 

Table. Previous NUH-60FS Third Octave Band Levels (Right Pilot) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
1 67.2 78.8 84.6 90.7 75.5 69.6 66.1 60.1 58.4 81.8 
3 68.0 85.9 91.9 98.0 82.6 75.4 67.6 60.4 62.9 88.9 
5 68.9 90.8 96.9 103.4 87.6 80.0 69.9 61.1 67.8 94.0 
7 69.3 93.3 99.4 106.3 90.8 83.2 72.6 62.3 72.3 97.0 
9 70.0 94.8 101.0 108.0 92.5 85.3 74.9 64.1 74.8 98.8 

 

The NUH-60FS has been upgraded since the previous characterization, and these 
upgrades may have affected the ambient noise levels. The ambient noise levels of the NUH-60FS 
while operating can be controlled via either software or hardware adjustments. The new data 
collected looked at the base speaker set as well as a speaker set capable of producing a higher 
noise level. Additionally, microphones placed at the observer and controller positions located 
behind the pilot seats in the flight simulator collected new data. 
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Methods 

The acoustic characterization involved five noise levels adjustable via control console, as 
well as with two sets of speakers installed. While comparison with the previous characterization 
only examined five levels, data collection involved all possible noise levels. Measurements were 
obtained from two microphones hung from the left and right pilot seats and two microphones on 
stands at the controller and observer seats. 

Materials 

Two Brüel and Kjær 4192-L-001 microphones recorded data from the left and right pilot 
seats. An additional two Brüel and Kjær 4192 microphones connected to Brüel and Kjær 2669C 
preamplifiers recorded data from the simulator controller seat and the observer seat. The data 
acquisition device used was a Brüel and Kjær LAN-XI 3160-A-4/2 module and Brüel and Kjær 
PULSE Reflex software handled data processing. 

Results 

Left Pilot 

Figures 3 through 7 present the third octave band levels of the five noise settings at the 
left pilot position for the previous measurements, the current base setup, and with different 
speakers installed. Figure 8 presents the overall A-weighted levels for all three setups at the five 
noise settings. 

 

Figure 3. Left Pilot Third Octave Band Levels (Noise Setting 1). 
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Figure 4. Left Pilot Third Octave Band Levels (Noise Setting 3). 

 

Figure 5. Left Pilot Third Octave Band Levels (Noise Setting 5). 
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Figure 6. Left Pilot Third Octave Band Levels (Noise Setting 7). 

 

Figure 7. Left Pilot Third Octave Band Levels (Noise Setting 9). 
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Figure 8. Left Pilot A-weighted Overall Levels. 

Right Pilot 

Figures 9 through 13 present the third octave band levels of the five noise settings at the 
right pilot position for the previous NUH-60FS measurements, the current base setup, and with 
different speakers installed. Figure 14 presents the overall A-weighted levels for each of the 
setups at the five noise settings. 
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Figure 9. Right Pilot Third Octave Band Levels (Noise Setting 1). 

 

Figure 10. Right Pilot Third Octave Band Levels (Noise Setting 3). 



8 

 

Figure 11. Right Pilot Third Octave Band Levels (Noise Setting 5). 

 

Figure 12. Right Pilot Third Octave Band Levels (Noise Setting 7). 
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Figure 13. Right Pilot Third Octave Band Levels (Noise Setting 9). 

 

Figure 14. Right Pilot A-weighted Overall Levels. 
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Observer 

Figures 15 through 19 present the third octave band levels of the five noise settings at the 
observer position for the current base setup and with different speakers installed. Figure 20 
presents the overall A-weighted levels for both setups. 

 

Figure 15. Observer Third Octave Band Levels (Noise Setting 1). 
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Figure 16. Observer Third Octave Band Levels (Noise Setting 3). 

 

Figure 17. Observer Third Octave Band Levels (Noise Setting 5). 
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Figure 18. Observer Third Octave Band Levels (Noise Setting 7). 

 

Figure 19. Observer Third Octave Band Levels (Noise Setting 9). 
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Figure 20. Observer A-weighted Overall Levels. 

Controller 

Figures 21 through 25 present the third octave band levels for the controller position at 
five of the noise settings for both the current base setup and with different speakers installed. 
Figure 26 presents the overall A-weighted levels recorded at the five noise settings for both 
setups. 
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Figure 21. Controller Third Octave Band Levels (Noise Setting 1). 

 

Figure 22. Controller Third Octave Band Levels (Noise Setting 3). 
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Figure 23. Controller Third Octave Band Levels (Noise Setting 5). 

 

Figure 24. Controller Third Octave Band Levels (Noise Setting 7). 
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Figure 25. Controller Third Octave Band Levels (Noise Setting 9). 

 

Figure 26. Controller A-weighted Overall Levels. 
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Discussion 

The third octave band levels for the current base configuration for the NUH-60FS were 
predominantly lower at both pilot positions than those of the previous study done on the flight 
simulator. With different speakers installed, the levels at the 31.5, 125, 500, and 8000 Hz 
frequencies rose above those of the previous study. The overall A-weighted level was lower with 
the base configuration, but still exceeded 85 dBA at the same noise settings as the previous 
study. With the different speakersinstalled, the overall A-weighted level exceeded 85 dBA when 
the noise setting is at least set to one. 

At the rear positions, the third octave band levels of the base speaker set are generally 
below those of the higher-level speakers. This difference is most consistent at the 31.5, 500, 
1000, and 8000 Hz frequencies. The base configuration does not exceed 85 dBA until the noise 
setting is set to four, while the higher-level speakers exceed 85 dBA when the noise setting is set 
above one. Appendix A summarizes the third octave band levels and overall A-weighted levels 
for each of the noise settings at every position in the NUH-60FS. 

Conclusions 

The base configuration of the NUH-60FS show almost uniformly lower levels in 
comparison to the previous study conducted on the flight simulator. Higher noise levels are 
achievable with different speakers, but at the expense of altering the third octave band frequency 
levels. Even with these lower levels, people conducting research in USAARL’s NUH-60FS 
flight simulator should wear hearing protection while the simulator is in operation. 
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Appendix A. Third Octave Band Levels 

Table A1. Base Third Octave Band Levels (Left Pilot) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 66.89 67.72 66.09 63.19 62.86 62.07 69.84 58.76 54.79 74.78 
1 66.95 75.62 74.42 76.77 70.16 63.79 69.70 59.25 57.39 79.33 
2 67.28 80.46 79.81 82.10 75.29 64.56 69.70 58.82 56.98 83.69 
3 66.77 83.15 83.13 85.61 78.66 66.32 69.77 58.81 58.94 86.81 
4 67.41 85.17 85.23 87.85 80.95 67.95 69.75 58.84 60.63 89.08 
5 68.07 86.64 86.82 89.72 82.94 69.49 69.81 58.92 62.76 90.83 
6 68.74 87.97 88.20 91.08 84.34 71.11 69.95 59.05 64.13 92.28 
7 69.50 88.88 89.29 92.33 85.60 72.52 70.15 59.16 65.64 93.50 
8 69.99 89.54 90.13 93.27 86.54 74.03 70.31 59.42 67.18 94.51 
9 70.70 90.11 90.88 93.97 87.36 75.41 70.60 59.67 68.20 95.33 

 

Table A2. Base Third Octave Band Levels (Right Pilot) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 65.15 65.49 64.51 60.84 64.02 59.64 69.78 57.84 51.88 73.93 
1 65.22 72.48 73.04 79.44 73.13 62.19 69.78 58.21 55.72 80.34 
2 65.55 76.62 78.55 84.81 78.43 62.89 69.74 57.91 57.67 85.21 
3 65.01 79.28 81.90 88.16 82.06 64.96 69.82 57.99 60.30 88.48 
4 65.77 81.32 84.03 90.41 84.40 66.61 69.97 58.10 62.35 90.73 
5 66.43 82.67 85.57 92.09 86.20 68.50 69.74 58.30 63.78 92.47 
6 67.11 84.02 86.98 93.56 87.73 70.00 69.81 58.47 65.28 93.88 
7 67.85 84.89 88.11 94.75 88.92 72.03 70.08 58.72 65.63 95.07 
8 68.42 85.55 88.91 95.70 89.88 73.83 70.38 59.04 66.42 96.03 
9 69.16 86.15 89.67 96.44 90.78 75.55 70.52 59.49 67.26 96.80 
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Table A3. Base Third Octave Band Levels (Observer) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 66.98 72.62 68.22 58.26 61.60 54.45 60.72 47.69 46.49 67.32 
1 69.84 74.86 73.05 76.31 69.46 57.52 61.01 49.69 50.10 74.41 
2 67.76 77.49 76.23 82.17 73.61 57.10 62.01 47.92 50.25 79.09 
3 67.72 80.14 79.66 85.20 77.64 59.18 60.12 47.74 53.17 82.28 
4 68.78 81.83 82.47 87.23 80.57 60.55 60.37 48.03 54.28 84.60 
5 69.66 82.97 83.89 89.01 83.23 63.37 60.84 47.69 55.84 86.53 
6 70.44 84.50 85.14 90.07 83.98 64.14 61.31 48.63 56.12 87.87 
7 71.40 85.19 86.70 91.61 84.87 65.83 59.91 49.20 56.82 89.05 
8 71.98 85.87 87.33 92.56 86.00 68.07 60.33 49.96 58.38 90.18 
9 72.59 86.38 87.92 93.22 87.39 70.09 61.45 50.47 59.74 91.10 

 

Table A4. Base Third Octave Band Levels (Controller) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 66.67 61.43 61.21 58.21 58.62 55.95 63.70 48.86 45.98 68.31 
1 69.79 67.38 66.80 76.32 67.79 58.37 65.45 52.87 53.09 76.16 
2 67.63 70.47 71.38 81.40 72.04 58.27 65.03 49.30 50.05 80.63 
3 67.81 72.98 74.72 83.84 76.27 59.71 63.24 48.85 52.02 83.30 
4 68.98 74.69 75.79 86.58 79.17 61.74 64.36 49.30 53.06 85.91 
5 69.90 76.24 75.33 89.14 81.06 64.38 65.43 49.49 55.83 88.08 
6 70.78 77.68 78.27 89.37 82.68 64.94 63.51 49.68 54.68 88.69 
7 71.71 78.17 80.06 90.61 83.04 67.54 64.17 50.94 54.98 90.04 
8 72.38 78.80 80.62 91.50 84.58 69.31 64.01 50.74 55.94 91.05 
9 72.94 79.45 81.30 92.26 85.73 70.97 64.58 51.19 57.90 91.86 
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Table A5. New Third Octave Band Levels (Left Pilot) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 68.61 62.94 64.00 58.69 63.22 60.62 67.73 58.09 54.72 73.77 
1 69.70 75.18 90.44 78.14 83.13 70.08 67.89 58.53 66.82 86.83 
2 73.62 80.69 96.48 84.13 89.22 75.12 68.57 59.72 71.67 92.80 
3 75.61 83.99 99.85 87.43 92.73 77.99 69.59 60.68 78.91 96.64 
4 77.91 86.61 103.04 90.69 94.61 81.10 70.12 61.31 77.24 98.57 
5 79.46 88.66 104.75 92.92 97.27 81.72 71.84 62.14 76.00 100.45 
6 80.96 89.93 106.27 94.25 98.76 82.76 73.44 62.81 78.50 101.82 
7 81.71 90.76 107.73 95.55 100.85 83.05 73.69 64.07 82.79 103.31 
8 82.74 91.44 108.83 96.26 101.56 84.99 74.84 65.35 83.95 104.21 
9 83.82 92.65 109.55 97.02 102.32 87.01 75.54 66.29 86.27 105.26 

 

Table A6. New Third Octave Band Levels (Right Pilot) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 67.32 64.26 62.48 58.68 64.09 59.85 66.07 57.81 53.70 72.33 
1 69.04 77.19 88.30 77.40 82.86 69.68 66.50 58.19 63.65 88.32 
2 72.89 82.66 94.32 83.18 89.19 74.61 67.78 59.46 67.91 94.48 
3 75.14 85.91 97.70 86.59 92.83 77.72 69.34 60.53 73.49 98.30 
4 77.44 87.86 100.05 88.70 95.65 80.83 69.74 60.48 72.36 100.18 
5 78.97 87.88 101.85 90.58 97.77 83.51 71.00 61.30 75.73 102.23 
6 80.51 89.28 103.41 92.07 99.10 85.63 72.27 61.87 73.14 103.64 
7 81.28 91.68 104.67 93.29 100.48 84.81 73.37 62.93 75.46 104.80 
8 82.31 93.09 105.61 93.96 101.60 86.92 73.81 64.14 73.34 105.77 
9 83.35 92.08 106.51 94.78 102.49 87.43 74.70 64.93 77.41 106.63 
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Table A7. New Third Octave Band Levels (Observer) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 69.98 69.24 65.19 54.88 56.65 51.51 52.30 45.45 47.23 62.97 
1 71.86 70.11 73.27 69.87 80.35 61.85 53.82 45.77 54.94 81.93 
2 76.12 72.21 78.41 76.79 86.72 67.15 54.31 48.50 58.63 87.84 
3 78.46 73.92 82.26 80.28 89.85 70.84 56.07 48.14 63.54 91.73 
4 80.51 76.26 85.89 81.51 93.11 76.25 58.16 50.09 68.36 95.46 
5 82.13 78.26 87.11 84.61 95.71 78.44 59.26 50.89 68.51 97.04 
6 83.65 78.73 89.30 84.03 97.22 81.45 61.27 53.18 72.45 98.46 
7 84.38 78.66 90.29 87.01 98.64 80.21 62.23 53.95 71.00 99.63 
8 85.37 78.46 91.12 88.21 99.61 82.04 63.43 54.55 71.07 100.66 
9 86.45 80.77 91.97 88.02 99.50 81.49 64.75 55.48 72.81 101.32 

 

Table A8. New Third Octave Band Levels (Controller) 

Setting Third Octave Band Level (dB) Overall 
(dBA) 

 31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz  
0 64.90 59.23 57.19 55.72 55.34 54.67 56.26 49.22 47.83 64.47 
1 70.70 65.06 77.55 73.39 82.00 62.89 56.83 49.40 56.58 83.20 
2 75.84 69.74 83.75 79.63 86.98 68.93 57.20 49.95 61.20 89.22 
3 78.84 72.67 87.02 83.98 90.85 72.55 58.21 51.22 64.88 92.61 
4 81.14 74.71 89.27 85.12 93.46 74.14 60.48 52.81 67.93 94.87 
5 82.81 76.57 91.46 88.05 94.78 76.63 61.35 53.28 69.60 96.93 
6 84.36 77.75 92.89 88.17 96.77 78.43 63.28 54.57 73.46 98.75 
7 85.45 78.91 94.11 90.28 97.83 79.03 64.36 56.28 75.67 99.95 
8 86.50 79.75 95.08 91.53 99.47 80.34 63.70 56.92 77.97 101.26 
9 87.17 80.20 96.16 91.98 100.01 81.30 66.10 57.52 77.23 101.66 

 






