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S H O R T  CO M M U N I C AT I O N

Rotary-wing aircraft engines and subsystems are major 
sources of high-level noise that disrupts the ability to 
hear and degrades speech communication between indi-

viduals on the airfield (i.e., pilots, aircraft technicians, mechanics, 
and on/off boarding passengers). There are currently three pri-
mary rotary-wing airframes actively used by the U.S. Army: 1) 
UH-60 Black Hawk; 2) AH-64 Apache; and 3) CH-47 Chinook. 
For ground personnel working on or around these helicopters, 
noise-induced hearing loss (NIHL) remains an ever present 
occupational health hazard. Repeated exposure to noise levels 
in excess of 85 dBA has been shown to cause permanent NIHL 
in aviators.1,2,7 In addition, the Army Hearing Program cur-
rently indicates that exposure to any steady-state noise level of 
85 dBA or greater (regardless of duration of exposure) is con-
sidered hazardous and requires the use of hearing protection.4,5 
Despite the substantial noise levels produced outside of a heli-
copter, the hearing risks experienced by ground personnel have 

not received the same amount of consideration as those for 
pilots and aircrew. For example, regulations require that both 
pilots and aircrew wear double hearing protection; however, 
ground personnel are only required to wear single hearing pro-
tection in accordance with the Army Hearing Program.

Previous studies have reported that rotary-wing aircraft pro-
duce steady-state noise levels that exceed 85 dBA inside the 
cabin.8,9 However, the noise level exposures of ground crew  
and maintenance personnel outside the aircraft during various 
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operating conditions, and the distance from aircraft at which 
noise levels drop to safe levels are not readily available. In par-
ticular, the auxiliary power unit (APU) is a subsystem used to 
provide power to the aircraft during engine start-up procedures 
and is anecdotally reported to be uncomfortably loud. How-
ever, it is difficult to find information about the actual noise 
levels produced by the APU and how far they extend from the 
aircraft. As such, the noise level management and protections 
set in place for ground personnel are only being considered 
when these individuals are working on a helicopter with the 
APU running, but not when working on a helicopter (with the 
APU off) and next to an aircraft with the APU running.

All of the helicopters employed by the U.S. Army use an 
APU during start-up procedures and during maintenance that 
requires the aircraft to have power. Findings from the current 
study will serve as the basis for further research detailing the 
noise hazards associated with each airframe, and the communi-
cation demands of the individuals working in these complex 
and hazardous noise environments. As it is not possible to con-
trol the source of the noise from the engine and/or aircraft, one 
means for protecting personnel from the dangers of excessive 
noise is by identifying the areas of increased risk and improving 
existing preventative measures for reducing NIHL within these 
areas. Consequently, if preventative measures are not imple-
mented, there are substantial incumbent training costs to the 
military for replacing personnel downgraded as a result of hear-
ing loss.11 Here we begin exploring the risk of hearing injury to 
ground crew and maintenance personnel by reporting the lev-
els and spatial patterns of noise produced by the UH-60A Black 
Hawk helicopter on the airfield.

METHODS

The current study used the UH-60A (Alpha model) Black 
Hawk helicopter operated by the Flight Systems Branch at the 
U.S. Army Aeromedical Research Laboratory. Measurements 
were made around the aircraft during three operating condi-
tions: APU Only, APU + Engine, and Engine Only (details in 
Table I). Microphones were positioned at 10-ft intervals along 
45° radials centered on a point midway between the main 
wheels (Fig. 1). In addition, the 85-dBA sound pressure level 
(SPL) contour around the aircraft was mapped using a hand-
held sound level meter; however, only measurements for the 
first operating condition (APU Only, see Table I) were obtained 

due to pilot and aircraft crew instructions to reduce the 
researchers’ movement around the aircraft while the rotor 
blades were turning. This was done for the protection of the 
researcher team, as air and ground crewmembers generally do 
not have the same movement restrictions imposed on them. 
Typically, one crewmember stands at the front of the aircraft near 
the left pilot's window and most crew operations take place 
within the diameter of the rotors. Once the rotors are at 100% 
rpm, the area around the aircraft is then cleared for takeoff, and 
the crewmembers climb in the aircraft and take seats at their 
crew stations.

Microphone Recordings and Analysis
Four 1/4˝ microphones (Model #4938, Bruel & Kjaer, Nærum, 
Denmark) with dynamic range spanning 30–172 dB were con-
nected to two Bruel & Kjaer high-frequency LAN-XI Type 3052 
modules, which is a three-channel system with a bandwidth of 
102.4 kHz (sample rate of 262 kHz). Microphones were placed 
vertically on stands approximately 4 ft above the ground and 
were weighed down with sandbags to prevent them from being 
blown over by the rotor-downwash that occurs when the rotors 
are turning. For the third condition (Engine Only), only the 
10-ft distance was measured due to concerns regarding micro-
phone stand stability. Each recording lasted 2 min in length in 
accordance with MIL-STD-1474E and were analyzed in Bruel 
& Kjaer PULSE Reflex software to produce A-weighted SPLs. 
The resulting A-weighted SPLs were used to assess the noise 
hazard for typical ground crew exposure.

85-dBA Contour Measurement and Hazardous Noise Mapping
A type I sound level meter (Model #2270, Bruel & Kjaer) was 
used to obtain the locations of the 85-dBA contour around the 
aircraft. During the ‘APU Only’ condition (when the rotor 

Table I.  Testing Conditions.

CONDITION # CONDITION NAME OPERATING CONDITION

1 APU Only Engines off, APU operating, rotors 
not turning

2 APU + Engine All engines operating with rotors 
turning at flight-idle and the  
APU operating

3 Engine Only All engines operating with rotors 
turning at flight-maximum and 
the APU off

Fig. 1.  Testing setup around the UH-60 Black Hawk helicopter. Microphones 
were placed at 45° angles 10 ft from the center point between the wheels. The 
location of the auxiliary power unit (APU) is indicated by the small gray box on 
the left side of the aircraft. Measurements were made at increasing distances of 
10 ft (locations indicated by an ‘x’).
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blades were not turning), positions around the aircraft that 
were measured at 85 dBA SPL were marked. Distances and 
angles were measured from the center of the aircraft (defined 
here as the center point between the two front wheels) to each 
marked location. From this contour, a noise level contour map 
was generated via 2-D linear interpolation of data from the 
microphone recordings and assuming an increase of 6 dB as 
the distance to the aircraft was decreased by half for areas where 
measurements were not made. It should be noted that the noise 
hazard mapping is an approximation based on this assumption 
simply to illustrate the areas of increased risk.

RESULTS

The microphone recordings indicate that all locations within 
30 ft of the aircraft exceed 85 dBA. Of particular concern, 
the location where the petroleum specialist stands to refuel 
the aircraft is directly under the APU exhaust (Fig. 2, rear left). 
Our measurements indicate this is the area of greatest risk 
for hearing damage and levels are consistently at or above the 
requirement for double hearing protection (i.e., combining 
over-the-ear muffs with ear inserted protection) as specified by 
the Army Hearing Program.4,5 When the engines are operating 

at maximum power, noise levels exceed 110 dBA for all loca-
tions within 10 ft of the aircraft. Although it is rare to have per-
sonnel other than the aircrew around the aircraft when engines 
are at maximum power, there are instances when passengers are 
on/off-boarding during these conditions. For such instances, 
passengers who are not wearing hearing protection would be 
exposed to a significant amount of noise, which in this case 
exceeds the maximum allowable exposure duration in no 
more than 1.5 min.6

Distances around the aircraft at which the SPL was 85 dBA 
were mapped for the ‘APU Only’ condition. As indicated by the 
gray box on the helicopter image in Fig. 1, the APU (and the 
APU exhaust) is located on the left side of the aircraft. Fig. 3 
details the unique sound field around the aircraft and illustrates 
the acoustic shadowing of the aircraft. This placement results in 
an asymmetric sound field around the aircraft, where the 
85-dBA contour extends ;40 ft to the right and ;130 ft to the 
left of the aircraft. Additionally, a substantial front-back asym-
metry is observed, where the 85-dBA contour was closest 
directly in front of the aircraft’s nose (0°), and furthest directly 
to the aircraft’s left (290°) and to the back-left (; 2170°). 
While it is not surprising that sound levels are greater on the 
side of the aircraft where the APU is located, it is remarkable 
how far the 85-dBA contour extends on this side.

Fig. 2.  Microphone recordings. Sound pressure levels (in dBA) recorded from microphones around the UH-60 Black Hawk helicopter at various distances. Data 
points for each condition are represented by the symbols indicated in the legend at the bottom center of the figure.
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DISCUSSION

Personnel working around rotary-wing aircraft perform their 
duties in the midst of many challenges. One of the biggest chal-
lenges is dealing with the excessive noise generated by the air-
craft, as steady-state noise levels exceed 85 dBA (see Fig. 2 and 
3B). Such conditions make it difficult to hear and effectively 
degrade verbal communication abilities, while placing these 
individuals at greater risk of NIHL.3 Despite requirements to 
wear hearing protection,4,5 it is common for airfield personnel 
(i.e., pilots, aircrew, ground crew, maintenance, etc.) to only 
wear hearing protection devices (HPDs) if the aircraft they are 
working with is operating. Many do not wear hearing protec-
tion when adjacent aircraft are operating, despite the observed 
hazard. The main reason behind this is that information detail-
ing the areas and distances around the aircraft at which sound 
levels exceed 85 dBA is not readily known. In order to address 
this, the current study measured the noise levels and assessed 
the sound field generated by the UH-60A Black Hawk during 
typical engine operating conditions.

Pilots and aircrew can be downgraded from flying duties 
(i.e., taken off flight status) if it is discovered that they have 
hearing loss.10 In light of the more stringent hearing require-
ments and safety mechanisms for protecting pilots and aircrew, 
there is far less attention dedicated to protecting ground crews 
and maintenance personnel. This is surprising because the 
inability to hear and communicate effectively interferes with 
operational performance and can also compromise safety. In 
fact, the sound levels computed from the microphone record-
ings reported here detail the hazardous extent to which the 
acoustic environment is degraded. Sound levels for locations 
within 10 ft surrounding the aircraft were recorded at 105 dBA 
or greater for all conditions in which the engines were powered 
(Fig. 2). At these levels (.103 dBA SPL), our data suggest that 

anyone this close to the aircraft should be required to wear dou-
ble hearing protection according to the Army Hearing Pro-
gram.4 It has been previously reported that Navy aircraft carrier 
flight deck personnel were at an increased risk of hearing 
impairment due to inappropriate personal protection (i.e., most 
did not wear double hearing protection) and markedly elevated 
noise exposures.12 Similar issues with HPD compliance more 
than likely exist for Army airfield personnel.

Currently, there are few times when there is a direct com-
munication link between the pilot or crew chief and the ground 
crew. Ground crews often use hand signals to communicate, 
which are not effective if the other person is not looking, on the 
other side of the aircraft, or simply not visible. Anecdotally, 
HPDs are removed to facilitate communication on the airfield 
(i.e., the person giving instructions lifts up the ear cup of the 
person receiving instructions and shouts the instructions); 
however, removing HPDs to communicate exposes personnel 
to extremely hazardous noise doses and does not always 
guarantee that instructions are successfully communicated. 
Although there are commercially available products currently 
on the market that combine hearing protection with communi-
cation abilities, it is still important to know where and how far 
from an aircraft these devices should be worn when the engines 
and/or the APU are operational. Here we mapped the high-
intensity noise environment around one of the Army’s more 
commonly used airframes. The aim is to increase awareness 
about the areas of greatest risk when working around these air-
craft and provide information about where exactly personnel 
should not be removing their HPDs.

Our findings suggest the area of hazardous noise levels 
around the aircraft can extend to neighboring aircraft, particu-
larly on the side of the aircraft where the APU is located. In fact, 
when the APU is on, noise levels at the rear left (Fig. 2, Mic 3) 
of the aircraft can reach approximately 95 dB SPL even at 50 ft 

Fig. 3.  Hazardous noise mapping for the APU only condition. A) Measurements using a sound level meter were made at distances around the aircraft to map out 
the 85-dBA contour. The x’s are microphone locations and each gray point represents a measurement location. B) A noise-level contour map was generated using a 
2-D linear interpolation of the microphone recordings (Fig. 1, x’s) and assuming an increase of 6 dB as the distance to the aircraft is decreased by half.
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away. This means distances further away from where aircraft 
personnel would typically be operating are still in a noise area 
that is 10 dB above the Army Hearing Program hearing protec-
tion requirement.4,5 Our 85-dBA contour measurements indi-
cate that hazardous noise levels for the UH-60 Black Hawk 
extend to 135 ft to the left of the aircraft and 120 ft behind the 
aircraft. This means that anyone working within these distances 
of an aircraft that has an operating APU should be wearing 
hearing protection. Such findings suggest a modification to 
hearing conservation practices regarding where personnel 
working around rotary-wing aircraft are safe, and where they 
should be required to wear hearing protection.

In conclusion, the current study provides evidence that the 
fueling location at the left rear of the aircraft near the auxiliary 
power unit is the area of greatest risk for noise-induced hearing 
loss. Sound pressure levels at the fueling location can exceed 
105 dB SPL in all three engine conditions, and exceed 85 dB for 
almost all locations and engine conditions tested. Hearing pro-
tection should be worn whenever the aircraft is operating, even 
if working at a distance. These findings detail airfield noise haz-
ards for a rotary-wing airframe and invite studies of the com-
munication demands between air and ground crews.

ACKNOWLEDGMENTS

We would like to thank the Flight Systems Branch (FSB) and the research air-
crew at the U.S. Army Aeromedical Research Laboratory (USAARL) for all 
their help with the study. This study was supported by funding from Military 
Operational Medicine Research Program (MOMRP) Task Area A1 – Sensory 
Protection and Injury Prevention.

Authors and affiliations: Heath G. Jones, Ph.D., Nathaniel T. Greene, Ph.D., 
Michael R. Chen, B.S., Cierrah M. Azcona, Brandon J. Archer, M.S., and Efrem  
R. Reeves, Ph.D., U.S. Army Aeromedical Research Laboratory, Fort Rucker, 

AL; Heath G. Jones, Ph.D., Michael R. Chen, B.S., Brandon J. Archer, M.S., and 
Efrem R. Reeves, Ph.D., Laulima Government Solutions, LLC, Orlando, FL;  
and Nathaniel T. Greene, Ph.D., The Geneva Foundation, Tacoma, WA.

REFERENCES

	 1. 	 Abel SM. Hearing loss in military aviation and other trades: investigation 
of prevalence and risk factors. Aviat Space Environ Med. 2005; 76(12): 
1128–1135.

	 2. 	 Alam M, Wahab M, Rahman M, Asaduzzaman A, Al-Azad M, et al. 
Prevalence of hearing loss in military aviators: the audiometry and risk 
factors analysis. Journal of Armed Forces Medical College, Bangladesh. 
2014; 9(1):19–24.

	 3. 	 Amrein BE, Letowski TR. Military noise limits: how much is too 
much? In: INTER-NOISE and NOISE-CON Congress and Conference 
Proceedings, 2012. Reston (VA): Institute of Noise Control Engineering; 
2012(11):59–70.

	 4. 	 Department of the Army. Hearing conservation program. DA-PAM-40-501. 
Pamphlet 40-501. Washington (DC): U.S. Army; 2015.

	 5. 	 Department of Defense. DoD hearing conservation program. DoDI-
6055.12. Instruction 6055.12. Washington (DC): U.S. Department of 
Defense; 2014.

	 6. 	 Department of Defense. Design Criteria Standard: Noise Limits. MIL-
STD-1471E. Washington (DC): Department of Defense; 2015.

	 7. 	 Fitzpatrick DT. An analysis of noise-induced hearing loss in Army 
helicopter pilots. Brooks AFB (TX): School of Aerospace Medicine; 1988. 
Report No.: USAFSAM-JA 87-48.

	 8. 	 Gasaway DC, Hatfield JL. A survey of internal and external noise 
environments in U.S. Army aircraft. Fort Rucker (AL): Army Aeromedical 
Research Unit; 1963. Report No.: USAARU 64-1.

	 9. 	 Mozo BT, Gordon E. The assessment of the AH-64D, Longbow, mast-
mounted assembly noise hazard for maintenance personnel. Fort Rucker 
(AL): Army Aeromedical Research Lab; 1994. Report No. USAARL 94-37.

	 10. 	 Owen MJ. A survey of hearing loss in Army aircrew. Occup Med (Lond). 
1996; 46(1):53–58.

	 11. 	 Rajguru R. Military aircrew and noise-induced hearing loss: prevention 
and management. Aviat Space Environ Med. 2013; 84(12):1268–1276.

	 12. 	 Rovig GW, Bohnker BK, Page JC. Hearing health risk in a population of 
aircraft carrier flight deck personnel. Mil Med. 2004; 169(6):429–432.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access


