Chapter 26

OPERATIONAL ARMY AVIATION MEDICINE

revised by Mark J. Tedesco, M.D., M.P.H.
INTRODUCTION

   Air Force flight surgeons in practice will find this reference helpful in preparing for contact with Army aviators, flight surgeons, and Army aircraft. Active duty Air Force Reserve and Air National Guard flight surgeons conduct flying duty medical examinations on Army aircrew members and they may be the first to respond to Army aviation mishaps. Air Force flight surgeons often fly in Army aircraft for many reasons. Also there is now an increased emphasis on joint Air Force and Army air operations in training exercises and battlefield planning. This chapter will familiarize the Air Force flight surgeon with the mission, aircraft, and organization of Army aviation assets; the aeromedical support, aircrew selection, and waiver process; present and future aeromedical problems specific to rotary-wing aircraft; and concludes with a glossary of rotary-wing terminology. 

ARMY AVIATION'S MISSION AND ORGANIZATION

Mission of Army Aviation Operations 

   The mission of Army aviation operations is to augment land operations, thus enhancing the overall combat effectiveness of the Army. Army aviation assets are used to provide combat air assault, aerial fire power, rapid maneuver capabilities, casualty evacuation, and logistical support to the fighting and support elements of the Army. This mission is accomplished by approximately 8,600 aircraft, 15,000 aviation branch officers, and over 18,000 enlisted aviation personnel, located world-wide at about 100 operational sites. 

Aircraft Supporting the Mission 

   The following list outlines the basic Army aircraft currently in operational use in active Army, Army Reserve, and Army National Guard units. A majority of these aircraft have pilot and co-pilot positions and are supported by at least one enlisted crew chief. Some have evolved as a series of upgraded models with new capabilities, but model designations are not detailed in the list below: 

a. AH-1, COBRA: Two-place attack helicopter; cruise 122 kts, range 315 nm. 

b. AH-64, APACHE: Two-place advanced attack helicopter: "the most lethal and combat survivable helicopter in aviation history," anti-tank and air-to- air systems, cruise 160 kts, range 330 nm. 

c. CH-47, CHINOOK: Forty-seven-place medium lift troop transport and cargo helicopter; cruise 132 kts, range 135 nm with 7,300 pound payload. 

d. OH-6, CAYUSE: Four-place command and control, visual observation, target acquisition, and reconnaissance helicopter; cruise 125 kts, range 420 nm. 

e. OH-58, KIOWA: Four-place command and control, advanced scout, target acquisition, and reconnaissance helicopter; cruise 102 kts, range 260 nm. 

f. UH-1, IROQUOIS, "HUEY": Thirteen-place troop transport, medical evacuation (medevac), light cargo, and light fire support helicopter; cruise 110 kts, range 280 nm. 

g. UH-60, BLACKHAWK: Fourteen-place troop transport, combat assault, medevac, and cargo helicopter; cruise 145 kts, range 325 nm. 

h. C-12, HURON: Nine-place, fixed-wing, pressurized, command transport, liaison, cargo, and reconnaissance; ceiling 35,000 ft, cruise 275 kts, range 1,580 nm. 

i. OV-1, MOHAWK: Two-place, fixed-wing, observation, electronic warfare counter measures, and reconnaissance; ceiling 25,000 ft, cruise 210 kts, range 940 nm (with drop tanks). 

j. T-42, BEECH BARON: Four-place, fixed-wing, command transport, liaison, and trainer; ceiling 19,700 ft, cruise 175 kts, range 800 nm with maximum payload. 

k. U-8, SEMINOLE: Six-place, fixed wing, command transport, liaison, medevac, trainer, and cargo; ceiling 27,000, cruise 157 kts, range 970 nm with maximum payload. 

l. U-21, UTE: Eight-place, fixed-wing, troop and command transport, medevac, reconnaissance, and cargo; ceiling 25,000 ft, cruise 184 kts, range 1020 nm with maximum payload.

   The 1990's will be an exciting decade for helicopter research and development as the Army develops and fields the new LHX (light helicopter experimental) and medium lift tilt-rotor aircraft, such as the V-22 Osprey. Improved concepts include new composite structural materials, triple-redundant fly-by-fiber optic controls, tilt-rotor designs, rigid-rotor designs, voice-activated computerized cockpit designs, automatic target acquisition with fire-and-forget armaments, combined air-to-air and air-to-ground all-weather weapon systems, automated flight controls to reduce pilot workload in hovering and nap-of-the-earth (very low level, contour) flight, and improved combat and crash survivability. These advanced human-machine integrations will create new aeromedical challenges. 

Organization of Army Aviation Assets 

   The aviation brigade is the basic organizational element of Army aviation (2). An aviation brigade (similar in size to an Air Force wing) is assigned to support the division, which organizes about 10,000 soldiers into the main fighting element of the Army. The overall combat effectiveness of the division is enhanced by the aviation brigade that carries out timely reconnaissance and intelligence, massed attack helicopter fire, air-to-air and joint Army-Air Force close air support, air assault (troop movement), and rapid repositioning of division assets. The aviation brigade assists the division commander in promptly seizing the initiative across the width and depth of the dynamic battlefield. 

   The average aviation brigade controls 130 aircraft. The elements within each aviation brigade are organized into battalions (similar in size to an Air Force squadron), companies, and platoons or squads. The aircraft and aircrew composition of each of these brigade sub-elements can be adjusted to meet the specialty needs of each division, be it an airborne (parachute assault infantry), airmobile (helicopter assault infantry), heavy (armor-artillery- infantry), or light (mobile infantry) division. The major operational elements and their function within an aviation brigade are briefly described below: 

   The headquarters and headquarters element coordinates command, control, and communication, and provides for aviation brigade logistical and personnel support. 

Command aviation (general support) elements provide for command and control, liaison, administration, combat electronic warfare, intelligence, and direction of field artillery fires. These missions are accomplished with observation and utility helicopters and various fixed-wing aircraft. 

   Cavalry elements provide for air and ground reconnaissance, security screening operations, and enhanced command and control in communication jamming or nuclear, biological, and chemical (NBC) environments. These missions are accomplished with observation and attack helicopters. 

   Assault helicopter elements provide for aerial delivery of mines, resupply, and logistical lift capabilities to rapidly move troops and supplies for the support of rapid deep attacks, enemy pursuits, or readjustment of division defense power. These missions are accomplished by utility helicopters. 

 Attack helicopter elements provide for reconnaissance, security, and concentrated aerial firepower to close with and destroy the enemy. When the Air Force cannot counter enemy aircraft and provide close air support simultaneously in all areas of the battlefield, or the Army has to operate outside friendly air defense cover, attack helicopter elements can function with the Air Force for joint air-to-air operations, joint suppression of enemy air defenses, and joint air attack team operations (3). These missions are accomplished by attack and scout (observation) helicopters. In the future, attack LHX helicopters will be integrated into these units. 

Medium lift helicopter elements provide for general troop and cargo movement and are usually organized at the corps level to provide for rear-area division support. These missions are accomplished by CH-47 Chinooks. In the future, medium lift tilt-rotor aircraft, such as the V-22 Osprey, will be integrated into these units. 

Medical elements provide for tactical aeromedical casualty evacuation and medical resupply. Air ambulance companies, which are assigned to corps medical evacuation battalions, provide aeromedical evacuation of combat and combat support soldiers in the division and corps areas. These elements are usually attached to combat support hospitals and field evacuation hospitals. The medical support mission is accomplished by utility helicopters commanded by Medical Service Corps officer aviators and Aviation Branch warrant officer aviators, assisted by specially trained flight medics. CH-47 Chinooks can be used in mass casualty evacuations. All Army aircraft can be assigned a secondary role of aeromedical evacuation during mass casualty situations or other operational emergencies. In the future, tilt-rotor aircraft, such as the V-22 Osprey, will be integrated into the medical evacuation mission. 

AEROMEDICAL SUPPORT OF THE MISSION

Operational Aeromedical Support 

   At the operational level, primary course-trained flight surgeons are assigned or attached as special staff officers to aviation battalion headquarters or aviation brigade headquarters, and as aeromedical advisors to other aviation and air traffic control assets co-located with the battalion or brigade(4). In this capacity, these flight surgeons typically provide health care for 300-400 personnel on flight status and 350-500 support personnel, and often their dependents. At locations where flight surgeons are in short supply, they may care for the personnel on flight status from several aviation battalions. They provide aeromedical support to US Army Reserve and Army National Guard units on a regional basis as required. Partial- or full- service family practice specialty care combined with aeromedical care is being offered at the aviation battalion or brigade level at many locations worldwide. 

   Primary course-trained aeromedical physician assistants are assigned at the aviation battalion level to assist and augment the aeromedical care given by Army flight surgeons. These care providers can operate an aviation battalion aid station during wartime operations. 

   Army flight surgeons, board-certified in aerospace medicine, are assigned at the operational level in positions of higher responsibility. They may be assigned as special staff officers to aviation brigade headquarters, overseeing the care given by three to seven primary course-trained flight surgeons. They may be assigned as division or corps surgeons, especially to those divisions or corps that rely heavily on aviation assets, or as special operations force surgeons, since these units conduct diving and high altitude airborne operations. At the operational support level, they are assigned to research and development, aeromedical education and training, aeromedical specialty or regional consultant, US Army Safety Center, and community hospital command positions. 

Aeromedical Support at the Army Aviation Center, Fort Rucker, Alabama 

   US Army School oF Aviation Medicine: The school provides over 12,000 platform hours of aeromedical teaching each year by training primary course flight surgeons, aeromedical physician assistants, enlisted flight medics, initial entry rotary-wing students, and other aircrew members requiring refresher aeromedical courses. The school also supports hyperbaric and hypobaric chamber activities. 

   US Army Aeromedical Center: The center is the Army's hub of clinical aeromedical activities. It is composed of the following major elements: 

a. Lyster US Army Community Hospital and supporting clinics, including a department of aviation medicine. 

b. US Army Aeromedical Activity: 
    (1). Review and Disposition Service: Centrally reviews Class 1, 1A, and 2 flying duty medical examinations and initial and annual ECG's for all US Army aviation and air traffic control personnel worldwide. Previous waivers or disqualifications and physical and laboratory values exceeding normal limits are brought to the attention of reviewers as the flying duty medical examination information is entered into a database computer. Questionable or difficult cases are presented to the Aeromedical Consultant Advisory Panel composed of aviation medicine consultants co-trained in other medical subspecialties. The Aeromedical Activity and Aeromedical Consultant Advisory Panel forward recommendations for aeromedical waivers to the US Army Aeromedical Center Commander. 

    (2). Aeromedical Consultation Service: Provides telephonic or hospital-based specialty aeromedical consultation to operational flight surgeons. The service also provides for in-flight evaluation of difficult cases and provides consultation as required for aeromedical waiver requests and aeromedical policy decisions. The service proposes aeromedical standards and policies. 

    (3). Aeromedical Epidemiology Data Repository: The data from all Army flight physicals handled by the Review and Disposition Service is entered into a computerized database for administrative and research support. 

c. US Army Aeromedical Research Laboratory: This laboratory conducts basic and applied aeromedical research in areas of operational aviation interest, such as helmet and seat design, night vision goggles, vibration effects, and aviator performance. 

d. US Army Safety Center: The center sends multi-specialty mishap investigation teams to air and ground mishap sites, providing support and guidance to mishap investigation boards. The center conducts education and research activities for the prevention of aviation and ground mishaps. The center also publishes an aviation safety periodical called "Flight Fax." (Ed. note: If your office routinely takes care of army aviators or if you regularly fly with them, you should order this Flight Fax for your office. You'll find it very helpful ).
Important Autovon Phone Numbers at Fort Rucker: 

Aviation Medicine Consultant/Commander 558-7359/60 
US Army School of Aviation Medicine 558-7408/09 
Director, Aeromedical Activity 558-7412 
Chief, Aeromedical Standards 558-7412 
Chief, Aeromedical Consultation Service 558-7410 
Chief, Review and Disposition 558-7411 
Chief, Aeromedical Education 558-7463 
Hypo & Hyperbaric Chambers (work area) 558-7456 
Aeromedical Epidemiologic Data Repository 558-6846 
US Army Aeromedical Research Laboratory 558-6911/12 
US Army Safety Center 558-2763

CLINICAL ARMY AVIATION MEDICINE

Selection of Army Aircrew 

   Physical standards and administrative requirements for Army flying duty, airborne, and diving medical examinations are found in Army Regulation 40-501; chapters 2, 4, 5, 8, 9, and 10; appendix B, and tables 2-1, 2-2, 4-1, 4-3, and 8-1. 

   Physical standards for selection are very similar to Air Force standards, with only minor variations. However, Air Force flight surgeons performing flying duty medical examinations on Army aviation personnel are encouraged to consult their nearest active duty Army flight surgeon to determine where the differences in regulations exists. Air Force flight surgeons discovering disqualifications should refer the Army aircrew member to an active duty Army flight surgeon for evaluation, if they are reasonably close in location. 

   The Army flying duty medical examination classification is not the same as the Air Force classification system. Army flight surgeons perform the following examinations: 

a. Class 1 and 1A: Flying duty medical examinations for initial entry warrant (1) and commissioned (1A) officers. These examinations are reviewed centrally at the US Army Aeromedical Activity. 

b. Class 2: Flying duty medical examinations for initial entry flight surgeons, aeromedical physician assistants, air traffic controllers, Department of the Army or contract civilian pilots, and special civilian pilot-to-Army flight school candidates; and annual examinations for all aviation officers, flight surgeons, air traffic controllers, and Department of the Army or contract civilian pilots. These examinations are reviewed centrally at the US Army Aeromedical Activity. 

c. Class 3: Initial entry and annual flying duty medical examinations for crew chiefs, flight medics, aerial observers, aerial gunners, and noncrewmember personnel on flight status; and annual examinations of aeromedical physician assistants. These examinations are reviewed locally by Army flight surgeons. 

d. HALO: Initial entry and routine airborne physical examinations for special forces operations High-Altitude, Low-Opening parachutists. These examinations are reviewed by the patient's command surgeon. 

e. DIVING: Initial entry and routine diving physical examinations for Army divers. These examinations are reviewed by the patient's command surgeon.

Army Aeromedical Consultation and Waiver Process 

   Disqualifications for flying duties are stated in Army Regulation 40-501, Standards of Medical Fitness. Policy letters are also issued to guide the flight surgeon in the evaluation, differential diagnosis, and follow-up of more complex medical problems, such as abnormal electrocardiograms and glaucoma. As of 1988, there are over two dozen policy letters. 

   Disqualifications for flying duties are usually discovered by the flight surgeon at the operational level or occasionally by the central Review and Disposition Service staff, US Army Aeromedical Center, Fort Rucker. 

   Class 1/1A personnel are not eligible for a waiver and their disqualification is simply confirmed by the Review and Disposition Service staff. Rarely, an "exception to policy" is issued by the US Total Army Personnel Agency, allowing an applicant with a disqualification to begin flight training. 

   Class 2 personnel with disqualifications are evaluated by their local flight surgeon and consultants, with occasional direct referral to the US Army Aeromedical Center, Fort Rucker, for evaluation. The flight surgeon prepares an aeromedical summary with complete history and physical, laboratory data, discussion, and recommendations. This aeromedical summary is forwarded to the Aeromedical Consultation Advisory Panel, which meets regularly to discuss cases for review and disposition. This panel forwards a recommendation for waiver or permanent disqualification to the Commander, US Army Aeromedical Center, who makes the final recommendation of medical fitness for flying duty. This recommendation for waiver or permanent disqualification is forwarded to the final waiver authority at the US Total Army Personnel Agency, or Headquarters Army National Guard Bureau, for administrative disposition by aviation career management personnel ("the line"). 

   Class 3, HALO, and Diving personnel are evaluated by their local Army flight surgeon, who also makes a recommendation for waiver or permanent disqualification directly to the unit commander of Class 3 personnel and to the command surgeon for HALO and Diving personnel. 

AEROMEDICAL PROBLEMS OF ROTARY WING FLIGHT

Introduction 

   Aeromedical problems that are unique to rotary-wing flight or that are found more frequently in rotary-wing than fixed-wing aircrews are discussed below. Clues to the origins of these aeromedical problems may be discovered by considering the differences in the flight dynamics and aircraft structure between rotary-wing and fixed-wing aircraft. An Army aviation terminology glossary can be found at the end of this chapter. 

   Hypoxia is not a common aeromedical problem in rotary-wing flight since most missions are accomplished by low-level flight. However, this unfamiliarity with hypoxia breeds the possibility that hypoxia will go unrecognized when high altitude missions are required.(5) 

   G-Forces were not aeromedically significant in rotary-wing flight in the past; however, new Army doctrines in air-to-air combat will require improved helicopter designs that allow higher helicopter speeds and agility, increasing the G-forces encountered in flight. The AH-64 Apache can develop 3.5 +Gz in a turn, approaching the lower limits for G-induced loss of consciousness for a pilot at rest without straining maneuvers or G-suit protection. 

Advanced Technology-induced Motion Sickness 

   The wide-spread introduction of advanced technology devices has created new etiologies for the induction of motion sickness. As expected, adaptation with decreased symptoms occurs after continued use of these systems. 

Flight simulators, many now with visual displays and a wider range of simulated movements, have been noted to induce motion sickness in pilots with no significant previous history of motion sickness. This problem has been called, "simulator sickness." It is estimated by prevalence studies that 25% to 88% of experienced pilots have had flight simulator-induced motion sickness, primarily during the initial hours of simulator training. The symptoms, indistinguishable from air sickness, may persist for hours after a training period. Perceptual conflict and sensory mismatch between the simulated motions and the pilot's expected motions of real flight probably stimulate the unpleasant symptoms of simulator-induced motion sickness.(6) 

   The use of helmet-mounted target acquisition and sighting devices has been associated with motion sickness in Army helicopter pilots, especially in those training to fly all-weather attack helicopters. Pilots have also experienced motion sickness while using night vision goggle systems. 

Back Pain and Myalgia 

   A rotary-winged aircraft is an unstable flight platform that cannot be trimmed to fly itself, requiring the pilot to be actively on the controls during all phases of flight. This significantly increases operational fatigue and pilot workload, especially during instrument flight conditions. Typically, the helicopter pilot is bent forward with a slight forward rotation of the right shoulder to grasp the cyclic flight control and with the left shoulder drooping downward to grasp the collective flight control. To maintain proper anti-torque control with the rudder pedals, one foot is asymmetrically placed ahead of the other. Because of this posture maintained at the controls, helicopter pilots often complain of rhomboid, supraspinatus, triceps, and deltoid myalgias. The myalgias are most often reported during student or aircraft transition training and after long missions. This posture contributes significantly to the often reported higher prevalence of low back pain in helicopter pilots. This back pain is usually self-limited, beginning an hour or two into a flight and resolving within hours. A few helicopter pilots have chronic low back pain resulting in prolonged groundings or permanent disqualification.(7,8,9) 

   Night vision goggles and helmet-mounted target sights add weight to the pilot's helmet increasing pilot fatigue and the number of complaints of helmet hot-spots, neck muscle myalgias, and muscle contraction headaches. 

Break-off Phenomenon 

  Break-off phenomenon is a dissociative psychological reaction classically reported by high altitude, single-pilot, jet fighter pilots. However, helicopter pilots have reported episodes of break-off phenomenon. Typically, it has occurred in level flight at greater than 2,000 feet above ground level on hazy days or on long cross-country missions over featureless terrain. Interestingly, it has been reported by pilots flying side- by-side with other pilots. Radio communications usually alleviate the dissociative symptoms.(10) 

Disorientation 

   The helicopter pilot can experience all of the usual disorientations of flight experienced by fixed-wing pilots, but helicopter pilots must also contend with the disorientations of hover flight. At a hover, the helicopter is subject to motion in any axis with minor control changes or minor changes in wind speed and direction. The standard helicopter flight instruments were designed for fixed-wing aircraft flight and respond poorly to the complicated maneuvers of helicopters at slow speeds or at a hover. Human acceleration perception, especially in the vertical axis, is equally unreliable. When vision is impaired by vibration, nightfall, smoke, fog, or rotor wash-blown snow, water, or dirt, the chance for disorientation, with little room for recovery at a hover or in low level flight, increases exponentially. Disorientation in a slow mode of flight or at a hover is a common factor associated with helicopter mishaps.(11) 

   An additional source of disorientation in rotary-wing flight is from lights reflecting off large areas of cockpit windscreens, extending from the chin bubbles to overhead windows, creating false perceptions, false horizons, and vision blind spots from glare.(12) 

   Helicopters also fly nap-of-the-earth missions, often in marginal weather, during which the helicopter is flown a few feet above, between, or even under ground obstructions with frequent changes in speed and heading, transitioning back and forth from hover flight to forward flight. A brief period of disorientation or distraction may rapidly result in rotor or fuselage contact with the ground, poles, trees, or wires, especially at night or in hazy conditions. 

Environmental Control 

   Environmental control is limited in most Army helicopters, subjecting aircrew members to environmental extremes, particularly cold and heat, which affect aircrew performance. Wind chill injuries are occasionally seen in inexperienced aircrew and passengers leaning out of open helicopter door frames or during hoist operations. The current bulky cold weather gear and chemical protective clothing compromise fine control touch in manipulation of instruments and switches, and both increase discomfort and fatigue. Various cooling vest designs, used to decrease the heat stress caused by chemical protective clothing, are undergoing research and development trials. Air conditioning is present in some attack helicopters that have overhead canopies. Heating is present in all Army aircraft, but in some aircraft, the heating is inadequate during extremely cold weather.(4) 

Flicker Vertigo 

   Flicker vertigo is a unique rotary-wing aeromedical problem, usually affecting student aircrew members and passengers. Sun or light passing through or reflecting off the main rotor blade system produces a moderate frequency flicker in the cabin, similar to the flicker of a failing neon light tube. The beating flicker of light may upset susceptible individuals by inducing vertigo or motion sickness symptoms; such as nausea, vomiting, sweating, and light-headedness. Horizontal nystagmus may be noted on examination during flight. Generalized or partial seizures may be stimulated by the flicker. The flicker may be seen for hours after the flight when the eyes are closed or in a dark room. The unpleasant symptoms of malaise and nausea may persist for hours after the flight. Affected aircrew members rapidly adapt to the flicker-induced symptoms within the first few flying periods. Helicopter flight medics should protect their litter patients' eyes from the main rotor flicker, especially those patients with a history of motion sickness or epilepsy. 

Night Vision Goggles 

   Night vision goggles are now in wide-spread use in the Army. These devices passively intensify ambient light without the use of infrared search lights, but limit the field of vision to 50 degrees and have a maximal visual acuity of a grainy 20/40. Stereopsis and distance perception are impaired. There is no color perception as the field of view appears in various hues of green and gray. The visual cues provided by night vision goggles are decreased in low ambient light conditions, when the photomultiplier tubes age with use, and when flying over areas with poor contrast, such as rolling deserts, snow-covered fields, and large bodies of water. Helmet-mounted as two photomultiplier tubes before the eyes, night vision goggles allow sufficient space for spectacles to correct refractive errors. The system permits unaided peripheral vision and direct visualization of the instrument panel. However, the relatively brighter image generated in the goggles disrupts night vision adaptation compromising the use of night vision outside the goggles. A sudden flash of light from a car, explosion, firing of weapon systems, flare, tower beacon, or even another aircraft can "white-out" the goggles image for a number of seconds. The weight of the goggles is counter-balanced by a battery pack attached to the back of the flight helmet, for a total goggle assembly weight of two pounds. While using the goggles, the pilot is at higher risk for developing disorientation, early operational fatigue, helmet hot-spots on the scalp, neck pain, and neck injury in a crash sequence as the heavier head-helmet-goggle integration is accelerated forward. The goggles can collide with cabin objects and force the photomultiplier tubes towards the pilot's eyes, shattering spectacles if worn. The Army is currently field testing impact-resistant polycarbonate spectacle lenses for use with night vision goggles.(4) 

   Class A aviation mishaps occur with the use of night vision goggles. It has been determined that 90% of Class A aviation mishaps and 88% of the fatalities associated with the use of night vision goggles (AN/PVS-5A system) from 1979 to 1987, occurred when the moon was less than thirty degrees above the horizon or the moon's surface was less than 23% illuminated. In these lighting conditions, the AN/PVS-5A system is operating at its maximum sensitivity and the faint image produced is obscured by video noise and "sparkles" which reduce the image contrast and sharpness. This decreases the ability to see obstructions, especially wires, and increases the risk for spatial disorientation. Improved night vision goggle systems should decrease the number of Class A aviation mishaps in these low light conditions. New AN/PVS-5B and -5C photomultiplier tubes are being fielded and increase light amplification by 40-50% over the AN/PVS-5A tubes. Future AN/AVS-6 (ANVIS) systems can amplify ambient light three to four times more than the AN/PVS-5 systems. ANVIS has its greatest sensitivity shifted to the near infrared region where starlight is plentiful and usable, providing better night vision goggle visual cues in low ambient light conditions.(13) (Ed note: remember, night vision goggles do not turn night into day). 

Vibration 

   The aircrew is exposed to a complicated melody of low and high frequency vibrations that can resonate through the helicopter at nodal and discordant frequencies. These vibrations primarily occur in the vertical and lateral axes and produce acute and chronic effects. 

   Acutely, the aircrew may note disturbances in visual acuity, speech, and fine motor coordination, all resulting from physical vibration and sensory overload. Vibration increases operational fatigue and muscle workload.(14) 

   After long-term exposure, vibration may produce musculoskeletal microtrauma that may be a contributory risk factor to the reported higher period prevalence rates for spondylolisthesis, spinal degenerative joint disease, and intervertebral disc degeneration in helicopter pilots.(15) However, case-control or prospective studies need to be conducted to systematically study these problems and their relationship to vibration. 

AEROMEDICAL PROBLEMS OF ROTARY WING CRASH SURVIVAL

Basilar Skull Fracture 

   Basilar skull fracture is a major cause of mortality in rotary-wing mishaps. There are two mechanisms for the creation of this fracture. 

   In one mechanism, the forward-vertical impact of the chin against the cyclic stick results in accelerative forces being transmitted in the +Z-axis from the cyclic stick through the mandible to the basilar skull. These basilar skull fractures are frequently associated with mandibular fractures and wedge-shaped chin lacerations. Improvements in the pilot restraint system and installation of break-away cyclic control sticks are being tested to decrease these injuries.(16) 

   In an alternate mechanism, the lateral impact of the helmet against the cabin wall results in accelerative forces being transmitted in the -Y/+Y-axis from the cabin wall through the helmet ear cup to the basilar skull. These basilar skull fractures are often associated with soft tissue injury about the ear. The Army is fielding new crushable helmet ear cups to partially absorb these forces. 

Loss of Livable Cabin Space 

   A major cause of severe injuries in rotary-wing mishaps is due to the loss of livable cabin space by collapsing fuselage and cockpit components and intrusion of the main rotor and transmission parts into the cockpit and cabin. Research and development has led to more crashworthy helicopter designs with stronger rotor masts, cabin supports, and fuselage keels that absorb energy without loss of livable cabin space.(4,11) 

Loss of Tail Rotor Effectiveness 

   The loss of tail rotor effectiveness is an occasional cause of rotary- wing mishaps, especially in observation helicopters. The affected helicopter may crash with high-G forces in an uncontrolled attitude, usually spinning to the right with the nose pitched down, significantly increasing the chances for severe injuries or fatalities. 

Post-crash Fire 

   Prior to the early 1970's, there was a 40% thermal morbidity and mortality due to post-crash fire in otherwise survivable rotary-wing mishaps. Intensive research and development followed by installation of crashworthy fuel systems and issue of Nomex clothing has reduced the thermal injury rate in survivable aviation rotary-wing mishaps to nearly 0%. (4,11) 

Ride-it-in Psychology 

   The rotary-wing aircrew must be psychologically prepared to ride their aircraft to the ground in an emergency since there are no ejection seats or parachutes. Prior to the initiation of the crash sequence, a skillfully performed autorotation can dramatically reduce longitudinal and vertical forward velocities of helicopters, while fixed-wing aircraft must maintain their airspeed above stall speed. During a forced landing, helicopters can successfully land in a small clearing or slowly settle into a forest canopy, while fixed-winged aircraft require large open areas free of obstructions. Often an emergency autorotation results in a safe landing for the aircrew and aircraft(4). 

Spinal Compression Fractures 

   Accelerative forces in a rotary-wing crash are often predominantly in the +z-axis. Spinal compression fractures are a common clinical finding after a rotary-wing mishap, usually involving the T-11,12 and L-1,2 spinal bodies. New crashworthy seat designs capable of absorbing +20 Gz forces have been proven to markedly reduce spinal injuries (17,18). 

Water Egress from Helicopters 

   Rotary-wing ditchings in water differ from fixed-wing ditchings. Helicopters always invert and sink rapidly while a tangle of rotor blades and damaged fuselage parts impede safe egress. The occupants are possibly injured, inverted, disoriented, unable to breath, and unable to see clearly, thus decreasing the chances for a successful egress. Helicopter-ditching training, cabin exit lighting, and underwater emergency breathing devices have all been shown to greatly improve survival after rotary-wing ditchings(19). 

Wire Strikes 

   An innate hazard of nap-of-the-earth flying, especially at night, in inclement weather, or while wearing night vision goggles, is wire strikes; that is, the helicopter becomes entangled in power or communication lines or even fencing. Wire strikes can result in the catastrophic loss of rotor controls and control surfaces, leading to high-G force impacts at unusual attitudes. Wire strikes are emerging as a common cause of Army aviation mishaps with a significantly increased chance for severe injuries and fatalities. The installation of wire-cutting devices on the upper and lower aspects of the forward fuselage has decreased the prevalence of wire strike- induced loss of rotor controls, greatly improving survivability of the aircrew after a wire strike mishaps. 

FOCUS OF ARMY AEROMEDICAL RESEARCH AND DEVELOPMENT

Advanced-technology Motion Sickness 

   Research efforts have been increased to discover the induction mechanisms and methods of prevention of motion sickness occurring while using flight simulators and helmet-mounted target acquisition systems. 

Aircrew Selection 

   The aircrew selection process is being improved by the development and addition of screening tests for psychosocial, neuropsychiatric, and cardiovascular problems. There will be an increasing emphasis on matching aircrew members and their capabilities to the more complicated rotary-wing aircraft of the future. 

Back Problems 

   Improvements in seat design, instrument and control positioning, and reduction in vibration are expected to reduce the  incidence of back problems related to rotary-wing flight. 

Chemical and Toxic Threats 

   To counter the chemical and toxin threat, research is continuing in chemical defense suits with cooling systems and filtered, positive-pressure cockpit environmental controls. Aircrew performance under the influence of chemical warfare prophylactic agents and antidotes is being evaluated. 

Crash Survival 

   Significant design improvements for crash survival have been added to existing and new Army rotary-wing aircraft. New aerospace medicine specialist positions in Army aviation mishap epidemiology have been created to accelerate the discovery of other problems and solutions in crash survival design. 

Crew Coordination 

   The Army seeks to improve aircrew coordination, communication, and cockpit discipline to decrease human factors-related aviation mishaps. 

Electromagnetic Countermeasures 

   The complexity of battlefield electromagnetic threats, such as lasers, microwaves, and electromagnetic pulses, is increasing, requiring new efforts in aeromedical research and development to counter these threats. 

G-Forces 

   Army aircrew members are finding themselves in new rotary-wing aircraft capable of developing +4.0 Gz and -1.0 Gz forces, requiring increased emphasis on researching the chronic effects of low-level G-forces and improving aircrew member training to counter the acute effects. 

Hypoxia 

  Research and development of molecular sieve oxygen systems is essential for improved capabilities in night and high altitude rotary-wing operations. 

Pilot Workload 

   Dramatic improvements in rotary-wing automated navigational instruments, flight controls, countermeasure equipment, target acquisition systems, weapon systems, and communications technology will decrease pilot workload, allowing the pilot to efficiently operate in single-pilot, nap-of-the-earth, and all- weather conditions. 

Space Program 

   The recently created Army Space Agency will define the role of the US Army in space and may generate a new array of operational aeromedical problems for the Army aerospace medicine specialist. 

GLOSSARY OF ROTARY WING FLIGHT TERMS

  Air Force flight surgeons may have Air Force helicopters assigned to their base or may fly in Army, Navy, or Marine helicopters. Therefore, they may encounter unfamiliar terms over the aircraft intercom or in the flight preparation and briefing rooms. The following brief list of terms may be helpful in the flight line visit study of rotary-wing flight or when assigned to a rotary-wing mishap investigation board.(20) 

   Antitorque Control: The powered rotation of the main rotor to the left induces a torque reaction causing the helicopter fuselage to yaw in the opposite direction. Antitorque control is provided by the tail rotor which produces horizontal thrust in the plane opposite the torque reaction rotation, resulting in yaw control of the helicopter. The pilot adjusts antitorque control with the foot pedals. Right pedal input decreases antitorque thrust and left pedal input increases antitorque thrust. 

   Autorotation: After an engine failure, a helicopter can glide to the ground by the pilot initiating an autorotation. As the helicopter descends along its autorotation glide slope, air flow through the main rotor system imparts kinetic energy to the rotor, causing the rotor to rotate, which provides for partial lift and aircraft control. As the ground is approached, the main rotor is tilted aft, changing the total force of the rotor disk to the rear and increasing lift, thus slowing forward and descent speeds. Finally, contact with the ground is cushioned by increasing the pitch of the rotor blade, dissipating the built-up rotor kinetic energy. Autorotation allows a helicopter to enter into a forced landing in a very small area with significant dissipation of forward and vertical speeds prior to touchdown, greatly minimizing crash forces. Routinely, aircraft damage and occupant injury are completely avoided by autorotation and power-off landing maneuvers. 

   Blade Flapping: Blade flapping is the up and down movement of the rotor blade as the rotor turns to compensate for the rotor disk's dissymmetry of lift. 

   Collective: The collective is the flight control in the pilot's left hand and is used primarily to control the helicopter's altitude. This control changes the main rotor blades' pitch, that is, its angle of attack into the relative wind. Increasing the pitch increases the fuel flow to the turbine engine, thus increasing the turbine power delivered to the main rotor and the reactive yaw torque in the fuselage. The rotor and engine RPM are automatically synchronized by using a governor control in the engine. Since a change in the collective changes the fuselage torque, all adjustments in the collective must be balanced by adjustments in the anti-torque pedals to maintain the trim and heading, demanding more arm-leg coordination than in fixed-wing flying. 

   Cyclic: The cyclic is the flight control in the pilot's right hand and is used primarily for pitch, roll, and airspeed control of the helicopter. This control changes the orientation, or tilt, of the main rotor tip path plane relative to the wind. 

   Dissymmetry of Lift: The rotor blade advancing into the relative wind has more lift and achieves a greater upward velocity from this lift than the rotor blade retreating from the relative wind. 

   Dynamic Roll-over: Dynamic roll-over of the helicopter fuselage occurs if the helicopter's center of gravity is rolled past a critical angle laterally, despite attempts to correct the angle with opposite lateral cyclic control input, causing the helicopter to roll- over on its side. This is more likely to occur during take-off or landing maneuvers in slope or cross-wind operations. 

   Effective Translational Lift: As a helicopter accelerates forward from a hover, it begins to enter air that is not disturbed by the rotor downwash vortices. At about 16-24 knots of forward airspeed, the helicopter will shudder as it transitions into this undisturbed air and gains increased effective lift. The increased lift causes the nose to pitch up and the pilot corrects by adding forward cyclic to maintain proper climb-out airspeed. 

   Force Trim: The force trim assists the pilot in maintaining the cyclic in the last position set by the pilot's control movements, relieving control forces. There are no trim tabs on rotary-winged aircraft control surfaces as in fixed-winged aircraft. Force trim is usually used when the helicopter is idling on the ground or in cross-country flight. 

   Hovering Autorotation: If the engine fails while the helicopter is at a hover, a controlled descent to the ground can be accomplished by initiating a hovering autorotation. During a hovering autorotation, the heading and level attitude is maintained as the helicopter settles and the landing is cushioned by gradually increasing the collective pitch of the main rotor prior to touch- down. 

   Loss of Tail Rotor Effectiveness: At critical airspeeds below 60 kts or when at a high, out-of-ground effect hover, and combined with certain wind speeds and directions, often a quartering tail wind, the tail rotor can lose its effective horizontal antitorque thrust. The helicopter then begins an uncommanded spin to the right, with loss of altitude, which cannot be corrected with full left pedal antitorque control input. In an instinctive reaction, the pilot might increase the collective pitch input in order to regain lost altitude; but this only increases the right spin rate by increasing the reactive torque to the fuselage. Instead, the pilot needs to decrease the collective pitch and input forward cyclic control to regain forward airspeed in an attempt to restore effective antitorque control. If proper emergency procedures are not quickly initiated, the helicopter will likely crash in an unusual, spinning attitude at a high rate of descent, decreasing crash survivability. This condition occurs most frequently in relatively underpowered observation helicopters. Loss of tail rotor effectiveness is an occasional factor associated with helicopter mishaps. 

   Retreating Blade Stall: As the forward speed of the helicopter increases, the retreating main rotor blade is unable to maintain sufficient lift to equal that lift of the advancing blade, thus the retreating blade momentarily stalls. This is one factor limiting the maximum cruise speed of helicopters. Recent developments in rotary-wing technology will increase the forward speeds of future helicopters. 

   Settling with Power: Settling with power is a condition of powered flight where the helicopter settles downward with a high sink rate into its own rotor downwash. This usually occurs when landing with a tail wind or during a near- vertical descent. Adding power by increasing the pitch angle in the rotor blade will aggravate the sink rate, so recovery is achieved by gaining forward airspeed, moving the helicopter into undisturbed air. This flight condition is an occasional factor associated with helicopter mishaps. 

   Slope Landing: During a slope landing the helicopter lands from a hover on a slope with one side of the helicopter coming to a rest higher than the other side. While the helicopter settles on the slope in a vertical descent and the helicopter fuselage leans with the slope on landing, the tip path plane of the rotor disk must be kept level by coordinated lateral cyclic control into the slope. 

   White-Out or Brown-Out: The helicopter pilot's vision may be suddenly obscured by the "white-out or brown-out" caused by main rotor downwash blowing snow or dust as the helicopter transitions from effective translational lift into a hover, resulting in possible spatial disorientation and loss of directional control. These flight conditions are common factors associated with helicopter mishaps. 
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