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PREFACE 
 

This report summarizes the vibration exposure assessment conducted on the HH-60M and UH-
72 operated by the Vermont Army National Guard (VT ARNG) in accordance with the ISO 
2631-1 (1997) Mechanical vibration and shock - Evaluation of human exposure to whole-body 
vibration - Part 1: General requirements, ISO 2631-1 Amendment 1 (2010), and the MIL-STD-
1472G Department of Defense Design Criteria Standard, Human Engineering (2012).  A 
Memorandum of Understanding (MOU) was established among the US Army Institute of Public 
Health (AIPH), Vermont Army National Guard (VT ARNG), Army National Guard Bureau 
(NGB), and the 711 Human Performance Wing, Human Effectiveness Directorate (711 
HPW/RH) that describes the roles and responsibilities associated with this activity.  The 
occupational health nurse at VT ARNG contacted the US Army Public Health Command 
Region-North with regard to numerous reports she had received from the aircrew on back and 
neck discomfort, including cases where actual surgical and chiropractic treatments were 
undertaken.  On 7 Feb 2013, the US Army Public Health Command Region-North, with 
permission from the NGB, contacted the AIPH Ergonomics Program to discuss the measurement 
of whole-body vibration on the aircrew at VT ARNG.  AIPH contacted the 711 HPW/RH to 
assist with the measurements and assessment.  The 711 HPW/RH and AIPH were key developers 
of an initiative proposed by the Defense Safety Oversight Council (DSOC) Human Systems 
Integration Task Force (HSI TF), Ad Hoc Working Group on Vibration, Discomfort, and 
Ergonomic Issues in High Speed Vessels, Aircraft, and Land Vehicles (AHWG), to formalize 
and expand the limited database of military-relevant vibration.  This initiative was the first step 
in addressing science and technology gaps for the effective reduction of musculoskeletal 
discomfort and pain reported by rotary-wing/tilt-rotor aircrew.   This study directly supported 
this initiative and was identified as Project 1.  As part of this initiative, the 711 HPW/RH 
established itself as the Lead Test Organization (LTO) for this activity, in accordance with the 
AFRL Manual 99-103 (21 May 2007) AFRL Flight Test and Evaluation.  The AIPH and 711 
HPW/RH also developed a survey that was distributed to the VT ARNG aircrew to target 
discomfort/injury symptoms, aircrew discomfort/pain and vibration perception, posture, 
contributing factors, and ergonomic issues.  The result of this survey will be documented in a 
separate report.  Travel support for Project 1 was provided by the NGB. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

v 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE IS INTENTIONALLY LEFT BLANK 
 
 
 
 

  

vi 
 



 

ACKNOWLEDGEMENTS 
 
 

The authors would like to express their deepest gratitude to the many aircrew and members of 
the VT ARNG who were incredibly supportive throughout this project.  Thanks to 1LT Geoffrey 
Williams, HH60-M pilot, and 2LT Nathan Dubie, UH-72 pilot, for their unconditional support 
and guidance on the mockup activity, flight test configurations, reviews, and test flights.  Thanks 
to SGT Steve Lamonda, Aviation Life Support Systems Officer, for his help in the mockup and 
equipment configuration, and to CW3 Andrew Labounty, Aviation Safety Officer, for his 
participation in the technical and safety reviews.  The dedication and professionalism of the VT 
ARNG aircrew and support personnel have led to the highly successful collection of quality and 
extensive data for characterizing and assessing operational vibration environments.  These data 
are instrumental to research and technology activity targeting the identification and study of 
contributing factors and mechanisms that lead to aircrew musculoskeletal discomfort, pain, and 
injury.  The ultimate goal is to develop robust mitigation tools that improve aircrew health, 
safety, and performance. 

 
The authors also acknowledge Kenneth Forsythe, NGB, who provided the travel funds required 
to accomplish this study, and provided support with equipment configuration and data collection.  
Special thanks also goes to Frank Nitriansky and William Silvey, Army Aviation Engineering 
Directorate, for their work in acquiring the approved Air Worthiness Release for the equipment 
used to measure and collect the data onboard the aircraft. 
 
Last, but certainly not least, the authors express their appreciation and special thanks to LTC 
John Johnston, Facility Commander, VT ARNG, and LTC Patricia Hammond, Occupational 
Health Nurse, VT ARNG, for the many months they spent advocating and guiding this project.  
Their leadership has culminated in a highly successful effort that will hopefully lead to the 
successful mitigation of discomfort and pain among rotary-wing/tilt-rotor aircrew. 
 
  

vii 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE IS INTENTIONALLY LEFT BLANK 
 

viii 
 



 

1.0 SUMMARY 
 
This study characterized and assessed aircrew vibration during operation of the UH-72 Lakota 
and HH-60M Medevac located at the Vermont Army National Guard VT ARNG).  The ISO 
2631-1: 1997 was used as the guideline for the assessments.   
 
Three portable battery-powered data acquisition units (DAUs) were used to collect accelerations 
at the pilot, crew chief, and medic stations on each aircraft.  Triaxial accelerometer packs were 
attached to the floor or base of each seat.  Triaxial acceleration pads were placed on top of the 
seat pan and seat back cushions at each station.  Helmet mounts were attached to the top of the 
pilot and crew chief helmets to collection triaxial translational accelerations and to estimate 
helmet roll, pitch, and yaw.  Data records were collected by aircraft task and the associated flight 
test conditions, including pre-departure checks, visual meteorological conditions (VMC), 
takeoff, hovering flight, VMC flight maneuvers, VMC approach, and terrain flight.  The onboard 
test conductor prompted triggering of the DAUs to collect for 20 seconds once the aircraft was 
on a targeted condition.  The acceleration spectra were estimated at each station and 
measurement site.  The overall weighted accelerations were estimated in accordance with the 
ISO 2631.  For assessing comfort reaction, the overall vibration total value (oVTV) was 
calculated as the vector sum of the weighted triaxial seat pan and seat back accelerations.  For 
assessing health risks, the point vibration total value (pVTV) was calculated as the vector sum of 
the weighted triaxial seat pan accelerations. 
 
For the UH-72 at all stations, measurement sites, and for most flight test conditions, a major peak 
was observed between 24 and 25 Hz in all three directions and was associated with the blade 
passage frequency (BPF).  A small peak around 6 Hz was observed for some flight conditions 
and stations and associated with the propeller rotation frequency (PRF) of the aircraft.  
Additional peaks were also observed at multiples of the BPF.  For the HH-60M at all stations, 
measurement sites, and for most flight conditions, a major peak was observed between 17-17.5 
Hz and was associated with the BPF.  Additional peaks were also observed at multiples of the 
BPF.  While not easily identified, vibration associated with the PRF was estimated to be ~4-4.5 
Hz, based on the BPF of the HH-60M.  For both aircraft, the most substantial peak observed at 
the respective BPF did not necessarily occur in the vertical direction.   
 
Comfort reactions (ISO 2631-1) for the UH-72, based on the oVTV, primarily ranged from “not 
uncomfortable” to “fairly uncomfortable”, depending on the station.  Comfort reactions for the 
HH-60M, based on the oVTV, primarily ranged from “a little uncomfortable” to 
“uncomfortable”.  For a few conditions at the crew chief and medic stations, the comfort 
reactions were even considered “very uncomfortable”.  Comfort reactions are time independent. 
 
The pVTV for health risk assessment used the level flight data at various airspeeds as mission 
representative to estimate the allowable duration (time) the crew member could be exposed to 
the respective condition before the vibration would be considered a potential health risk 
(assuming that the specific exposure does not change over time).  This duration coincided with 
the lower boundary of the Health Guidance Caution Zones (HGCZ)  (ISO 2631-1).  The pVTV 
was also used to estimate the allowable duration of the exposure at the respective condition 
before the vibration was considered a likely health risk.  This duration coincided with the upper 
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boundary of the HGCZ.  The primary health risks identified by the ISO are lower back disorders, 
particularly to the lumbar spine. 
 
For the UH-72 pilot station, the majority of level flight records showed exposures that would 
cross the lower boundary into the potential health risks zone between 5 and 8 hours at the higher 
airspeed of 120 KCAS.  None of the exposures at the UH-72 crew chief station crossed the lower 
boundary in less than 8 hours.  All level flight records at the UH-72 medic station showed 
exposures that would cross the lower boundary into the potential for health risks zone between 
about 3.5 and 8 hours.  For the HH-60M pilot and crew chief stations, the majority of level flight 
records, particularly those at higher airspeeds, showed exposures that would cross the lower 
boundary into the potential health risks zone between 5 and 8 hours, and between 2 and 8 hours, 
respectively.  All records at the medic station showed exposures that would cross the lower 
boundary between 1 and 5 hours, with several of the higher airspeed records crossing the upper 
boundary between 4 and 8 hours, into the zone where health risks are likely. 
 
This study emphasizes that rotary-wing aircraft generate multi-axis, higher frequency vibration 
above 10 Hz associated with exposing aircrew to the potential for health risks during normal 
missions.  However, the current assessment methodology is primarily based on biodynamic and 
psychophysical responses sensitive to lower frequency vibration that may underestimate 
exposure health risks based on weighted acceleration levels.  The synergies and mechanisms by 
which posture, seats, and higher frequency vibration contribute to the health symptoms require 
investigation in order to develop or improve effective exposure criteria, ergonomic design 
requirements, and mitigation strategies.  As a precaution, it is recommended that discomfort and 
health surveillance of aircrew be conducted and documented by health professionals and reported 
to the appropriate military health agencies and research institutes.   
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2.0 INTRODUCTION 
 
Epidemiological surveys have consistently reported that ~85% of the rotary-wing aircrew 
surveyed have suffered back, leg, or neck pain associated with flying helicopters [1]. Poor 
posture, inadequate seats, and aircraft vibration have been targeted as contributing factors but 
their synergies and physiological mechanisms are unknown.  The recent Business Case Analysis 
(BCA) conducted by R Cubed Consulting for the Office of the Under Secretary of Defense for 
Acquisition, Technology and Logistics (OUSD AT&L), and Office of the Deputy Under 
Secretary of Defense Installations and Environment (DUSD I&E) [1] emphasized that 
musculoskeletal pain and discomfort in these aircrew have a significant negative impact on 
mission effectiveness and mission readiness with an average yearly avoidable cost of $239 M.  
The strong recommendation in the BCA for improved seating systems cannot be effectively 
addressed without clear guidelines on exposure effects, seat design, and validation testing.  
However, appropriate science- and technology-based guidelines on exposure, seat design, and 
validation testing are non-existent, perpetuating the health issues.   

 
The first step in addressing these deficiencies is to clearly characterize the actual multi-axis 
vibration exposure at several key occupant stations aboard various rotary-wing/tilt-rotor aircraft 
to identify the frequency components, acceleration magnitudes, and directions of the vibration 
entering the occupant at the occupant/vehicle interfaces (typically the seating system).  In 
addition, there are guidelines provided in human vibration exposure standards that can be applied 
to these data for assessing the discomfort and health risk associated with the exposures [2, 3].  
The health risk assessments conducted by the AFRL on a limited number of aircraft have 
suggested that aircrews may be subjected to potential health risks in less than three hours for 
occupational exposures [4-6].  The AFRL has also used these data to recreate the actual stressor 
environment in controlled laboratory testing for evaluating seat component influences, 
physiological responses, task performance, and task workload during simulated prolonged 
exposures.  This approach can be used to investigate the relationships among the various 
contributing factors (i.e., posture, seats, vibration), and define the mechanisms that cause the 
reported symptoms.  This type of exposure characterization can also help target harmful 
frequencies and exposure directions.  As mentioned, these data are limited and have only 
recently been cleared for public release.  What is not known is how similar the exposure 
characteristics and potential for health risks may be among current platforms. 

 
Air Force, Army, and Navy members of the Defense Safety Oversight Committee (DSOC) 
Human Systems Integration Task Force (HSI TF) Ad Hoc Working Group on Vibration, 
Discomfort, and Ergonomic Issues in High Speed Vessels, Aircraft, and Land Vehicles 
(AHWG), developed several initiatives that target science and technology gaps for the effective 
reduction of musculoskeletal pain and discomfort reported by rotary-wing/tilt-rotor aircrew. The 
first initiative applies operational measurement techniques and assessment methodologies to 
formalize and expand the limited database of military-relevant vibration to include additional 
aircraft and occupant locations.  The initiative leverages existing exposure standards to assess 
and compare discomfort and health risk among the platforms.  In addition, a survey is included 
that focuses on the aircrew perception of discomfort/pain, vibration, and ergonomic issues 
contributing to their symptoms.  The survey emphasizes problems with the seating system, 
posture, and vibration exposure, and what the occupant considers as the primary influences 
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contributing to their pain and possible performance degradation.  This test program addresses 
step one described above and will provide the critical tools required to for follow-on initiatives 
that target health risk physiological mechanisms and equipment design for recommending 
mitigation strategies. The goal is to fill the science and technology gaps that have prevented the 
development of effective design requirements, formal equipment validation tests, and military-
relevant exposure standards that ensure the health and safety of aircrew.   

 
Project 1 of this flight test program targets the UH-72 Lakota and HH-60M Medevac operated by 
the Vermont Army National Guard (VT ARNG).  The request for a vibration exposure survey 
was generated by the Safety and Occupational Health Office at VT ARNG to the National Guard 
Bureau (NGB) as well as the Army Institute of Public Health (AIPH).  The occupational health 
nurse indicated that she had received numerous reports of back and neck discomfort from the 
aircrew, including cases where actual surgical and chiropractic treatments were undertaken.  
Whole-body vibration was targeted as a major influence on these symptoms.  The Ergonomist at 
AIPH contacted the 711 HPW/RH as the Lead Test Organization (LTO) to support the vibration 
exposure assessment as part of the DSOC HSI TF AHWG first initiative.  The project focused on 
assessing vibration exposure at selected aircrew stations and did not include any assessment of 
patient exposures.  Travel funds for this effort were provided by NGB.  Initial DSOC funds were 
provided to support test plan development and approval, equipment setup and sensor calibration, 
and initial data processing and analysis. 

 
The AFRL 711 HPW/RH, as the LTO, prepared all required documentation including a Flight 
Test Plan, and conducted all required review boards including the Technical Review Board 
(TRB) and Safety Review Board (SRB), in accordance with AFRL Manual 99-103 AFRL Flight 
Test and Evaluation [7].  Air Worthiness Releases (AWRs) were obtained from the US Army 
Research, Development, and Engineering Command, Aviation Engineering Directorate (AED) 
for the two platforms.  A Memorandum of Understanding was established among the US Army 
Institute of Public Health, Vermont Army National Guard, National Guard Bureau, and the Air 
Force Research Laboratory, 711 Human Performance Wing, Human Effectiveness Directorate 
that describes the terms and conditions of the collaborative effort. 

 
This report focuses primarily on the discomfort and health risk assessments conducted on the 
UH-72 Lakota and the HH-60M Medevac.  Additional reports may be generated that include 
more detailed analyses of the vibration characteristics associated with these platforms, including 
helmet motion.  The aircrew survey results will also be presented in a separate report. 
 
 

3.0 METHODS AND PROCEDURES 
 
3.1 Aircraft and Measurement Locations 
 
The rotary-wing aircraft targeted for Project 1 included the UH-72 Lakota (Tail Number 72059) 
and the HH-60M Medevac (Tail Number 201208) (Figure 1).  Both aircraft are operated by the 
Vermont Army National Guard (VT ARNG).  The HH-60M Medevac performs patient/casualty 
evacuations in both combat theaters and in the United States.   The aircraft can accommodate six 
patients.  The UH-72 Lakota is a light utility helicopter configured for medical evacuations.  It 
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can accommodate two pilots, two medics in rear-facing seats behind the pilot/co-pilot, and two 
stretchers.   
 
On the UH-72, the measurement locations targeted for vibration characterization and health risk 
assessment included the pilot station located on the right side of the cockpit, the rearward-facing 
crew chief station located on the right side of the rear cabin immediately behind the pilot station, 
and the forward-facing medic station located at the back on the far left side of the rear cabin.  On 
the HH-60M, the measurement locations targeted included the pilot station located on the right 
side of the cockpit,  the crew chief station located on the right side at the back of the rear cabin,  
and the forward-facing medic station located on the left side at the back of the rear cabin.  All 
stations were occupied by a pilot, co-pilot, crew chief, or test conductor. 
 
3.2  Equipment, Instrumentation, and Measurement Sites 
 
Three Remote Vibration Environment Recorders (REVERs), developed by the AFRL Human 
Effectiveness Directorate (711 HPW/RH), were used to collect multi-axis vibration data at each 
of the three aircrew stations.  Each REVER, illustrated in Figure 2, consists of the following: 

 
1. A 16-channel data acquisition unit (DAU) (Large or Small) 
2. Two battery packs (Large and Small)  
3. Triaxial accelerometer pack 
4. Two triaxial accelerometer seat pads 
5. One six-axis helmet mount (two REVER systems) 
6.   One trigger device 
7. Connection/extension cables as required  
8. Laptop computer 
 

Specifications for the REVER components, including dimensions and weights, are listed in 
Appendix A, Table A-1. 
 
 
 

    
 

Figure 1.  a.  UH-72 Lakota, b. HH-60M Medevac 
 

a. b. 
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Tables 1 and 2 list the aircrew stations and measurement sites targeted for data collection, 
including the type of instrumentation for the UH-72 and HH-60M, respectively. 
 

 

Triaxial 
Acceleration 

Pads 

Small Battery 
Pack 

Large Battery 
Pack 

Triaxial 
Accelerometer 

Pack  

Trigger Com Line 

DAU 

Helmet 
Mount 

Figure 2.  Remote Vibration Environment Recorder (REVER) 

            Table 1.  UH-72 Measurement Sites and Type of Sensor 
Station Measurement Site Instrumentation 

Pilot Station 
(Right Side Cockpit) 

Floor beneath seat pan Triaxial Accelerometer Pack 

Seat Pan Triaxial Acceleration Pad 

Seat Back Triaxial Acceleration Pad 

Helmet Six-Axis Helmet Mount 

Crew Chief  Station 
(Rearward-Facing, 

Right Side Rear 
Compartment behind 

Pilot Station)  

Floor beneath  seat pan Triaxial Accelerometer Pack 

Seat Pan Triaxial Acceleration Pad 

Seat Back  Triaxial Acceleration Pad 

Helmet  Six-Axis Helmet Mount 

Medic Station 
(Forward-Facing, 

Left Side Back Rear 
Compartment) 

Floor beneath of seat pan Triaxial Accelerometer Pack 

Seat Pan Triaxial Acceleration Pad 

Seat Back  Triaxial Acceleration Pad 
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At the pilot and crew chief stations, the DAUs and batteries were carried in pockets attached on 
the outside of the survival vest.  Figure 3 illustrates the vest configurations.  In both aircraft, the 
smaller DAU (Appendix A, Table A-1) was carried by the pilot and located in a pocket attached 

 

 
Figure 3.  DAU and battery packs carried in survival vest at a. Pilot 

Station and b. Crew Chief Station 
 
 
 
 
 
 

Table 2.  HH-60M Measurement Sites and Type of Sensor 
Station Measurement Site Instrumentation 

Pilot Station 
(Right Side Cockpit) 

Directly under seat pan Triaxial Accelerometer Pack 

Seat Pan Triaxial Acceleration Pad 

Seat Back Triaxial Acceleration Pad 

Helmet Six-Axis Helmet Mount 

Crew Chief  Station 
(Right Side Back 

Rear Compartment)  

Seat mounting plate just 
behind seat Triaxial Accelerometer Pack 

Seat Pan Triaxial Acceleration Pad 

Seat Back  Triaxial Acceleration Pad 

Helmet  Six-Axis Helmet Mount 

Medic Station     
(Left Side Back Rear 

Compartment) 

Seat mounting plate just 
behind seat Triaxial Accelerometer Pack 

Seat Pan Triaxial Acceleration Pad 

Seat Back  Triaxial Acceleration Pad 

 

a. 

b. 
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to the lower right side of the vest.  One small battery pack and one large battery pack were 
carried in pockets attached next to the DAU pocket on the right side of the vest.  In both aircraft, 
the larger DAU was carried by the crew chief and located in a pocket attached to the lower right 
side of the vest.  One small battery pack was carried in the same pocket housing the DAU.  One 
large battery pack was carried in a pocket attached next to the DAU pocket on the right side of 
the vest.   
 
At the medic station, a large DAU was attached to the floor and one small and one large battery 
pack were attached to the top of the DAU.  Figure 4 shows the attachment location in the UH-72 
on the left side of the aircraft in front of the Medic seat next to the aircraft side wall.  Figure 5  
shows the attachment location in the HH-60M to the right of the medic seat. 
 
 

 
 
At each station, a triaxial accelerometer pack was used to measure the input acceleration (Fig. 2, 
Tables 1 and 2; Appendix A, Table A-1) in the fore-and-aft (X), lateral (Y), and vertical (Z) axis, 
relative to the seat/occupant orientation.  Each pack consisted of three orthogonally-arranged 
miniature accelerometers embedded in a Delrin® cylinder.  Double-sided mounting tape was 
used to secure the peak to the appropriate site.  Triaxial accelerometer pads were used to measure 
the vibration transmitted to the occupant via the seat pan and seat back in accordance with the 
International Standards Organization, ISO-2631-1: 1997 Mechanical Vibration and Shock – 
Evaluation of Human Exposure to Whole-Body Vibration – Part I: General Requirements [2].  
The pad consisted of a flat rubber disk with a triaxial accelerometer pack embedded in the center 
(Fig. 2; Appendix A, Table A-1).  Double-sided adhesive tape and duct tape were used to secure 
the pads to the seat cushions (if present).  Figures 6 and 7 illustrate the location of the floor/seat 
base triaxial accelerometer pack and the seat acceleration pads at the pilot station onboard the  

 
Figure 4.  UH-72 Medic Station DAU, battery 

packs, and accelerometer pack mounted to floor 
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Figure 5.  HH-60M Medic Station DAU and 

battery packs mounted to floor 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 6.  UH-72 Pilot 
Station accelerometer 

back and seat  
acceleration pads 

 

 
Figure 7.  HH-60M Pilot Station accelerometer 

pack and seat acceleration pads 
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UH-72 and HH-60M, respectively.  Figures 8 and 9 illustrate the location of the floor 
accelerometer and acceleration pads at the crew chief station onboard the UH-72 and HH-60M, 
respectively.  Figure 10 illustrates the location of the seat acceleration pads at the medic station 
onboard the UH-72 and HH-60M.  Figures 4 and 5 include the location of the floor 
accelerometer pack at the medic station onboard the two aircraft.   

 
 
 

 
Figure 8.  UH-72 Crew Chief Station accelerometer pack and seat 

acceleration pads 

 
Figure 9.  HH-60M Crew Chief Station accelerometer pack and seat acceleration pads 
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A helmet mount was attached onto the top of the aircrew helmets located at the pilot station and 
crew chief station using double-sided mounting tape.  Each helmet mount consisted of six 
miniature accelerometers strategically arranged to estimate helmet translations in the three 
orthogonal axies (X, Y, and Z) and helmet roll, pitch, and yaw (Appendix A, Table A-1).  The 
helmet mount was further secured with duct tape to prevent any snags.  Figure 11 illustrates the 
helmet mount (uncovered).  Figure 12 illustrates the attachment of the helmet mount to the pilot 
and crew chief helmets prior to securing completely with duct tape.  The configuration was 
similar for both aircraft.  
 

 
Figure 10.  Medic Station seat acceleration pads.  A.  UH-72, B. HH-60M 

 
Figure 11.  UH-72 and HH-60M Helmet Mount 

 

X2, Z2 

X1, Y1, Z1 

Z3 
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When using the survival vest, the seat accelerometer cables were connected to the DAU cables at 
the lower back edge of the vest on the pilot’s right side and crew chief’s right side on both the  
UH-72 and the HH-60M as illustrated in Figures 13 and 14, respectively.  The cables were run 
beneath the lap belt to ensure no interference with the safety features of the aircraft or the 
occupant’s task. The cables from the helmet were secured at the back of the helmet and run over 
the left or right shoulder to the DAU connection at the front of the vest as shown in Figure 3. All 
cable connections between the seat and helmet accelerometers and the DAU were made via 
break-away connectors.  Each cable requires less than 21.8 N (4.9 pounds) of static weight to 
separate.   The three-cable bundle shown in Figures 13 and 14 takes a peak force of 40 to 45 N (9 
– 10 lbs) to separate when the occupant stands up (demonstrated in laboratory setting).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12.  Helmet with attached mount a. Pilot b. Crew Chief 

 

a. b. 

 
Figure 13.  UH-72 Cable Connections a. Pilot b. Crew Chief 

  
 

b. a. 
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A triggering device (Fig. 2) was located at each occupant station to initiate data collection upon 
indication from an aircrew member that the aircraft was on a flight test condition.  Once 
triggered, the DAU would collect data for a pre-specified amount of time.  Prior to flight, a 
laptop computer was used to conduct sensor balance, calibration checks, and arming of each 
DAU.  The computer was used to assign a specific sensor associated with a measurement site 
and direction to a channel in the DAU.  Once armed, the computer was disconnected from the 
DAU.  Upon return of the aircraft, the laptop was reconnected to the DAU and all channels 
downloaded for subsequent processing. 
 
3.3 Data Collection, Processing, and Analysis 

3.3.1 Data Collection.   
Acceleration data were collected at the three aircrew stations and sites on both aircraft for the 
flight test conditions listed in Appendix A, Table A-2 Flight Test Records.  The flight test 
conditions were organized relative to the specific flight tasks that were identified by the aircrew.  
Typically, the occupant of each station triggered the device to collect data at the respective 
station.  For the HH-60M, a passenger located immediately behind the pilot station triggered data 
collection at the pilot station.  One individual, typically the pilot, copilot, or occupant at the 
medic station, acted as the test conductor and prompted data collection once the pilot or copilot 
indicated that the aircraft was on the flight test condition.  Multiple data records were collected 
for several of the conditions.  Data records were collected throughout each flight and not 
necessarily collected in the order presented in Table A-2, depending on the mission.  The 
designated test conductor insured that the data records were numbered consecutively in the order 
they were collected.   

                 
Figure 14.  HH-60M Cable Connections a. Pilot b. Crew Chief 

b. a. 
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Fifteen channels of data were collected at each of the pilot and crew chief stations on both 
aircraft.  Nine channels of data were collected at the medic station on both aircraft.  Helmet data 
were not collected at the medic station (see Tables 1 and 2). 
 
Once triggered, data were automatically collected for 20 seconds, filtered at 250 Hz, and 
digitized at 1024 samples per second.  Upon return of the aircraft, the laptop was reconnected to 
each DAU and the time histories for each channel downloaded to the computer for processing. 
 
Three flights were conducted on the UH-72.  Flights 1 and 2 were conducted during daylight 
hours, while Flight 3 was conducted at night with the aircrew wearing Night Vision Goggles 
(NVGs).  Two flights were conducted on the HH-60M.  Flight 1 was conducted during daylight 
hours.  Flight 2 was conducted in two parts:  Flight 2a was conducted during daylight hours and 
Flight 2b was conducted at night with the aircrew wearing NVGs.  Appendix A, Table A-3 lists 
the number of flight test condition records collected on each aircraft, for each flight, and for each 
condition. 

3.3.2 Data Processing and Analysis.   
A computer program developed by AFRL 711 HPW/RH was used to separate the 20-second 
records for each channel and assemble all channels for a particular record into a table of time 
histories.  For each record, the time histories were processed using the MATLAB® Signal 
Processing Toolbox (The MathWorks, Inc., Natick, MA) to estimate the constant bandwidth 
spectral content.  Using Welch’s Method [8], each 20-second time history was divided into two-
second sub-segments with a 50% overlap.  A Hamming window was applied to each sub-
segment and the resultant power spectral densities averaged over the 20-second period.   The 
root-mean-square (rms) acceleration, arms, was calculated from the power spectral densities in 0.5 
Hz intervals.  The constant bandwidth rms acceleration spectra were used to locate the peak 
accelerations. 
 
Each acceleration time history was also processed in one-third octave proportional frequency 
bands using a software program developed for MATLAB®1.  The accelerations were reported at 
the center frequency of each respective one-third band.  These data were used to assess the 
exposures in accordance with current standards. 
 
With reference to Figure 11, the helmet roll rotation acceleration was estimated as the difference 
between the acceleration time histories measured at Z1 and Z2 divided by the moment arm 
(0.0508 m); pitch was estimated as the difference between the acceleration time histories 
measured at Z1 and Z3 divided by the moment arm (0.0508 m); and yaw was estimated as the 
difference between the acceleration time histories measured at X1 and X2 divided by the 
moment arm (0.0508 m).    The rotation constant bandwidth accelerations were then calculated 
using the method described above.   
The overall acceleration level, a, between 1 and 80 Hz was calculated for each station at the floor 
or seat base, seat pan, and seat back: 

1 Couvreur C  (1997).  FILTBANK - One-third-octave band frequency analyzer [computer 
program].  MATLAB®.  Belgium:  Faculte Polytechnique de Mons. 
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where armsi is the rms acceleration associated with the ith frequency component (in 0.5 Hz 
increments for constant bandwidth analysis, and at the center frequency of the one-third octave 
band for proportional bandwidth analysis).  The overall translational and rotational helmet 
accelerations were also calculated as described above. 
 
The assessment of discomfort (comfort reaction) and health risk followed the guidelines in ISO 
2631-1 and the MIL-STD 1472G [2, 3].  The frequency weightings and multiplying factors listed 
in Table 3, based on human sensitivity to the location, frequency, and direction of vibration, 
were used to assess comfort reaction and health risk.  Figure 15 illustrates the frequency 
weightings Wd, Wk, and Wc. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3.  ISO 2631 Frequency Weightings and Multiplying Factors 
(ISO 2631-1: 1997 [2]) 

 HEALTH RISK COMFORT REACTION 
 Seat Pan Seat Pan Seat Back 

Direction Frequency 
Weighting 

Multiply 
Factor 

Frequency 
Weighting 

Multiply 
Factor 

Frequency 
Weighting 

Multiply 
Factor 

X Wd k = 1.4 Wd k = 1.0 Wc k = 0.8 
Y Wd k = 1.4 Wd k = 1.0 Wd k = 0.5 
Z Wk k = 1.0 Wk k = 1.0 Wd k = 0.4 
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Figure 15.  ISO 2631 Frequency Weightings Wd, Wk, and Wc 
(ISO 2631-1: 1997 [2]) 
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The overall weighted rms acceleration level, aw, was calculated between 1 and 80 Hz in each axis 
(X, Y, and Z) relative to the coordinate system of the seated occupant using the one-third octave 
rms accelerations: 
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where j represents the particular frequency weighting (d, k, or c) depending on the location and 
direction (Table 1), i represents the ith frequency component, and armsi is the measured one-third 
octave acceleration level at center frequency i.  For assessing comfort reaction, the point 
vibration total value (pVTV) was calculated at both the seat pan and seat back as the vector sum 
of the weighted fore-and-aft, lateral, and vertical accelerations, respectively, after applying the 
appropriate multiplying factors for the measurement location (seat pan or seat back): 
 

    [ ] 2
1222222

wzzwyywxx akakakpVTV ++=               (3) 
 
The overall vibration total value (oVTV) was calculated as the vector sum of the seat pan and seat 
back pVTVs.  The oVTVs were compared to the weighted accelerations associated with the 
comfort reactions given in ISO 2631-1: 1997, Annex C.  The comfort reactions include “Not 
Uncomfortable”, “A Little Uncomfortable”, “Fairly Uncomfortable”, “Uncomfortable”, “Very 
Uncomfortable”, and “Extremely Uncomfortable”. 
 
For assessing health risk, the highest weighted seat pan acceleration in any axis (fore-and-aft, 
lateral, or vertical) was used after applying the appropriate multiplying factors given in Table 3.  
The weighted data were compared to the ISO Health Guidance Caution Zones (ISO 2631-1: 
1997, Annex B [2]).  The ISO 2631-1: 1997 also states that the vector sum of the weighted 
accelerations at the seat pan (pVTV) after applying the appropriate multiplying factors for health 
risk can be used when vibration in two or more axes are similar.  For weighted accelerations 
falling below the lower boundary of the ISO Health Guidance Caution Zones for the expected 
duration, health risks are unlikely.  For those levels falling between the two boundaries, caution 
is given with respect to health risk, or there is a potential for health risk.  For those levels falling 
above the upper boundary, health risks are likely for repeated occupational exposures.  The MIL-
STD 1472G [3], Section 5.5.5 Vibration and Shock, was also used in the assessment of health 
risk.  While the MIL-STD 1572G uses the guidelines of the ISO 2631-1, for exposures of 3.5 
hours and below, the lower boundary the Health Guidance Caution Zone follows the more 
conservative fourth power relationship described in the ISO Annex B..  Figure 16 illustrates the 
ISO Health Guidance Caution Zones and includes the lower boundary defined in the MIL-STD 
for exposures of 3.5 hours and below.  The MIL-STD 1472G states the following:   

 
 “For exposures lasting 8.0 hours or less, the seat pan frequency weighted 
triaxial RMS accelerations in any orthogonal direction for any occupied space 
shall not fall within the zone labeled “Health Risk are LIKELY”.   Preferably the 
weighted accelerations shall fall within the “minimal Risk to Health” zone”.  For 
exposures lasting greater than 8.0 hours, the seat pan frequency weighted  
triaxial RMS accelerations shall not exceed 0.315 m/s2.  If the weighted 
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accelerations fall within the “Caution Zone”, a warning to occupants shall be 
provided indicating the potential health risk” 

 

 
 

4.0 RESULTS 
 
All Figures and Tables referred to in this section are located in Appendix A.     
 
4.1 Characteristics of the UH-72 and HH-60M Acceleration Spectra  
 
For both platforms, it was expected that a peak in the acceleration spectra would occur in the 
vicinity of the main rotor speed of the aircraft.   The frequency associated with the rotor speed is 
referred to as the propeller rotation frequency or PRF in this document.  The highest peak was 
expected to occur at the blade passage frequency or BPF, which is predicted as the number of 
blades multiplied by the PRF. Both the PRF and BPF may vary slightly depending on the flight 
maneuver.  Additional peaks were also expected at multiples of the BPF.  The direction of the 
highest BPF was unknown prior to the analysis of these data.  The following summarizes the 
observations of the spectral content, particularly for level flight.  A more detailed analysis of the 
acceleration spectral characteristics and helmet motions will be included in subsequent technical 
reports and published documents. 
 
4.1.1 UH-72 Acceleration Spectra. 
Figures A-1 through A-3 illustrate the acceleration spectra for the UH-72 at the floor, seat pan, 
seat back and helmet (pilot and crew chief) for a selected data record collected during level flight 
at the pilot, crew chief, and medic stations, respectively.  It was very difficult to identify a peak 
associated with the PRF.  Figures A-1 and A-2 do show a small peak primarily in the lateral (Y) 

Figure 16.  ISO 2631-1 Health Guidance Caution Zones 
Plot includes more conservative lower boundary defined in MIL STD 1472G for 

exposures at 3.5 hours and below [2, 3] 
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direction at the floor, seat pan, and seat back.  The peak occurs around 6 Hz, noting that the 
spectral analysis generates the responses in 0.5 Hz increments.  The most notable peak, as 
expected, occurred between 24 and 25 Hz, and was associated with the BPF.   
 
At the pilot station floor, the peak associated with the BPF tended to be the highest in the lateral 
(Y) direction, followed by a substantial peak in the vertical (Z) direction.  In some records, these 
peaks were of similar magnitudes, as illustrated in Figure A-1.  At the pilot station seat pan, the 
peak associated with the BPF was highest in the lateral (Y) direction at 80 KCAS, but tended to 
be more variable at the higher airspeeds, depending on the flight.  There were records that 
showed similar peaks in all three directions at the higher airspeeds, as shown in Figure A-1.  At 
the pilot station seat back, the peak associated with the BPF was highest in the vertical (Z) 
direction for most records, although there were instances where the magnitude of the vertical (Z) 
and lateral (Y) peaks were similar (Figure A-1).  The lowest peak at the seat back occurred in the 
fore-and-aft (X) direction.  At the pilot station helmet, the peak associated with the BPF was the 
highest in the vertical (Z) direction but was more dampened than the peaks observed at the the 
other measurement sites. 
 
As shown in Figure A-1, a small but notable peak was observed around 49-50 Hz at all floor and 
seat measurement sites and was assumed to be a harmonic of the BPF (~2xBPF).  This peak was 
very low at the helmet or not observed.  Any accelerations at the helmet observed below 5 Hz 
were assumed to be due to voluntary head motions.   
 
At the crew chief station floor, the peak associated with the BPF tended to be the highest in the 
lateral (Y) direction, followed by a substantial peak in the vertical (Z) direction, similar to the 
observations at the pilot station.  At the crew chief station seat pan, the peak associated with the 
BPF was similar in all three directions at 80 KCAS.  The lateral (Y) peak became notably higher 
in comparison to the other directions at 120 KCAS, as shown in Figure A-2.  At the crew chief 
station seat back, the peak associated with the BPF tended to be the highest in the vertical (Z) 
direction, followed by the lateral (Y) peak at all three airspeeds.  At the crew chief station 
helmet, the peak associated with the BPF was the highest in the vertical (Z) direction.  The peak 
was more dampened as compared to the peaks at the other measurement sites. 
 
As with the pilot spectra, a smaller but notable peak was observed around 49 to 50 Hz at all floor 
and seat measurement sites, which coincided with a harmonic of the BPF (~2xBPF).  Again, this 
peak was very low or not observed in the helmet spectra.   
 
 
At the medic station floor, seat pan, and seat back, the peak associated with the BPF tended to be 
highest in the lateral (Y) direction at all airspeeds.  There were records that showed more 
similarity between the lateral (Y) and vertical (Z) peaks at the seat back, particularly at the 
highest airspeed (Figure A-3).   
 
Some records showed the peak between 49 and 50 Hz, similar to the results for the pilot and 
crew chief stations, and was associated with a harmonic of the BPF (~2xBPF). 
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Observations of the spectral data for the other flight test conditions showed similar trends with 
respect to the frequency location of the peak responses.  As with level flight, the highest peaks 
were typically observed at the BPF.  In addition to level flight (Conditions L, M, and N), Ground 
Flight 100% (B), Climb (K), Std Rate Turn (O), Steep Rate Turn (P), and Descent (Q) showed 
the BPF primarily occurring between 24.5 and 25 Hz.  A second peak associated with 2xBPF (49 
– 50 Hz) was observed and quite prevalent for some test records.  For Takeoff Normal (C), 
Takeoff Vertical (D), Takeoff Minimum Power (E), Hovering Stationary IGE (F), Hovering 
Taxis IGE (G), Hover OGE (H), Transverse Flow (I), Landing (J), Normal Approach OGE 
Hover (S), Steep Approach to OGE Hover (T), Normal Approach to IGE Hover (U), and Steep 
Approach to IGE Hover (V) the peak associated with the BPF occurring at a slightly higher 
frequency between 25.5 and 26 Hz.  For these test records, the second peak associated with 
~2xBPF was observed between 50 and 52 Hz, and quite prevalent in some test records.  The BPF 
peak for Engine Idle occurred between 16 and 20 Hz, depending on the flight.   
 
4.1.2 HH-60M Acceleration Spectra. 
Figures A-4 through A-6 illustrate the acceleration spectra for the HH-60M at the floor or seat 
base, seat pan, seat back, and helmet (pilot and  crew chief) for a selected data record collected 
during level flight at the pilot, crew chief, and medic stations, respectively.  It was even more 
difficult to identify a peak associated with the PRF of the HH-60M as compared to the UH-72.   
As expected, the highest peaks tended to occur at what was presumed to be the BPF.  These 
peaks consistently occurred between 17 and 17.5 Hz.  Based on these observations, it was 
estimated that the PRF for level flight was between 4 to 4.5 Hz.  Peaks can be identified at the 
helmet in this frequency range (Figures A-4 and A-5).   
 
At the pilot station seat base, seat pan, and seat back, the peaks associated with the BPF were the 
highest in the lateral (Y) direction at 80 and 100 KCAS.  The highest peak became prevalent in 
both the lateral (Y) and fore-and-aft (X) directions at 120 KCAS (Figure A-4).  At the pilot 
station helmet, the highest peak associated with the BPF occurred in the vertical (Z) direction.  
Interestingly, for the illustrated record, the helmet vertical (Z) peak was high than at the other 
stations.  One explanation is that the pilot helmet may have been in contact with the seat, or may 
have been associated with pitch motion caused by the fore-and-aft (X) motions at the seat pan 
and seat back. 
 
At the pilot station, smaller peaks were observed at multiples of the BPF including 34 – 35 Hz 
(~2xBPF), 51 – 52 Hz (~3xBPF), and 68 – 70 Hz (~4xBPF), although these peaks were not 
observed at the helmet.  In several cases, there was also a substantial peak between 78 and 80 Hz 
in the seat data.  The source of this peak requires further spectral analysis and comparisons.  The 
peaks beyond the BPF were not observed at the helmet.  The accelerations at the helmet 
observed at low frequencies below 5 Hz were assumed to be due to voluntary head motions.   
 
 
At the crew chief station floor, the peaks associated with the BPF were similar in magnitude in 
all three directions at the lower airspeed (80 KCAS) although the vertical (Z) peak tended to 
dominate most records.  At the higher airspeeds, the vertical (Z) peak followed by the fore-and-
aft (X) peak became notably more prevalent (Figure A-5).  At the crew chief station seat pan, the 
peaks associated with the BPF were of relatively similar magnitude in all three directions at 80 
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KCAS.  At the higher airspeeds, the fore-and-aft (X) peak was the most prevalent, followed by 
the vertical (Z) peak, for most records.   At the crew chief station seat back, the peak associated 
with the BPF tended to be the most prevalent in the lateral (Y) direction at 80 KCAS.  At the 
higher airspeeds, the peaks tended to be the highest in the fore-and-aft (X) and vertical Z) 
directions.  At the crew chief station helmet, the peak associated with the BPF was the highest in 
the vertical (Z) direction.  The peak was dampened as compared to the other measurement sites. 
 
As with the pilot station, the crew chief station showed smaller peaks at multiples of the BPF 
including 34 – 35 Hz (~2xBPF), 51 – 52 Hz (~3xBPF), and 68 – 70 Hz (~4xBPF).  For some 
data points, a very prevalent peak was observed in the vertical direction at 51 – 52 Hz.  This peak 
was most prevalent at 80 KCAS.  The peak between 78 and 80 Hz was also observed at the seat 
for some test records.   
 
At the medic station floor, the peak associated with the BPF was the highest in the vertical (Z) 
direction at all three airspeeds.  At the medic station seat pan and seat back, the peak associated 
with the BPF was the highest in both the vertical (Z) and fore-and-aft (X) directions (Figure A-
6).  Again, peaks associated with the PRF were either very low or not observed.   
 
As with the pilot and crew chief stations, the medic station also showed smaller peaks at 
multiples of the BPF.  As observed at the crew chief station, the vertical peak between 51 and 52 
Hz was prevalent in some data records, particularly at 80 KCAS.  The peak between 78 and 80 
Hz was also observed for some test records. 
 
Observations of the spectral data for the other flight test conditions showed similar trends with 
respect to the frequency location of the peak responses, except for Engine Ide (A).  The highest 
peaks were typically observed at the BPF that occurred between 17 and 17.5 Hz.  Smaller peaks 
were consistently observed at multiples of the BPF, including the generation of a peak between 
78 and 80 Hz in some test records.  For Engine Idle (A) at all stations and measurement 
locations, very small peaks were observed.  The most notable occurred between 9.5 and 10 Hz, 
with various peaks observed at multiples of these frequencies.   
 
4.2 Overall Unweighted and Weighted Acceleration Levels 
 
The following sections present the overall unweighted and weighted acceleration levels averaged 
between 1 and 80 Hz for each flight test condition, in accordance with Eqs. (1) and (2), 
respectively.  The overall weighted accelerations defined in Eq. (2) and described below in each 
direction were also multiplied by the appropriate multiplying factor listed in Table 3.  It is 
cautioned that the summary provided below on the unweighted and weighted overall 
accelerations are observations and have not been statistically evaluated for significant effects of 
measurement site and direction. 
 
As observed in the data for the various flight test conditions, the maximum accelerations tended 
to occur at very distinct frequencies associated with the aircraft propulsion system.  The highest 
peak was associated with the BPF.  For some records, substantial peaks were also observed at 
multiples of the BPF, with the highest tending to occur at 2*BPF.  As mentioned for the HH-
60M, the crew chief and medic stations showed substantial peaks at 3*BPF.  In general, the high 
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magnitudes of the peaks associated with the BPF will have the greatest influence on the overall 
unweighted accelerations.  For the overall weighted accelerations, the peaks will be weighted in 
accordance with Table 3 and Figure 15.  Therefore, the higher frequency peaks will not have the 
influence on the overall weighted accelerations, as they do for the unweighted levels.  The 
following sections 4.2.2 and 4.2.3 emphasize the effects of the frequency weightings and 
multiplying factors on the measured acceleration levels, since it is these weighted values that are 
used to assess comfort reaction and health risks in accordance with the current guidelines. 

4.2.1 UH-72. 
Figures A-7 to A-9 illustrate the pilot, crew chief, and medic stations mean overall unweighted 
accelerations ± one standard deviation at the floor, seat pan, and seat back for the various tasks 
and associated flight test conditions (records).  Figures A-10 to A-12 illustrate the pilot, crew 
chief, and medic station overall weighted accelerations ± one standard deviation at the seat pan 
and seat back for the various tasks and associated flight test conditions.   
 
At the pilot station (Figure A-7), the majority of records showed that the highest overall 
unweighted accelerations at the floor occurred in the lateral (Y) and vertical (Z) directions.  The 
majority of the records showed that the highest unweighted accelerations at the pilot seat pan 
occurred in the lateral (Y) direction for most conditions, with dampening of the vibration in the 
vertical (Z) direction as compared to the floor.  There also appeared to be higher levels of overall 
unweighted accelerations at the pilot seat pan in the fore-and-aft (X) direction as compared to the 
floor.  The majority of the records showed that the highest overall unweighted accelerations at 
the pilot seat back occurred in the vertical (Z) direction, while the lowest occurred in the fore-
and-aft (X) direction.  The seat back vertical (Z) accelerations were higher than that observed at 
the seat pan. 
 
At the crew chief station (Figure A-8), the majority of records showed that the highest overall 
unweighted accelerations at the floor occurred in the vertical (Z) direction followed by the 
overall levels in the lateral (Y) direction.  As with the pilot station, the crew chief seat pan 
showed dampening in the overall unweighted accelerations in the vertical (Z) direction, and a 
tendency for higher fore-and-aft (X) accelerations as compared to the floor.  The highest overall 
unweighted accelerations at the crew chief seat back occurred in the vertical (Z) direction, while 
the lowest overall levels occurred in the fore-and-aft (X) direction, similar to the trends observed 
at the pilot station.  As with the pilot station, the seat back vertical (Z) accelerations were higher 
than that observed at the seat pan. 
 
At the medic station (Figure A-9), the majority or records showed that the highest overall 
unweighted accelerations at the floor occurred in the lateral (Y) direction followed by the vertical 
(Z) direction.  The highest overall unweighted levels at the seat pan occurred in the lateral (Y) 
direction, and were notably higher as compared to the floor, particularly for Task 1052.  The 
unweighted vertical (Z) levels at the medic seat pan did not show as much dampening as 
compared to the floor as was observed at the other stations, but did show a tendency for 
increased fore-and-aft (X) vibration as compared to the floor.  The lateral (Y) overall unweighted 
levels at the medic station seat pan were also notably higher as compared to the seat pan data at 
the other stations.  The medic station also showed substantial overall unweighted accelerations in 
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the lateral (Y) direction at the seat back.  Both the fore-and-aft (X) and lateral (Y) overall 
unweighted levels at the medic seat back were higher as compared to the other two stations. 
 
Figures A-10, A-11, and A-12 illustrate the substantial reduction that occurs in the overall 
unweighted acceleration levels after applying the frequency weightings and multiplying factors 
listed in Table 3 and shown in Figure 15.  In general, the highest overall weighted accelerations 
occurred in the vertical (Z) direction at the seat pan, and in the fore-and-aft (X) direction at the 
seat back at all stations. 
 
Figure A-13 summarizes the mean unweighted and weighted overall accelerations at each station 
and in each direction at the seat pan and seat back for the UH-72 during level flight (80, 100, and 
120 KCAS).  Included are the pVTVs at the seat pan and seat back calculated in accordance with 
Eq. (3), as well as the oVTV (vector sum of pVTVs at seat pan and seat back) using the weighting 
curves and multiplying factors in Table 3 for Comfort Reaction.  The figure also includes the 
pVTV at the seat pan using the weighting curves and multiplying factors in Table 3 for Health 
Risk.  The figure shows the similarities between the directional effects in the peak responses 
observed at the BPF (Section 4.1.1) and the directional effects observed in the overall 
unweighted acceleration levels. Specifically, the figure depicts the tendency for higher 
unweighted accelerations at the seat pan in the lateral (Y) direction at all three stations, 
particularly at the medic station, and the higher unweighted accelerations at the seat back in the 
vertical (Z) direction at the pilot and crew chief stations.  At the medic station, the lateral (Y) 
vibration tended to be higher or similar to the vertical (Z) vibration.   
 
Figure A-13 shows that the weighted accelerations at the seat pan were higher in the vertical (Z) 
direction, while the weighted accelerations at the seat back were higher in the fore-and-aft (X) 
directions, as observed in Figures A-10 through A-12.  These weighted accelerations appeared to 
be the major contributors to the pVTV at the respective measurement site.  Figure A-13 also 
indicates that the pVTV tended to be higher at the seat pan as compared to the seat back at all 
three station:  the pVTV at the seat back had only minimal effect on the oVTV calculation (i.e., 
pVTV at the seat pan was similar to oVTV).   

4.2.2 HH-60M. 
Figures A-14 through A-16 illustrate the pilot, crew chief, and medic stations mean overall 
unweighted accelerations ± one standard deviation at the floor, seat pan, and seat back, 
respectively, for the various tasks and associated flight test conditions.  Figures A-17 to A-19 
illustrate the pilot, crew chief, and medic station overall weighted accelerations ± one standard 
deviation at the seat pan and seat back for the various tasks and associated flight test conditions.   
 
It was more difficult to identify consistent directional effects across the various tasks and flight 
test conditions for the HH-60M.  In general, at the pilot station, the unweighted levels tended to 
be the highest in the fore-and-aft (X) and lateral (Y) directions at the seat base and seat pan, with 
the directional effects being more variable at the seat back.  While not determined statistically, 
the unweighted acceleration levels at the seat back appeared to be very similar among the three 
measurement sites. 
 

22  
Distribution A: Approved for public release; distribution unlimited.   

88 ABW Cleared 05/28/2014; 88ABW-2014-2560. 



 

In contrast, at the crew chief station, the overall unweighted accelerations tended to be the 
highest in the vertical (Z) direction at the seat base.  The acceleration levels tended to be more 
similar at the seat pan.  The crew chief seat back accelerations tended to be the highest in the 
vertical (Z) direction and similar to the trends observed at the floor. 
 
At the medic station, the overall unweighted acceleration levels were notably higher in the 
vertical (Z) direction at the floor, with the lowest levels observed in the lateral (Y) direction, 
particularly for Task 1052.  The medic station seat pan and seat back levels were amplified in the 
fore-and-aft (X) direction as compared to the floor and more similar to the overall unweighted 
accelerations in the vertical (Z) direction.  The lateral (Y) accelerations were notably the lowest 
at all three measurement sites for most records.   
 
As with the UH-72, Figures A-17 to A-19 show the significant reduction in the overall 
unweighted acceleration levels after applying the weighting curves and multiplying factors listed 
in Table 3.  The highest weighted accelerations at all three stations on the HH-60M occurred in 
the vertical (Z) direction at the seat pan, and in the fore-and-aft (X) direction at the seat back, 
similar to the UH-72 observations. 
 
Figure A-20 summarizes the mean unweighted and weighted overall acceleration data at each 
station and in each direction at the seat pan and seat back for the HH-60M  during level flight 
(80, 100, and 120 KCAS).  Included are the pVTVs at the seat pan and seat back calculated in 
accordance with Eq. (3), as well as the oVTV using the weighting curves and multiplying factors 
in Table 3 for Comfort Reaction.  The figure also includes the pVTV at the seat pan using the 
weighting curves and multiplying factors in Table 3 for Health Risk.  As with the UH-72, the 
figure shows the similarities between the directional effects in the peak responses observed at the 
BPF (Section 4.1.2) and the directional effects observed in the unweighted and weighted overall 
acceleration levels.  Specifically, the figure depicts the tendency for higher unweighted 
accelerations at the pilot station seat pan in the fore-and-aft (X) and lateral (Y) directions, and 
similar unweighted acceleration levels at the seat back.  The figure also shows the tendency for 
similar unweighted acceleration levels at the crew chief station seat pan in all three directions, 
with the highest unweighted accelerations at the seat back occurring in the vertical (Z) direction.  
The highest unweighted accelerations at the medic seat pan and seat back occurred in both the 
fore-and-aft (X) and vertical (Z) directions.   
 
Figure A-20 shows that the weighted accelerations at the seat pan were higher in the vertical (Z) 
direction, while the weighted accelerations at the seat back were higher in the fore-and-aft (X) 
directions, as shown in Figures A-17 through A-19, and similar to the results for the UH-72.  
Figure A-13 also indicates that the pVTV tended to be higher at the seat pan as compared to the 
seat back at all three station:  the pVTV at the seat back had only minimal effect on the oVTV 
calculation (i.e., pVTV at the seat pan was similar to oVTV), similar to the results for the UH-72.   
 
4.3 Aircrew Vibration Comfort Assessment 
 
The guidelines in ISO 2631-1 [2] were used to assess the Comfort Reactions of the aircrew based 
on the oVTV calculated as the vector sum of the pVTVs estimated at the seat pan and seat back in 
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accordance with Eq. (3) and using the frequency weightings and multiplying factors in Table 3.  
The Comfort Reactions are independent of time. 
 
4.3.1 UH-72. 
Figures A-21 through A-23 illustrate the oVTV estimated for each test record, flight test 
condition, and flight number at the pilot, crew chief, and medic stations, respectively, aboard the 
UH-72.  Included are the mean values ± one standard deviation.  In general, the oVTV estimated 
for the UH-72 were primarily associated with being “not uncomfortable” to “a little 
uncomfortable” in accordance with the ISO 2631 guidelines on comfort reactions.  The crew 
chief station showed a couple of records with exposures that would be considered “fairly 
uncomfortable”, particularly for Task 1058.  The medic station showed a majority of records for 
Task 1052 with exposure levels that would be considered “fairly uncomfortable”.  Figure A-13 
does show a slightly higher mean value for the medic oVTV for comfort reaction during level 
flight.  The overall weighted accelerations shown in Figures A-10 through A-12 for Task 1052 
(that includes level flight) do show the relatively higher mean overall weighted lateral (Y) and 
vertical (Z) seat pan accelerations and the relatively higher overall weighted fore-and-aft (X) seat 
back accelerations observed at the medic station as compared to the other stations.  These higher 
levels would have contributed to the higher oVTV.   
 
4.3.2 HH-60M. 
Figures A-24 – A26 illustrate the oVTV estimated for each test record, flight test condition, and 
flight number at the pilot, crew chief, and medic stations, respectively, aboard the HH-60M.  
Included are the mean values ± one standard deviation.  In general, the oVTVs estimated for the 
HH-60M were higher as compared to the UH-72.  At all stations, the estimated oVTV indicated 
that the comfort reaction was at least “a little uncomfortable” to “fairly uncomfortable”.  At all 
three stations, certain records showed that some exposures were considered “uncomfortable” in 
accordance with the ISO 231 guidelines, particularly at the crew chief and medic stations for 
Task 1052.    The crew chief and medic stations also showed records associated with exposures 
that would be considered “very uncomfortable”, particularly for Task 1052 steep rate turn and 
descent.  Figure A-20 shows that the mean weighted vertical (Z) accelerations at the seat pan for 
level flight were the highest at the medic station and lowest at the pilot station.  The mean oVTVs 
for comfort reaction (Fig. A-20) showed the same trend.  Comparing the overall weighted seat 
pan and seat back accelerations among the pilot, crew chief, and medic (Figs. A-17 – A-19), the 
higher oVTVs observed at the crew chief and medic stations were primarily the result of the 
higher overall weighted vertical (Z) seat pan accelerations.   
 
4.4 Health Risk 
 
The guidelines in ISO 2631-1: 1997 and MIL-STD 1472G were used to assess the aircrew health 
risk due to vibration exposure based on the pVTV at the seat pan, using the frequency weightings 
and multiplying factors listed in Table 3.  The exposures associated with level flight were used 
for the assessment.  This approach was used since mission time can vary, as well as the amount 
of time the aircrew would spend at a particular flight condition.  The level flight test conditions 
were determined to be a good representation of the average vibration exposure levels 
experienced during any particular mission.  This was based on previous assessments, and the 
weighted vibration levels observed for all flight test conditions targeted in this study.  If the time 
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spent at each of the various flight conditions are known during a mission, the pVTV can be 
calculated using the exposure levels and durations.  Figures A-27 and A-29 include plots of the 
ISO 2631 Health Guidance Caution Zones and show the more conservative boundary defined in 
the MIL-STD 1472 for exposures below 3.5 hours.  The plots emphasize exposure times between 
1 and 10 hours, with a line marking the 8-hour exposure duration.  Tables A-4 through A-9 list 
the overall unweighted and weighted seat pan accelerations in each direction, as well as the 
pVTV calculated for assessing health risks for all stations aboard both aircraft based on the level 
flight records at airspeeds of 80, 100, and 120 KCAS.  Data are also included for the AVCS OFF 
and NOE flight test conditions aboard the HH-60M.  The tables also list the durations allowable, 
in hours, before the exposure associated with the listed record would enter the lower boundary 
and upper boundary of the Health Guidance Caution Zones (HGCZ) illustrated in Figure 16, and 
Figures A-27 and A-29.  These exposure durations are based on the highest overall acceleration 
level in any direction, as well as the seat pan pVTV for health risk. The highest weighted 
acceleration at the seat pan always occurred in the vertical (Z) direction, regardless of the aircraft 
or station.  Any greater exposure duration for that particular maneuver and record would enter 
the zone where there is the potential for health risks or where health risks are likely.  The 
durations were calculated based on the square root time dependency.  The durations and 
associated acceleration levels are color-coded (orange and red) to easily identify which 
maneuvers and records would cross the two boundaries in less than 8 hours. 
 
4.4.1 UH-72. 
Figure A-27 includes lines representing the values of the seat pan pVTV for all level flight 
records at the three airspeeds, for each flight, and for each aircrew station aboard the UH-72.  
The lines emphasize where the exposures cross into the zone where there is the potential for 
health risks.  This assumes that the rms acceleration exposure level estimated over a 20-second 
period for that particular flight test condition and record would not change over longer exposure 
duration.  As noted in the figure, at all three stations showed a tendency for the pVTV to increase 
with airspeed.  This can also be observed to some extent in the plots of the comfort reactions 
(Figs. A-21 – A-23).  Figure A-27 shows that there were several exposures at the pilot station 
where the acceleration levels would cross the lower boundary just under 8 hours, particularly if 
flying at 120 KCAS.  Figure A-27 shows that none of the exposures at the crew chief station 
would cross into the zone where there is the potential for health risks in less than 8 hours.  In 
contrast, all of the level flight exposures at the medic station crossed into the zone where there is 
the potential for health risk between about 3.5 hours and 8 hours. 
 
Table A-4 clarifies that, between 5 and 8 hours of exposure at the UH-72 pilot station, all level 
flight records at 120 KEAS (except for one) would cross the lower boundary and enter the 
potential for health risks zone based on the seat pan pVTV.  Very few of these exposures would 
exceed 8 hours when based on the overall weighted vertical (Z) seat pan acceleration, suggesting 
a substantial contribution of horizontal vibration to the pVTV.   
 
Table A-5 clarifies that none of the UH-72 crew chief station level flight records would reach the 
potential for health risks in less than 8 hours of exposure.   
 
Table A-6 clarifies that, between about 3.5 and 8 hours of exposure at the UH-72 medic station, 
all level flight records would enter the potential for health risks zone based on the pVTV.  A 
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majority of the records collected at 120 KEAS would also enter the zone between 4 and 8 hours 
based on the overall weighted vertical (Z) acceleration.  
 
Figure A-28 shows plots of the mean exposure durations required (± one standard deviation) 
among the UH-72 flight test conditions (listed in Tables A-4 through A-6) to reach the lower 
boundary of the HGCZ,  beyond which there is the potential for health risks based on the 
weighted vertical (Z) seat pan acceleration and the seat pan pVTV.  The figure illustrates the 
effect of using the weighted vertical (Z) seat pan acceleration vs the seat pan pVTVs to assess 
health risks relative to the station. 
 
4.4.2 HH-60M. 
Figure A-29 includes lines representing the values of the seat pan pVTV for all level flight 
records at the three airspeeds, for each flight, and for each aircrew station aboard the HH-69M. 
Again, the assumption is made that the rms acceleration exposure level estimated over a 20-
second period for that particular flight test condition and record would not change over longer 
exposure durations.  As with the UH-72, there was a tendency for the pVTV to increase with 
airspeed.  This trend can also be observed to some extent in the plots of the comfort reactions 
(Figs. A-24 – A-26).  Figure A-29 shows that quite a few records collected at the pilot station 
were associated with exposures that would enter the lower boundary, where the potential for 
health risks exist, in less than 8 hours, particularly at the higher airspeeds.  Figure A-29 shows 
that the exposure levels associated with level flight at the crew chief station were quite variable, 
with most of the records associated with the higher airspeed (120 KCAS) entering the zone of 
potential health risks in less than 8 hours.  Several records associated with exposures at the 
higher airspeed appeared to cross the lower boundary in as little as 2 hours.  It also appeared that 
several exposures would actually enter the zone where health risks are likely by 8 hours.  Figure 
A-29 shows that the exposure levels associated with level flight at the medic station were 
variable.  All level flight records were associated with exposures that would enter the potential 
for health risks zone in less than 8 hours, most would enter the zone by 5 hours of flight.  Many 
of the exposures at the higher airspeed (120 KCAS) also entered the health risks likely zone in 
less than 8 hours.   
 
Table A-7 clarifies that, between about 5 and 8 hours of exposure at the HH-60M pilot station, 
several records at 100 KEAS, all records at 120 KEAS, and all but one record for NOE would 
cross the lower boundary and enter the potential for health risks zone based on the pVTV.  A 
majority of the records at 120 KEAS would cross the lower boundary zone in less than 8 hours 
based on the overall weighted vertical (Z) acceleration.  Both records for AVCS OFF would 
cross the lower boundary in as little as 2 hours of exposure, with one record that would cross the 
upper boundary in about 8 hours and enter the health risks likely zone (based on the pVTV). 
 
Table A-8 clarifies that, between 2 and 8 hours of exposure at the HH-60M crew chief station, a 
few records at 100 KEAS and almost all records at 120 KEAS would cross the lower boundary 
and enter the potential for health risks zone based on the pVTV.  A majority of the records at 120 
KEAS would also cross the lower boundary in less than 8 hours based on the overall weighted 
vertical (Z) acceleration.  Both records for AVCS OFF would cross the lower boundary in less 
than 2 hours.  A couple of records at 120 KEAS and both records for AVCS OFF would cross 
the upper boundary in just under 8 hours and enter the health risks likely zone.   
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Table A-9 clarifies that, between 1 and about 5 hours of exposure at the HH-60M medic station, 
all level flight records, both ACVS OFF records, and all NOE records using both the pVTV and 
overall weighted vertical (Z) acceleration would cross the lower boundary and enter the potential 
for health risks zone.  In addition, a couple of the records at 100 KEAS, the majority of the 
records at 120 KEAS, and both records at ACVS OFF show that the medic would cross the upper 
boundary between 4 and 8 hours and enter the health risks likely zone, based on either the pVTV 
or the overall weighted vertical (Z) acceleration. 
 
Figure A-30 shows plots of the mean exposure durations required (± one standard deviation), 
among the HH-60M flight test conditions (listed in Tables A-7 – A-9), to reach the lower 
boundary of the HGCZ  beyond which there is the potential for health risks based on the 
weighted vertical (Z) seat pan acceleration and the seat pan pVTV.  The figure illustrates the 
effect of using the weighted vertical (Z) seat pan acceleration vs the seat pan pVTVs to assess 
health risks relative to the aircrew station. 
 

 
5.0 DISCUSSION AND CONCLUSIONS 

 
This document provides a summary of the vibration exposure assessment conducted onboard the 
UH-72 Lakota and HH-60M Medevac helicopters.  Included is a synopsis of the seat pan and 
seat back acceleration spectra generated by these aircraft.  The characteristics of the spectra 
generated by these aircraft were similar to that observed during other investigations conducted 
on rotary-wing and tilt-rotor aircraft, where the highest accelerations were associated with the 
propulsion system and occurred at relatively distinct frequencies [4, 5, 6].  The vibration 
associated with the propeller rotation frequency or PRF was typically quite low in magnitude and 
occurred below 10 Hz for both aircraft.  The highest vibration tended to occur at the blade 
passage frequency or BPF beyond 10 Hz at all measurement sites on both aircraft, with 
additional peaks observed as harmonics of the BPF.  Peak magnitudes were observed in the fore-
and-aft (X), lateral (Y), and vertical (Z) directions, depending on the flight test condition, station, 
and measurement site.    
 
As shown in Figures A-13 and A-20, the higher frequencies associated with the UH-72 and HH-
60M, as with other rotary-wing/tilt-rotor aircraft, can be highly weighted once the ISO 2631-1 
frequency weightings and multiplying factors are applied for calculating the overall weighted 
accelerations, pVTVs, and oVTVs.  This can dramatically reduce the contribution of the vibration 
to the comfort reaction and health risk calculation defined in the standard.  Regardless, both 
aircraft did show that certain flight test conditions were associated with comfort reactions 
ranging from being considered ‘fairly uncomfortable’ to even ‘very uncomfortable’ depending 
on the station.  Both aircraft also showed that level flight exposures can cross into the potential 
for health risk zone, and even enter the health risk likely zone (HH-60M) in less than 8 hours.  
The health risk assessment and the calculation of the allowable exposure durations before 
entering the potential for health risk zone were based on the Health Guidance Caution Zones or 
HGCZ defined in ISO 2631-1, and not the more conservative lower boundary given in the MIL-
STD 1472G [3].  As illustrated in Figure A-29 for the HH-60M crew chief and medic stations, 
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several of the level flight records would cross the lower boundary in even less time for durations 
of less than 3.5 hours when using the military guideline. 
 
The exposures aboard the UH-72 tended to show less effect on discomfort and health risk as 
compared to the HH-60M.  For example, the mean allowable duration before crossing the lower 
boundary at 120 KCAS was 6.9 hours, 12.5 hours, and 4.5 hours at the UH-72 pilot, crew chief, 
and medic stations, respectively (Tables A-4 – A-6), compared to 5.7 hours, 4.3 hours, and 1.7 
hours at the HH-60M pilot, crew chief, and medic stations, respectively (Tables A-7 – A-9).  
Without a more detailed comparison of the directional effects and peak magnitudes, it is difficult 
to pinpoint the contributing factors for these differences.    While the peak accelerations 
associated with the higher frequency responses aboard the UH-72 would be weighted more as 
compared to the HH-60M (note frequency weightings in Figure 15 associated with BPF at center 
frequencies 16 and 25 Hz), the direction of the peak responses can play a substantial role.   As an 
example, Figure A-31 compares the overall unweighted and weighted accelerations in each 
direction at the pilot station aboard the two aircraft at 120 KCAS level flight.  The figure shows 
that both aircraft produced similar unweighted and weighted seat pan acceleration levels in the 
vertical (Z) direction.  The major difference occurred in the fore-and-aft (X) direction, with 
higher levels observed at the HH-60M pilot station.  Regardless, the strong influence of the 
weighted vertical (Z) component resulted in a relatively similar pVTV value for health risks with 
approximately 1 hour difference in the allowable exposure duration to the lower boundary of the 
HGCZ, as noted above (6.9 hours compared to 5.7 hrs).  However, at the seat back, even though 
the UH-72 pilot station showed notably higher unweighted vibration levels in the lateral (Y) and 
vertical (Z) directions, the higher fore-and-aft (X) vibration at the HH-60M pilot seat back, in 
combination with the seat back frequency weightings and multiplying factors, produced the 
highest weighted seat back accelerations in the fore-and-aft (X) direction at the HH-60M pilot 
station.  This contributed to the higher oVTV at the HH-60M pilot station for assessing comfort 
reaction (Fig. 31).  At the medic stations, even though there was very substantial vibration in the 
lateral (Y) direction at the seat pan on the UH-72, the dominance of the weighted seat pan 
vertical (Z) vibration on the HH-60M resulted in a substantially higher pVTV for assessing health 
risk, as compared to the UH-72 (Fig. 31).  At the seat back, while the unweighted and weighted 
acceleration levels in the vertical direction (Z) were similar between the two aircraft, the 
influence of the relatively high fore-and-aft (X) vibration at the HH-60M medic station resulted 
in higher weighted seat back accelerations.  As with the pilot stations, this contributed to the 
higher oVTV at the HH-60M medic station as compared to the UH-72 (Fig. 31).  Similar trends 
were also observed at the crew chief stations (Fig. 31).   
 
Differences in the vibration levels between the two aircraft at a respective station, as well as 
differences between the vibration levels among the stations, were most likely influenced by the 
seating system and occupant.  The seating systems differed in the attachment, adjustments, and 
the type and extent of cushion and lumbar support between the two aircraft and among the 
stations.  The occupants were of different stature and posture.  The only station that included the 
same occupant for all flights on both aircraft was the medic station.  This station or was occupied 
by the test conductor for all flights on both aircraft.  Therefore, the major influence on any 
differences at the medic stations would be primarily due to the seating system structure, location, 
and vibration characteristics of the aircraft, noting that the seat itself could have a major effect on 
the occupant posture.  All of these factors can influence the transmission of vibration to the 

28  
Distribution A: Approved for public release; distribution unlimited.   

88 ABW Cleared 05/28/2014; 88ABW-2014-2560. 



 

occupant, as well as influence other musculoskeletal activity unrelated to the presence of 
vibration.  These are factors that are not easily investigated in the operational environment but 
can be studied in the laboratory setting with the appropriate exposure simulation facilities, 
seating systems, and a broad range of subject anthropometries. 
 
The assessment guidelines provided in the standards are based on human physical and 
psychophysical (perceptional) responses to the frequency, magnitude, and direction of the 
vibration exposure.  These response characteristics are expressed by the frequency weightings 
and multiplying factors that are applied during the assessment process.  Humans are the most 
sensitive to vibration occurring below 10 Hz, particularly in the vertical (Z) direction.  Vibration 
at these lower frequencies can produce relative motions between body regions (vertical motion) 
and cause postural instabilities (when combined with low frequency horizontal motion) that are 
readily perceived as being uncomfortable and even painful.  Whole-body resonance has been 
identified during vertical vibration occurring between 4 and 8 Hz, where the large relative 
motions between the upper and lower torso transmit easily to the head.  The comfort reactions 
defined in ISO 2631-1 (Appendix C) [2] are based on passenger expectations in public 
transportation, where exposures are expected to occur at lower frequencies and shorter durations 
than in military operations.  Caution should be taken in applying these reactions to military 
environments, where longer durations and higher frequency exposures could affect aircrew 
perception.  Likewise, the health risks of vibration have primarily been associated with the 
lumbar spine and connected nervous system [2].  It is logical to conclude that higher magnitude 
lower frequency vibration could contribute to these symptoms due to the relative upper and 
lower torso motions and postural instability that can dynamically and repeatedly stress the spinal 
column. Vibration transmission to the upper torso and head dramatically decreases at frequencies 
beyond 10 Hz, unless there are substantial amplitudes.  Humans primarily perceive higher 
frequency vibration at the interfaces where the body is in contact with the vibrating surface.  The 
mechanisms by which higher frequency vibration generates spinal musculoskeletal stresses that 
contribute to discomfort and pain may be physiologically different than the mechanisms 
associated with low frequency vibration.  This suggests there could be a substantial impact on the 
most appropriate criteria to apply for assessing discomfort and health risk in military air vehicles.   
 
In summary, the results of the assessments on the UH-72 and HH-60M strongly suggest that 
operational vibration has some effect on the discomfort and pain that has been associated with 
the operation of these aircraft, particularly given the magnitudes of the higher frequency 
exposures that still result in a potential health risk according to the standards and guidelines.  The 
higher frequency characteristics of the vibration do warrant investigation of the mechanisms by 
which the vibration can cause pain and injury, leading to the development of more robust 
discomfort and pain mitigation strategies.   

 
 

6.0 RECOMMENDATIONS 
 
1. Conduct periodic monitoring of the aircrew by occupational health specialists, 
particularly documenting reports of discomfort, pain, tingling, and numbness in the back, 
buttocks, and lower extremities.  This could be accomplished using the aircrew surveys 
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developed for this study or some modification.  (The results of the survey conducted under this 
study will be documented in a subsequent report.) 
 
2. Consider adding seat pan and seat back cushion support that may improve posture and 
also mitigate some of the higher frequency vibration entering the occupant at interfaces, 
particularly for aircrew occupying the back of the aircraft.  Attention should be paid to the multi-
axis characteristics of the exposures. 
 
3. If feasible, collect additional vibration data for health risk assessment using different 
aircrew on the same platforms to broaden the population and explore any effects on the current 
assessment results. 
 
4. Leverage the results of this study to expand vibration characterization and health risk 
assessments to other platforms. 
 
5. Explore possible physiological mechanisms by which higher frequency vibration and 
posture may contribute to pain/injury. 
 
6. Conduct controlled testing of current aircrew seating systems for quantifying and 
comparing mulit-axis vibration transmission characteristics, posture influences, and for 
developing mitigation strategies. 
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Table A-1.  REVER Component Details 

Component Dimensions 
(L/W/H cm) Weight (Kg) Item 

Identification 

Large DAUs 16.5/10.0/4.0 0.910 w/cables 
EME S/N 96-59 ID 54 
EME S/N 98-11 ID 53 

Small DAU 9.5/7.0/2.8 0.370 w/cables EME S/N 04-22 ID 55 

Large Batteries 10.0/7.0/3.5 0.645 

BAT 2013 III 
BAT 2013 IV 
BAT 2013 VII 
BAT 2013 VIII 

Small Batteries 9.0/5.0/3.5 0.395 

BAT 2013 I 
BAT 2013 II 
BAT 2013 V 
BAT 2013 VI 

Accelerometer Packs 
(Entran EGAX-25) 

1.9 (diameter) 
0.86 (thickness) 

0.005 
(0.060 w/ cable) 

Pack L 
Pack M 
Pack D 

Pack N (Spare) 
Pack P (Spare) 

Accelerometer Pad 
(Entran EGAX-25) 

(Ride Quality Meter, RQM) 
20.0 (diameter) 0.340 w/ cables 

RQM 1 (Pack S) 
RQM 2 (Pack C) 
RQM 3 (Pack W) 
RQM 4 (Pack T) 
RQM 5 (Pack K) 
RQM 6 (Pack Q) 

Triggers 7.6 (length) 
2.2 (diameter) 0.030 w/cable 

TRIG 1 
TRIG 2 
TRIG 3 

Helmet Mounts 
(Entran EGA-125-10D) 6.5 (one arm) 0.050 w/cables 

Helmetbar 1 
Helmetbar 2 

Extra Cable 183 (length) 0.100  

Total Estimated Weight w/ 
two batteries + cable and 

two acceleration pads  2.23 – 2.77 
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Table A-2.  Flight Test Conditions
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Table A-3.  UH-72 and HH-60M Flight Test Condition Records 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 UH-72 HH-60M 
 # of Records # of Records 
Task/Condition Flt 1 Flt 2 Flt 3 Flt 1 Flt 2a Flt 2b 
TASK 1024  Before Start – Before Leave Helo Checks 
Engine Idle 1 2 3 3 - 31 

Grd Flt 100% 1 2 3 3 - 4 
TASK 1040  Perform VMC Takeoff 
TO Normal 3 2 2 2 - 1 
TO Vertical - 3 2 2 - 1 
TO Min Power - 2 2 2 - 1 
TASK 1038  Perform Hovering Flight 
Hover Stat IGE 3 - 3 3 - - 
Hover Taxi IGE 2 - - 3 3 - 
Hover OGE 3 3 3 3 4 - 
Trans Flow - 4 3 22 - 4 
Landing - - - 1 - 3 
TASK 1052  Perform VMC Flight Maneuvers 
Climb 3 - 2 1 2 1 
Level Flt 80 KCAS 2 4 4 5 43 - 
Level Flt 100 KCAS 3 4 5 3 3 3 
Level Flt 120 KCAS 6 8 6 8 4 6 
Std Rate Turn 4 - 4 4 3 - 
Steep Rate Turn - 44 4 3 3 - 
Descent 3 - 3 7 35 - 
AVCS Off - - - 2 - - 
TASK 1058  Perform VMC Approach 
NA OGE Hover 1 1 0 26 - 1 
SA OGE Hover 0 0 0 1 - 1 
NA IGE Hover 2 4 4 1 1 1 
SA IGE Hover 0 2 0 1 - 1 
TASK 1026  NOE 
NOE - - -  7  
1HH-60M Medic has 4 records 
2HH-60M Crew Chief has 3 records 
3HH-60M Pilot has 5 records 
4UH-72 Crew Chief has 3 records 
5HH-60M Medic has 2 records 
6HH-60M Crew Chief has 3 records 
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Table A-4.  UH-72 Pilot Station Overall Unweighted and Weighted Seat Pan Accelerations, 

pVTVs, and Allowable Exposure Durations to Potential Health Risks (Lower HGCZ Boundary) 
and Health Risks Likely (Upper HGCZ Boundary) 
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Table A-5.  UH-72 Crew Chief Station Overall Unweighted and Weighted Seat Pan Accelerations, 

pVTVs, and Allowable Exposure Durations to Potential Health Risks (Lower HGCZ Boundary) 
and Health Risks Likely (Upper HGCZ Boundary) 
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Table A-6.  UH-72 Medic Station Overall Unweighted and Weighted Seat Pan Accelerations, 

pVTVs, and Allowable Exposure Durations to Potential Health Risks (Lower HGCZ Boundary) 
and Health Risks Likely (Upper HGCZ Boundary) 
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Table A-7.  HH-60M Pilot Station Unweighted and Weighted Seat Pan Accelerations, pVTVs, and 

Allowable Exposure Durations to Potential Health Risks (Lower HGCZ Boundary) and Health 
Risks Likely (Upper HGCZ Boundary) 
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Table A-8.  HH-60M Crew Chief Station Unweighted and Weighted Seat Pan Accelerations, 

pVTVs, and Allowable Exposure Durations to Potential Health Risks (Lower HGCZ Boundary) 
and Health Risks Likely (Upper HGCZ Boundary) 

 
41 

 Distribution A: Approved for public release; distribution unlimited.   
88 ABW Cleared 05/28/2014; 88ABW-2014-2560. 

 
 



 
Table A-9.  HH-60M Medic Station Unweighted and Weighted Seat Pan Accelerations, pVTVs, 

and Allowable Exposure Durations to Potential Health Risks (Lower HGCZ Boundary) and 
Health Risks Likely (Upper HGCZ Boundary) 

 
42 

 Distribution A: Approved for public release; distribution unlimited.   
88 ABW Cleared 05/28/2014; 88ABW-2014-2560. 

 
 



 

 

 

FREQUENCY (Hz)
0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
(m

s-2
 rm

s)

0.0

0.5

1.0

1.5

2.0
PILOT FLOOR Fore-&-Aft (X)

Lateral (Y)
Vertical (Z)

FREQUENCY (Hz)
0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
(m

s-2
 rm

s)

0.0

0.5

1.0

1.5

2.0
PILOT SEAT PAN Fore-&-Aft (X)

Lateral (Y)
Vertical (Z)

FREQUENCY (Hz)
0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
 

(m
s-2

 rm
s)

0.0

0.5

1.0

1.5

2.0
PILOT HELMET Fore-&-Aft (X)

Lateral (Y)
Vertical (Z)

FREQUENCY (Hz)
0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
(m

s-2
rm

s)

0.0

0.5

1.0

1.5

2.0
PILOT SEAT BACK Fore-&-Aft (X)

Lateral (Y)
Vertical (Z)

FREQUENCY (Hz)
0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
 

(m
s-2

 rm
s)

0.0

0.5

1.0

1.5

2.0
FREQUENCY (Hz)

0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
(m

s-2
 rm

s)

0.0

0.5

1.0

1.5

2.0

FREQUENCY (Hz)
0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
(m

s-2
 rm

s)

0.0

0.5

1.0

1.5

2.0
FREQUENCY (Hz)

0 10 20 30 40 50 60 70 80

AC
C

EL
ER

AT
IO

N
(m

s-2
 rm

s)

0.0

0.5

1.0

1.5

2.0
CREW CHIEF

FLOOR
Fore-&-Aft (X)
Lateral (Y)
Vertical (Z)

CREW CHIEF
SEAT PAN

Fore-&-Aft (X)
Lateral (Y)
Vertical (Z)

CREW CHIEF
SEAT BACK

Fore-&-Aft (X)
Lateral (Y)
Vertical (Z)

CREW CHIEF
HELMET

Fore-&-Aft (X)
Lateral (Y)
Vertical (Z)

Figure A-1.  UH-72 Pilot Station RMS Acceleration Spectra for 
Flight 2, Level Flight, 120 KCAS 

Figure A-2.  UH-72 Crew Chief Station RMS Acceleration Spectra for 
Flight 2, Level Flight, 120 KCAS  
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Figure A-3.  UH-72 Medic Station RMS Acceleration Spectra 
for Flight 2, Level Flight, 120 KCAS 
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Figure A-5.  HH-60M Crew Chief Station RMS Acceleration Spectra 
for Flight 1, Level Flight, 120 KCAS 

Figure A-4.  HH-60M Pilot Station RMS Acceleration Spectra 
for Flight 1, Level Flight, 120 KCAS 
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Figure A-6.  HH-60M Medic Station RMS Acceleration Spectra 
for Flight 1, Level Flight, 120 KCAS 

 

 

 
46 

 Distribution A: Approved for public release; distribution unlimited.   
88 ABW Cleared 05/28/2014; 88ABW-2014-2560. 

 
 



 

 Figure A-7.  UH-72 Mean Overall Unweighted Accelerations 
± One Standard Deviation at the Pilot Station 
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Figure A-8.  UH-72 Mean Overall Unweighted Accelerations 
± One Standard Deviation at the Crew Chief Station 
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Figure A-9.  UH-72 Mean Overall Unweighted Accelerations 
± One Standard Deviation at the Medic Station  
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Figure A-10.  UH-72 Mean Overall Weighted Accelerations 
± One Standard Deviation at the Pilot Station 
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Figure A-11.  UH-72 Mean Overall Weighted Accelerations 
± One Standard Deviation at the Crew Chief Station 
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Figure A-12.  UH-72 Mean Overall Weighted Accelerations 
± One Standard Deviation at the Medic Station 
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Figure A-13.  UH-72 Mean Overall Unweighted and Weighted Accelerations, 
pVTVs, and oVTVs + One Standard Deviation for Level Flight 
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Figure A-14.  HH-60M Mean Overall Unweighted Accelerations 
± One Standard Deviation at the Pilot Station 
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Figure A-15.  HH-60M Mean Overall Unweighted Accelerations 
± One Standard Deviation at the Crew Chief Station 
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Figure A-16.  HH-60M Mean Overall Unweighted Accelerations 
± One Standard Deviation at the Medic Station 
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Figure A-17.  HH-60M Mean Overall Weighted Accelerations 
± One Standard Deviation at the Pilot Station 
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Figure A-18.  HH-60M Mean Overall Weighted Accelerations 
± One Standard Deviation at the Crew Chief Station 
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Figure A-19.  HH-60M Mean Overall Weighted Accelerations 
± One Standard Deviation at the Medic Station 
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Figure A-20.  HH-60M Mean Overall Unweighted and Weighted Accelerations, 
pVTVs, and oVTVs + One Standard Deviation for Level Flight 
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  Figure A-21.  ISO Comfort Reactions and oVTVs ± One Standard Deviation 

at the UH-72 Pilot Station 
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Figure A-22.  ISO Comfort Reactions and oVTVs ± One Standard Deviation 

at the UH-72 Crew Chief Station 
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Figure A-23.  ISO Comfort Reactions and oVTVs ± One Standard Deviation 
at the UH-72 Medic Station 
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Figure A-24.  ISO Comfort Reactions and oVTVs ± One Standard Deviation 

at the HH-60M Pilot Station 

HH-60M PILOT COMFORT REACTIONS

ACCELERATION (ms-2 rms)
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

LANDING

TRANSVERSE FLOW

HOVER OGE

HOVER TAXI IGE

HOVER STAT IGE

TO MIN POWER

TO VERTICAL

TO NORMAL

ENGINE IDLE

GRD FLT 100%

NA OGE HOVER

SA OGE HOVER

NA IGE HOVER

SA IGE HOVER

LEVEL FLIGHT 120

LEVEL FLIGHT 100

LEVEL FLIGHT 80

CLIMB

STD RATE TURN

STEEP RATE TURN

DESCENT

AVCS OFF

NOE

TASK 1026 NOE

TASK 1058 Perform VMC Approach

TASK 1052 Perform VMC Flight Maneuvers

TASK 1038 Perform Hovering Flight

TASK 1040 Perform VMC Takeoff 

TASK 1024 Before Start - Before Leave Helo Checks

FLIGHT 1
FLIGHT 2a
FLIGHT 2b

MEAN 

A Little Uncomfortable
Fairly Uncomfortable

Uncomfortable
Very Uncomfortable

Not Uncomfortable

64  
Distribution A: Approved for public release; distribution unlimited.   

88 ABW Cleared 05/28/2014; 88ABW-2014-2560. 
 



 

  
Figure A-25.   ISO Comfort Reactions and oVTVs ± One Standard Deviation 

at the HH-60M Crew Chief Station 
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Figure A-26.  ISO Comfort Reactions and oVTVs ± One Standard Deviation 
at the HH-60M Medic Station 
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Figure A-27.  ISO Health Guidance Caution Zones and UH-72  
Seat Pan pVTVs for Level Flight 
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Figure A-28.  UH-72 Mean Allowable Exposure Durations to 
Potential for Health Risk ± One Standard Deviation 
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Figure A-29.  ISO Health Guidance Caution Zones and HH-60M 
Seat Pan pVTVs for Level Flight 
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Figure A-30.  HH-60M Mean Allowable Exposure Durations to 
Potential for Health Risk + On Standard Deviation 
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Figure A-31.  UH-72 and HH-60M Mean Overall Unweighted and Weighted Seat 
Pan and Seat Back Accelerations, oVTVs and pVTVs + One Standard Deviation 
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LIST OF SYMBOLS, ABBREVIATIONS, AND ACRONYMS 
 
 
arms  Root-Mean-Square Acceleration 

awrms  Weighted Root-Mean-Square Acceleration 

BPF  Blade Passage Frequency 

AWR  Air Worthiness Release 

DAU  Data Acquisition Unit 

HGCZ  Health Guidance Caution Zones (ISO 2631-1, Annex B) 

k  Multiplying Factor (ISO 2631-1) 

oVTV  Overall Vibration Total Value 

PRF  Propeller Rotation Frequency 

pVTV  Point Vibration Total Value 

REVER Remote Vibration Environment Recorder 

rms  Root-Mean-Square 

W  Frequency Weighting (ISO 2631-1)  
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