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PREFACE

The 1978 Spring Aerospace Medical Panel Meeting of the NATO Advisory Group for Aerospace Research and
Development met at Fort Rucker, Alabama, U.S.A., 1-5 May 1978. Hosts for this meeting were the United States
Army Aeromedical Research Laboratory and the United States Army Aviation Center.

A single theme was chosen for the meeting--Operational Helicopter Aviation Medicine. This was the first
panel meeting devoted entirely to the unique and special medical problems of helicopter flying. Aircraft inven-
tories of NATO nations have been evolving from an almost totally fixed-wing fieet to a mixed fleet of fixed-wing
and rotary-wing (helicopter) aircraft. There is a trend to increase the number of helicopters in direct support
of the ground soldier to provide air mobility and firepower. The helicopters employed have become increasingly
complex, and the operational missions have become extremely difficult and demanding for aircrews. The opera-
tional demand for combat flexibility provided by military helicopters assures their continuing importance to
NATO in high mobility land warfare. Operations at sea involving long duration station holding, antisubmarine
warfare, and foul weather search and rescue create entirely different problems. The helicopter will be indis-
pensable to assure evacuation of the wounded to specialized care centers. In the civilian sector, the helicopter
already has become a vital element in rescue missions of the wounded or the seriously ill. Experience has shown
that helicopter operations present work environments, special stresses, and environmental demands on aircrews
which are significantly different in type and/or degree from those in fixed-wing operations.

In order to give those attending the panel meeting a broad overview of the helicopter environment, the Army
Aviation Center gave a tactical demonstration of the anticipated military use of the helicopter and a glimpse of
the environment and the stresses faced by the aircrew. In addition, a series of in-depth operational briefings
covering four major areas of helicopter operations were presented. One dealt with Soviet helicopters and what
the Soviets are doing with rotary-wing aircraft. Topics of the other three operational briefings were medical
evacuation in the NATO theater, antisubmarine warfare operations using the helicopter, and anti-tank and air-to-
air operations with the helicopter. These briefings and demonstration caused panei members to be vividly aware
of the daily and anticipated use of the helicopter. The urgency of the need to discuss the different medical aspects
of helicopter use was made apparent.

Sixty-six papers were presented in six sessions. [n addition, six poster papers were presented. These
papers dealt with aviation medicine topics unique to helicopters, helicopter operations, and the aircrew who fly
helicopters. The papers covered six major topic areas:

Medical Aspects of Evacuation and Search and Rescue Operations addressed helicopter inflight patient
monitoring, resuscitation and support, hoist and rescue missions, special medical equipment requirements and
developments, and design of helicopters specifically for medical evacuation.

Environmental Aspects of Helicopter Operations involved papers and discussions about the environmental
effects and control of hot and cold climate operations, the acute and chronic effect and control of helicopter vibra-
tion, and cockpit toxicology.

Helicopter Operations Crew Fatigue Panel papers covered aviator fatigue and its causal effect on aviator
performance and accidents.

Human Factors of Helicopter Design and Operations addressed cockpit design, instrum.ant configuration,
aircrew work load and its assessment, performance measures, combat operations under primitive or field con-
ditions, sustained operations in support of ground combat operations, and related subjects.

Visual and Acoustic Aspects of Helicopter Design and Operations included cockpit lighting, aircraft
conspicuity, visual displays, night vision equipment, communication noise, aircrew hearing loss. and weapons
impulse noise.

Helicopter Safety and Crashworthiness covered crash injury analysis, designs for injury prevention, re-
straint systems, energy absorbing seats, helicopter escape, and postcrash fire.

The enthusiastic participation by the panel members and authors made this an open forum for the exchange
of information on helicopter medicine. We did not receive answers to all our problems, to all our concerns, but
we heard how others are looking at the same or similar problems. The information each member took back to
his owr field of work will help him meet and perhaps solve perplexing questions we all face.
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TECHNICAL EVALUATION REPORT (TER)

SESSION I: MEDICAL ASPECTS OF EVACUATION AND SEARCH/RESCUE OPERATIONS

The importance of helicopters in sanitary evacuations has been particularly stressed in this session. How-
ever, civilian and military interventions may vary, for conditions are not identical.

Evacuations of the civilian wounded, especially those of road traffic, may profit by a technizal and terri-
torial organization, as our colleagues of West Germany have shown us.

The helicopter must be as quickly =s possible at the place of the accident (optimal time is within 15 minutes
after the accident) .

It is also necessary that the wounded be transferred within an hour to a hospital specialized in the treat-
ment of trauma.

We had the opportunity to appreciate the interest of a landing zone close to the hospitalization ward.

Highly trained personnel, when available including a doctor and/or a nurse, should be ready for every
emergency hkelicopter.

The crew must be perfectly trained in hovering and winching techniques.

Such progress encounters financial difficulties; ail the more that the personnel and the equipment must
be permanently on alert.

It is also important to improve the conditions of night interventions, especially in the case of mountain
accidents.

Military evacuations are more difficult to perform because the helicopter often becomes efficient only when
operations are waning; there again, night interventions may seem desirable and may be facilitated by optical
aids.

On the medico-physiological level and in any case of evacuation, the influence--sometimes adverse--of
vibrations on the biological equilibrium of the wounded must be taken into consideration and all necessary steps
must be taken.

Sea evacuations also set a particular problem and we have been quite interested in the approach techniques
and the training of the personnel in charge of these missions.

SESSION Il: ENVIRONMENTAL ASPECTS OF HELICOPTER OPERATIONS

The session on Environmental Aspects of Helicopter Operations was introduced by outlining one of AGARD's
missions--that of indoctrination and support of aircrew. A definition was given of the word environment, and
the English and American definitions were very similar, that being surroundings mean those factors affécting
the development of an organism or its behavior. To support this, a number of environmental factors were then
outlined. Namely, that of what was the ideal environment and this normally taken as being the home situation.
The pilot is taken from this ideal situation, given a sophisticated aircraft which has now become very fast, pre-
sented with a varying array of instruments and weapons, and then asked to go and operate in a variety of hostile
outside environments such as hot and cold weather, poor visibility, mountainous areas, etc., and then in the
more recent hostile ground environment--that of the anti-tank and anti-air.

The papers presented covered the operation of aircraft in the northern aspects of NATO with all their in-
herent cold problems not only for aircrew but for ground crew and soldiers as well. Complementing this, we
then discussed certain rescue problems in high and cold sea states and the on-board equipment required to re-
trieve casualties in this particular situation.

On-board toxicology measuring systems were given in a first class paper. The question of on-board
oxygen systems was raised, and it was generally considered that this was something requiring further investi-
gation.

Methods of head and body cooling were described in an effort to reduce aircrew heat load. The effects of
vibration and temperature variations from inside one particularly common helicopter mode!, the vibrations
being transmitted through the seat resulting in backache, were given and a plea made for continuing work to
be done in this area.

The session did not stimulate a great deal of discussion as one would have hoped and the reluctance to
discuss the problems concerning air-to-air combat environment was probably due to the fact that most of the
audience present had probably not thought much about it or never really considered it, and those who had
probably were reluctant to discuss it because of security classification.

xi



SESSION 1lI: HELICOPTER OPERATIONS CREW FATIGUE PANEL

In review of Session 111, the panel on Helicopter Operations Crew Fatigue, we were able to review the
problem of performance degradation and resultant effects or accidents as a function of aircrew fatigue and the
potential increase in this problem due to the high reliability of future aircraft systems and the tactical require-
ment for sustained operations.

Presentations delineating methods which are proving to be useful in assessing the crew fatigue problem in
the flight environment were aiso heard. Finally, an insight into an aviation program aimed at decreasing flight
crew fatigue was provided. Thus, we were privileged to address not only the problem and a number of scien-
tific methods to address certain aspects of it, but were provided information on a program which is attempting
to apply scientific data and pilot education to decrease performance degradation and loss due to aviator fatigue.

In view of the operational briefings presented earlier in the week that discussed the capability of our air-
craft to now out fly man, this area of research is in need of a much more concentrated effort and immediate solu-
tions to these tactical flight related problems seem to be increasingly critical in light of the need for our joint
continuous and sustained tactical operations to counter the potential enemy threat.

SESSION IV: HUMAN FACTORS OF HELICOPTER DESIGN AND OPERATIONS

The session of Human Factors of Helicopter Design and Operations pointed out that the man-machine inter-
action with respect to the helicopter is indeed a complex one. Further, it pointed out that this complexity arises
from the machine as well as from man himself.

The papers demonstrated that this complex interaction must be understood if the helicopter is to be maxi-
mally exploited. In general, the papers concentrated on three major areas with regard to this interaction.
These areas included: concepts and methodologies for use in designing helicopters which will be more man
compatible; selection and medical training of helicopter crews; and measurement and modeling of the helicopter
man-machine system.

With regard to design concepts, we were provided many options for utilizing advanced technologies for
achieving better man compatibility. These options included multiplexing, fly-by-wire, head-up displays,
helmet mounted displays, and multifunction displays to mention some. With regard to methods to aid in crew
station design, we were provided several avenues of approach for gaining information which would reduce the
perpetuation of previous design errors. Also, methods were oresented which will serve to aid in the design
process. Such methods consider the aviator's sensory, motor, and cognitive tasks as well as his physical
characteristics.

In the area of selection and medical training of helicopter crews, we were provided information about test
batteries which incorporate cognitive, psychometric, and physioiogical data for predicting flight performance.
We were told how certain physical characteristics such as spinal abnormalities may be used as selection criteria
for helicopter pilots and why these pilots have unique aeromedical training requirements. In addition, we were
told what these unique training requirements were, and how to establish a curriculum for teaching them.

Lastly, we were shown that a system's model is most desirable for explanatory, predictive, and evaluative
purposes. Toward this end we were provided a model concerned with predicting flight difficulty as well as
multivariate analyses which included aircraft, physiological, subject, and control input variables.

In summary, this session was a most rewarding session to chair. It demonstrated that much is being
accomplished in an area where much needs to be done. | anticipate that together we will continue to make
progress in this topical area.

SESSION V: VISUAL AND ACOUSTIC ASPECTS OF HELICOPTER OPERATIONS

During the session on Visual and Acoustic Aspects of Helicopter Operations, problem areas were identified
and defined. There was a consensus that the problems were detrimental to safe and effective helicopter opera-
tion. Papers were presented that proposed to better fit the man into this hostile environment by the application
of existing knowledge in the behavioral and biological sciences. New developments in techniques and method-
ologies to extend and protect visual and auditory performance while performing aircrew duties were also pre-
sented.

A summery of the excellent work presented supported the self-evident conclusion that biomedical science
can resolve almost every problem identified, either by the application of existing knowledge or by research
programs directed toward the resolution of the problem. The major issue not resolved is the inescapable fact
that even though man is the driving function of helicopter operations, sufficient priority and support are lack-
ing to permit his optimal protection and function.

It was also well established during this session that there are cost effective operational advantages to be
gained from biomedical science if given proper pr jority in the development, product improvement, and appli-
cation of helicopter systems. In an earlier session, the threat briefing, informaton was provided concerning
the priority and attention given to man in the helicopter operational environment by our potential enemy. We
learned, unfortunately, that they are far superior to NATO in their attention to the biomedical requirements of
the pilot. Hopefully, this conference may help to reverse this advantage.
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SESSION VI: SAFETY ASPECTS OF HELICOPTER DESIGN AND OPERATIONS

The last session was particularly rewarding because it had the unifying theme of crashworthiness, a rela-
tively new word for the vocabulary of aerospace medicine. We first heard about the marked reduction of burns
caused by crashworthiness principles as applied to fuel system design and the use of Nomex flight clothing.
This was then followed by an engineering evaluation of fire suppression devices and their cost effectiveness.
The lack of these features in civil helicopters was reported. Next came a3 useful demonstration of the effect of
helicopter accidents on the vertebral column, and the ergonomics of and the injuries sustained in French heli-
copters were discussed. We then had two useful sessions from designers of U. S. helicopters, and we heard
something about the work conducted by the U. S. Army looking at the effectiveness of seats and restraints and
related test data. A brief outline of developments in the UK then followed. All these papers produced lively
discussion periods which showed there was a considerable amount of interest in common which should enhance
cooperation in helicopter design in the future.
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KEYNOTE ADDRESS
HELICOPTER TRAINING PROGRAM

Major General James C. Smith, US Army
Commander
United States Army Aviation Center and Fort Rucker
Fort Rucker, Alabama 36362

This may be the only rudimentary presentation you are going to have during this week's conference. |
scanned through the subjects to be presented to you and decided that you ought to know how we all came into
this business of helicopter operations.

So for a few minutes, | am going to tell you what the Aviation Center is, what we do here and give you
some increased sensitivity for the basis of helicopter operations.

We are doing some things at Fort Rucker now that we did not do last year. If you were to look at the de-
velopments over the years since 1954 when we moved the Aviation School from Fort Sill to Fort Rucker, you
could understand why helicopter operations are continuing to be so dynamic. You are here at a good time
and some of the points | will make will form the basis for a number of your presentations.

It started when a Piper Cub was launched off a carrier, if you want to call it that, in the North African
invasion in World War 1. Starting with that type of aviation in 1942, we progressed on to the Korean War
where we first began our air helicopter aeromedical evacuation. The first time the helicopter was used ex-
tensively in war; at least a war of the United States.

Then we went into Viet Nam and the favorite picture | could show would be a qunship firing. But essen-
tially it was a war in the ground environment, not the air environment. So | think the term aerospace has to
be translated into some different terms when you start talking about helicopter operations and helicopter med-
icine. This is where we are today; hovering, attack helicopter firing a missile in the ground environment
(Fig. 1).

Fig. 1

These are four primary missions of the Aviation Center. The training of aviators, mechanics and other
specialists is our primary mission and is the standard mission of most schools adapted to aviation. This is
the heart of all that we do in the way of analyzing the past and projecting to the future. Everything else we
do at the Aviation Center stems from the development of doctrine, tactics and literature. We travel all over
the world making sure that our aviation training is the type that we want it to be and that it meets the quality
and the standards of that which we teach here. We also support reserve component training. We have about
half of our Army aviation program in the National Guard and Reserves, so obviously we have to pay a lot of
attention to them. All this is put together to perform the mission of Army aviation.

Now those of you who are from foreign nations, in many cases are aware that all your helicopter support
is contained in your air force. Here we have it in the Army (Fig. 2), "to augment the capability of the Army
to conduct prompt and sustained combat incident to operations on land." In fact, if you were '3 read a list of
missions of our United States Air Force you would find one which is essentially like our miss ‘n--to support
the Army.

Unique in our Army family is the fact that the Aviation Center team contains six separate identifiable
agencies, all collocated here at Fort Rucker so that as a team we can produce with minimum resources a co-
hesive package on any subject related to Army aviation (Fig. 3).
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We have two kinds of testing in the Army: developmental testing and operational testing. The Aircraft
Developmental Test Activity belongs to another major command of the Army which is essentially the one that
does all the developmental testing. The Test Activity is located here along with my Aviation Board which is
the operational testing agency for aviation materiel in the Army. Obviously, we gain the benefits of having
the two together. We are unique in that we are probably, for the major effort of development and testing,
the only post in the Army that does have them collocated. It makes for a very cohesive effort.

The aviation element of the Army Research Institute located here is the scientific agency for human be-
havioral aspects of Army aviation deployment. Its presence here provides some tremendous advantages for
us because this is where we do the course development for all our aviation training and we are very involved
in this area.

| am not going to dwell on the Aeromedical Research Laboratory; you know what it is here for. Our

Aeromedical Center, in addition to providing all our medical care, also conducts Army flight surgeon training.

The Army flight surgeon school is part of the Aeromedical Center.

The US Army Agency for Aviation Safety, more commonly known as LISAAAVS, is collocated here. Out of
all the data that are developed as a result of our accident experience come many analyses which form the basis
for new tactics, new techniques and new procedures, all of which are designed to conserve our resources in
the future.

Our Army Communications Command Agency, in addition to providing all our electronic support and com-
munications support, controls, commands and services all our air traffic control facilities throughout ~ur
training complex of 70 miles by 60 miles; all tower control at stagefields; our instrument procedures; iiistru-
ment equipment; and all the personnel involved in that activity are part of this particular agency.

Just to give you some feeling for the environment that we have here, | will discuss our population and
some of its composition (Fig. 4). We have a duty day population of approximately 17,000. Of this number
approximately 2,000 are students. You can see that there are a lot of us here supporting these students, who
we have as our most important product, in the school. We have a rather large population of both Department
of the Army civilians and contractor personnel who instruct in our various training programs.
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Our primary arrival airfield is Cairns Army Airfield {(Fig. 5). If you were to come in here in a fixed wing
aircraft, this is where you would land. Most of the airspace in the vicinity of Fort Rucker is controlled by us
(Fig. 6). In order to control this airspace and to make sure we can integrate military traffic with all the civilian
traffic that might fly through it, we have a radar approach contro!l center at Cairns manned by Department of
the Army civilians (Fig. 7). But in order to do helicopter instrument training, recognizing how slow heli-
copters fly, we have within our controlled airspace developed our own airway system (Fig. 8). This system
is operated by the Army using rated Army air traffic control personnel with Army air traffic control student
participation. It is collocated with the radar approach control at Cairns Army Airfield.

Fig. 7

Fig. 6

Fig. 8

Hanchey Army Heliport has extensive maintenance, classroom and administrative facilities (Fig. 9). It
is currently the basefield for cargo, attack, light observation aircraft and the TH-55 which is our primary
helicopter flight trainer. Hanchey is the largest heliport in the free world.

Lowe Army Heliport was originally a fixed wing airfield, but with the increased emphasis on helicopter
training was converted to a helicopter basefield (Fig. 10). The UH-1 "Huey" is the only aircraft currently
based there.

Our modern classroom buildings are the hub of our academic training (Fig. 11}). They are equipped with
the most up-to-date training aids which include detailed functional training devices and closed circuit tele-
vision with both live and video tape production. Pilot training is essentially a half day on the flight line and
a haif day in the classroom.
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We train aircraft mechanics in both the UH-1 and OH-58 helicopters (Fig. 12). Our modern maintenance
training facility contains 28 classrooms and 67, 000 square feet of hangar space.

Aircraft to support our aviation training include 403 aircraft. Of these 29 are fixed wing and 374 are rotary
wing. These aircraft, of course, are in the hands of an aircraft maintenance contractor which is unique, essen-
tially unique throughout the service. You can see what | mean by unique when you consider our budget (Fig.
13). Out of our 245 million dotiar budget for FY 78, a very large part is in major contracts. The 29 million
dollar service contract for aircraft maintenance is probably the largest service contract in the Army.

Our training is divided into five general categories. These are: undergraduate training, which is
initial entry type training for pilots; graduate training; specialty courses; and professional development (Fig.
14) . Professional development, for example, consists of our two warrant officer courses. We have an aviation
warrant officer advanced course and a branch immaterial warrant officer senior course. Our last category of
training is nonresident instruction. We prepare all the materials for all the subjects we teach for worldwide
distribution. Current enrolimeant is in excess of 7, 000 students,

Undergraduate training or initial entry training is where the Army aviation program becomes very unique.
We are the only service that takes individuals essentially out of high school and make pilots out of them. All
the other services require at least four years of college. We take young people directly out of the civilian com-
munity, "off the street" if you will, and out of our military units and bring them into our initial entry program.
We also bring commissioned officers from the Army into the pilot training program.

Fig. 13 Fig. 14

The number of graduates we are programmed for in FY 78 will give you an idea of the scope of our opera-
tion (Fig. 15). Undergraduate training will have 879 graduates and graduate helicopter training will have over
2,000 graduates this year. In this number we have about 500 aviators who have been on extended ground assign-
ments from 3-7 years. Ground duty is other than in an aviaticn position. We bring these aviators to Fort
Rucker and refresh them before they go to their new aviation assignments.

We have a considerable output of enlisted students which this year should be over 4,000 students. The
enlisted training consists of maintenance, air traffic control and flight operations courses.
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We also have a very vigorous allied training program at our school (Fig. 16). Notable in this regard is
our EURO/NATO course in which we have Germans, Danes, Norwegians and the Dutch. We have approximately
30 German students’ in training at all times with a small number from the other three countries. A refatively
large number of Israeli students are also trained here along with students from numerous other nations, We
have had students from 26 nations here at one time.

| am now to the point where | want to make some detailed explanations of the kind of training we do {Fig. 17).
1 would like to compare our present initial entry course which we started using in June 1977 to the previout
course. The previous course consisted of 180 aircraft hours and 20 hours of UH-1 flight simulator. Our pres-
ent course consists of 175 aircraft hours and 40 hours of UH-1FS time. | would now like to point out some com-
parisons between the two.

Fig. 17

Our primary training has been reduced from 85 hours to 50 hours. What we did was to eliminate most of
the solo time except for the solo time in which very specific maneuvers are practiced by the students. In re-
ality what we did was to eliminate those hours where we had student pilots going some place to have an accident.

Transition training in the UH-1 "Huey" has remained essentially the same. The major change in this phase
is that we moved the cockpit procedures training into the academic portion of training instead of the flight por-
tion.

In the instrument stage you can see one of our major changes--increasing simulator hours from 20 to 35.
The Army in recent years has relied heavily on flight training simulation to the great advantage of proficiency
and effectiveness in training as well as cost reduction.

We think we know how to train an instrument pilot best and here is how we do it. The student receives
training first in the simulator for approximately two weeks. Then the simulator and aircraft are alternated
until the last week of the course when all training is conducted in the aircraft. We are turning out better in-
strument pilots now than we ever had in the Army even though we have reduced this phase from ten to eight
weeks and aircraft hours from 30 to 20. Overall, we think it is the best package effort anyone couid put to-
gether on instrument flight training.

For the first time in the history of Army aviation, we have a night qualification course. Probably some of
our more significant advances in overall combat capability of the Army lie right here. You know the type
threat against which we will fly in a future war is that which we depict about the Soviet Union. A very mid to
high intensity air defense environment, all kinds of lethal weapons many of which can be brought to bear against
helicopters. We think we are going to have to operate much more at night. In our previous course a pilot at
graduation had flown approximately 12 hours at night which was spread throughout the course. In the present
course each student receives 20 hours of night just in the night qualification phase. If a student cannot fly at
night he goes no further in this course. No one ever washed out in previous courses because they could not
fly at night. There wasn't any way to define it; the hours were spread too thinly.

In the last four and one-half hours of the night qualification phase, every student receives training in night
vision goggles. The students are taught the capabilities and limitations of the night vision goggles, a device
f in which the Aeromedical Research Laboratory has had great input.

For example, training with night vision goggles in order to make it safe requires increased emphasis in
safety. The Aeromedical Research Laboratory developed filters which can be mounted on our night vision gog-
gles which permit us to fly in the daytime as if it were night. We use the day filters to conduct our night vision
goggles training in the combat skills phase of training. This is just one thing the Aeromedical Research Lab-

1 ' oratory has done, and | think that by having the lab here at Fort Rucker as a member of our team has helped
to facilitate that development.
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Another new innovation in our initial entry course is the training cf Aeroscout pilots. For the first time
in Army aviation history we teach aeroscouts at Fort Rucker. In years past, all scouts were trained in their
unit. An individual would go to flight school and learn to fly the Huey. When he reached his unit they wouid
point to him and say you will be a scout pilot. Then the unit had to expend the time to train him to be a scout
pilot. We are now taking ten students out of each IERW class and giving them 60 hours of aeroscout training
in the combat skills phase to include transition into the OH-58 helicopter. The remainder of the class continues
on to combat skills taught in the UH-1 aircraft. Students in both tracks receive five hours of UH-1 flight simu-
lator training in tactical instruments.

What are tactical instruments? Well, it is basic instruments and it will teach you to fly in a stateside or
European environment under whatever air traffic control system is in operation. Tactical instruments takes
what a person learns in instrument training and applies the capabilities of the aviator and air crew to operate
in the forward area of the combat zone. Whereas in our normal instrument training we are talking about taking
an instrument flight from 4,000 feet above the ground on up within the capabilities of the aircraft versus tactical
instruments where we are talking about being able to fly instruments 30 to 500 feet above the highest obstacle.
Once the destination is reached, an approach, an instrument approach, to a small tactical beacon in the forward
area of the combat zone is made.

The two areas which | would like to make sure you understand are that the frontiers of Army flight now lie
in the night qualification phase and tactical instruments which we teach in combat skills. These are all based
on a good basic instrument course.

For those of you who are sensitive to human behavior changes, let me now discuss some of the changes
we have made since 1969 in our training program (Fig. 18). Primary training has been reduced from 100 hours
to 50 hours. UH-1 transition has remained the same except for the cockpit procedures training which | men-
tioned earlier. Instruments has gone from 50 hours flight time to 20 hours now and from 7} UH-1 flight simulator
hours to 40 including five hours of tactical instrument training. Combat skills has increased significantly
from 25 hours to 60. All this in a period of nine years.

| think you can see our emphasis has been on preparing the aviator while he or she is here in school for
that environment in which the unit will fly against the Soviet threat.

I call it the ground environment; not the air environment.
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OPERATIONAL BRIEFING
SOVIET HELICOPTERS

Ralph P. Alex, President
International Helicopter Committee of the Federation Aeronautique Internationale
1037 Stratfield Road
Fairfield, Connecticut 06432

Thank you, Colonel Knapp, for your very complimentary introduction. | enjoy coming to meetings like this
where helicopters are the main topic and where fixed-wing aircraft will someday unfreeze and whirl their wings.

My discussion today will cover Soviet helicopter technglogy. | was introduced to Soviet technology in 1953.
In 1959 as President of the American Helicopter Society and President of the International Helicopter Committee
of the Federation Aeronautique Internationale, | visited the Soviet Union and was allowed to visit test bases,
factories, and also to fly many of their helicopters and fixed-wing aircraft. This was the first time an American
was allowed to do this. They also.allowed me to take a great quantity of pictures. | returned to the U. S. with
all this film undeveloped. The general comment on my return was, "I am sure they let you leave with undeveloped
film because at some point they most likely x-rayed all of it and the result will be blank fitm, "--but it wasn't.
Most amazing was the fact that every picture came out except the one roll where | forget to remove the lens
cover. It was also amazing that, while j am not a photographer, most ail the pictures were of good quality.

Since this visit | have been continuously impressed by their progress in thhe rotary-wing art of helicopter
production. They have been parallel with the U. S. since the development of the first successful helicopter--
the Sikorsky XR-4 was delivered to the Army Air Corps in 1942, This helicopter is now in the Smithsonian
Institute. The USSR began their helicopter development a few years later and over the past 33 years have become
a major helicopter designer, producer, and user. Many different helicopters have been built and several in sub-
stantial production quantities. During the past 20 years that | have been President of the Internationa! Helicopter
Committee of the FAI, the Russians have been members. Many years ago they told about the international heli-
copter competitions held in their country. These consisted of five events that comprised a training syllabus with
pilots judged on points and precision flying. Finally in 1971, the Helicopter Committee had its first World
Helicopter Competition in Buckeburg, Germany. The Russians were not able to enter. The Germans won the
event. In 1973, a Second World Helicopter Competition was held at Middle Wallop in Great Britain. The Russians
furnished a men's and women's team flying their Mi-1, a 20-year old helicopter. With their long experience
training for the five events, they won the World Championship for men and women; and tied for first place in
the team event with Great Britain.

| am now going to tell you a little about their development history and discuss some of their current and
future plans which | was told about during our meeting in Paris in February of 1978. While understandably there
is skepticism regarding some of their stated accomplishments and goals, | think that one must agree that they are
well within the "state-of-the-art."

Fig. 1. Soviet Mi-1

Fig. 1 is a photograph of the Mi-1. This is the first of a design series by the Mikhail Mil Design Bureau.

The helicopter is powered by a 525/575 hp radial piston engine which is a Russian version of the Pratt and
Whitney R-1340. It has a three-blade rotor with steel tube-step tapered segmented spars with pin-joint splices;
the leading edge is laminated wood; and the wood ribs are covered with fabric. This construction was progres-
sively changed to eliminate splices and pinned attachments through the years; and finally, the blades used the
same technology as in the U.S. --aluminum extruded leading edge spar and aluminum sheet pockets for the blade
airfoil shape. This aircraft from the beginning of its development had anti-iced windshields, engine carburetor
heat and rotor blade de-icing. The eariy versions used aicohol and the later versions used an electrical system.
It has a scary starting system. It is a compressed air system with a storage tank. So, if the tank is empty, you
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can't start. | asked, "Why don't you use an electrical system?" The reply was, "We can't afford it; and also,
there is plenty of air everywhere. All you have to do is compress it.* They have built over 3,000 of this model
and trained over 9,000 pilots for their military and reserve forces. At present they are being used by their many
aero clubs for proficiency training. Many are in extended storage. Gross weight of this helicopter is 4,200 Ibs,

cruise speed about 85 knots (100 mph) . 4

Fig. 2. Soviet Mi~4
"Hound"

Fig. 2 shows the Mi-4 which was Mil's next larger effort. The aircraft is very similar and slightly larger
than the Sikorsky H-34 (S-58). It is powered by a USSR version of the Wright R~1820, 1450 hp engine. It has a
four-blade rotor system and originally used stee! tube spars and built-up wood leading edge and fabric cover-
ing. Subsequent models have aluminum extruded spars and aluminum pockets. The blades are electrically
de-iced as is the windshield. The tail rotor is wood construction. A radar altimeter is standard equipment on i
this machine as it is on all helicopters operating in the Soviet Union. The climate in the USSR is so varied that
there is a constant need to be prepared for icing, whiteout, IFR weather, and a minimum of navigation aids.
Therefore, a radar altimeter is considered basic equipment. They also have a very simple navigation system.

It consists of a basic three receiver ADF. It receives three signals from positioned transmitters in the field and
it automatically computes position from these three fixed points. A continuous X and Y coordinate display instru-
ment provides continuous position update. The instrument can be stopped to transfer position to a simple running
map kneepad system. This navigation system is absolutely simple, very lightweight, and quite accurate. The
radar altimeter has been there for years. They have built over 4, 000 of these machines and they also have

) licensed other countries to build this machine. They have allowed Nationalist China to build them. Nationalist
China has built about 80.

Fig. 3. Soviet Mi~6
IlHookll

In 1957, they decided that the U. S. was coming along on big helicopters, and they went ahead and built
., this machine. It was built in 1957 and shown to the public and the western nations in 1959. Since then, they
X have built over 500 units. This helicopter holds several world speed records. It still holds the world speed
record for 1,000 km closed course, 186 mph average speed set in 1959, [t can carry up to 80 troops, it carries
two six-by-six trucks and has two 5,500 hp flat-rated turbines. The turbines rating at sea level, for five
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minutes, is 7500 hp. Again, dual radar altimeters, weapons <ystems mount in the nose, and quite a solid air-
craft--one that they gave away to many of their satellite countries. They derated the machine for normal use to
improve reliability. instead of allowing it to fly at 97,000 gross, it flies at 83,000. They have very few spare
parts. When the spares disappear, since there was no follow-on support promised, the satellite couritries don't
normally fly them very much after that. So, most of their friendly sister nations that have had the Mi.6's have
flown them for a period and they they go into storage and they stay there. What the Russians are going to do
about that, | don't know. This 114-foot diameter rotor with 122 rotor rpm has flown on a 100 km clesed course
for an official worid record at 211 mph. In the United States, the Black Hawk set the 15/25 km worid's speed
record at 220 mph. To break the 100 km USSR record of 211 mph would require flying for five or six minutes at
very high speeds and would require boosting the engines to 40 or 50 percent over maximum power. The attempt
was canceled. The feat of 211 mph for 100 km is still held by the Mi-6. Incidentally, all these machines have
been produced in quantity. All these machines, even though they are in civilian dress, are military--it depends
on what mission is assigned. As to the interior, it is quite a good interior; same type of construction as here.
Today they have the biggest hydraulic presses for forging titanium, aluminum, and steel in the worid. They
have a 75,000 ton press and five 55,000 ton presses so they can make forgings for greatly increased production
rates, and they are ready for it now.

Fig. 4. Mi-2

This machine was built from the Mi-1. It has two small turbines. What did they do? When they heard us
dicsussing the facts and by reading our magazines and literature, they learned that when you have to have the
helicopter operate in all weather, very low and slow, and near troops and people, you must have it multi-engine.
This one has two 375 hp turbines. In 1956 they decided to develop a family of turbines. They buiit 375 hp
turbines, 800, 1500, 2000, and 4000 hp sizes. They got them all to operate within a period of five years. Some
of them not as successfully as others, but there were about 4, 000 of these machines built. Production today is at
a rate of 30 a month. The main manufacturing facility is in Poland. The Mi-2 flies a little faster than the Mi-1,
but basically it is the Mi-1, turbinized. | asked what it was used for as it is completely outfitted inside as an
exec luxury machine. | asked, "Why do you have plush interiors?" He said, "We have executives in Russia,
too. Why do you think that we haven't?"

Fig. 5. Mi-10
"Harke"

This is the Mi-10 which they built from the Mi-6. Fifty of these machines were built. We think it takes
after the Sikorsky Crane, but it was developed about two years later. It has a rear-facing operator control with
a sling that can carry 20 tons on the hook. It has no hoist. It has the same 114-foot rotor. It has flown 215 mph.
Considered not too successful, because of each mission to transport missile components, it sort of fizzled.
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Fig. 6. Kamov-25

Kamov is a coaxial man and he thinks tail rotors and tail cones and tail fuselages are a danger and not neces-
sary. They contribute to parasitic power so he puts coax rotors and eliminates tail rotor losses. He has built
five sizes so far. This had 800 hp engines, originally, Today these are rated at 1500 hp. The gondola, the
belly nose section there, is for the rear-facing operator who crawls in there so that he can control the 3-ton load
they can pick up on the sling from the carriers and, also, from the smaller missile ships that it has to supply
from the carriers and from the supply ships. It can carry 11 troops; it has flown 175-185 mph at times, though
officiatly the Russians say it won't fly over 125. It is carried on the Moskva helicopter carrier. It has anti-ship
missiles on it now. It has dipping sonar and good radar out to line of sight. They tell me that with some of the
IR equipment on board it can pick up line of sight up to 80 miles at about 12,000 feet. It can pick up a two degree
surface temperature change on the water. This is what the Russians tell me, though they can't tell me much
about what the two degree difference means. They built about 120 of this model.

Fig. 7. Kamov-25

You can see they have electric folding rotor blades. Now they are putting the blades closer together and
making kneeling landing gear to have smaller hangar spaces on the deck, so they don't have to have such a
high compartment or hangar space for the machine. The machine weighs about 16,000 pounds and has a 3-ton
payload, and about 2} hour endurance.

Fig. 8. Kamov-26
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They built this small machine and it is called a Kamov-26. It has piston engines, carries about one-half
ton of cargo. They built about 4, 000 of these and it is used as a training machine and for agriculture and spray-
ing. Also, in the farmlands, it is used for carrying minor supplies, cargo and spare parts.

Fig. 9. Mi-8
llHipll

The Mi-8 was built, we think, to match the U.S. Sikorsky $S-61, a 24-30 passenger transport. Thev only
built 110. They tried to market it in western Europe; they did not succeed too well. The machine has some
world records. It was flown 180-190 mph by women for world records on long distances. Today it is used as
a commercial transport and a later one as a troop transport. You will see pictures of some movies showing it
in operation in East Germany, and | think it would be interesting to you. It has two 1500 hp flat-rated engines,
weighs about 23, 000 pounds, and carries 27-30 passengers and 22-25 troops. | said, "Why do you carry 25
when a squad is much less and why don't you have a squad carrier like the U.S.?" They said, "A squad must
be very flexible. It might be required to be 20 or 10, but we have to have it large. You might want a Path-
finder crew or PR people to accompany a squad."

Fig. 10. V-12
"Homer"

They went ahead and built the V-12 in 1970, They began building this machine in 1968. In 1970, they flew
it. It has two Mi-6 rotor systems, one on each pylon on each wing panel, and each rotor can carry about 95, 000
pounds, but they have improved them so this aircraft flies at a gross weight of a quarter million pounds. It will
carry 300 troops. It is the equivalent of the Soviet An-22 transport. As a transport it goes into the theater,
stays in the theater, and delivers.the equipment the big airplane brings into the rear of the forward areas.




Fig. 11. V-12
{In flight)

This is the V-12 in flight. Some of the flights it has had back from the Paris air show have been unusual.
There is a man that sits way on top of the pilot's office in a little cupola and watches both rotors. When they
get out of phase and begin to vibrate and cowlings begin to open and fall off, he advises the pilot and they
fand. 1 told them that it means the ship must be underdeveloped. They said it was very well developed except
at times when it behaves that way. This is the type machine that can fly at 120-125 knots and probably faster,
but they do have that unsymmetrical ioading that causes a resonance, and they don't dare try to fly it too fast
because they won't be able to slow down in time. They are building six more.

Fig. 12. Mi-24
||Hind"

This is the Mi-24 gunship that they decided to build, and they built it basically from the Mi~-8. It has a 72-
foot diameter rotor, two 1500 hp derated engines that can put out at least 2500 hp each. It has wing stations for
pods for 57 millimeter free (unguided) rockets, folding fin, and also, the outboard stations are for the bombs,
missiles or other ordnance. In the front, the nose, is the gunner/copilot or he acts generally as copilot. He
has a formation stick and he can take the aircraft over for some missions. In back, side by side, there are two
pilots. In back of them in the cabin is a fire control or an artillery or a missile adjuster, and he acts like an
artillery adjuster. He receives data from forward Pathfinder units; he gets information as to coordinates of
enemy equipment, either tanks or armor of some kind; and he will then plot that information and transmit it to
the gunner up forward who will then fire the missile. This capability has only been available within the last
two or three years. This Mi-2U4 has been flying for four years now. These missiles that they are firing in this
manner are not wire-guided; they are like the Hell Fire, fire and forget, up to 12-15 km. He gives them the
coordinates, they fire in the general direction, and he can see the missile traveling on the CRT as he has a tele-
vision sensor in the nose. In the last stages target approach, terminal guidance trajectory, he can watch the
target, put the missile on target, activate the television recorder, watch the missile hit the target, and come home
with that information, or rerun the tape on the screen and see what the missile really hit. They say it is wonder-
ful for recording serial numbers of equipment they hit and they even look carefully at who is in the aircraft. {'m
not sure they are telling the truth, but at least they have a good line. Basically, that is what they have now.
The only other man they have in the aircraft most all the time is the crew chief. It is a five-man crew aircraft.
In the movies, in this early model, you will see a cabin space big enough to carry 14-15 troops besides the
ordnance and the five-man crew. It weighs 25, 000-26, 000 gross when it takes off for its mission. It has about
2} hours of fuel. Some of the information that the Russians say we have erroneously gotten is that at that gross
weight it has a range of about 80 km. They say, "Don't you believe that. We will never go anywhere without
full tanks, it is uneconomical." The other thing they say, "with this machine, you must keep 12-15 km back of
the MLR and back of the target because if the target is close enough to fire missiles at you, the Mi-24 is too big
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a machine and any loss rate is unacceptable. We cannot lose our crews, they are few, and they are very im-

portant. They are very highly trained. We must keep them alive so we keep the aircraft far back and will not
engage any targets close enough to where we might get return fire that might be effective from the other side."
This is their philosophy. Initially, they built about 80 of the Mi-24. About 40 were in East Germany for the ‘
first couple of years and there are many more there now. They stopped production on this machine after about
200. The next ones that you will see are the machines that are in production now at rates up to 30 a month. :

Fig. 13. Early version
of Mi-24

This is the old machine, the early version of the Mi-24. The forward area mounts a nose chin turret; the
landing gear is retractable. They said the gear must be retractable because they are going to have 350 degree
fire from the turret. This is so they can sweep an azimuth of 360 degrees and fire at targets to the rear.

Fig. 14

This is a smaller machine with a 58-foot rotor and weighs about 15, 000 to 16, 000, same engines. Lately,
in a clean version, it made world records in 1,000 km closed course at 200 mph and 500 km closed course at
207 mph. It carries anti-ship missiles and it has carried them in East Germany--in training maneuvers. | asked
them why they do that; they are not flying at ships. Well, it is a good place to train, and we are amongst all
the other gunships and gives them the type training we want. What type training is that? Mainly it is contour
flying, absolutely in the nap-of-the-earth, in defilade for protection. So this is a smaller machine, very high
speed. Incidentally. the women flew it and they made five records. They timed a climb to 6,000 meters (about
19,000 feet) in 44 minutes. It is a climbing fool and reliable. | said, "Why do you have the waomen pilots fly it?"
They answered, "They are perfectly competent, and we want to show you westerners that we don't need SAS
and automatic flight stabilization; vibration is contained."




Fig. 15. Mi-24

This is an underview of one of the latest machines with the bubble turrets--side view of the machine. This
is one of the earlier versions, the number three version, and the side view changed somewhat. This is the
earliest machine, that first Mi-24 with the side-by-side pilots and the forward observer. This is the squadron
you will see in the movie, so we won't harp on it; but it has the big turret with the 20 mm cannon, gatling gun
in the nose, and IR direction fire control, radar, and also a laser range finder with the turret. Once you find
the target, the laser range finder wi:l automatically hold on to it as an optical contrast seeker and sweep the
target at very high rates of defiection. They claim it is very effective and they have used it. If you can look
and see the cockpits, they have bubble canopies now instead of the flat non-glint glass that they had. They
said non-glint doesn't work because it flares and glares too badly inside. So “hey now have canopies, which is
the best of two worlds but still compromised, and right now they say they are testing a canopy that retracts in
the hover or in the hover position where they pop up and fire. Under this condition, they have no canopy at all.
That gives you three things: (1)} no glint, no glare; (2) a feeling that you are out in the battlefield area, a
more secure feeling; and the other (3) no weapon is going to hit them due to deflection of the round, either rifle
fire or cannon fire, where even shrapnel might hit the cockpit canopy and that spall could incapacitate the pilot.
If he has no structure or canopy the only time he can get incapacitated by a hit is if he is hit directly, which
could happen even if the canopy was there. So, they think they have the best of three worlds, and it is an un-
usual concept.

COMMENTS BY SPEAKER

There are two other things | would like to tell you about the Russians. One is that they would like to tell
you that everything is successful and everything they are doing is operational and with the long range missile
keeping far away from the MLR, and | think that is a pretty valid one. The other basic thing that they just told
me in February is that they are developing four RPV's because they cannot allow, in their way of thinking, the
experienced crews of all their aircraft to be exposed to fire when they are going against sophisticated weapons.
The losses will be untenable and totally unacceptable. They are making RPV's of the mini, the gunship, and
will make them non-manrated so that their gross weight will be about half of the present machines and the cost
will be about a quarter. That is their goal. They have developed muiti-fuel type engines in the small category,
and it is very lightweight and will weigh less per pound horsepower, and they are now actively developing a
3,000 pound lift gunship, a 12-15 troop equivalent RPV remote power vehicle that would carry cargo, fuel and
other supplies into forward areas. As for manned aircraft, they will only move forward when the area is sterile
and it is safe to enter, and if it is safe they will put their manrated aircraft into the area and their troops. These
are the combat tactics they propose. It was explained to me quite in detail at their meeting, and it is pretty hard
in two days to get any real feel foi it, but that is their view. Right now they are building 30 gunships a month
and 10 transports a month, and they say that they cannot build too many more than that a month. During last
year's combat maneuvers, they experienced very large loss rates and came to the conclusion that they must
develop these new tactics. The last thing to remember is that their aircraft is about the same as ours, a little
more rugged, and with speeds of 200 miles an hours, with their combat performance as we saw in the short film,
with some of the things we saw in our world championships and other places, that their combat performance is
quite acceptable. Thank you very much. it was a pleasure to be here.
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OPERATIONAL BRIEFING
ATTACK HELICOPTERS

COL John C. Bahnsen
TRADOC System Manager, Attack Helicopters
United States Army Aviation Center
Fort Rucker, Alabama 36362

My job is a very simple one--1 am to insure that the American helicopter force takes very few losses and
make sure the Russians have very high losses.

1 am going to talk with you about some of the things we are doing in the attack helicopter business. The
areas | will discuss with you are as follows:

-~ Total Attack Helicopter Weapon System Management
-~ NATO Battle

-~ Helicopter Air-to-Air Warfare

-~ Unique problems in Attack Helicopter Employment

“JAWSH is the acronym for the Joint Attack Weapons System (JAWS) tactics development and evaluation (TDE)
conducted by the U. S. Army and U. S. Air Force utilizing the Air Force A-10 attack aircraft and Army attack
helicopters. The film | will show you will depict how we integrated the A-10 close air support aircraft and attack
and scout helicopters. | served as Army director of the Joint TDE.

(JAWS FILM SHOWN)

The tremendous stress placed on the Air Force pilots positioned in the nose of the A-10 was measured by the

Air Force. The stress placed on the attack and scout helicopter pilots was not measured. | wish we had done so;
it was a failing on our part.

Our job is attack helicopter total system management which includes personnel, tactics, hardware, training
and logistics. We know less about the personnel area than the other areas just mentioned where we know a great
deal. Herein lies the challenge to operational helicopter aviation medicine. We must learn the impact on human
bodies and minds of our new weapon systems and employment thereof.

The principal attack helicopter missions are as follows:
-- Anti-armor
-- Cavalry
-~ Air Assault

Our primary mission, of course, is anti-armor. The traditional mission of cavalry includes the economy of
force missions, reconnaissance and security. Air assault missions are supported by attack helicopters for se-
curity and suppression of enemy personnel and air defenses along the assault route.

My discussion of the NATO battlefield will include only the anti-armor mission. The NATO central battle
scenario we will face looks like this--two US tank companies (approximately 30 direct fire anti-tank weapons
systems) opposed by two enemy regiments with approximately 210 direct fire weapons systems, a 7-1 ratio.
This is a most difficult situation at best. Each US weapon would have to destroy seven enemy weapons as they
close within engagement range.

Reduction of enemy targets by engagement at longer ranges can be conducted by a platoon of attack heli-
copters each carrying 16 Hellfire missiles. If two attack helicopter platoons could be brought to bear on the
force of 210 enemy systems with 90% effectiveness, we could attrit the enemy to a 3 or 4 to 1 ratio which is
reasonable to defend against. This is a worse case actual example from a sector of the European battlefield.
Herein lies the reason for having highly capable attack helicopters available on the battlefield.

Our Air Combat Engagement (ACE) tactics development evaluation (TDE) was initiated here at Fort Rucker.
It was helicopter air-to-air development work, pure and simple. | have repeatedly stated that the first hero
of the next war will be a helicopter pilot who encounters a flight of Hind helicopters (depicted in the film) and
shoots a handful of them down. The ACE TDE was conducted to evaluate tactics required to counter the enemy
helicopter air threat; to develop an attack helicopter counter air training program; and to examine weapons
requirements for the air-to-air mission. Lessons learned in the training field were basic but importan.t. Crf:w
integrity proved to be vital. We cannot take any two pilots from the flight line or unit and do w.ell at air to air.
They have to be a team; they have to train together. Some pilots were paired up on a short notng basns. and \
almost invariably they lost the air-to-air fight. A high degree of weapons and switchology proficiency is ;
needed. Range estimation is a big problem. We need range finders to adequately employ our weapons. When
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NOE flight was required, the pilots often lost track of the air-to-air mission or when pressed with the air en-
gagement, they often lost track of their focation. Trying to accomplish two distracting missions at the same
time (air-to-air engagement and NOE navigation), human capability is challenged to the utmost. Common use
terminology for the air-to-air mission does not exist and must be developed.

Tactically, we determined that the best flight mode is to remain at terrain/NOE flight. Combat action is
very fast. If you skyline yourse!f you are much more vulnerable. The necessity for coordination with the
air defense elements was examined and must be evaluated further. An evaluation of our current weapons
available on the attack helicopter showed that the 7.62 mm gun and the current 2.75 inch rocket system were
of little value. Some type of *heads up display" is required for fixed forward firing weapons. A fire contro!
system for an on-board cannon will probably be required. Several fire control switches would have to be
moved to other locations in the Cobra cockpit to facilitate air-to-air engagement. They have to be located
where they can be felt by hand rather than requiring the pilot to bring his back into the cockpit. A simple
protective coating on the heimet sight attachment is also required to keep the crew from scratching the canopy -

The attack helicopter employment problems of concern to the medical community include fatigue assessment
and impact; day-night crew integration training and procedures; crew communication difficulties; laser pro-
tection; life support system adequacy; and requirements for night vision capabilities. The fatigue factor at
the NOE environment is high but unknown and unmeasured. Will our new helicopters outfly our crews, espe-
cially when we have a day/night 24-hour mission? Integrating our crews for day and night missions will
present problems. We need reliable but simple methods of communication in the NOE environment and during
radio silence. The impact of dark adaptation on our crews and our night vision capabilities present a severe
challenge to mission accomplishment.

Finally, | show you the list of aviation medicine concerns that are worrying the attack and scout helicopter
force today:

-- Personnel Fitness
-- Man-Fighting Machine Interface
-- Impact of Stress on Mission i
-- Night Vision Systems/Night Operations
-- Aircrew Fatigue Aspects

-- Human Factors Engineering

We are thinking seriously of using separate day crews and night crews and perhaps a manning ratio of up
to two pilots to one cockpit seat for our new 24~hour capable attack helicopter. How we get these will depend
to a great deal on the medical research identifying the fatigue and stress factors and other factors to be faced
at NOE flight.




OPERATIONAL BRIEFING
AEROMEDICAL EVACUATION, EUROPE

Thomas C. Scofield, Major, MSC
Chief, Aviation/Operations Branch
Headquarters, United States Army Medical Command, Europe
APQO New York 09102

INTRODUCTION

Distinguished AGARD panel members and guests, it is a pleasure for me to be here this afternoon to provide
you with a brief picture of the United States Army Medical Command, Europe, and aeromedical evacuation
within the European Theater 1978.

During the next few minutes, | would like to review some of the more significant actions and events that
have taken place in Europe; review how we are organized for our mission in Europe; review the United States

Army doctrine governing medical evacuation; and address two issues concerning the use of helicopters in a
high intensity conflict in Europe.

For the purpose of this briefing, | will concentrate on the field medical evacuation units, which have
the responsibility of patient evacuation.

The United States Army field medical assets in 1964 consisted of two hospital centers, three medical groups,
six medical battalions, evacuation hospitals, surgical hospitals, ground ambulance companies, and several
smaller medical units to support the U. S. Forces. Because of numerous studies, budget restraints, and con-
gressional action, such as the Nunn Amendment, the medical capability in Europe has been greatly reduced
(Fig. 1}. From 1965 to 1967, one hospital center, three medical battalions, two evacuation hospitals, five ambu-
lance companies, one clearing company, and one medical depot were eliminated as well as the two medical hold-
ing companies and the medical holding detachments. However, during this period we gained an air ambulance
company and two helicopter medical detachments as well as one medical brigade (Fig. 2). From 1968 through
1971, a medical group, all of the medical battalions, and several evacuation hospitals, surgical hospitals, and
ground ambulance companies were eliminated from the total force (Fig. 3). From 1972 through 1974, medical
assets were further reduced. However, two helicopter medical detachments were added to compensate for the
loss of the ground ambulance companies (Fig. 4). The years 1975 through 1978 were characterized by still
further reduction in medical assets (Fig. 5).!

FIELD MEDICAL ASSETS 1964

FIELD MEDICAL ASSETS
1965 thru 1967

b

Fig. 2
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FIELD MEDICAL ASSETS
1968 thru 1971

P

Fig. 3

FIELD MEDICAL ASSETS

Fig. 5

The United States Army Medical Command, Europe, is a subordinate command of the United States Army
Europe and Seventh Army, the major Army command in Europe. General Reid is the Chief Surgeon of the
United States Army, Europe and Seventh Army (USAREUR), as well as Commander, United States Army Med-
ical Command, Europe. As Chief Surgeon, United States Army Europe and Seventh Army, General Reid is re-
sponsible for the United States Army health service to Europe.

United States Army Medical Command Europe has two missions. First, be prepared to provide medical
support in the event of war; and second, provide peacetime health care services to United States Forces and
their families. To accomplish the peacetime mission, the American sector in the Federal Republic of Cermany,
consisting of two U. S. Corps, V and VIl, and the 2tst Support Command, is divided into seven medical depart-
ment activities (MEDDACS) .




ral}

In addition, outside the American sector, are five MEDDACS (Fig. 6). Various field units, under the com-
mand and control of the 30th Medical Group, a subordinate command of MEDCOM, provides the aeromedical
evacuation capability within Europe. Today, within Europe, we have one air ambulance company and four air
ambulance detachments.
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Fig. 6

The air ambulances are stationed in seven permanent locations from which they provide support to all the
MEDDACS within the Federal Republic of Germany. The Headquarters, 1st and 3d Platoons of the 421st Medical
Company (Air Ambulance)}, are located at Nellingen. The 4th Platoon of the 421st Medical Company is located
at Darmstadt. The 2d Platoon of the 421st Medical Company is located at Schweinfurt. The 159th Medical De-
tachmer.t (HA) is located at Fuerth, Germany. The 15th Medical Detachment (HA) is located at Grafenwoehr .
The 236th Medical Detachment (HA) is focatéd at Landstuhl. This provides MEDCOM with a total of 49 UH-1H

air ambulances (Fig. 7).
' FIELD MEDICAL UNITS <
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Fig. 7

There are four ground ambulance companies in Europe. The 651st Medical Company (AMB) is located at
Ludwigsburg; the 42d Medical Company is at Nuernberg; the 557th Medical Company (AMB) is located at
Darmstadt; and the 583d Medical Company (AMB} is located at Landstuh! (Fig. 7).

Aeromedical evacuation of patients in Europe follows basic U. S. Army doctrine, which governs the medical
evacuation of patients from the most forward facility of the evacuation system--the battalion aid station or field
site pick-ups to the hospitals in CONUS. There are three zones in the aeromedical evacuation system--the for-
ward combat zone; the rear combat zone or communication zone (COMMZ); and the zone of interior (Fig. 8).

The Army is responsible for evacuation of patients within the combat zone. The primary means of evacua-
tion for the U. S. Army within this zone is the UH-1H helicopter air ambulance. Patient evacuation is organized
into four levels extending rearward in an integrated and continuous system. Each level, from unit to COMMZ,
provides a greater treatment capability than does the preceding level (Fig. 8).

The organization of medical support is flexible and will be influenced principally by the tactical situation.
Composition will vary widely with different situations and operational environments.

There are five levels of medical support:

-- Unit level, which is an integral part of the 2d level division.
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~- Division level medical support.
~-- Corps level medical support.
-~ Communications zone level medical support.

~- Zone of interior.

Fig. 8

Unit level medical support is the first level and is organic to division. These small medical units (platoons
or sections) perform three primary functions. The first is to provide aidmen to the infantry, armor, or mech-
anized company of the battalions. The second is to establish and operate the company aid posts and battalion
aid station, and the third is to provide evacuation from the point of injury back to the aid station, aid post, and/or
battalion aid station.

The division level medical support is the second level and is provided to the entire division by its organic
medical battalion. The medica! battalion operates the division clearing stations and evacuates the patients from
the forward battalion aid station.

The third level of medical support is corps level. The corps employs air and ground medica!l evacuation
assets to evacuate patients from the divisional medical clearing stations to the hospitals located in the COMMZ.
Of note here, the air ambulance may by-pass any level of medical support; for example, the battalion clearing
station, and go directly to the combat support hospital if the condition of the patient is urgent. This decision is
made by the pilot-in-command of the air ambulance in concert with the medic on board the air ambulance. This
is an essential factor in rapidly moving the patient to the facility that can best treat the type of injury sustained
by that patient.

The fourth level of medical treatment and evacuation is the communication zone. All medical units in the
communication zone are assigned to the medical command. Presently in Germany, patients are evacuated from
the corps area utilizing ground and air ambulances. Rail and U. S. Air Force tactical aeromedical aircraft may
or could be used in time of war. These patients are moved to the general station or field hospitals located in
the COMMZ.

The final level of support involves movement of patients from the COMMZ to the zone of interior-~CONUS.
This ievel of evacuation utilizes United States Air Force evacuation aircraft. These patients are taken to
named general hospitals, named post hospitals, and other federal hospitals in CONUS. This completes the
chain of medical evacuation.

Two of the issues expressed by critics of helicopter aeromedical evacuation in Europe are that the heli-
copters will not be able to survive on the battlefield because of the Warsaw Pacts anti-aircraft capabilities and
fire power. The tactics developed here at Fort Rucker and the techniques employed and adopted insure that
we can and will survive in this environment, if we train properly. Additionally, weather has been expressed
as a factor that will prevent helicopter operations in Europe. Presently, we labor under peacetime weather
restrictions which are there for safety. In time of war, these restrictions will be reduced or eliminated.
Weather may well be a helpful factor to us--what the enemy can't see, he cannot hit. Further, weather may
limit his tactical movement. Proper training and continuous evaluation of instrument efficiency will insure
that we can safely perform in adverse weather conditions. | believe we can survive on the modern battlefield,
if air ambulance assets are used properly, and that we will evacuate as far forward as the tactical situation
dictates; however, mismanagement and improper employment of air ambulance assets will severely degrade
our evacuation capability. The medical family must constantly review and reemphasize the proper use of air
ambulance assets. Air ambulances should be utilized to evacuate emergency and priority cases which must be.
evacuated immediately to save life or limb. Air ambulances should not be used to evacuate minor illnesses.
There is a continuous need to train tactical personnel and medical personnel in the proper and most effective
method of evacuation.




All indications are that the next conflict will be highly lethal. The conflict may well be characterized by:
-- Higher rate of casualties.
-~ Fewer hospital beds.
-- Scarce medical evacuation assets.
-~ Longer distances for evacuation.
-~ Congested and interrupted main supply and evacuation routes by refugees and tactical units.
-- Shortage of physicians and specialized surgical teams.
-- Consumption of large amount of supplies.
These conditions dictate proper employment of air ambulance assets,
The keys to success for successful evacuation in this environment are:
-- The proper utilization and the proper mix of air and ground evacuation vehicles.
-- Evacuation of patients as far forward as the tactical situation permits by air. If the severity
of the injury is such that air evacuation is warranted, then that option should be considered
in concert with the tactical situation. If the injury is minor, ground evacuation is advisable.

-- Mating the patient with the physician best capable of treating the patient's particular type
injury as quickly as possible.

-- Orchestrating patient flow to treatment facilities.

-- Cycling medical aviation units in and out of combat regularly to maximize efforts without
degradation of aircraft and crew availability rates.

Further, to meet the challenge of the modern day battlefield, we need helicopter aeromedical research. From
the beginning of flight, man has experienced physiological problems which have limited his ability to operate
his aircraft safely. Each new aerial development has created new problems. To survive and evacuate our
patients, we need the aeromedical research scientists--we need answers to questions concerning:
-~ Fatigue.
-- Night vision devices.
-- Better instrumentation specifically designed for helicopters.

-~ New and better life support equipment designed for helicopter crews.

-- New and better on-board medical equipment specifically designed for the helicopter environment
for en route treatment.

The challenges are there. We need the aeromedical research scientist's help to solve these problems.

In the past few minutes, | have given you an overview of the Medical Command, Europe, discussed the med-
ical evacuation doctrine, and addressed a few issues concerning the use and employment of helicopter air ambu-
lances. We, in Europe, look forward to the next year with great anticipation, realizing that there will be new
ideas, sweeping changes, and perhaps a reorganization or two.

Thank you for your interest and time. This concludes my briefing.

REFERENCES

1. George E. Chapin, Jr., "Medical Support" Briefing Presented to the Association of the United States
Army, Garmisch, Germany, 17 April 1978.
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OPERATIONAL BRIEFING
SEA, CARRIER, ANTISUBMARINE OPERATIONS

Daniel R. Bilicki, CAPT, US Navy
HS Wing One
Naval Air Station, Jacksonville, Florida 32212

Helicopter Antisubmarine Wing One is located at the Naval Air Station, Jacksonville, Florida, and has ad-
ministrative control of seven helicopter antisubmarine squadrons. In this capacity the wing controls approxi-
mately 65 SH-3, Sikorsky Sea King aircraft. These aircraft, assigned to the individual squadrons, deploy
aboard the Atlantic Fleet attack aircraft carriers to provide antisubmarine warfare (ASW) protection for these
ships.

The threat we are immediately concerned with is the Soviet attack submarine, be it nuclear or conventional
powered. The quiet, elusive nature of the prodigious Soviet attack submarine is a constant threat to the CV,
its associated task force, international merchant shipping, sea lanes, and harbors throughout the world. Only
since 1959 has the Soviet Union placed sufficient emphasis on submarine production that this modern and power-
ful underwater weapon system has become the major strength of their Navy. Their submarine force presently
consists of nearly 400 units, which when compared to the U. S. force is larger and more diversified. The
versatility of the modern Soviet submarine poses a multiple sea going and land based threat. This includes:
torpedoes from attack submarines at close range; cruise missiles from attack submarines at 15-300 miles; and
ballistic missiles that could destroy a city such as Seattle, Washington, from an underwater firing position off
the coast of New Jersey. It is evident that the Soviet submarine poses an immediate and formidable threat to
national security and world peace.

Our mission specifically as Helicopter Antisubmarine Wing One is to nullify the awesome and everpresent
threat by means of antisubmarine warfare tactics. Antisubmarine warfare presents a significant challenge in
that 70% of the earth's surface is covered by water. Through systematic precision our highly trained profes-
sionals execute the four phases of ASW: search, detect, identify, and destroy with accuracy.

The CV, a vast and mobile floating arsenal, measuring over 1000' long and 90,000 tons, is a self-contained
floating air station. It is home for over 5000 men and about 100 aircraft, which need to be fed, fueled, and
maintained to do the task at hand. It is, however, an extremely vulnerable and highly prized target. The
very noise it puts in the water is extreme and distinct, enabling the Soviet attack submarine to detect, identify,
and track it with ease. The relatively small complement of capable ASW helicopters on board the CV provides
it with superb ASW protection out to 50 miles. The range can be extended by in-flight refueling; however,
other platforms prove to be more effective search vehicles at extended ranges. The SH-3's quick response,
rapid localization and timely kill capability utilizing sonar, magnetic anomaly detection equipment, sonobuoys,
and homing torpedoes are unprecedented.

The H-3 platform provides for compact placement of sensor and weapon packages. Mark 46 torpedoes can
be mounted port and starboard. Marine markers, or smokes, are in the aft section of the port sponson. The
dipping sonar is housed in a central well in the underside of the aircraft. The sonobuoy launcher is located
in the after section of the cabin and can be operated electrically from the cockpit. The mad towed body and
reeling machine are carried in the aft section of the starboard sponson and are particularly effective due to
their trailed position below and aft of the aircraft, removing them from self-induced aircraft interference.
Sonar evolutions are conducted from a hover. The sonar transducer can be positioned at various depths, has
active and passive detection capabilities, can provide bathythermograph information and underwater communi-
cation.

The H-3 can launch an attack on information provided by its own sensors or on information gained by
coorainated operations with other antisubmarine sensor platforms. The SH-3's versatility and unprecedented
localization accuracy, coupled with its unique ability to launch an active homing torpedo from a hover, gives
the helicopter a distinct advantage over other ASW platforms. It is able to flush the sinister hunter from his
den and deliver a precise, timely attack on the enemy submarine. Crew coordination and discipline in the
muiltipiloted aircraft are paramount in the safe and successful completion of all H-3 missions, especially the
demanding night, all-weather ASW operations. Each member of the ASW team plays a significant role in the
successful completion of the total ASW mission. As an integral member of the ASW team and in its unique
fleet support role, the SH-3 provides an inexpendable service to the Navy's modern fleet. The versatility,
vigilance, and valor displayed by the men of the antisubmarine helicopter squadrons have won the ASW helo
a permanent place in the Navy's antisubmarine force.
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RESCUE HELICOPTERS IN PRIMARY AND SECONDARY MISSIONS
by
B.Gorgass, G.Frey, W.Stotz
Rescue Center
German Army Hospital
Mihringer Weg 105/1
7900 ULM, FRG
and
G.Kugier and .Karger
Allgemeiner Deutscher Automobil-Club-¢.V (ADAC  Zentrale)
Baumgartnerstrasse 53
8000 Miinchen 70, FRG

A. INTRODUCTION

During the Vietnam War, the military medical service and the civilian rescue organiza-
tions in the Federal Republic of Germany noted with admiration that the US Army was
able to fly every wounded person, with few exceptions, to the final unit for treatment
within 40 minutes from the time the injury occurred. Thus the American soldier had the
opportunity, under combat conditions, to be transported more rapidly and with more
care to a place where he could receive clinical treatment than many of our civilian
emergency patients in peacetime. The positive medical experience of the American medi-
cal service with its own ambulance helicopters were a decisive reason for starting

to use helicopters in the civilian rescue service in the Federal Republic of Germany
on a trial basis in 1967 and 1968 through the joint efforts of the various rescue
organizations, the German automobile club (ADAC), public authorities and the Federal
Army.

Despite many inadequacies, initial organizational problems, inappropriate medical
equipment and insufficient space in the aircraft, the results of the experiments were
so encouraging that in 1970, ADAC in Munich and in 1971 the Federal Army in Ulm began
to set up permanent rescue helicopter bases. By now, the entire area of the Federal
Republic of Germany is virtually covered by a network in which 24 rescue helicopters
are operated.

B. RESCUE HELICOPTER BASES IN THE FEDERAL REPUBLIC OF GERMANY

The size of the area of operations is determined primarily by the structure and geo-
graphical distribution of hospitals and special clinics as well as the population
density and ~ which is also important - the airspeed of the helicopter. All rescue
helicopters are stationed at well-equipped clinics. The experience of the various
centers confirms that in a relatively densely populated country like tae Federal
Republic of Germany, regions with a 50 km radius are suitable and practical as areas
of operation for rescue helicopters. This is because all aircraft can reach the
periphery of the area within 10 minutes.

Some areas of operation overlap, but particularly in the southeastern part of our
country, there are still gaps which for the most part will be filled in the near future.

The Federal Disaster Defence provides BO 105 helicopters at 16 bases. The Federal Army
contributes to civilian air rescue at 5 fixed bases with BELL UH 1 D helicopters. Three
bases are maintained by the German Air Rescue, a registered association, with Alouette
III and Bell Long Ranger helicopters.

The crew consists of the following personnel, depending on the type of aircraft:
Technical crew:

BO 105: 1 pilot from the Border Patrol

BELL UH 1 D: 1 pilot

1 flight engineer/navigator
Medical crew:
The medical crew is standard for all aircraft.
1 emergency doctor ’
1 emergency medical attendant

The emergency doctor is a doctor especially well-trained in emergency medicine from a
hospital with a helicopter base whose emergency surgery and/or anaesthesia ward operates
this service. The emergency medical attendants come from the various rescue organizations
which also manage the ground rescue service. These emergency medical attendants have
received special training in emergency medicine. However, for legal reasons they are

not permitted to carry out themselves such important measures in emergency medicine as
infusions, injections and defibrillation.

Nevertheless, these measures are frequently of utmost importance for the success of a
rescue mission. For this reason, all rescue helicopters in the Federal Republic have
a doctor on board. We are absolutely convinced that - at least in our country - the
operation of such an expensive means of rescue as the helicopter is only justified if
the patient is offered a maximum of medical care at the scene of the emergency and
during the flight.
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As chief promoter in the development of air rescue with helicopters, ADAC has assumed
a particularly important function. It negotiates with the health insurance companies
for almost all bases about the lump sums to be paid for each rescue mission, settles
these amounts and is responsible for the statistical documentation.

e Apart from this air rescue service system, there are 12 helicopter bases of the SAR
service, operated by the Federal Army. The helicopters based there can in certain
exceptional situations be requested in order to transport civilian patients.

The willingness of the health insurance institutions to pay approximately DM 850,-
1 (about $ 400) per mission was the most important requirement for establishing an air
rescue service.

C. RANGE OF FUNCTIONS AND OPERATION TACTICS OF THE RESCUE HELICOPTER

1 As a supplement to and in support of the completely developed ground rescue service,
the rescue helicopters fly primary, secondary and "other" missions.

PRIMARY MISSIONS are rapid flights to the scene of the emergency. Emergency medical
care for the patient, if necessary air transport to a suitable hospital.

With SECONDARY MISSIONS, we distinguish between "urgent" and "non-urgent" flights. By
secondary missions, we mean the transportation of an emergency patient from a hospital
whose capacity does not suffice to provide the necessary treatment, to a clinic which
1 is adequately equipped for final treatment, both medically and in terms of personnel

' and organization.

Urgent in this connection means that the danger to life is still acute and the entire
mission must be carried out as rapidly as primary missions. Frequent causes for these
urgent secondary missions are cranial injuries which can only be treated in a neuro-
3 surgical clinic and severe respiratory disorders which can only be treated in large

| intensive care units with facilities for permanent artificial respiration.

Non-urgent secondary missions means that air transport to a special clinic offers ad-
vantages in terms of distance, transportation trauma and time. There is, however, no
acute danger to life. The rescue means used in primary rescue service should, if pos-
sible, not be used for this type of transportation so that they remain available for
acute emergencies.

Various, more infrequent types of missions fall in the category "Other Missions". They
include:

- transportation of blood and organs

- transportation of-mnedical equipment or special medical
teams to smaller hospitals

- transportation of technical rescue teams, for example
the fire brigade, with special equipment like hydraulic E.
expanders to free persons who are wedged in, divers or
mountain rescuers.

A particularly important function of rescue helicopters when used in disaster cases is
transporting patients acutely in need of treatment both rapidly and carefully over
greater distances to several key hospitals and special clinics.

The rescue helicopter is alarmed via the supra-regional rescue control center of the
rescue service. Here the decision is made as to whether an ambulance, a rescue missions
! ambulance with doctor or a rescue helicopter should be sent, depending on the nature

g of the emergency alarm and in view of the distances, the traffic situation and weather
conditions.

D. RANGE OF PATIENTS

In the early years when the air rescue service was being developed, bringing a trained
doctor with an emergency medical attendant and suitable equipment to the scene of the
accident as rapidly as possible was thought to be the rescue helicopter's most important
task. After ensuring vital functions, transportation of the patient to the clinic with
ground vehicles was possible in many cases. Operational tactics and medical equipment
were for the most part oriented towards attending persons injured in road accidents.

The public supported this procedure since the alarming increase of road accidents was
visible to all daily in a particularly drastic way.

However, it was recognized increasingly that the less spectacular but similarly alarming
increase of civilizational disorders which also represent an acute threat to life made
it necessary to use helicopters for primary missions as well. Particularly in rural
areas in which the family doctor cannot always be reached immediately and cannot reach
the scene of the emergency fast enough, there are more and more cases, in which the

! emergency doctor with the rescue helicopter is alarmed in order to treat and transport
patients, for example those with myocardinal infarctions, serious cases of poisoning
or neonatal disorders.
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Urgent Primary Missions (n = 8740)
Traffic accidents 56.4 %
Accidents at work 5.7 %
Accidents at home 2.9 %
Burns 0.7 %
Accidents caused by sports 2.6 %
Accidents caused by water 0.8 %
Accidents in mountains 0.3 ¢
Rail accidents 0.7 %
Air emergencies 0.4 %
Gunshot injuries 0.6 %
Internal emergencies 19.7 &
Other emergencies 6.8 &

Quite typical examples of reasons for primary missions of rescue transport helicopters
of the Disaster Defence for 1977 are given here. The rescue helicopter is alarmed in
around 74 % of the cases for accidents. The predominance of such emergencies is partly
due to the fact that there are practically always landing possibilities for the rescue
helicopter where road accidents occur. Although helicopter landings in inhabited areas
do present some navigational problems, acute disorders which usually occur in homes or
at work make up a clearly defined percentage (approximately 20 %).

Below we give a breakdown of the 1,150 secondary missions flown by our Rescue Center
in Ulm, based on other criteria:

Reasons for Transport (n = 1150)
Diagnosis and therapy for cranial and brain 30.01 %
traumata

Respiration and intensive therapy ; 25.13 3
Internal disorders ‘ 24.43 %
Operational care for surgical emergency 7.04 %
patients

Neontal disorders 5.47 %
Burns 2.26 %
Poisoning 1.91 8
Transportation of blood and organs 2.34 %
(Death of patient before transportation 1.14 8)
(Death of patient during transportation 0.27 %)

The varying frequencies reflect the various reasons for transfer of the hospitals in

our area. They are determined by the distribution of the hospitals, the types of clinics
and the stage of developirent of the ground rescue service in each area of operations of
the rescue helicopter. As far as the whole country is concerned, we find that with the
improvement of the ground rescue service, in particular by making ambulances with
doctors available, the ratio of primary to secondary missions changes so that there are
proportionately more secondary flights. The greater the distance the patient must be
transported, the more apparent the important advantage of the helicopter compared with
ground rescue service becomes.

E. EQUIPMENT
The range of operations and the patients inevitably determine the nature and extent of
the medical equipment in rescue helicopters. There are various basic principles:

- The medical equipment must be such as to meet the requirements for all branches
of medicine, for example traumatology, toxicology and cardiology.

- It must make possible proper treatment of patients of all ages, from the premature
infant to the aged person.

- All equipment for emergency diagnosis and elementary therapy must be easy to transport
outside the helicopter as well so that it can be used at the scene of the emergency.

- All equipment must be adapted electrically to the helicopter so that use of the
equipment does not present any problem during the flight and no disturbances occur.

An example of this is the equipment of the BELL UH 1 D from the Rescue Center in Ulm:
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Portable equipment for treatment outside the helicopter

BAG COMBINATION
- "RESPIRATION" Bag with medicine and equipment to treat
isolated disturbances of the respiratory system

- "CIRCULATION" Bag with equipment to treat other emergency
patients, particularly in case of cardiocirculatory emergencies

- portable ECG monitor with defibrillator

- 1 set for gastric irrigation and detoxication

~ 2 stretchers, a vacuum mattress

- apparatus for rescuing persons wedged in
(Force rescue axe)

Built-in equipment for observation of patients and treat-

ment during the flight

- Anaesthesia apparatus for artificial respiration and for
combined anaesthesia during the flight

- Cabinet with instruments, medicine and bandages

- Disaster kit with 20 liters of blood reserves, bandages,
analgesics, etc. as anaesthetics for disasters

- Incubators of different sizes can be installed on short
notice in order to transport newly born infants in all
helicopters.

The stretcher used on these missions is placed lengthwise behind the pilot's seat and
the substitute stretcher is placed directly above it in the same direction. This
longitudinal position of the stretchers gives us around 60 % more space at the head

of the patient so important emergency measures such as intubation and puncture of
central veins can be taken in the aircraft and if necessary during the flight. Although
space is limited, all the usual resuscitation methods can be employed at any time.

The second stretcher is used only in dire emergencies when a patient's life is in
danger since the patient lies directly under the cabin roof when the stretcher is set
in place in the upper stretcher lock. If the stretcher is locked in place in the
middle, the patient would lie too close to the patiert underneath.

In the BO 105 helicopters, the two stretchers on which the patients are transported

are placed side by side. The medical equipment is for the most part similar to the
equipment described above.

F. SUMMARY OF OUR EXPERIENCE

1. Flight Experience

As doctors, we can only repeat statements made by experts in the field of helicopter
flying. Pilots employed in the air rescue service stress unanimously that this
activity requires great flying skill since in most missioas, landings must be made
on unfamiliar territory and many flights are flown in bad weather. In addition, this
service involving work with patients requires an exceptional humanitarian commitment.

2. The Significance of the Air Rescue Service for Medical Care of the Public

As a result of the rapid transportation of a specially qualified doctor to the patient
whose life is in danger and the possibility, if necessary, of transporting the patient
to a suitable clinic further away at a warrantable risk, there has been a considerable
improvement in medical attendance in general and in rural areas in particular. The
period of rest required in the hospital is shortened by the fact that an emergency
doctor is on board the helicopter and the extent of permanent damage is decreased. The
use of the rescue helicopter has proven a lifesaver for many patients.

We hesitate to give exact figures for the number of human lives saved, since in many
cases where the necessity of the flight is undisputed, attendance by the helicopter
doctor is only the first decisive step towards saving a life. Without optimum clinical
treatment, many patients would die afterwards.

We consider the rescue helicopter as a mobile intensive care unit which, as the extended
tool of the hospital, cannot be replaced in certain emergencies by any other means of
rescue. The rescue helicopter has now become an indispensable factor in the compound
system of the rescue service of the Federal Republic of Germany.
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AEROMEDICAL EVACUATION ON THE PREDICTED EUROPEAN
BATTLEFIELD — A SCENARIO IN URGENT NEED OF ATTENTION

by
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5200 Oak Meadow
Memphis
Tennesee 38134
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SUMMARY

The lifesavineg efforts of American helicopter ambulances durin- this nation's
involvement in the Republic of ‘“ietnam conflict are lecendary. 1In that war American
forces maintained air superioritv. MEDE"AC helicopters evacuated wounded from
throushout the battle area. Due to the current antiaircraft capabilities of the
Warsaw Pact nations, however, helicopters operating in the mid to hish intensity
predicted hattlefield in Europe will be required to fly at lower altitudes and
will frequently be denied access to contested airspace. A pro- ram of medical
evacuation usine primarily sround vehicle evacuation forward of the bri -ade
trains area is presented in this paper. It is suvgested that MEDEVAC helicopters
be used on a "shuttle” basis, operatine between the brisade trains area and the
supporting combat support hospital. It is believed that this plan will accomplish
the mutually supporting =goals of increasing the number of lives saved and improvine
helicopter ambulance survivability on the predicted European battlefield.

The history of American involvement in the conflict in the Republic of Vietnam
indicates that throughout active i'nited States participation air superiority hy
American forces was maintained. The primary hazard to American aircraft operating
over South Vietnam was enemy ground fire. A landmark achievement in the Vietnam
War was the employment of a hirshly sophisticated medical evacuation system using
helicopter ambulances. Never before in the historv of warfare had medical
evacuation been obtained so rapidly. Thousands of lives were saved by prompt
helicopter evacuation, often under enemv fire. As Neel so well pointed out,
the use of a helicopter ambulance evacuation system promoted centralization of hetter
equipped, better staffed hospitals, and made specialty medical care more readily
accessible to the combat casualty, often within minutes of actual wounding.

However, the emplovment of the helicopter ambulance was contingent on the
maintenance of air superiority. Superb communications must also exist to properly
use helicopter evacuation. The Vietnam conflict was characterized by a flvid
battlefield, with frequent "search and destroy” operations. Rear support areas were
in many cases accessible only by air. The helicopter ambulance provided the ideal
medical evacuation mode for this type of warfare.

In the more recent Yom Kippur War, or the War of Atonement, as some have called it,
extensive antiaircraft capabilities of the Egyptian and Syrian forces compelled the
Israeli Defense Force to modify aircraft tactical employment methods. Airspace over
hoth the Golan Heights front and the Suez front was contested and aircraft losses by
both parties on each front were considerable. It would appear from published accounts
that the Israeli Defense Force was forced to rely primarily on ground evacuation of
combat casualties in these areas., The use of tracked, armored personnel carriers as
medical evacuation vehicles was shown to be an important, indeed a required, means of
casvalty evacuation in this intense period of fighting. The employment of helicopters
in the contested airspace about the FEBA(forward edsfe of the battle area) was limited.l
It is believed that this conflict more nearly approximates the predicted mid to high
intensity battlefield which would occur in a European conflict than did the Republic
of Vietnam ensarements. It is obvious that, althoush many similarities between the
predicted European battlefield and the October War are seen, there will likely be
siznificant differences which will affect the techniques of medical evacuation.

Historically speaking, a combatant's perception of what will happen to hig
after wounding has and always will be a significant component of troop morale,
Medical evacuation doctrine must be applicable to the projected tactical environment
and must consider the relevant factors of the enemy threat, the terrain, and the
anticipated weather conditions. As the technique of modern warfare changes, a contin-
uing reassessment of medical evacuation doctrine is essential.

The Predicted European Battlefield

Warsaw Pact forces are extensively equipped with an imﬁressive array of anti-
aircraft weapons. The fullv tracked, hishly mobile ZSU 23-4 gquadruple antiaircraft
system is a potent weapon a~ain~t low flyin~ aircraft. Forward troop units are
equipped with vehicle launched and shoulder launched antiaircraft missles., Just as
in Vietnam, small arms fire will further endansger aircraft operatins in the lower
flisht altitudes. The presence of this threat has placed increased reliance by
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helicopter units on the use of MOE (nap-of-the-earth) low level flight and on the use
of terrain features for maskinz.

European terrain differs markedly from that of the Sinai. ™he preeminent danger
to rotorcraft in the European environment is the multitude of wire hazards. NOE
fli~ht techniques are a necessity, yet wire hazards remain an ever present threat to
the aircraft operatine at low altitudes, often only a few feet above the surface.
Valleys provide protected approaches, and the use of such routes may allow access
to units for casualty retrieval if no wire hazards are present.

Weather in Europe, particularly in the winter months, is notoriously poor, with
snow, rain, and fos. 1Icins conditions may occur, further complicating medical
evacuation.

American helicopter crews must be prepared to function in the CBR environment.
Training with the M24 aviator protective mask is a crucial component of unit combat
readiness and MEDEVAC units must be prepared to evacuate casualties under conditions
in which use of this mask would be required. Night operations will play a role in
future conflicts, just as they did in the Yom Kippur War. MEDEVAC will be more
difficult under nighttime conditions, but these helicopter ambulance units must be
prepared to function at any time of the day or night. The development and employ-
ment of the AN/PVS-5 nisght vision goggle holds <reat promise of improved night
capability. Medical evacuation operations are a fertile field for extensive
emplovment of these hishly sophisticated night vision devices.

It is obvious that the European battlefield will be incredibly sophisticated,
from tactical,threat, electronic, C3R, and logistic standpoints. Since the European
battlefield would be predicted to be a mid to high intensity combat situation, casualty
loads will be heavy. A premium will be placed on the prudent use of helicopter
ambulances. The goal of medical evacuation is to provide the maximum lifesaving
support as rapidlv as possible. Use of medical evacuation helicopters in contested
airspace where their survival is endangered might well result in aircraft losses.
These aircraft must be properly used to ensure their survival and the performance of
their mission in the most efficient manner. The luxury of air superiority can no
lonzer be assured on dav one of a European conflict. Ground evacuation must be used
to evacuate casualties to a point in the brigade rear area where helicopter ambulances
can more safelv operate with greater chance of survival for rapid and more efficient
casualty transportation. Tefore proceedins, a review of current United States Army
medical evacuation doctrine is appropriate.

The Evacuation Sequence in Todav's Tinited States Army

In the current concept of medical evacration from the forward ed e of the battle
area (FEBA), the unit battalion aid station contains an evacuation section which
is sent forward from the battalion rear area to the FEBA for casualties. The wounded
are then brought to the battalion aid station, where initial life-savins treatment is
provided bv the hattalion physician's assistart. In support of each division is a
medical battalion, composed of four medical clearinz; companies. FEach medical clearing
company contains a clearins section with phvsicians and an evacuation section, with
wheeled vehicle amhulances. The medical clearing company sends the wheeled ambulances
of its evacuation section forward to the battalion aid station to pick up casualties,
who are then brousht to the medical clearing company area. In seneral, one clearing
company is colocated with the Division Support Command (DISCOM) trains in the division
rear area. Emplovment of the remaining three medical companies is flexible, with at
least one medical clearing company supporting each committed brigade of the division.
The medical clearin~ company for each bricade is customarily located in the brigade
trains area in the brigade rear. Supporting each committed division will be a combat
support hospital with an increased complement of medical personnel and equipment. It
is anticipated that the combat support hospital will be either in the corp area or
in the division rear area. MEDEVAC helicopter ambulances are corp assets. In the
Vietnam War MEDEVAC evacuation frequently bypassed the battalion aid station and flew
to either a comhat supp-rt hospital or an evacuation hospital. This provided specialty
medical care much sooner than ;round transportation and resulted in a tremendously
improved chance of survival for the wounded individual. This evacuation system is
of course somewhat more complicated than given above, hut this hrief outline will
assist in understandine the changes to he susgested below.

"he increased casualtv load evpected in a mid to hizh intensity conflict, coupled
with finite helicopter amhulance resources and the tactical factors previously mentioned,
indicate that increased reliance on 7round transportation 1is essential for the
predicted European battlefield. Particularly siinificant in casualty evacuation from
the area ahout the FE"A(forward edge of the battle area) will be the use of tracked,
armored vehicles, such as the M113 tracked ambulance, which will he required in many
cases to safely move casvalties from the forward battalion zone to a point of safe
pickup by unarmored sround wneeled ambnlances. Prudent use of all vehicles moving
toward the rear areas will be absolutely essential to ensure timely evacuation of
all wounded. It is proposed that the MEDEVAC helicopters not evacuate from locations
forward of the medical clearing company position in the brigade rear area. NOE and
low level flisht techniques, includinz; the use of protected approaches, may be
necessary to enter this area.
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The brivade commander should be =<iven the option of personally permittins
MEDEVAC missions forward of the brigade trains area. In this case he should be ~uided
by tactical considerations, includin— local air superiority status, and by the advice
of his hrigade sur-~eon rezardinsz the urgency of casualty evacuation as assessed from
available medical information.

"he use of the MEDEVAC helicopter to rapidly and efficiently transfer patients
from the medical clearing company to the combat support hospital or evacuation
hospital assres more efficient use of the physicians and facilities at the medical
clearine company. Survivability of the MEDEVAC helicopters is improved, allowing
their continued use. ''se of this su~gested system ensures that life-saving medical
support by physicians at the medical clearing company will not be overflown. Init:ial
resuscitation by physicians in the medical clearing company with adequate treatment
for shock, fractures, and hemorrharse, will improve the survival of patients being
evacuated for specialty care in the larger supportin< medical facilities.

Medical evacuation, just as military doctrine and tactics, cannot bhe planned
from or hased on a previcus military conflict. ™he use of military evacuation
assets must be continuously reassessed in light of* chan 'es in the projected
hattlefield environment. ™he ‘'nited States Army has been a world leader in the
emplovmen* of the helicopter ambulance, setting a precedent for concern for the
wounded soldier that has saved countless lives. It remains for us to adapt the
sintular aspects of the predicted European battlefield to our helicopter
capabilities. 7v approaching this problem and solving it we will increase our
effectiveness in evacuatins wounded, thus savin - an increased number of lives and
decreasin~ morbidity. At the same time we will enhance survivability of our
helicopter amhulances which can then evacuate more casualties and save more lives.
Evolution of the doctrine of MEDEVAC helicopter employment will pay rich dividends
in lives saved on the predicted European battlefield. It will also maintain combat
readiness of our units and minimize loss of combat effectiveness due to wounding.
The predicted European hattlefield represents a challen:ing area for implementing
improved technigues of medical evacuation.
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MARYLAND'S MED-EVAC HELICOPTER PROGRAM

R Adams Cowley, M.D,

Professor of Thoracic and Cardiovascular Surgery, and
Director, Maryland Institute for Emergency Medical Services
22 S. Greene Street

Baltimore, Maryland 21201

U.S.A,

A Med-Evac helicopter program, developed by the Maryland Institute for Emergency Medical
Services in 1968 with the Maryland State Police Aviation Division, has been transporting patients
to the Maryland Institute for Emergency Medical Services' Shock Trauma Center since 1970, The
system was developed to reduce the high rural fatality rate, Helicopters pick up victims from
the scene of accidents and speed them to special care centers which can manage severe multiple
trauma and other medical problems. The helicopters are also used for interhospital transfer

of critically ill and injured patients, physician emergencies, transport of premature or ill
neonates, transport of medical personnel and supplies. By using the helicopters 90 percent of
flight time for police work, the cost of Med-Evac transports has been kept down. The survival
rate has improved since the beginning of the program to 82 percent of all transports,

The fatality rate in road traffic accidents is ten times greater in rural areas than in metropolitan areas.
This may be accounted for by the higher speeds travelled on country roads, delay in discovery of accidents
on little travelled roads, waiting for ambulance transportation, longer distances to be covered, sparcity of
physicians and specialty resources and the fact that it is still general practice to transport the victim to
the nearest hospital, regardless of its capabilities.

In military situations, helicopters have proven their value for medical evacuation from remote areas to
treatment centers. But, although there have been experimental programs, helicopters have not been widely
accepted in civilian operations as an arm of the emergency health care delivery system.

A Med-Evac Helicopter system was developed in 1967 by the Maryland Institute for Emergency Medical
Services (MIEMS™*), in cooperation with the Maryland State Police (MSP) Aviation Division. The system
has been transporting patients to the MIEMS Shock Trauma Center since 1970, It has proven to be economi-
cal and medically effective.

The Center, established in 1960, had evolved by 1968 into a sophisticated clinical facility capable
of providing definitive care to multiply injured patients. But a means was needed to get critically injured
traffic accident victims from the state's rural counties to the treatment center in Baltimore,

After some preliminary trials with military helicopter transports, the Center approached the Maryland
State Police to obtain helicopters to share between police work and patient transportation. In 1968, a
Department of Transportation grant was awarded to develop the program, Bell 206B Jet Rangers with
capacity for two litter patients in addition to the pilot and observer/medic were chosen. The helicopters
were to be used mostly for police work, but Med-Evac transports were to have first priority. A large, all-
weather heliport was built adjacent to the Center. The observer/medic completed the standard EMT-A
81-hour course and then took additional training at MIEMS.

The Air Med-Evac system was the first element added to the clinical Shock Trauma Center. Later,
other specialty referral centers were added to build an integrated, complete emergency medical services
system for Maryland. The whole system has grown tremendously since 1970, and is now responsible fos
planning, developing, coordinating and evaluating all aspects of emergency medicine in Maryland.(z- 3

*The MIEMS was established in 1960 as the country's first Shock Trauma Center. In 1968 it moved into its
own building, containing an admitting area, operating rooms, critical care recovery unit, intensive care
unit, clinical STAT laboratory, and research laboratory. The clinical hub of the state emergency medical
services system, the center merged with the system in 1977 to become the Maryland Institute for Emergency
Medical Services. System components in addition to the Med-Evac program include the MIEMS Shock Trauma
Center, specialty referral centers, areawide trauma centers, a statewide communications system, research,
evaluation, and educational programs for physicians, nurses, and EMT/paramedics. The system provides
continuity of care from notification of an accident, resuscitation at the scene, transportation, definitive
care and rehabilitation.




EMS SYSTEM COMPONENTS

A communications system evolved from the need to coordinate helicopter transports. Now, through
voice and telemetry communications, SYSCOM, the statewide system communications center, can link,
county fire departments, central alarms, ambulances, hospitals, helicopters, consulting physicians and
specialty referral centers to any other element anywhere in the state.

The specialty referral centers provide treatment for specific critical problems. The Med~Evac heli-
copters transport patients from the whole state to these centers in Baltimore,

The original center is the Adult Shock Trauma Center at MIEMS, which provides treatment for patients
with:

- Severe injuries to two or more body systems
~ Cardiac and major vessel injuries
- Uncontrolled shock from any cause

- Multiple injuries with complications such as shock, sepsis, respiratory, cardiac and liver failure,
alcohol and drug overdose

- Severe facial and eye injuries

- Burns

- Gas gangrene

- Carbon monoxide and other poisoning.

Head and spinal cord injuries are treated in a special Central Nervous System program at MIEMS,

The Johns Hopkins Hospital Pediatric Trauma Center provides services similar to those for adults at MIEMS
for children, tailored to meet the specific and different needs of children, The Baltimore City Hospital
Regional Burn Center provides the medical personnel, facilities and rehabilitation required by burn victims.

A State Intensive Care Neonatal Program at Baltimore City, University of Maryland and Johns Hopkins Hospital
manages critically ill and premature newborns referred from all over the state. The Curtis Hand Center at
Union Memorial Hospital has special microsurgical facilities and personnel for the repair and reimplantation
of severely injured and severed hands and arms and facilities for rehabilitation of these injuries,

These centers are the top level of care in the comprehensive EMS master plan for the state and are the
only level of centers to receive helicopter transports. Other levels in the "Echelons of Trauma Care"
system include the University Center level at Johns Hopkins Hospital and University of Maryland Hospital
in Baltimore, and Areawide Trauma Centers in each of the state's five EMS regions. (Figure 1) Because of
the geographical isolation and rural nature of Maryland's Eastern Shore, the Areawide Trauma Center there,
Peninsula General Hospital, will receive helicopter admissions, At each level, strict requirements for
facilities, equipment, staffing, clinical procedures and evaluation must be met before the center can be
designated as part of the system, (Figure 2)

The foundation of the system continues to be local hospital emergency rooms, which handle 85 percent
of the trauma cases., The Areawide Centers are prepared to handle the next, more critical 10 percent. The
most critical 5 percent are transported by helicopter to the specialty referral centers,

The Maryland EMS system is voluntary and based on the understanding and participation of citizens,
physicians, EMT's, hospitalsand communities throughout the state. Public information and education
programs for citizens explain how the system and its components relate to them and how to access the
system. The medical community is involved through councils in each of five geographical regions and
through medical control groups and advisory councils. Physicians are also contacted directly so that the
function of the specialty referral centers, the type of patients appropriate for referral, the method of
interhospital transfer, and available consultation may be explained,

MED-EVAC OPERATION

The Maryland State Police Med-Evac helicopter fleet has grown to 14: four two-litter Bell Jet Rangers,
eight three litter Hueys, and two eight-litter Sikorskys. Increased state funding within the last year provides
for more manpower to be trained and to staff the service around the clock. Four bases, geographically
distributed across the state are now staffed 24-hours a day. In the near future, helicopters will be based
at four more locations to assure complete coverage of the state. (Figure 3)
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The Med-Evac system is used for six major purposes: 1) direct pickup of patients with life-threatening
injuries from the scene of an accident; 2) interhospital transfers for critical multiple trauma victims; 3)
transfer of any patient whom a local physician deems an emergency needing care and equipment which are
unavailable in his hospital; 4) transport of premature infants from outlying hospitals to the State Intensive
Care Neonatal Program hospitals; 5) transport of medical personnel to the scene of the accident or to other
hospitals for emergency care or evaluation; 6) transport of medical supplies, blood or blood components,
and organs for transplantations,

DIRECT PICKUP

Seventy percent of the Med-Evac transports come directly from the scene of an accident, usually a
highway. Maryland's volunteer and paid ambulance and rescue squads cooperate with the State Police Med~
Evac program to provide initial triage and facilitate rapid transportation to the appropriate care facility. The
direct pickup at the scene of the accident involves the air med-evac helicopter by one of two methods., The
helicopter crew, while on patrol, may see an accident or be alerted by monitoring emergency radio bands.

In these instances, they would usually be the first paramedical assistance to arrive. Or a civilian or a
highway patrolman may call the county central alarm for help, and the alarm dispatches an ambulance with
a simultaneous request for helicopter support.

To coordinate the jurisdictional function and responsibilities at the scene of the accident, representa-
tives from state police, local ambulance services, and physicians responsible for emergency health care
delivery developed the following guidelines:

Whoever arrives first at the scene of the accident assesses the injury. If the injury is serious, he
calls for both a helicopter and an ambulance. If the ambulance arrives first, the crew immediately adminis-
ters first aid and resuscitation. If the injury is not life-threatening, the patient will be taken to the local
hospital. A more serious injury will be taken by ambulance to an areawide trauma center. If the injury is
life-threatening, the ambulance crew will continue resuscitation at the scene until the helicopter arrives to
transport the patient to the Adult Shock Trauma Center or other specialty referral center. If the helicopter
notifies those at the scene that it cannot reach the scene in a reasonable time or that the mission is not
logistically possible, the ambulance crew will proceed immediate with the patient to the areawide trauma
center. If the helicopter arrives at the scene first, the crew provides immediate first aid, resuscitation
and injury assessment. If the victim does not require transport to a specialty referral center, they sustain
the patient until the ambulance arrives for transport to the local hospital.

Mean response time for helicopters from call to pick up is 15 minutes. The helicopter crew spends
no time at the scene stabilizing the patient, applying complex splints, G-suits, starting intravenous lines
unless the victim is trapped in or under a vehicle. Instead, the medic/observer maintains the airway,
administers oxygen, stops external bleeding with compression pads and practices cardiopulmonary
resuscitation as needed. He is capable of inserting an esophageal obturator in comatose patients.

From most corners of the state, helicopters can reach the Baltimore centers within the critical "Golden
Hour." (Research has shown that if patients reach definite care within one hour of a serious injury their
chances for survival are much enhanced.) During this trip, the pilot contacts SYSCOM with the estimated
time of arrival and the nature of the patient's injuries.

When the helicopter lands on the Shock Trauma Center heliport it is met by an anesthesiologist and a
nurse who rapidly assess the patient during the five-minute ambulance ride to the center.

In the admitting area, a diagnostic operation room, the remainder of the multidisciplinary team is
zcrubbed and assembled, anticipating the injuries described by the pilot. Rapid, agressive resuscitation
and stabilization follows a predetermined protocol.(4) If necessary, the patient can be moved to an adjacent
operating room for surgery.

Once stabilized, patients are taken to the Critical Care Recovery Unit (CCRU) where they are closely
monitored. The average stay in the CCRU is five days, after which the patient is transferred to a step-down
unit, the Intensive Care Unit. Averace stay is again about five days. From the ICU, the patient may be
transferred to the Intermediate Care Unit, a general hospital bed, a rehabilitation facility or home.

INTERHOSPITAL TRANSFERS

For interhospital transfers, a physician of an outlying hospital telephones SYSCOM at MIEMS to
request assistance. A Shock-Trauma physician experienced in endotracheal intubation may be sent to
accompany the transfer, All patients accepted for admission come directly to the Shock Trauma Center
emergency receiving area where second triage is performed. They do not pass through the hospital emergency
room,

Those admitted are stabilized, diagnosed, and transferred directly to the 12-bed Shock Trauma Recovery
Unit, to the operating rcom, or to the Intensive Care Unit for further assessment, management, and treatment, )
Those patients not requiring the Center's facilities (4%) are referred to appropriate areas elsewhere in the v
hospital (e.g., ICU, CCU) or to a general hospital bed. 4




PHYSICIAN EMERGENCY

When an emergency arises in the community and patient's survival 18 compromised because of inade-
quate facilities or a lack of specialized equipment, any physician may request assistance from the Shock
Trauma Center by calling SYSCOM. Such patients automatically qualify for air med-evac transportation
unless the Shock Trauma and the referring physician indicate that an ambulance would be the more suitable
mode of transportation,

TRANSPORT OF MEDICAL PERSONNEL

Physicians may be taken to the scene of an accident where victims are trapped or pinned under a
vehicle, or if the emergency rescue crews suspect that certain medical procedures are required at the scene.
Neurosurgeons, anesthesiologists, and thoracic surgeons have been flown to outlying hospitals to help
evaluate and treat patients when the hospital involved did not have the physician staff to prepare the
critically injured patient for transport.

TRANSPORT OF MEDICAL SUPPLIES

Rapid helicopter transportation is of great value to convey unstable and perishable medical supplies,
such as blood or blood components, and organs for transplantation, when these are required by other hospitals
for both emergency and elective procedures. This especially pertains to distances exceeding 50 miles.

TRENDS

Each year admissions to MIEMS Shock Trauma Center have increased an average of 7.89 percent. For
the last few fiscal years the admissions have been as follows: 1972, 615; 1973, 782; 1974, 872; 1975, 920;
and 1976, 1105,

Eighty-two percent of the admissions are delivered by helicopter, 70 percent from the scene of an
accident, Admissions are highest in summer months. For example, in June, 1976, there were 130 admisston,
compared with 73 in January, 1976. Saturday is the busiest day for admissions, with Sunday and Friday
next. The largest number of admissions occur within several hours each side of midnight, with the fewest
during morning hours. Sixty-five percent of MIEMS patients are 17 to 35 years old; 76 percent are males.
Sixty-six percent are admitted as a result of traffic accidents, 10 percent because of assault,

In calendar year 1977, there were 1300 Med~Evac helicopter transports, 814 to Adult Shock Trauma
Center at MIEMS, 120 to the Pediatric Trauma Center at Johns Hopkins, 180 to Baltimore City Hospital's
Neonatal ICU, 77 to the University of Maryland Neonatal ICU, 54 to Johns Hopkins Neonatal ICU, 49 to
the Baltimore Regional Burn Center at City Hospital, 29 to Union Memorial Hospital's Curtis Hand Center,
21 to Washington Burn Center, 9 to Peninsula General Hospital and 35 other Med-Evac transports.

In 1976, of those transported directly from the scene, 9.5 percent were discharged to home within 24
hours. The majority of this group had been intoxicated upon admission, which complicates the already
difficult assessment and exclusion of head injury at the scene.

SURVIVAL

In 1976, of patients admitted directly from the scene, 6 percent were dead on arrival, either from a
rupture of a heart chamber, thoracic aorta or vena cava; severe head injuries; or fracture dislocations of
upper cervical vertebrae.

Of those arriving alive, 2.1 percent died in the admitting area from hemorrhage from major vessels or
irreversible brain injury. Fifty~-six percent underwent immediate, total repairative surgical procedures, during
which 2.8 percent died. Uncontrollable hemorrhage accounted for all but three of these deaths,

Ninety-five percent of all patients who arrived alive survived to be admitted to the Critical Care
Recovery Unit. Irreversible brain damage caused therapy to be discontinued within 24 hours for 2,1 percent.
Of those surviving beyond 24 hours, 6.7 percent died in the unit within seven days, the majority due to
brain death, theotherms due to sepsis. (Table 1)

Comparison of statistics for highway traffic accidents transported by Mecd-Evac helicopter from the
scene to MIEMS from 1972 to 1976 show improved survival rates. The percent discharged to home within
24 hours was cut in half: 19.2 percent in 1972 to 9.5 percent in 1976, reflecting improved triage at the
scene. The number of patients dead on arrival decreased from 8.7 percent to 6.0 percent. The death rate
in the admitting area fell from 5.3 percent to 2.1 percent and in the operating room from 6.3 to 2.8 percent.
In the Critical Care Recovery Unit, the mortality of those who survived beyond the first 24 hours dropped
from 8.0 to 6.7 percent, If the decreased early mortality can be attributed to more successful resuscitative
and intra-operative care, more critically ill patients would be carried over to the Critical Care Recovery
Unit, making these figures more impressive. Of all patients transported by Med-Evac, the percent surviving
rose from 74,5 percent in 1972 to 82.1 percent in 1976, and of thoge who arrived alive, from 81.6 percent to
87.4 percent. (Table 2)
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TABLE 1
HELICOPTER TRANSPORTS TO MIEMS 1976
ROAD TRAFFIC ACCIDENTS
From Scene Indirect
Transported 497 122
Dead on arrival (DOA) 30 (6,0%) 6 (4.9%)
Arrived alive 467 116
Died in admission area (AA) 10 (2.1%) 2 (1.7%)
Died in operating room (QOR) 13 (2,8%) S (4.3%)
Admitted to Critical Care Recovery Unit (CCRU) 444 109
Died in CCRU within 24 hours 10 (2.1%) 6 (5.2%)
Discharged home within 24 hours 47 (9,.5%) . S {4.3%) r
Admitted to CCRU longer than 24 hours 387 98 ?
Died in gggg after 24 hours 26 ‘6i7%} 11 (11.2&! 3
Total Survivors 408 (82.1%) 92 (74.4%) 3
1 4
!
TABLE 2
HELICOPTER TRANSPORTS TO MIEMS 1976 *
ROAD TRAFFIC ACCIDENTS

Direct from Scene §

1972 1973 1974 1975 1976

Total transported 208 315 324 361 497 i
Dead on arrival (%) 8.7 5.4 3.7 7.8 6.0 !
Deaths in admission area (%) 5.3 5.7 3.5 3.3 2.1
Deaths in operating room (%) 6.3 6.0 4.5 1,8 2.8
Total deaths in first 24 hours (%) 12,6 14.8 9.0 6.6 7.1 : 1
Discharged home within 24 hours (%) 19,2 13,0 15,1 11.1 9,5
Died in CCRU after 24 hours (%) 8.0 8.9 6.8 8.9 6.7

| Survived % all cases transported 74.5 74.6 82.7 79.5 82.1

Survived % those who arrived alive - 81.6 78,9 85.9 86.2 87.4
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COST EFFECTIVENESS

The Med~Evac system remains cost-effective, because the helicopters are used for Med-Evac missions
only ten percent of the total helicopter patrol time. The other 90 percent is used for routine police work:
search and rescue for missing persons, aircraft and boats; criminal investigation support including search
for escaped prisoners and persons fleeing crime scenes, general area searches for stolen cars and property
that may be abandoned in rural, wooded, or isolated areas; surveillance and trailing of vehicles and persons
suspected of involvement in criminal activity; aerial photography and area surveys in connection with murder,
arson, etc.; route surveys and security; traffic control; security transports, support in disasters and civil
disturbances and highway patrol. Med-Evac missions have first priority however. By using this sharing
system, the cost of each transport has been held down to $48 which is paid by the state. To keep the cost
per transport down, the helicopters confine activities to an area which can be patrolled while maintaining
an acceptable time~distance relationship with the specialty referral centers; are maintained on a full 24~
hour alert and dispatched simultaneously with surface ambulance; and transport only patients with major
life-threatening conditions to avoid competing with surface ambulances. To remain effective, helicopters
maintain liaison and communications with state, county, and local police departments, ambulance units and
treatment centers to assure maximum utilization and transport only to medical facilities which provide the
necessary sophisticated level of treatment.

The Maryland Med-Evac Helicopter Program has thus proven that helicopters can be used successfully
and efficiently to bring critically injured civilians to care, It has become an essential element in Maryland's
integrated system of EMS care.
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NIGHT RESCUR OPERATION PROCRNIRE
CVhR UREA YI''H BRLL UH- 1 D
USITCOPTFRS

By

“r. fleinz Knoche, “aj. GAF
Helicopter Transportation “ing 64
1597 Ahlhorn, Postfach 300
Germany

SUMYARY

Flight physiological aspects and disorientation problems of night rescue missinns with Bell
MH- 1 D helicopters are shown. Countermeasures which have proved to be successful in fighting
disorientation are mentioned.

Night rescue missicns over sea are in vrinciple a task of the NAVY, however, when a SAR
detachment was stationed at DECIMOMANNU, it became necessary to establish procedures that would
enable Bell JH- 1 D crews to conduct operations of this type under certain conditions. In
particular the pilot had to be capable of recognizing and assessing the increased risks involved
in a night rescue mission over sea in order to be able to decide on initiating a SAR mission, or
its timely abortion, respectively. The crew normally comprises of: pilot, copilot, flight
mechanic and air rescue specialist. Wight search and rescue missions over sea are conducted
roughly in the following manner:

After being scramhled the helicopter rroceeds into the search area under IFR. In order to et
into the range of the activated emergency transmitter as quickly as possible, it may initially
ke necessary, of operate at a highter altitude (s. fig. 1). 4S soon as the emergency transmitter
is located a homing is carried out. The altitnude may then be gradually reduced to 300 ft ASI on
the radar altimeter. After overflying the target a flying pattern is initiated into the wind and
the surviver is again approached. At a position & o'clicck und a distence cof about 20 - 25 m from
the survivor a seamarker is dropned, while neipht is maintained at hetween 50 - 100 ft ASL and
sreed at between 3r - 50 KIAS, The following vattern is then flown at €o KIAS and 300 ft ASL (s.
fig. 2). The retracted landing light which points straight down is then turned on. Speed is then
reduced and descent initiated.

Turing the final aprroach At 7o KIAT, descent is further centinued ~“own to 30 %t ASL. Derending
on wind conditions s-eed is maintzined between 20 - 4o XIAS, The searchlight is then turned on
(s. fig. 5). Its use is at the discretion of the pilot. After visnal crntzct is estnablished with
the ~urviver, wheo shonld - in his cwn interest - wear a reflectines he!met, the winch cable is
lowered und sreed is steadily reduced until the helicopter is tovering directly cver or tehind
the target (s. below single winch, double winch). The helicopter is then directed to the target
by the flipht mechanic in such a way as to vut the cable in the direction and reach to the
survivor. Cn directions given hy the flight mechanic to the pilot the survivor is kept at a

2 o'clock prsition to the heliccpter until his rescue is effected (s. fig. 4).

Sinple "inch: The sling is moved to the survivor.

Double “inch: The air rescue srecialist is moved to the survivor. In difficult conditions when
the approach procedure is not exact, the air rescue specialist is let dcwn into
the water 2 - 3 m behind the survivor; the latter will then drift to the air
rescue specialist.

“hile this manenver is in progress the copilot controls the situation by dividing his attention
between instrument reading and observation outside.

The description of this procedure sounds easy, however, it is bristling with flight physiological
problems:

1. Might vision for example may be affected in many different ways, such as:
a) Daily and seascnal variations
b) Pood

Our daily requirement is about 2000 I.Uof vitamin A. In the last war pilots enpared in night
operatinns were rrovided with vitamin A, because -ormal retions did not centain encugh. When
normal night visien was cbtained an additional increase by adding new doses of vitamin A was
not possible.

¢) vesabolic disenses cf the liver
d; Tntestinal malabsorpticon resultinrs in a vitamin A deficiercy as nnder ¢)
e) Nicotine, which diminishes tne hlnod flow of the retina
f) Adaptation to darkness and avoiding of da»zling
&) Oxygen uptake.
2. Fixation of &n ohject should be avrided since the mmcuia 15 cut of function at night.

3. Due to the lack of a horizon, stars are taken for liphts en the ground and vice versa.

pryo ”
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4. There is always the poasibility of spatial disorientation induced by various factors such
as the flashing anti-cel!lision light during f1 ght through clouds,

Some of these prcblems only briefly mentioned are of particular importance to night rescue

operations such as dazzlin: and spatial disorientation.

Pazzling may result from

1. Instrument lights; they are ndjustab’e

2. Full moon when survivor is approached and is inside reflecting strip of moonlight

3. Turning cn the searchlight in misty weather; for this reason use of searchlight is at te
discretion of rilot, Pest resul‘s were obtained by turning on searchlight in intervals.

The considerably greater problem is disorientation. Disorientation is divided into the

following prades:

Mild - Pilot is in full control of helicopter

Moderate - TPilot is net in full control of helicopter, adverse effects on helicopter control
may be pcssible

Severe - Pilot no longer has control over helicopter, definite wrong reactions in regard

to helicopter control
The following list contains the most frequent situations likely to result in diseorientation in
helicopters in flight.

1. Sensa;ion of not being straight and level after bank and return to normal attitude (the
leans

2. Low altitude hover over water at night

3. Reflection of anticollision light on clouds and fog cutside of cockpit
4. Transition frem IFR to VFR

5. Yisinterpretation of relative position or movement of ship during night approach.
6. Head movement while in bank or turn.

7. Misperception of true horizon due to sloping clound tenk.

8. TInability to read instruments due to vibration

9. Awareness of flicker of rotors

10. Fatigue

11. Distraction by helicopter malfunction

12, Formation flying at night

13. Deception by faulty instruments

14. Vibrations

15. Unter VFR in snow, rain, haze in low altitude hover

16. Loss of night vision capability

17. Symptoms of cold or flu

Additional factors in connectionwith disorientation in helicopters are:

1. Flying into smoke signals

2. Task saturation

3. Wave motion interpreted as helicopter motion
4. Low level search mission at night

5. lack of recent instrument flying

6., Communication difficulty, disturbing noise

7. Rotation around lateral axis during trnnsition from descent to stationary hover.

The most critical situation of the rescue maneuver is without any doubt the hovering flight
at about 30 ft altitude. In a study by F.R. Tormes and F.E. Guedry jr., exrerience gained
during this state in H-3 helicopters equipped with automatic hovering flight control was
described as extremely hazardons., In this maneuver the crew of Bell UH- 1 D, & helicopter
which is nect eguipred with automatic hoverin~ flight contrcl facilities, has at this roint
abasolutely reached the limit of their capability. Only maximum teamwork can lead to success
at this stage of the flight., The copilot having overall control of the situation is required
to supervise the pilot who is nunder great strain and shows a tendency for overcontro-ling the
kelicopter. Wrong reactions due to disorientation can have dirastrous consequences. increased
tendency for overcrntrol is indicated during transition from descent to stationary ‘overing.
Due to the displacement of the center of gravity the helicopter rotates around its .ateral axis
and because there is a lack of reference prints the pilot has the sensation of tilting
backwards and upwards or backwards and downwards.(s. fig. 5)

The fellowing factors adversely affect or make imposaible hovering flights with Rell UH- 1 D
under the above ccnditions.




i o T AL WA vy - & ta0s L e o et e < R U

4-3

1. lack of reference points (survivor, seamarker, dinghi) make a flight over a fixed position
impossible

2. Precipitation such as rain or snow will considerably affect or may make impossible assessment
of speed.

3. Direction control is difficult in still air
Salt spray around helicopter caused by rotor down-wash up to 50 ft may result in dazzling of
pilot when searchlight is turned on (s. above).

4. Smooth water surface makes assessment of altitude difficult and leads to a further
deterioration of the situation in connexion with 3.

Finally there are a number of potential countermeasures which have proved to be successful in

fighting disorientation,

1. Believe the pages and scan trem constantly

2. At first suspicion of disorientation let the second pilot know

3. Avoid sudden or extreme head movements

4. learn to disreprard physical sensations

5. "Talk yourself" through the instrument scan.

6. Transition to instruments early in deteriorating weather.

7. If flying under IFR make only small corrections,

8. If in hover, depart hLover, end first gain altitude and then increase fcrward speed,

As long as the Bell UH- 1 D is in service all suggesticns for improvement can only be concerned
with the survival equipment. An emergency transmitter with maximum range and good signal quality
as well as a reflecting helmet for the survivor will surely have a positive effect cn operztions.

REFERENCE
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COORDINATION OF MEDICAL ASPECTS OF THE AIR RESCUE SERVICE
IN THE FEDERAL REPUBLIC OF GERMANY
by

Brig. General H.J. Linde, GAF (ID)

Head - Committee on Aeromedical
Aspects of the Air Rescue Services

German Association for Aviation and
Aerospace Medicine (DGLRM)

Federal Armed Forces Medical College

Infanteriestrasse 17

8000 MInchen 40

Federal Republic of Germany

The ground rescue service in Germans has been supplemented by a helicopter rescue ser-
vice since 1971 after it had become apparent that in the case of emergency patients re-
quiring medical and surgical treatment the important factor was to get the doctor to the
patient quickly. Before that time, the endeavors in Germany were directed at taking the
patient from the scene of the emergency to a hospital for medical treatment as quickly
as possible. Since then, it has been proved that a considerable reduction of the morta-
lity rate could be achieved by taking the physician to the scene of the emergency. At
the scene of the emergency, the physician, with appropriate equipment, can render sui-
table first aid directed primarily at restoration of the vital pulmonary and circulato-
ry functions. When the patient's condition is restores so that he is transportable, he
can be evacuated by ambulance or helicopter to a hospital while his vital functions are
being maintained. In Germany this procedure permitted approximately loo - 150 human
lives per helicopter per year to be saved that would have been lost at the scene of the

accident otherwise.

Secondly, it has become evident that evacuation by helicopter is suitable for all pa-
tients without exception and that the helicopter provides a means to fly to specialized

hospitals within a short time which an ambulance might possibly need hours to reach.

The helicopter rescue service in Germany meanwhile is spread over the territory of the
Federal Republic of Germany in 24 stations, forming a rescue network with individual ra-
dii of operation not exceeding 50 km. This arrangement at the same time permits reach-

ing the patient within lo minutes of flying time.

The majority of the helicopter belongs to the Federal Ministry of the Interior and is
intended for employment in disaster operations. This means that they are first of all at
the disposal of the Federal Government for supra-regional employment in disaster situa-
tions: for reasons of expediency, however, they are being utilized also in case of minor
disasters such as represented by any serious traffic accident, grave industrial accident,

or medical Emergency.

Thus the Federal Ministry of the Interior at the present time provides helicopters of

the BO 105 type at 18 hospitals, the Federal Armed Forces have BELL UH 1 D's available




at 3 military hospitals, and a civilian organization has BELL 206 "Long Ranger" and BO
105 type helicopters available at 3 additional hospitals. All missions are paid for by
the public or private health insurance organizations and trade cooperative or professi-
onal associations according to a uniform accounting procedure. These payments, however,
cover only the operating costs and not the investment costs of the aircraft as such.

Private airlines, therefore, cannot expect to recover their actual costs from the pay-

ments of the health insurance companies.

From the variety bf types of aircraft initially there resulted also a variety of types
of equipment carried by the helicopters. A committee of the Federal and Laender govern-
ments, with the technical advice of the "German Society of Aviation and Space Medicine"
and other organizations involved in the emergency rescue service have developed stan-
dards to ensure uniformity of the aeronautical equipment of the rescue helicopters so 4

far as possible, to adjust this equipment to the criteria of employment, and to ensure
a mode of transportation affordin the best possible protection for the patient. In this ]
respect, flying safety with the requirement for 2 independent rotors, low noise level,

and diminished vibrations plays a decisive role. The question of absolute IFR capability ;
i

for rescue helicopters is presently under investigation, without, however, any apparent

results so far. This is one of the points of attack for criticism by opponents of the

air rescue service.

In addition to the aeronautical equipment of the aircraft, the medical equipment is an

5.
essential element of the capability of successful employment: Standards corresponding

to the medical equipment uniformly specified in the Federal Republic of Germany for res-

cue aircraft on long range missions have also been developed for rescue helicopters.
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Every rescue helicopter stationed in Germany, therefore, carries the following medical

equipment:

- Self-contained breathing system

-Fresh air breathing unit

1

Suction unit/intubation set

- Sphygmomanometer

- Infusion solution and infusion set

- Puncture set for peripheral and central veins
- Surgical dressings including special dressings for burns
- Fixation material and splints

- Vacuum mattress

- Injection material

- Surgical pocket instrument case

- Stomach probes

- ECG display unit

- Defibrillator

- Otoscope

- Surgical dressings and general care equipment

- Pharmaceuticals

At the present time, there is no helicopter on the market that ideally meets the space
requirement for physician, medical aid personnel, and patient:; to achieve that, we would

have to develop a flying operation theater.

The best aircraft and the best equipment would be useless, however, without an appro-
priately trained crew on board. German regulations, therefore, require that each air-
craft must carry a physician trained in emergency medicine and a male ambulance nurse.
Both must be fully traines in all measures dictated by emergency medicine and in the re-
sponsible operation of medical equipment on board. Beyond that they must have some
aeromedical experience in order to meet all requirements peculiar to the air transport
of emergency patients. All items of medical equipment are so installed as to permit

their employment outside of the aircraft as well.

A number of special provisions applies to the mountain and sea rescue service, such as
installation of a winch to permit rescuing injured persons in the mountains or at sea
and hauling them on board. The winch has also proved valuable in rescue operations from

burning sky-scrapers which did not offer any possibility for landing.
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Basically, not every emergency patient must be evacuated by rescue helicopter. Depending
entirely on the local conditions, evacuation by ground vehicle may frequently be more
practical after restoration of the vital functions at the scene of the accident, however,
the rescue helicopter must offer every opportunity for continued optimum medical care of
the patient. Control of the pulmonary and cardiac functions, in particular, must be en-

sured, as well as infusion and intubation therapy.

The helicopters are alerted via the local control centers operated by welfare organiza-
tions, fire departments, or police. By 1979, there will be a uniform emergency tele-
phone number - 1lo - valid throughout Germany. Beyond that, the control centers direc-

ting rescue helicopter missicns can also Be reached be telephone directly.

The rescue helicopters made available by the Federal Armed Forces are part of the Search
and Rescue (SAR) Service of the German Federal Armed Forces; they are integrated into
the civil rescue network for special missions, but when a requirement arises they are at

the disposal of the SAR Service in its primary mission.

For the German Federal Armed Forces, participation in the helicopter rescue service con-
stitutes an essential aid in their training mission. In conjunction with the employment
of ambulances equipped with facilities for rendering emergency treatment, the rescue
centers of the German Armed Forces conduct courses on emergency medicine for physicians
and male ambulance nurses in which medical officers and non-commissioned officers of the

Medical Service receive appropriate training.

It should also be mentioned that, in addition to the short range emergency rescue missi-
ons flown by helicopters, there are 7 airlines in Germany engaged in long range aerome-
dical evacuation, so-called "repatriation flights": these are primarily missions for the
purpose of flying sick or injured tourists or employees from abroad back to Germany for
hospital treatment. Presently there are efforts under way to coordinate this organiza-
tion with the helicopter organization and the ground rescue service in order to provide
for continuous transportation of the patients to the facility where they will ultima-

tely receive treatment.




In conclusion, let me summarize the mission of the rescue helicopter:
1. Transportation of the physicians and male ambulance nurse to the scene of
emergency.
2. Evacuation of the emergency patient.
3. Urgent transfer of emergency patients from the location providing initial hospital
treatment to a specialized hospital.
4. Urgent transports of
- organs,
- units of blood from a blood bank,
-~ pharmaceuticals.

5. Search for persons over water and in mountain areas.

Since the establishment of the helicopter rescue service in 1971, about 65.000 missions
have been flown in Germany, over 18.000 missions in the last year alone. This constitu-
tes a significant contribution to saving the lives of patients in acute distress. We

have learned from medical statistics that every 6th mission was an absolutely life sa-

ving one.

With an annual death rate of between 15.000 and 18,000 persons killed in traffic acci-
dents on the German hightways and in the cities and a correspondingly high number of cri-
tically injured persons it is impossible today to imagine rescue operations without the

use of helicopters.

The same applies to the rescue of emergency patients in cases such as cardiac infarction

and poisoning.

In this context let me refer you to the experiences of the US and Israeli armed forces

in their respective armed conflicts.

Although we can use the emergency rescue service in peacetime to train for a national

emergency, may we all be spared the big test in a possible state of defense.

Summary

Specially equipped rescue helicopters have been used in the Federal Republic of Germa-
ny for six years now to provide emergency internal and surgical treatment to patients
quickly at the scene of the accident and to evacuate them by helicopter to a special cli-

nic, if required. About 65,000 missions have been flown.
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For this purpose, 24 air rescue stations have been established in Germany ensuring al-

most complete coverage of the territory of the Federal Republic of Germany.

Since various government and private institutions are involved in the helicopter rescue
service, coordination of the regulations governing the employment and equipment of all
helicopters was necessary so that every patient would receive the best possible treat-
ment under identical criteria.

'
Moreover, the number of cases requiring aeromedical evacuation by fixed-wing aircraft of
£ourists and employees of German firms involved in accidents in foreign countries has
been increasing in the past years. The German Society of Aviation and Space Medicine has
issued guidelines specifying minimum requirements for aeromedical evacuation of sick and
injured persons and has initiated the standardization of the on-board equipment for the-

Se cases as well,

The SAR service of the German Federal Armed Forces has a considerable share in the emer-

gency alr rescue missions flown.
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MEDICAL ASPECTS OF HELICOPTER EVACUATION
AND RESCUE OPERATIONS

Daniel S. Berliner, M.D., LTC, MC, SFS
Chief, Medical Division
United States Army Agency for Aviation Safety
Fort Rucker, Alabama 36362, USA

ABSTRACT

The use of helicopters in patient evacuation, both from site
of incapacitation and between medical facilities is well known
and its usefulness well documented. The special environment
of the helicopter, however, is a continual cause of concern

to the aerospace medicine specialist and the aviation medicine
community. There are problems in using the current state-of-
the-art helicopter for patient evacuation. While the best
solution lies in redesign of patient care areas or production
of new prototype aircraft, less costly solutions are possible.
Education is a key to the success of an inflight patient care
program. This applies to referring health care providers at
all levels and onboard patient care attendants. With adequate
training, standardization of inflight equipment, to isolate
the patient from the vibrating and noisy rotary wing platform
and to enhance continuation of care begun on the ground, is
essential. The sophistication of inflight patient care and
monitoring is limited only by imagination and funds, but care
should be taken to insist on standardization of such equip-
ment within and between medical evacuation helicopter units.
To prevent helicopter evacuation aircraft from being utilized
as air taxis, merely carrying patients, but providing little
or no onboard patient care, continuing monitorship by the
aerospace medicine specialist is required. Establishment of
an operational heliborne patient evacuation system within

the research and development community may prove to be the
means to these goals.

The use of the helicopter in the evacuation of both military and civilian patients
is the concern of all responsible members of the aerospace medicine community. The meth-
odology with which patient movement by helicopter is accomplished varies considerably
with location dependent upon the emphasis from and availability of physicians trained in
the uniqueness of helicopter aviation medicine. While the helicopter is often the only
available means of rapid patient evacuation, problem areas exist that must be considered
when deciding to transport sick persons by this means.

The following case history demonstrates four areas of concern in helicopter patient
movement.

Mrs. A. G., a 65-year old black female, had been burned in an apartment fire
in a small town in Indiana, USA, at 1730 hours, 25 Nov 73. The local physi-
cian telephonically contacted a military medical evacuation unit some 45 fly-
ing minutes away at 1915 hours and requested patient transfer by helicopter

to a burn center in Nashville, Tennessee, USA--a two-hour flight. His des-
cription of the patient's condition, when queried by the unit flight surgeon,
was that of a somewhat debilitated lady, burned over 35 percent of her body,
primarily over her trunk, and fully stabilized for helicopter flight. Inas-
much as no attendant from the local hospital was available to accompany the
patient, the unit flight surgeon chose to fly this mission. On arrival at the
requesting hospital at 2015 hours, the flight surgeon found a patient with
upper trunk and neck, partial and full thickness burns covering approximately
40 percent of her body, in acute respiratory distress, having no tracheostomy
accomplished, no urinary catheter, and a butterfly intravenous catheter in

her left hand. The local physician expressed serious concern over the flight
surgeon's request for tracheostomy, urinary catheter, and central venous pres-
sure (CVP) intravenous catheter placement prior to helicopter evacuation. By
2200 hours, the patient had begun to be hydrated as per the Brooke burn for-
mula, using a CVP line, had a Foley urinary catheter in place, and was being
aerated through a tracheostomy on a portable Bird respirator. Her semicomatose
state precluded adequate historical review prior to flight. While the patient
remained alive en route, this status was not readily determined by the flight
surgeon due to poor lighting in the helicopter and inadequate monitoring equip-
ment for the vibrating, noisy helicopter (use of a hospital blood pressure
cuff and stethoscope being impossible, as well as incompatible with the air-
crew helmet). An inability to accurately communicate the condition of the

The opinions presented herein are those of the author's and in no way reflect De-
partment of Defense or Department of the Army policy.
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patient to the receiving burn center due to the monitoring difficulty as well

as radio incompatibility between helicopter and hospital resulted in a less

than enthusiastic welcome by the burn center staff regarding its readiness to
deal with the severely ill patient. The requirement that the helicopter land
at a local airport, necessitating a 30-minute ambulance ride to the burn center,
further degraded the sequence of care to the patient. Her eventual survival

of this ordeal might be considered to be in spite of her two-hour helicopter
flight.

This appraisal clearly points out four problem areas of helicopter patient movement.
These are:

1. The knowledge of the health care provider as to the suitability of helicopter
evacuation for a particular patient, information based upon an understanding of the
stresses and capabilities of helicopter patient movement.

2. The preparation and stabilization of patients prior to helicopter flight by the
sending facility or field site.

3. The inflight protection of the patient from the vibratory and noise stresses of E
helicopter flight and the continuation of medical monitoring and treatment while flying.

4. The knowledge by the receiving facility as to the stresses and capabilities of
helicopter patient movement.

Philosophically, while patient care is of utmost concern to patient evacuation by
air, the capability to provide care in flight has been difficult at best. In some circles,
policy decisions have yet to be made regarding the extent of aeromedical input to the
mechanism of patient transportation by helicopter. The previous Vietnam era saw patients
being moved by helicopter with little care being provided en route. The goal was speed
of movement from injury site or field medical facility to a rearward hospital. This was
not without merit and certainly saved numerous lives during that conflict. With the ad-
vent of the 1980's, however, ambulatory and emergency health care has become increasingly
more recognized as a key element to the total health care system. Thus, pre-hospital
care of the acutely ill or injured patient can be forecast to save many more lives than
the modality of initiating care only after arrival at a fixed medical facility. In the
interest of providing a continuum of health care to such a patient, the helicopter's role
in today's and tomorrow's patient care system must be that of delivering high quality
health care by trained medical attendants while rapidly transporting the patient between
treatment sites.

In approaching helicopter evacuation of patients as a subsystem of both the health
care delivery system and the rotary wing airframe, a number of substantive improvements
must be made to continue the progression of helicopter aviation medicine such that health
care is provided throughout heliborne patient movement. Two such areas are beyond the
scope here. They are the systematized, standardized approach to aviation life support
equipment for all crewmembers and a modular approach to design of patient care packages
for new and proposed airframes. The current rotary wing fleet will be flyable for many
more years, and the real world problems of caring for patients in such aircraft are
within technical capabilities and are a necessity. The environment of helicopter flight
in current equipment is hostile to the ill or injured patient, but is a necessary form of
transport on the battlefield and in locales incapable of handling fixed wing aircraft.
This need, coupled with stresses from vibration, noise, lack of space and lighting, lack
of pressurization, and environmental factors of altitude, temperature, humidity, and air-
borne contaminants (dust) produce a paradoxical, but tolerable situation. Such tolerance
must not be based upon a philosophy that helicopters used for patient evacuation are
transportation tools in which provision of health care is not required. Rather, the aero-
space medicine community can tolerate the inadequacies of the helicopter in patient trans-
port only if positive steps are taken to insure that quality health care is provided
throughout the evacuation process.

Four areas of emphasis can accomplish this necessary goal. First, the aerospace
medicine specialist must educate health care providers at all levels regarding the unique- -9
ness of helicopter flight, the capabilities of the heliborne patient evacuation systenm,
and the required preparation of tge patient for helicopter movement. Physicians, nurses,
and ground ambulance crews alike must be aware of their responsibilities as key members
of the health care team providing pre-hospital and stabilizing care to a critically ill
or injured patient. Emphasis on continuation of their efforts in the air is essential and
can be provided through a military or civilian aviation medicine education program.

Second, the current helicopter evacuation system, whether military or civilian, must
be continually monitored by aerospace medicine specialists. In the military, the heli-
copter evacuation unit requires input and monitoring by local flight surgeons. Regionali-
zation of responsibility for the military system would serve to capitalize on slim re-
sources of aerospace medicine specialists, while infusing timely and accurate input to
planning, operations, after-action resumes, and critiques of missions flown by helitopter
evacuation units.
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A third area is that of training of all aircrewmembers involved in inflight patient
care by the aerospace medicine specialist. The documentation and evaluation of such
training must prove that even those who infrequently participate in this modality of care
(as civilian nurse anesthetists and respiratory therapists) are capable to care for pa-
tient needs, can use and maintain necessary medical equipment, are familiar with the
stresses of helicopter flying, and are professional in manner and attitude.

Finally, the aerospace medicine community must develop a single manager concept for
all equipment used in helicopter evacuation of patients on as broad a scope as possible.
The emphasis has to be on standardization, at least for each aircraft type and involving
sister services within a defense establishment. Uniformity and interchangeability of
equipment will further serve to reduce training cost as crews moving from one military
unit to another will not have to deal with an orientation to differing, often locally
procured medical equipment. The system can then approach the capabilities of fixed wing
aircraft involved in patient evacuation with the goal being compatibility, especially
when transfer of patients from helicopters to fixed wing aircraft becomes a necessity
under combat conditions. Specific concerns are essential in the following areas:

1. Space - Modification of interior configuration may not be cost-effective in the
current airframe, but continues to be a problem in maintaining unobstructed access to un-
stable patients.

2. Communication - Attendant-controlled, two-way capability between patient and
aircrew is necessary, with requirement for built-in hearing protection and special design
for conscious patients with head trauma. Attendant aircrew need to be able to talk to
civilian and military receiving and sending health care facilities.

3. Fire Protection - Clothing for all medical attendants and covering for patients,
all of fire retardant material, is needed, even in helic.pters with crashworthy fuel sys-
tems.

4, Restraint Systems - Configuration of litters, attendant seats, restraining har-
nesses, and belts must protect patients and attendants in G-force survivable aircraft
accidents.

5. Containment - Provision to protect patients from rotor blade downwash and dust
on movement to and from aircraft, from vibration characteristics of the airframe, and
capability to maintain constant cabin temperature in flight is necessary.

6. Medication Kits - Standardized pharmaceuticals and intravenous materials need to
be unbreakable, easy-to-use, and single-dose type.

7. Lighting - Draping between cockpit crew and patient care area is required to pre-
vent interference with pilot's ability to navigate at night, with patient care area light-
ing of adequate intensity to permit medical activities in a nighttime environment.

8. Oxygen and Suction (constant and intermittent) - Easily regulated built-in sys-
tem with capability for humidification of medical oxygen is required. This must not
interfere with aircraft electrical and navigational systems, but must be compatible with
standard portable pressure respirator.

9. Monitoring - Compact, built-in, vibration-tolerant, readable vital-sign monitor
(for temperature, pulse, respiration, and blood pressure) that does not interfere with
aircraft electrical and navigational systems is necessary. This must be compatible with
standard portable electrocardiographic and defibrillation equipment.

10. Aircrewmembers - Continual flight surgeon input to standardized training empha-
sizing an ability to handle dynamic patient situations, use and maintenance of medical
equipment, and knowledge of stresses of helicopter flight is needed. The cockpit crew,
the heliborne medical attendant, and the flight surgeon must work together as an insep-
arable team.

Such a prospective and operational approach to heliborne patient movement should
prove to serve the needs of patient, aviator, and health care providers alike. With ini-
tiation or continuation of quality health care aboard a helicopter as a primary goal, a
systems approach to the rotary wing patient movement platform can be the means to this
end. Standardization, commonality, intuitiveness, and, the key ingredient, interpersonal
teamwork can serve and benefit this visible gap in the military and civilian ‘health care
delivery system,
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AN EVALUATION OF THE EFFECTS OF A STABILITY AUGMENTATION SYSTEM
UPON AVIATOR PERFORMANCE/WORKLOAD DURING A MEDEVAC HIGH HOVER OPERATION

M. G. Sanders, R. T. Burden, Jr., R. R. Simmons
M. A, Lees, & K. A, Kimball
US Army Aeromedical Research Laboratory
Fort Rucker, Alabama 36362

SUMMARY

Stability augmentation systems are purported to reduce pilot
workload during hover, nap-of-the-earth, and IFR maneuvers. The
current research project examines a method of aiding the MEDEVAC
pilot in performing a hover maneuver while perhaps reducing
workload. A modular, four-axes stability augmentation system
(Ministab) with integrated rate attitude and heading retention
was installed on the USAARL JUH-1H helicopter. Participating
personnel for the project were nine US Army aviators with a total
average of 1172 flight hours. The aviators hovered at 30 feet
above ground level for five minutes under each of the three
following flight control conditions: (1) Unaided--'normal" hover
with visual flight rules conditions, (2) using Force Trim, and
(3) using the Ministab. Continuous information from twenty pilot
and aircraft monitoring points was recorded on an incremental
digital recorder for all flights. Multivariate analyses were
performed on both aircraft status variables and control input
workload/activity measures. Under the conditions tested, the
stability augmentation system evaluated did not provide a clear-
cut improvement in flight performance and workload across all
flight parameters.

INTRODUCTION

Successful completion of the Army medical mission often requires that the MEDEVAC
helicopter pilot be capable of performing precise stabilized hovers during the extrac-
tion of injured personnel. The precision hover, required for hoist extractions, is one
of the most difficult and taxing flight maneuvers. The potential severity of this
mission essential maneuver, when high altitudes, adverse weather and immediate threat
factors are considered, requires efficient execution. Thus, the "out-of-ground effect"
hover maneuver contains two primary elements of concern--a need for a high degree of
precision and a concomitant potential for excessive workload. These two areas also
reflect the input and output of a multidimensional tracking task which is another way
of describing the precision hover. A schematic of the control loop involved might be
described as follows:

Psychomotor Activity Aircraft Status Parameters
Control Inputs Aircraft response to control
Cyclic left-right, inputs as well as aircraft
fore-aft, collective response to environmental
and pedals factors such as winds

The aircraft status changes,
as depicted by the flight
instruments and outside vi-
sual references, serve as <
stimuli for precise psycho-
motor control

In a study by Anderson and Toivanen (1970),! pilot workload was evaluated relative
to varying levels of autopilot assistance during an IFR formation flight using a UH-1
flight simulator. This evaluation "revealed that the increased autopilot capability
enabled the pilot to perform considerably better under the highest workload condition
tested." As well, "pilot control inputs and aircraft responses required for position
control were significantly lower when the outer loop [heading, altitude, and heading
and altitude] hold modes of the autopilot were engaged."

A four axes stability augmentation and altitude retention system (Ministab) was
installed on the USAARL JUH-1H test vehicle for a comparative evaluation with other
standard flight control conditions (Kaiser, 1976). The intent of the system was to
augment the pilot's performance in pitch, roll, heading and altitude hold. The fourth
axis (altitude hold) was not operated during the current evaluation. The objective of
the current study was to evaluate aviator workload and aircraft status maintenance
capability when using the stability augmentation and attitude retention system as
compared to more typical flight control conditions.?
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METHOD

Subjects

Participating personnel for the project were nine US Army aviators with an average
age of 27.7. Their rank varied from Chief Warrant Officer to Captain and their average
total flight hours were 1172.2. The UH-1 helicopter was reported to be the aircraft in
which they had logged the most flight time. The subjects were all currently in assign-
ments which required flying and had been on flight status for an average of 3.8 years.

Apparatus

The Ministab was made available for testing by the US Army Air Mobility Laboratory
at Fort Eustis, Virginia. The Ministab is a "modular stability augmentation system
with integrated rate attitude and heading retention that can be applied to any heli-
copter having boosted flight controls." A computer with an integral rate gyro which
senses motions of less than 1/100 of a degree/second is dedicated to each axis.

The test vehicle was a JUH-1H helicopter instrumented to measure and record pilot
control inputs and aircraft position, rates and acceleration. This Helicopter In-
Flight Monitoring System (HIMS) measures aircraft position in six degrees of freedom
while simultaneously recording cyclic, collective and pedal inputs and aircraft status
values. These data were recorded in real time on an incremental digital recorder.
Continuous information from twenty pilot and aircraft monitoring points was recorded
for all flights. Table 1 provides a list of these parameters along with a partial
listing of measures that can be derived from the directly recorded information,

TABLE 1
PARAMETERS MEASURED AND DERIVED

Parameters Measured Derived Measures

Pitch Pitch Rate

Roll Roll Rate

Heading Rate of Turn

Position X Constant Error, Average Absolute Error,
RMS Error

Position Y Ground Speed, Constant Error Average

Absolute Error, RMS Error
Acceleration X
Acceleration Y
Acceleration 2

Roll Rate Roll Acceleration

Pitch Rate Pitch Acceleration

Yaw Rate Yaw Acceleration

Radar Altitude Rate of Climb, Average Absolute Error,
Constant Error, RMS Error

Barometric Altitude Rate of Climb

Airspeed

Flight Time

Rotor RPM

Throttle

Cyclic Stick (Fore-Aft) Control Position, Absolute Control

Cyclic Stick (Left-Right) Movement Magnitude, Positive Control

Collective Movement Magnitude, Negative Control

Pedals Movement Magnitude, Absolute Average

Control Movement Rate, Average Positive
Control Movement Rate, Average Negative
Control Movement Rate, Control Reversals, .
Instantaneous Control Reversals, Control i
Steady State, Control Movement

Pilot inputs to controls were generally defined in the following manner. Control
inputs on the cyclic fore-aft, cyclic left-right, and pedals were required to have the
following characteristics: (1) seven successive samples of data (the data were sampled
20 times per second; therefore, .05 seconds per sample) were compared to data sampled
.25 seconds later; (2) differences were obtained between these data occurring .25
seconds apart; (3) the average for three consecutive differences had to exceed .07S
inches; (4) this difference had to be in the same direction for five consecutive
comparisons. The same general requirements were made of the collective control inputs
with the exception that six consecutive comparisons were required at .09 inch movements ]
per comparison.
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Flight Testing

A Ministab training program of instruction used for system familiarization is
provided in Appendix A, All in-flight evaluations took place at the Highfalls stage-
field. A one-minute period was allotted just prior to the actual testing on each
condition for practice on that condition., The aviators were tested under each of the
three flight control conditions: (1) Unaided--"normal" hover during visual flight
rules (VFR) conditions; (2) using Force Trim; (3) using Ministab. 'Force Trim or Force
Gradient enables the pilot to trim the control as desired for any condition of flight
by means of springs and magnetic brake release assemblies. The Force Trim can be
activated on the cyclic controls and the pedal controls. These devices are electro-
mechanical units used to induce artificial control feeling and returns the cyclic to
the desired initial position" (Operator's Manual, 1971).°

The aviators hovered at 30 feet above ground level (AGL) in essentially the same
location (over the stagefield runway) for five minutes under each condition. Table 2
indicates the three flight conditions evaluated and controls (Con) required. The order
of testing for the three experimental conditions was counterbalanced to minimize order
effect biss, The direction of the wind was determined before the test of each flight
condition and based on this information a heading was chosen that allowed the aircraft
to face into the wind during the hover.

TABLE 2
FLIGHT CONTROL CONDITIONS EVALUATED

Flight Conditions Flight Parameters

Pitch Roll

Heading/Yaw

Altitude

Unaided--"Normal" VFR
Hover Conditions

Force Trim

Stability Augmentation
Attitude Retention
System (Ministab)

Manual Con Manual Con
With Cyclic With Cyclic
Fore-Aft Lateral

Force gradients on with

manual override for con-

trol changes with the
cyclic,

Monitor § make manual
control inputs when
conditions exceed the
10% control authority
of the system.

Manual Con
With Pedals

Force gradi-

ents on with

manual over-

ride for con-
trol with the
pedals.

Monitor & make
manual control
inputs when
conditions ex-
ceed the 10%

Manual Con
With Collective

Manual control
with collec-
tive.

Manual control
with collec-
tive.

control author-
ity of system.

Subjective Evaluation

After each flight condition was completed, a Cooper-Harper Handling Qualities
Rating Scale was filled out by the subject (Cooper and Harper, 1969)." Post flight,
the subjects completed a biographicai data form and a questionnaire concerning aspects
of their flight under the different experimental conditions.

RESULTS AND DISCUSSION

Three primary analyses were performed on the data collected during the evaluation
of the stability augmentation system. The first analysis to be reported concerned an
examination of the existing wind conditions relative to the research helicopter during
the evaluation. Again, the order of testing of the three flight conditions was counter-
balanced across subjects to minimize order effect bias. Testing was continuous in that
each condition evaluated was immediately followed by the next condition (approximately
five-minute separations)., The wind information collected during the testing periods
was evaluated with the Versatile MANOVA program (Schori, 1976)° to determine if the
wind direction, velocity, or aircraft heading relative to wind direction (crosswind
component) varied among the three flight conditions. The results of this analysis are
reported in Table 3.
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3 TABLI 3

MULTIVARIATE ANALYSIS OF VARIANCE WITH DISCRIMINANT ANALYSIS
SUMMARY WIND DATA

Standardized

Variable F! Canonical Wts
Crosswind Component* 13.75 12,12 14.95 0.23 -0.278
Wind Direction Mean’ 195,28 229.01 201.42 0.66 0,034

Wind Direction Std Deviation? 15.78 10,30 16.33 0.97 -0.171
Wind Velocity Mean’ 8.85 9.50 9.07 0.29 -0.129

Wind Velocity Std Deviation? 1.72 1.47 1,90 2.07 -0.367

Overall Multivariare Test of Significance
Wilks Lambda F-Ratio m Sf(ben) whrob
0. 580 0.750 1y 24 0.67

Total Discriminatory Power (Estimated Omega Squarcd) = 0,369

Significance Test, Individual Canonical Variuables
Root I--88.64% Variance

Chi-Square = 6,11, df = 6, p < 0.41

Root I1--11,36% Variance

Chi-Square = 0.96, df = 4, p < 0.91

'Univariate F-Ratio, df = 2/16. These F-Ratios were not significant at the .05 level
of probability.

‘Unit of measurement--degree.

'Unit of measurement--knot,

! An examination of these data reveals that no significant differences were observed

‘ either univariately on any of the variables or overall in the multivarite test of
significance. Indeed, the means listed in Table 3 indicate that very little difference
did exist in wind direction variability, velocity and crosswind component across the
three flight conditions, Therefore, performance and/or aircraft status differences
found can be attributed to the flight conditions being evaluated and not extraneous
wind variables impinging upon performance.

The second analysis pertained to an evaluation of aircraft status or stability
variables. These variables are listed in Table 4 along with the findings of the analysis.

TABLE 4

MULTIVARIATE DISCRIMINANT ANALYSIS OF VARIANCE
WITH DISCRIMINANT ANALYSIS

=============================================?========;:=F=====================================================

Variabl Standardized
? riable naide orce Trim inista F! Canonical Wts
: Pitch $td Deviation? 0.69 0.80 0.83 2.05 0.069
N Roll Std Deviation? 0.74 0.83 0.76 1.89 0.091 ]
: Heading Std Deviation? 2.70 3.55 2.44 1.82 0.058
% Radar Altitude
L Std Deviation® 2,28 2.18 2,32 0.20 -0.051
\ jvari )
1 Overatighgjxvarlutc Tcst of Significance
. . k
! Wilks Lambda F-Ratio df (Num) df (Pen) Prob

1 0.48 1.41 8 26 0.23
Total Discriminatory Power (Estimated Omega Squared) = 0.4¢6

t Significance Test, Individual Canonical Variables
Root I--74,8% Variance

Chi-Square = 6,97, df = §, p = 0.22

Root I1--25.1% Variance

Chi~Sguare = 2,76, df = 3. p = 0,56

H Univariate F-Ratio, df = 2/16. These F-Ratijos re not significant a . ev
“Rat1os wi t t at th 05 1 1
» e n sig fic e e
“ Unit of measurement--degree.

*Unit of measurement--feet,




It is indeed noteworthy that none of the variables examined (aircraft axis variation
and rate measures) proved to be different to a significant degree across the three
flight conditions, That is, the aircraft position variability and rate variability
about each of the four axes did not change significantly when the stability augmenta-
tion system was activated as compared to the force trim and unaided flight conditions.

The third analysis to be described concerns the control input data which could
relate to the activity requirements or workload of the operator. Table 5 contains the
flight control variables which describe performance along each of the four primary
flight control channels. The magnitude of control inputs was examined along with the
number of inputs per second.

TABLE §

MULTIVARIATE ANALYSIS OF VARIANCE WITH DISCRIMINANT ANALYSIS
CONTROL INPUT PARAMETERS

Flight Condition Means Standardized
Variable Unaided TForce Trim Ministab F! Canonical Wts
Cyclic Fore-Aft (CFA)
Control Movement Magnitude?® 0.35 0.38 0.27 11.71%% 0.0372
CFA Control Movements
No of Occurrences/Sec 0.78 0.75 0.50 9,63%% 0.0182
Cyclic Left-Right (CLR)
Control Movement Magnitude? 0.33 0.34 0.32 0.32 -0.025?2
CLR Control Movement
No of Occurrences/Sec 0.73 0.68 0.74 0.40 -0.008
Collective Control
Movement Magnitude? 0.27 0.34 0.43 0.98 0.007
Collective Control Mov o
No of Occurrences/Sec 0.02 0.06 0.%4 2.40 -0.013
Pedals Control
Movement Magnitude’® 0.25 0.30 0.20 6.57%% 0.012
Pedals Control Mov
No of Occurrences/Sec 0.29 0.38 0.19 5.09*% -0.008

Overall Multivariate Test of Significance

Wilks Lambda F-Ratio df (Num) df (Den) Prob
0.084 2.73 16 18 0.02

Total Discriminatory Power (Estimated Omega Squared) = 0.90

Significance Test, Individual Canonical Variables
Root I--75.5% Variance

Chi-Square = 18,7, df = 9, p = 0.02

Root II--24.4% Variance

Chi-Square = 9.6, df = 7, p = 0.20

lynivariate F-Ratio, d4f - 2/16.
Zprimary Contributor.

*Unit of measurement--inch.
*p=.,05

*%* p = ,01

Four of the variables examined univariately showed significant differences across
the flight conditions (p < .05) and are so designated in Table 5. Individually, the
cyclic fore-aft flight control channel demonstrated that the Ministab did indeed reduce
perceptual-motor workload in that 35% fewer inputs were required during the Ministab
hovers as compared to the Unaided flight condition. As well, 33% fewer inputs were
required during the Ministab hover as compared to the Force Trim hover. The average
magnitude of cyclic fore-aft control inputs was also smaller for the Ministab hover as
compared to the control inputs during the Unaided and Force Trim flight conditions.

Pedal control inputs also indicated a significant reduction in perceptual-motor work-
load by aviators when hovering with the Ministab. Thirty-four percent and forty-nine
percent fewer pedal control inputs were made during the Ministab hover than during the
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Unaided and Force Trim flight conditions respectively. As well, the average magnitude
of the control movements was smaller for the Ministab flight condition.

An evaluation of the results of the control input multivariate analysis indicates
that performance varied significantly across the three flight conditions (f = 2.73, df

= 16/18, p = .02), One root accounted for the significant discrimination (chi-square =
18.7, df = 9, p = 0.02) and accounted for 75% of the variance. The total discriminatory
power or estimated omega squared was 0.90, A review of the primary contributors among
the standardized canonical scores depicted in Figure 1 that the flight performance
displayed under the Ministab condition is characterized by fewer and smaller cyclic
fore-aft control movements along with slightly smaller cyclic left-right control inputs
as compared to the Unaided and Force Trim flights. Statistically, the variables utilized
in the control input analysis produced a significant separation between the Ministab
flight condition and the Unaided and Force Trim flights as witnessed by Figure 1. The
scores plotted in Figure 1 represent mean canonical scores or a composite group mean

for each flight condition.

Subjective Evaluations

The questionnaire utilized to obtain subjective/pilot opinion information about the
flight evaluation provides several important points which impact the results of the
study. The most important point made by several of the pilots was that the familiari-
zation or instruction period given the pilots before flight testing (Appendix A) was
not adequate for full proficiency with the system. This implies: (1) the stability !
augmentation system either requires greater experience than that described in Appendix i
A for adequate proficiency or the system is not automatically easy to master and may or
may not be adequately understood and controlled with more experience with the system,
and (2) the outcome of evaluation is more dependent upon level of experience with the
system than was initially considered. It should be pointed out that the program of
instruction received by each test subject was along the lines of that recommended by
the system developers. The subjects were also equivocal about whether or not the
Ministab aided or interfered with normal precision control while hovering., Five sub-
jects stated that the system aided their hover while four considered the system an
interference.

UNAIDED (0.221)
MINISTAB

(0.120)
FORCE TRIM

(0.229)

B 2 r'y A /- L |
| 4 L a— . |

0o .05 10 .15 .20 .25 .30
FIGURE1 CONTROL INPUT DATA

MEAN CANONICAL SCORES

The three flight conditions were ranked by the subjects as to which gave them their
best hover performance. The outcome indicated that the Ministab provided the best
hover performance (mean rank = 1.44) followed by 1.78 for the Unaided condition and
2.78 for che Force Trim hover condition. The Force Trim flight condition was not the
familiar or normal mode of hover for the subjects and was considered undecirable
because of control stiffness and reduction in control "touch."

The results of the Cooper-Harper Handling Qualities Rating Scale which was com-
pleted by each of the subjects after each of the flight conditions revealed the
following ratings:
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Mean Pilot Rating Flight Condition
3.11 Unaided
3.33 Ministab
4,33 Force Trim

These subjective rating data again demonstrate the very slight perceived differences
between the Unaided and Ministab flight conditions--the Unaided hover condition being
the least demanding followed closely by the Ministab with a larger separation occurring
between the Ministab and Force Trim conditions.

It should be noted that several months prior to the investigation reported in this
article, the Ministab system was evaluated by a test pilot at Fort Rucker, Alabama.
Several of the test pilot's written comments about the evaluation seem to sugport the
objective and subjective results of the current investigation (Simon, 1976).

In general, the test pilot made favorable comments about the system; however, it
was noted that the "pure SAS [stability augmentation system] gain in the roll axis
appeared to be higher than it should be.... This tendency was noted several times
during the evaluation, usually occurring in a climbing turn." In addition, the test
pilot stated that "the length of time required for the 'automatic fly-through' process
or synchronization (where the controls are moved a small amount and held momentarily
3 . without depressing the mag brake button) was acceptable for up and away/cruising flights
although a little learning was necessary to adapt to the time lag. However, this
'*synchro time lag' was excessive in the hover regime probably due to the frequency of
control inputs required for holding a position over the ground. It was noticed that a
sizable number of corrective control inputs were made which did not cause or allow the
system to synchronize itself.”

The test pilot suggested a reduction in time lag "which should further reduce pilot
workload." It is reported that this time lag reduction was accomplished before the
current investigation. However, it is possible that the reduction w-s not sufficient
and coupled with the excessive gain in the roll axis, which was mentioned earlier,
these two factors could have produced the reduction in effectiveness of the Ministab
(equivalence seen in the number of control inputs per second and magnitude of movement
across the three flight conditions) along the cyclic left-right control dimension. No !
gain problems were noted by the test pilot along the pitch axis which corresponds to
the reduced number of control inputs observed in the cyclic fore-aft control dimension
for the Ministab condition relative to the Unaided and Force Trim conditions (Table 5).

CONCLUSION

In conclusion, under the set of conditions that existed during the evaluation, the
stability augmentation system examined did not provide a significant change in aircraft
stability. More completely, aircraft status maintenance was essentially equivalent
across all three flight conditions.

The multivariate analysis data indicated that statistically the Ministab did reduce
the overall control activity requirements for the aviators. However, performance on
the collective control was essentially equivalent across the flight conditions in terms
of both movement magnitude and number of inputs. This equivalence should be expected
because, as mentioned earlier, the attitude hold mode was inoperative during the study.
Although the aviators tested were aware of this, their opinion of the Ministab was
based upon the total performance requirement which included collective control activity.

Another factor which could relate to the lack of perceived differences between the
Ministab and the Unaided condition was the cyclic left-right control input data which
indicated no differences in magnitude and number of inputs across the three conditions.
Obviously control inputs made in the helicopter are a vector reflecting both left-right
and fore-aft components, but because of measurement requirements the control inputs are
described independently in terms of fore-aft and left-right activity. An integration
of the fore-aft and left-right information could indicate whether or not more workload
is experienced on the cyclic control under one or another of the flight conditions. ]
However, the key issue here is that the stability augmentation sytem evaluation did
not, under the conditions tested, provide a clear-cut improvement in flight performance
and workload across all flight control parameters. This position is supported by the
results of the questionnaire as well as the Cooper-Harper rating data. It is quite
possible that given a much higher degree of experience on the part of the test pilots
with the Ministab, along with more turbulent conditions, the Ministab could produce a
more stable platform for hover operations, medical hoist, weapons delivery, etc., and
provide a substantial reduction in control activity requirements for the pilot. Future
research at the US Army Aeromedical Research Laboratory will examine state-of-the-art
improvements in stability augmentation systems in order to provide information which
will enable the pilot to maximize his capabilities, enhance mission accomplishment, and
extend the pilot's effective performance range in continuous operations.
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APPENDIX A

Ministadb Training (POI) Time: 30-60 minutes

a. Preflight--Point out basic components of system associated with the preflight
of test aircraft (static stops, computers, radar alt).

b. System Description--To familiarize pilot with internal (cockpit)} controls of
Ministab system, i.e., control head, circuit breakers, cyclic, and collective control
surfaces (gray control box familiarization).

c. System Operation--To point out system capabilities and limitations. Expla-
nations to include emergency procedures of (1) primary system, (2) yaw axis, and (3)
LORAS (low airspeed indicator).

d. Pilot Familiarization and Technique--Purpose is to allow pilot to become com-
fortable in utilizing system,

oo
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THE BOAT THAT IS A RAFT

George P, Gillespie
Mechanical Engineer
Aircraft and Crew Systems Technology Directorate
Naval Air Tevelopment Center
Warminster, Pennsylvania 18974

The Mini Boat, a life raft developed by the NAVAIRDEVCEN
(Naval Air Development Center) under the sponsorship of the
Naval Air Systems Command (AIR-340B), has succeeded in placing
the center of mass of the survivor below the center of buoyancy
of the raft. This property enables the Mini Boat to be superior
to traditional one man life rafts by posessing unique in-water
characteristics and improved ligistics.

The helo aircrewman experiences fatigue and related discomforts from his noisy, vibrating, and
sometimes hot aircraft (1). These discomforts can degrade the performance required for normal flight
duties as well as for emergency conditions. During an emergency the pilot usually can autorotate his
helo to a relatively controlled landing, but the physiological problems stated above can compound the {
after effects of the crash, i.e., shock, panic, and disorientation (2). Furthermore, in an over water
incident where impact has compromised the structural integrity of the helo, sinking will occur within
one minute (3). The rapid rate of sinking and the physical and physiological effects of in-rushing
water are great deterrents to the escape of any potential survivor.

Once the aircrewman escapes, a life raft adds greatly to his survivability, however, there is less
than a 10% chance (4) that an aircrewman can release and remove the MPLR (Multiplace Life Raft) that is
stowed within the sinking helo. A "quick fix" solution to the problem is to have a life raft for each
aircrewman after emergency egress. This has been accomplished by packing an LR-1, the traditional one
man life raft, into a "back pack" configuration and issuing it to all crewmembers as an add-on to
required survival equipment. Although the 'back pack" serves its intended function, its bulk an. weight 4
not only increase inflight discomfort, but it can also degrade the mobility of potential survivors.

The NAVAIRDEVCEN has investigated these problems and is in the early stages of development of a
"Helo Flotation System" and an "Automatically Expelled/Deployed Multiplace Life Raft System". The
former is designed to actually float the helicopter with externally mounted inflatable spheres located
around the helo to provide even and stable flotation., The latter will automatically expel and deploy a
multiplace life raft containing a heater system and "blanket". These systems have the potential to
allow helo aircrewmen to fly in a virtual "flight suit” environment. However, both efforts require
airframe modification and are long term developments.

A short term solution involves the Mini Boat, a program sponsored by the Naval Air Systems Command
(AIR-340). SAR (Search and Rescue) data obtained from the Naval Safety Center revealed that 97% of all
helo aircrewmen downed over water are rescued within one hour. Based on this data, the NAVAIRDEVCEN
determined that in order to reduce weight and bulk, a minimum size life raft and mission specific air-~
crew survival equipment would be developed. This policy allowed for great flexibility and led to the
E development of the Mini Boat (5) and four mission specific helo aircrew configurations.

The Mini Boat is a one man life raft that demonstrates superior water survivability characteristics,
improved logistics, and improved operational interfaces. The raft is made of a series of vertically
aligned air tubes, divided into two distinct chambers. The primary compartment is inflated with & 56g
(2 0z.) COy cylinder, compared to a 224g (8 o0z.) one for the LR-1, while the secondary compartment is
inflated orally. The raft is heat sealed using two sheets of coated nylon fabric, 136g/m? (4 oz/yd2).
Since oxygen in the atmosphere attacks cement, the problem of seam deterioration in cemented inflatables
is eliminated with the use of heat sealing. Not only are maintenance and reliability characteristics
greatly improved, but the stable seams permit the use of vacuum packaging to replace detailed inspection
and maintenance with package inspectfon. The Mini Boat weighs 1.59 kg (3.5 lb) and can be packaged into
a 1600 cm3 (121 in3) volume, while the LR-1 weighs 3.41 kg (7.5 1b) and takes up 6900 cm3 (522 in3) of
space.

Although the Mini Boat comes in a small, lightweight package, its water characteristics are unique.
The Mini Boat is commonly referred to as a raft; it is actually a bhoat because the center of mass of
the survivor is below the center of buoyancy. Because of this feature the Mini Boat has excellent
stability as verified in limited sea trials (6). After the primary chamber (Figure 1) is inflated the
raft has shape and can be boarded (Figure 2) by depressing, with one hand, any portion of the raft and
either sliding or rolling into the raft. The primary inflation chamber provides about 75 mm (3 in) of
freeboard (height of the raft above the water), even though the survivor is sitting in a Mini Boat full
of water. The survivor's recommended sequence of operation is to immediately obtain an additional 75 mm
of freeboard (150 mm total) by orally inflating the secondary inflation chamber with five breaths
(Figure 3). This air will remain in the uppermost cell since pressure of the water line restricts the
air from entering the lower portion of the secondary chamber. At this time the survivor may evaluate
his situation and decide when, and if, oral inflation and helmet bailing should be completed. Oral
inflation will take less than 2.5 min. (about ten additional breaths), with an effort required similar
to that required when inflating a balloon; helmet bailing will also take about 2.5 min., and all but
.51 (.53 qt.) can be removed from the raft. The Mini Boat will now display 300 mm of freeboard with
very good stability (Figure 4). Sea water can be added to the raft for additioral ballast at that time
by depressing the side.




Besides providing a comfortable support for the body, the inflatable sides of the Mini Boat provide
a thermal barrier between the sea and the body. This advantage is being extended in the development of
an All Weather Mini Boat. An inflatable canopy is being developed that can be retrofitted to the current
Mini Boat. Subjective cold temperature test data will be generated, then fabric changes, heat reflective
laminates, inflation system changes, pumping systems (for removing sea water from !he raft), and portable
heating systems will be evaluated in a trade-off study.

Current plans consider introduction of the Mini Boat to the Naval Air Flcet in three modes, with
vacuum packaging playing a significant role in each. The first mode is for man mounting as exemplified
in a back pack for the Helo Pilot/Copilot Survival Vest. The Mini Boat will be packaged into a
280x280x20 mm shape and will be completely deployed upon inflation. The second mode consists of stowing
individually packaged Mini Boats in the helo at convenient locations near exit ports, hatchways, or in
seat systems. Priority in this mode is to make the Mini Boat readily accessible and easily attainable
to the egressing aircrewman. Quantities and exact locations will be determined at a later date, but will
depend, of course, on helo class, mission, and available space. The third mode is for packaging the All
Weather Mini Boat into the Rigid Seat Survival Kit in the Fighter/Attack community.

If vacuum packaging is proven to be feasible in the above modes, periodic visual inspection will
replace scheduled maintenance. As long as the package still has a vacuum, it is safe to assume that the
Mini Boat has not been affected from external sources and is in the same state as the day it was pack-
aged. The total use of heat sealing guarantees that the Mini Boat seams will not deteriorate in the
package. Although the Mini Boats are completely sealed inside the vacuum package, the raft is completely
deployed, ready for boarding, after jerking the inflation toggle. This action simultaneously breaks the
vacuum and actuates the CO3 inflation system.

The Mini Boat is amenable to wide and varied applications because it possesses superior in-water
characteristics. It is a space and weight saver and it possesses superior logistic properties. Today

the Mini Boat is being evaluated by the Royal Australian Air Force (RAAF), the United States Air Force
(USAF), and the National Aviation and Space Administration (NASA).
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UH-60A MEDEVAC KIT

Horace T. Hone
Systems Design & Development Branch
Engineering Department
Sikorsky Aircraft Division of
United Technologies Corporation
Stratford, Connecticut 06602
U.S.A.

SUMMARY

The Sikorsky UH-60A or BLACK HAWK is the U. S.
Army's next generation Utility Helicopter. A kit
has been designed for converting the standard
BLACK HAWK aircraft to medical evacuation
configuration, after removal of eight troop seats.
Four crash-attenuated litters are carried, plus a
60 Hz, 115 volt power pack that permits the use of
regular hospital equipment by casualties in
transit. Litters can be loaded transversely from
either side of the aircraft. A lifting facility
is provided for the upper litters.

INTRODUCTION

The helicopter, in the early days of its military and civil applications, might have
been classified as a luxury rather than a necessity; a luxury not in the sense that it
provided an extravagant degree of comfort, but rather in the sense of being highly
desirable yet not readily affordable or available. Today, the helicopter has achieved the
status of a necessity, and we in the industry aim to make it a comfortable necessity, a
readily affordable and available necessity. We believe that the enhanced performance
achieved in every type of helicopter mission will be conspicuously evident in the UH-60A
medevac operation.

PRESENT SITUATION

Currently the UH-1 is still the U. S. Army's prime vehicle for the aerial evacuation
of casualties from combat zones (Figure 1). It has an extensive and distinguished back-
ground of operational experience and is capable of carrying up to six litter patients in a
remarkably compact configuration, accompanied by a medical attendant and sundry items of
medical equipment. The litters, of regular folding pole type, are longitudinally stacked
in tiers of three on either side of the aircraft. The attendant has partial access to one
side of each patient, but has very little room to maneuver. The vertical clearance between
patients is substantially less than the currently desired minimum of 18 inches (45.7 cm.).

The litters are secured by their handles to the bulkheads and poles on the inboard
side and to webbing straps between ceiling and floor on the outboard side, in the classical
manner. There is no deliberate crash-attenuation device, though the webbing straps provide
some degree of vertical energy absorption, but with undesirable asymmetric and rebound
characteristics. The crashworthiness of the system is governed by the strength limitation
of the litters themselves, at about 13 g downward load factor.

The Army has been particularly concerned about improving the litter loading and un-
loading operations (Figure 2). The top litters are naturally the most difficult on the
UH-1. A loading beam was developed to facilitate the procedure, but otherwise there is no
mechanical lift-assisting device.

FUTURE SITUATION

The vehicle which will replace the UH-1 is the UH-60A BLACK HAWK. This was designed
by Sikorsky as model S-70 to the Army's specification for UTTAS (Utility Tactical Transport
Alrcraft System). The UTTAS program provided the opportunity to 1introduce a medical
evacuation system that meets all the current U. S. Army medevac mission requirements and
appreciably advances the state of the art from the point of view of the patient, the
medical attendant and the loading crew (Figure 3).

UTTAS REQUIREMENTS {

BLACK HAWK is a larger machine than UH-1 and can take advantage of about 50% more
effective cabin area. The UTTAS specification demanded a low profile for airtransport-
ability reasons. Patient accessibility requirements dictated 18 inches (45.7 cm) clear
space above the litter poles. Also, beneath the lower litter there should be sufficient
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Figure 1. UH-1 Medevac Configuration.

vertical clearance to permit an energy-absorption stroke during a 42 feet (1280 cm) per
second 95th percentile survivable downcrash; this aspect will be covered later, but the
requirement works out at about 7.6 inches (19.30 cm). Collectively, these vertical
dimension limitations prohibit a triple tier of litters in a 54 inch (137.16 cm.) cabin.
An on-going study effort is underway on a 6 litter configuration; however, the Army's
minimum capacity requirement can be met with a two-by-two litter configuration, with
seating for two ambulatory patients and a medic utilizing existing crashworthy troop seats.

PATIENT ACCESSIBILITY

In addition to the top accessibility requirement, the UTTAS specification called for
full length accessibility to all four patients by a 95th percentile medic. This precluded
the possibility of transporting the patients in a lateral orientation since, although the

Figure 2. Loading Litters Into UH-1.
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Figure 3. The UH-60A "BLACK HAWK."

cabin is wide enough to accommodate four litters sideways, there would be insufficient
residual side clearance to permit longitudinal migration of the medic. Consequently, the
litters are flown in a fore and aft attitude, as in the UH-1, but now the attendant has head
to toe access to any patient (Figure 4). To further enhance accessibility, the traditional
litter suspension arrangement has been replaced by a system in which all four litters are
cantilevered from a central box-shaped pedestal. Thus, the attendant can minister to the
needs of each patient with a minimum of vertical structural impediment.

Figure 4. UH-60A Medevac Configuration.




94

LITTER LOADING

The time and effort required to load and unload litters have been considerably reduced
on the BLACK HAWK. The cabin has wide sliding doors on both sides and it would have been
feasible to load the litters directly onto longitudinal racks, two from each side.
However, there is a specification commitment for all litters to be loadable, in less than
two minutes, from either side of the aircraft. This is a highly desirable facility in most
combat situations, and in fact, it is quite essential in cases where, for various reasons,
only unilateral access is available. The BLACK HAWK design achieves this by having the
aforementioned pedestal from which the litter supports are cantilevered, rotatable about a
vertical central axis, via pivot fittings in the floor and ceiling (Figure 5). Thus, the
litter supports are oriented laterally for loading and unloading, permitting any of the
four litters to be inserted or removed through either left or right door. The whole
"carousel" assembly is rotated manually. A pinning mechanism operable from both ends of
the pedestal locks the system in the lateral loading/unloading mode or the longitudinal
flight mode.

It is physically possible to close the doors and take off with the litters lateral,
but this configuration degrades accessibility and crashworthiness. In an emergency, the
system could be rotated into flight mode during or after take-off by leaving the doors open
until the system is locked into flight position.

LITTER LIFT FACILITY

The ability to load a litter by a single transverse motion without any complex
maneuvers represents a considerable advance, but there is another improvement which must
now be mentioned. The upper litter supports can be lowered 19 inches (48.26 cm.) until
they rest on top of the lower litter supports, and their height above ground is then only
3-1/2 feet (106.7 cm.) (Figure 6). The upper litter is then loaded and raised to its
normal level so that the lower one can be loaded. In the event that there is no requirement
for a lower litter, the upper litter support can be locked at an intermediate height
selected by the medical attendant for maximum convenience and accessibility.

The lifting system utilizes hand-cranks which are available at both ends of the
pedestal so that either of the upper litters can be moved using one crank or two, if an
additional man is available. The controls which lock and unlock the 1lift system are
duplicated at both ends.

with the lift system, four 95th percentile patients can be loaded and secured ready
for t ke-off in less than two minutes from either side of the aircraft.

Figure 5. Loading Litters Into UH-60A.

y




S

9-5
CEILING PLATE
—ELECTRICAL LEAD

: CENTER PEDESTAL

UPPER PIVOT —— N\ /™~
%OOR PLATE

e

, >
7 . _///'
¢ =

Figqure 6. UH-60A Litter Support System.

SUSPENSION
SYSTEM CABLES

CRASH ATTENUATION

Reference was made earlier to the downcrash energy-absorption feature. This is pro-
vided for each litter individually by means of an attenuator in its support system. A
well-proven method of attenuation is employed, consisting of a solid wire passing between a
trio of rollers so positioned that the wire is progressivelv deformed as it is drawn
through. The system is calibrated to begin stroking at 13g for the weight of a 50th
percentile patient (including splints, plaster casts, blankets, etc.). The designated
stroke for this degree of attenuation is 7.6 inches (19.30 cm).

ADDITIONAL FEATURES

At each end of each litter support is a strap assembly that can be easily positioned,
length-adjusted and fastened to secure the patient to the litter, and the litter to the
litter support.

The litter supports are quickly detachable from their brackets on the central
pedestal.

Removal of both right-side litter supports provides space for a rescue hoist to be
mounted in the right doorway.

Each upper litter support can be used as a seat for three ambulatory patients when in
its lowest position. In this configuration, a total of 8 ambulatory patients, 1 medic and
a normal 3 man crew can be accommodated.

The following alternative combinations of litter patients, ambulatory patients and
rescue hoist facility can be considered. 1In each case one medic and a normal crew of three
are carried.

a. 4 litter patients, 2 ambulatory patients, no rescue hoist.

b. No litter patients, 8 ambulatory patients, no rescue hoist.
c. 2 litter patients, 5 ambulatory patients, no rescue hoist.

d. 2 litter patients, 2 ambulatory patients, plus rescue hoist.
e. No litter patients, 5 ambulatory patients, plus rescue hoist.

Among other facilities are two 28 volt lights at each litter position and a pair of
intravenous fluid hooks at each end of each litter support.

A 200 volt, 60 cycle power pack is included with the MEDEVAC kit to provide power for
standard hospital equipment.

The whole kit, comprising the pedestal with litter supports and the power pack, can be
removed or installed in the BLACK HAWK in less than 50 minutes.




SUSPENSION SYSTEM
The litter suspension system is portrayed by the series of Figures 7 through 13.

The litter and patient are strapped to a litter support (Figure 7), which is socketed
and pip-pinned on to L-shaped brackets (Figure 8), the vertical sections of which are
grooved to slide on rails at each end of the central pedestal (Figure 9). The vertical
motions of the brackets are synchronized by a crossed loop cable and pulley system (Figure
10), preventing the litter support from tilting and counsequently jamming.

The attenuator, which works on the wire deformation principle, is incorporated in the
cable system (Figure 11). In the lower litter suspension system, the attenuator housing is
physically grounded to structure, but in the upper system it is movable, thereby providing
the means of raising and lowerlng the upper litters. The housing can be grounded at a
selected level by two pawls which lock onto one of the teeth on a rack, integral with the
housing (Figure 12). The pawls will be locked on the topmost tooth if the lower litter is
in use (Figure 12a); otherwise they can be locked on a lower tooth. The crash attenuation
stroke of 7.6 inches (19.30 cm) is available (Figure 12b) whichever tooth is used,
including the lowest one (Figure l2c). The attenuator housing is raised or lowered by a
simple cable and drum system (Figure 13) operated by hand crank. A lightweight assembly is
possible since it is isolated from crash loads by the rack and pawl device.

It will be noted that the crossed-loop cable and pulley arrangement, which forms the
basis of the suspension system, permits a simple integration of the synchronizing,
attenuating and (for the upper litters) the elevating facilities.

8 INCHES LATERAL
STRAP ADJUSTMENT

Figure 7. Patient on Litter, on Litter Support, Straps Secured.
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Figure 8. Litter Support is Semi-Permanently Socketed Onto L-Shaped Brackets.
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<
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N

Pigure 9. L-shaped Brackets Slide on End Rails of Central Pedestal.
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CABLE ATTACHMENTS

SHEAVE

Figure 10. Vertical Motions of L-Shaped Brackets Synchronized

by Crossed-Loop Cable System.

ATTENUATOR HOUSING
(GROUNDED TO STRUCTURE )
L5,

ATTENUATOR

ROLLERS 7.6 IN. ATTENUATOR
/ — T STROKE
gy Y :

ATENUATOR WIRE \ATTENUATOR WIRE
(UNSTROKED) (FULLY STROKED AT 13G)

Figure 11. Wire-Bending Attenuator is Incorporated Into Crossed-Loop Cable System.
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PAWL HOUSING
(GROUNDED TO STRUCTURE)

ATTENUATOR HOUSING RACK

UP CRASH
PAWL

DOWN
CRASH
PAWL

] han

(A) (8) (C)
J/ LUTTER LOCKED IN  LITTER FULLY LITTER LOCKED
- HIGHEST FLIGHT ATTENUATED FROM IN LOWEST
POSITION HIGHEST FLIGHT FIGHT POSITION
POSITION

Figure 12.

TO HAND CRANK

LITTER LOWERING

LITTER RAISING CABLE

CABLE
HOISTING DRUM

ATTENUATOR HOUSING RACK
N SHOWN IN LITTER-LOADING
POSITION '

Figure 13. Complete synchronizing/Attenuating/Elevating System for Upper Litter.

Attenuator Housing for Upper Litter is Movable to Facilitate Loading.
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L'EVACUATION SANITAIRE PAR HELICOPTERE

par
Louis VACHON
Ingénieur au Département Recherches
Wilfrid MESSENS
Ingénieur des Ventes
Société Nationale Industrielle Aérospatiale
Division Hélicoptéres
Boite postale 13 - 13722 Marignane - France

RESUME
L'évacuation sanitaire d'urgence peut se concevoir selon trois formules :

1. Transporter le blessé, dans 1'&tat od 11 se trouve, le plus rapidement possible, du lieu de 1'accident
vers le centre hospitalier le plus proche.

2. Amener sur les lieux de 1'accident les &léments d'une unité médicale de premier secours, et ne transpor-
ter le blessé qu'aprds lui avoir donné les premiers soins nécessités par son état.

3. Installer le blessé dans un véhicule équipé en unité médicale de secours et lui donner les premiers
soins - en particulier réanimation - pendant le transport. L'évacuation devient alors partie intégrante
du traitement. Le temps de transport est ainsi neutralisé.

Jusqu'3d maintenant, 1'exiguité des cabines d'hé&licoptéres, ne permettait, du moins en primaire, que
des évacuations dans le cadre de la premi2re formule.

L'une des dernidres productions de 1'Agrospatiale - le Dauphin - tout en restant dans la gamme des
hélicopteres l&gers, offre un volume utile de cabine et de soute suffisant pour envisager 1'évacuation
sanitaire évoluée, dans le contexte de 1a troisiéme formule.

En coopération avec le corps médical, 1'Aérospatiale &tudie pour le Dauphin une installation sani-
taire trés évoluée, permettant 1'accomplissement en vol de tous les actes médicaux de réanimation et de
petite chirurgie, ainsi que la té&lé&transmission des données médicales au centre hospitalier d'accueil.

Une premiére installation probatoire a &té réalisée et essayée, en vol, sur une reconstitution
d'accident de 1a route. Simultanément, par suite d'un concours de circonstance tout & fait fortuit,
1'appareil ainsi équipé a &té utilisé en opération réelle sur un cas particuliérement grave. Un plein
succés a démontré la validité de la formuTe.

Un peu d'histoire

L'idée est déja ancienne d'utiliser, au bénéfice des services de santg la voie aérienne.

En 1870, au cours du sidge de Paris, 160 malades ou blessés graves furent &vacués par aérostats !
La technique du cadre “porte malade" amovible qu'on accrochait au ballon était en avance sur son temps.
Cette technique se retrouve sur les premiers h&licoptéres d'évacuation sanitaire,

La naissance de 1'aviation sanitaire remonte & 1a fin de Va premigre guerre mondiale, et 1'on peut
considérer cette innovation dans les transports sanitaires comme une idée d'origine frangaise. Le Docteur
Chassaing mérite & juste titre le nom du "Pére de 1'aviation sanitaire”.

I1 avait constaté en 1915 que les blessures des aviateurs évoluaient beaucoup plus favorablement que
celles de leurs camarades de tranchées. I1 avait attribué ce privilége au fait que les aviateurs é&taient
hospitalisés dés 1'atterrissage, bé&néficiant ainsi de soins précoces, sans avoir subi la choquante &preuve
d'un long transport par route. I1 pensa qu'il fallait faire profiter tous les blessés de ce moyen d'&vacua-
tion, rapide et confortable.

Rapidement, entre les deux guerres, la jeune aviation sanitaire acquerra ses lettres de noblesses.
Au cours de la derniére guerre, ce furent surtout les américains qui employérent ce transport., Entre le
débarquement en Normandie et la capitulation de 1'Allemagne, les Sky-Masters ont &vacuég vers la Grande-
Bretagne ou les U.S.A. 385 576 blessés, dont 82 000 pendant le seul mois d'Avril 1945,

Le Général Eisenhower &crivait cette méme année "Nous avons évacué, par air, la presque totalité
de nos hdpitaux de 1'avant, et cette méthode a sans doute sauvée des centaines, des milliers de vie".
Un directeur du service de santé U.S.ARMY ajoutait : "parmi les moyens qui permettent de sauver le plus
de vies humaines, 1'&vacuation aérienne est & placer sur le méme plan que le plasma et Ta pénicilline".

Les hélicoptéres n'ont fait réellement leur apparition dans ce domaine qu'd 1'occasion de la guerre
d'Indochine. 11s apparurent dans le ciel indochinois le 7 Avril 1950. C'était deux Hillers 360", capab.es
d'évacuer chacun deux blessés. Leur premidre {ntervention eut un retentissement considérable sur e moral
des troupes. Rapidement, par suite de sa manfabilité, et de sa possibilité de se poser pratiquement en
tout terrain, 1'hé&licoptére a pris le pas sur 1'avion, du moins pour les évacuations primaires,

Le conflit du Vietnam, mené par les américains a marqué la consécration de 1'hé&licoptére, comme
engin de guerre et sanitaire.

.
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Ce conflit a montré une révolution de la conception sanitaire par 1'emploi généralisé de 1'h&licop-
tére : on a assisté en réalité, non seulement au remplacement de 1'ambulance par 1'hélicoptére, mais bien
3 la substitution de la voie aérienne & la voie terrestre pour tout ce qui est transport des blessés ;
90 % en effet de toutes les évacuations sanitaires ont eu lieu par hélicoptére ou avion, ce qui donne des
chiffres absolument énormes, tels que 25 000 évacuations aériennes pour les trois derniers mois de 1965
(500 000 hommes &tant engagés au Vietnam).

L'avantage de ce systéme, sans parler du confort du blessé réside évidemment dans la vitesse
d'évacuation. Pour fixer les jdées, rappelons quelques chiffres :

- Vitesse utile moyenne de 1'ambulance automobile au cours de 1a 2éme guerre mondiale : 10 km/h.
- Vitesse utile moyenne de 1'hélicoptére au Vietnam : 130 km/h.

Le résultat concret fut que le délai s'écoulant entre la blessure et 1'arrivée du blessé dans la
formation hospitaliére traitante a fondu dans les mémes proportions. Le délai moyen qui &tait de 16 heures
en 1945, était ramené & prés de une heure.

Une constatation & faire est que de trés nombreux blessés qui, avant 1'hé&licoptére, seraient morts
entre le champ de bataille et 1'hdpital, ont maintenant la possibilité de survivre,

La deuxidme constatation est, qu'en dépit du pourcentage plus &levé de blessés gravissimes, la mor-
talité par blessure de guerre a &té extrémement abaissée par rapport aux conflits précédents.

- 1914 - 1918 8%

- 1940 - 1945 4,5 %

- Corée 2,5 %

- Vietnam 1,5 ¥ Army
1,2 % Marines

En 1973, pendant la guerre du Kippour, le Service de Santé Israélien utilisa aussi 1'hé&licoptére de
fagon intense, mais différemment des américains.

Contrairement au Vietnam ol les hélicoptéres ont &té utilisés & partir des positions de combat des
unités élémentaires, ce moyen de transport n'a guere &té employé plus avant que les postes de secours des
bataillons israéliens, et ceci pour deux raisons :

- Pour des considérations économiques "TSAHAL" ne disposait pas de la profusion d'hélicoptéres de 1'armée
américaine.

- Ensuite, parce que 1a mobilité des formations de blindés sur les champs de bataille ne rappelait en
rien la fixité relative des positions de la guerre du Vietnam. D&s lors, le poste de secours de bataillon
constituait, de par sa moindre mobilité, le seul &chelon de 1'avant permettant d'amorcer une évacuation
par hé&licoptére.

Mais par contre, il a &té fait appel dans 80 % des cas aux moyens aériens, pour les &vacuations aprés
mise en condition des blessés.

~ Soit & partir des postes de secours de bataillon pour les blessés les plus urgents, par hélicoptéres
américains du type "Iroquois", vers les hdpitaux de campagne déployés 3 1'arriére des lignes,

- Soit & partir des points de rassemblement des brigades vers les hdpitaux, au moyen des "Iroquois" et des
hélicoptéres lourds frangais "Super-Frelon".

Le délai moyen entre la blessure et la table d'opération n'a jamais dépassé 4 heures pour ceux
évacués du plus loin. Cette rapidité explique pour une large part le trés faible taux de mortalité (1,3 %)
enregistré dans les hdpitaux d'Israél.

Nous ne sommes plus, et par bonheur, en période conflictuelle. Les données mémes du probléme sont
entidrement différentes : )

- Te nombre d'évacuations nécessaires est considérablement réduit.
- par contre 1a dispersion géographique des lieux d'accidents est beaucoup plus importante.

- enfin, et ceci pour des raisons &conomiques évidentes, 1a flotte possible d'hé&licoptéres sanitaires
disponibles est sans commune mesure avec celle mise en oeuvre lors d'un conflit militaire.

Par contre, si la quantité d'évacuation 3 réaliser est trds inférieure, il devient possible d'envi-
sager d'augmenter la qualité des évacuations.

bk kb




L'HELICOPTERE SANITAIRE, ANTENNE DE
REANIMATION ET DE SOINS D'URGENCE

1. POSITION DE L'HELICOPTERE DANS LE CONTEXTE DES TRANSPORTS SANITAIRES

Dans les régions pourvues d'un réseau routier important et de structures médicales & forte densité,
il n'est pas question d'envisager le remplacement total des ambulances automobiles par un véhicule aérien
tel que 1'hé&licoptdre et ceci pour plusieurs raisons :
(a) Certaines conditions atmosphériques peuvent rendre le vol dangereux ou impossible.

(b) La couverture totale par hélicoptéres d'une nation exigerait un nombre de machines et une infra-
structure - matérielle et humaine - démesurée.

(c) La pénétration intégrale de 1'hélicoptére en milieu urbain est loin d'8tre acquise et ne sera possi-
ble que dans les cités de 1'avenir.

L'hélicoptére est donc un moyen d'évacuation sanitaire complémentaire.
Par contre i1 est irremplacable dans bien des circonstances :

(a) Blessés ou malades graves pour lesquels le facteur temps a une importance capitale.

(b) Pénétration dans des zones dépourvues de réseau routier (sauvetage en mer, dans les fles, en monta-
gne ...) ou dont 1'accés par ambulance a &té rendu momentanément impossible (accidents en chatne
sur autoroute).

{c) Conditions météorologiques faisant obstacle aux véhicules terrestres (neige, verglas, inondations).

Dans les régions de grande étendue mais 3 faible densité d'installations hospitaliéres, i1 est bien
évident que, dans tous les cas, 1'h&licoptére est le moyen d'évacuation le mieux adapté.

2. MISSIONS DE L'HELICOPTERE SANITAIRE

A 1'heure actuelle, compte tenu des appareils et des installations dont disposent nos organismes de
secours (protection civile - gendarmerie), 1'évacuation par hélicoptere se limite au simple transPrt d'un
malade ou d'un blessé, sans possibilité d'intervention médicale pendant cette opération - les seuls
avantages de cette formule &tant d'une part la vitesse, et d'autre part la possibilité d'aller chercher le
patient dans une zone non accessible & 1'ambulance routiére.

Pour son programme d'installation d'évacuation sanitaire de nouvelle génération par hé&licoptére, la
SNIAS a retenu le principe suivant :

"le transport doit faire partie intégrante du traitement"

Le blessé bénéficie ainsi, non seulement d'une intervention plus rapide et d'un transport plus court
que par les moyens conventionnels, mais de soins d&s le début de 1'intervention. La durée du transport
est ainsi neutralisée.

Les missions de 1'hé&licoptére sanitaire de nouvelle génération peuvent donc se définir succinctement
comme suit :

(a) Transport primaire

accéds rapide et le plus prés possible du 1ieu de 1'accident,

préparation du blessé au sol et conditionnement en vue du transport,

soins pendant le transport et &ventuellement interventions nécessitées par 1'évolution de 1'état
du patient

transmissic;n au centre hospitalier destinataire de toutes les informations utiles 3 la préparation
du traitement et 3 la prise en charge dés 1'arrivée.

(b) Transport secondaire

Le malade - ou blessé - étant déjd stabilisé et sous traitement dans une unité médicale doit &tre
transporté dans une autre unité médicale, mieux &quipée pour la poursuite des soins.

11 importe de pouvoir continuer pendant le vol une thérapeutique initiale dont 1'arrét, méme de faible
durée, pourrait étre préjudiciable. En outre, comme dans le cas d'évacuation primaire, une interven-
tion immédiate imposée par une &volution de 1'état du patient pendant le vol doit &tre possible.

Ce concept a été développé par 1'Afrospatiale avec la précieuse coopération de Monsieur le Professeur
BOURRET, Directeur du Centre de Recherche de Traumatologie routidre de Salon de Provence, et de Monsieur
le Professeur SERRES de 1'Université de Montpellier.
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3. CARACTERISTIQUES DE L'APPAREIL
L'hélicoptere, implicitement d&fini par le concept exposé ci-dessus, a donc une double fonction :

fonction véhicule
fonction antenne médicale

3.1. Fonction véhicule
Les principales caractéristiques requises par cette fonction sont :

. la disponibilité

. la rapidité de mise en oeuvre

. la possibilité d'atterrissage sur tous terrains et le plus pré&s possible du 1ieu de 1'accident
. la fiabilite

. un cout d'exploitation réduit

. 'aptitude au vol de nuit et au vol tous temps.

Ces considérations nous orientent vers le choix d'un appareil 1é&ger, &quipé& d'un train 2 patins.

Ce choix limite donc, obligatoirement, le nombre de blessés transportables & chaque rotation. Les
statistiques ressortant de T’'analyse des accidents de 1a route montrent que le plus grand nombre d'acci-
dents graves comporte deux blessés nécessitant une intervention et un transport d'urgence. Nous avons donc
limité la capacité de transport & :

. 2 blessés graves avec possibilité d'actes médicaux pendant le vol,

. ou 1 blessé grave et 2 blessés légers, toujours avec assistance médicale,

. ou 4 blessés légers, avec éventuellement accompagnement médical, mais pratiquement sans possibilité
d'intervention pendant le vol.

3.2. Fonction antenne médicale

3.2.1. en évacuation primaire

(a) Amener sur le terrain :

- 1'équipe médicale,
- le matériel nécessaire pour dégager le blessé : outillage de désincarcération pour accidents
routiers - projecteu~s, matériel spécialisé pour accidents de montagne, etc...

- le matériel médical permettant de conditionner le blessé en vue du transport - en particulier
matelas coquille, attelles gonflables, immobilisateurs, matériel de premier secours.

(b) Permettre de charger aisément le blessé déja installé sur brancard ou dans un matelas coquille.

(c) A ?ord de 1'appareil et pendant le vol, permettre -les actes médicaux nécessités par 1'état du
malade :

- réanimation respiratoire :
ventilation pulmonaire
intubation trachéale
aspiration - tubage

- réanimation circulatoire :
transfusion - perfusion

surveillance &lectronique cardio-vasculaire :
stimulation cardiaque - massage cardiaque
défibrillation

petite chirurgie

(d) Pendant le vol, transmettre 3 1'unité hospitalidre destinataire toutes les informations nécessaires
3 la réception du malade et & la préparation des interventions nécessités par son état, soit par
radio, soit par télétransmission de données.

3.2.2. en_évacuation secondaire

Le malade étant déjad stabilisé&, il n'est plus question de préparation au sol. Par contre la poursui-
te pendant le vol de la thérapeutique en cours peut exiger 1'emport d'é&quipements particuliers :
- réserves importantes d’air ou d’oxygéne,

- source d'énergie pour assurer le fonctionnement d'appareillages spéciaux (couveuse, poumon
artificiel),

- etc...
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3.2.3, définition "architecturale" de 1'appareil permettant 1'accomplissement de la mission Antenne Médicale

Si du point de vue masse 1'installation "antenne médicale” est peu pénalisante, i) n'en est pas de
méme sur le plan des volumes nécessaires.

L'appareil devra comporter :

- une vaste soute, d'acces facile, susceptible de contenir 1'ensemble des apparaux nécessaires &
1'intervention au sol, les batteries d'alimentation de 1'appareillage &lectronique et &lectrique,
les réserves d'air et d'oxygéne, le respirateur volumétrique,

- une cabine de dimensions suffisantes pour

‘ - ‘ - permettre 1'installation de 1'équipe médicale, des blessés, de )1'appareillage médical et d'armoi-
res de rangement du petit matériel, des produits et médicaments divers,
- permettre 1'exécution des actes médicaux pendant le vol,

~ un niveau de confort suffisant pour éviter au blessé des agressions d'ambiance préjudiciables &
son état et permettre 3 1'équipe médicale 1'accomplissement de sa tidche. En particulier :

- stabilité de vol

- faible niveau vibratoire
- insonorisation

- chauffage.

4. CHOIX DE L'APPAREIL - LE DAUPHIN 360

Dans la gamme des productions de 1'Aérospatiale, le Dauphin 360 s'est révélé étre particulidrement
bien adapté 3 cette mission. Tout en restant dans la catéqorie des hé&licoptéres légers, i1 présente des

caractéristiques architecturales et 230m 5T m
dimensionnelles répondant en tous points | ' —
aux nécessités &voquées ci-dessus. 784 151

1 : . .-""" \\

Pour des dimensions extérieures &

peine supérieures.d celles de 1'Alouette E|l=
111, i1 offre_un impressionnant volume de j 318
cabine de 5 m3 sur un plancher plat de i
4,2 m2, quatre larges portes d'accés, i
une soute indépendante de 1 m3 dotée d'une
porte trds largement dimensionnée et d'un I
abord particulidrement aisé. —_]

3 . ¢ | fort offert | 114 m 087 m 075 m
n outre, le confort offert par le
Dauphin est exceptionnel, tant du point oAV e ot

de vue vibratoire qu'acoustique.
A noter également que le rotor anti-
cowle est du type fenestron, ce qui
est un facteur de sécurité important
au cours des opérations au sol.

192 m
629 1t )

459 1t '

AV cabdine
1,40 m

aif
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Mais, 1'objet de notre exposé étant la présentation d'une installation sanitaire et non celle de
1'appareil porteur, nous nous contenterons de rappeler trés brigvement les principales caractéristiques
du Dauphin :

s . Version 360

Caractéristiques monomoteur

Masse maximum au décollage 3000 kg

6615 1b

Charge utile 1432 kg

3157 1b
Vitesse max. (VNE) 315 km/h

} 170 Kts
i Vitesse de croisiére rapide 270 km/h
; 146 Kts
" Vitesse de croisigre économique 247 km/h
133 Kts

Autonomie maxi, sans réserve & 130 km/h 3 heures

(70 Kts) 42 minutes
Distance franchissable, en croisiére &cono- 655 km/h

mique, sans réserve 353 Nm

Rayon d'action, en croisiére &conomique, 300 km

avec 20 minutes de réserve 162 Nm

5. INSTALLATION EXPERIMENTALE A BORD DU DAUPHIN

En étroite collaboration avec le corps médical et les SAMU, la SNIAS a réalisé une premiére installa-
tion expérimentale, le but n'étant pas d'optimiser 1'appareil en tant qu'évacuation sanitaire, mais de
s'assurer de la validité de la formule.

Cette installation est, en fait, un maquettage capable de voler.

Bien évidemment, 1'aménagement que nous vous présentons ne saurait avoir un caractére imposé ou
définitif. I1 a seulement 1a valeur d'un exemple probatoire, démontrant :

- que l'espace disponible dans la cabine est nécessaire, mais suffisant pour réaliser 1'installation
définie par le corps médical, et que cette installation est parfaitement opérationnelle.

- que les qualités exceptionnelles de confort du Dauphin ~ tout particuligrement dans le domaine
acoustique et vibratoire - permettent 1'accomplissement des actes médicaux dans d'excellentes
conditions, et que les conditions d'évacuation du patient sont exemptes de risques de traumatis-
mes supplémentaires dus 3 des agressions d'ambiance.

Le plan trois vues ci-aprés expose schématiquement 1'installation réalisée.
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. Brancard sur son support

Emplacement pour deuxiéme brancard (non installé)

. Siége du médecin réanimateur

Sigge de 1'assistant ou infirmiére (3 dossier rabattable pour dégager les tiroirs du meuble)

Ensemble armoire, recevant 1'instrumentation, les diverses trousses chirurgicales, et la
pharmacie

Cardio-Secours

. Respirateur volumétrique

Tiroirs de rangement pharmacie et matériels divers
Aspirateur de mucosité

. Perfusion -~ Transfusion

. Débit-métre

. Ensemble d'aspiration sur Venturi

. Bouteilles d'air et d'oxygéne

. Emplacements disponibles pour 1'installation d'autres appareillages médicaux

. Soute de 1 m3 pour rangement des matériels utilisables au sol (désincarcération, matelas

immobilisateurs, attelles, etc...).

Ce schéma est assez explicite pour que nous n'entrions pas dans tous les détails de 1'installation,

d'autant plus que la définition de 1'instrumentation médicale est du ressort de 1'utilisateur et non de
1'avionneur. I1 est bien évident qu'elle est fonction des zones et des conditions d'exploitation. Le réle
de 1'avionneur étant essentiellement de fournir un aménagement ayant la capabilité nécessaire pour
recevoir tel ou tel type d'appareillage.

La photo ci-contre montre 1'installation
telle que définie par les SAMU de
Marseille et Montpellier, avec une ins-
trumentation de leur choix. Mais 1'on
voit clairement que les appareils de
réanimation et de surveillance peuvent
étre remplacés par du matériel de toute
autre marque, sans aucune modification
structurale, et qu'il reste une large
place disponible pour 1'installation
d'autres appareillages complémentaires.
(1e deuxieme brancard n'a pas été
installé - i1 se positionne systématique-
ment au premier).

Un point trés particulier de cette installation est le support de brancard. Profitant de la grande

Tongueur de la cabire (2,30 métres - 7,54 ft) il était souhaitable de pouvoir déplacer longitudinalement
le patient pendant e vol pour faciliter 1'accds du médecin aux différentes parties du corps. D'autre
part, et ceci pour des impératifs médicaux, i1 était nécessaire de pouvoir donner au brancard des incli-
naisons proclives ou déclives a la demande, toujours pendant le vol. Enfin, il est toujours malaisé
d'introduire dans un véhicule un brancard par une porte latérale. Le porteur intérieur se trouvant dans
des positions particuliérement incommodes.

La solution retenue a &té un systéme d'interface entre le brancard et 1'appareil constitué par :

un dispositif & rails avec blocage, assurant le déplacement longitudinal,

un chassis en alliage léger destiné & recevoir le brancard et muni d'un dispositif d'inclinaison
de + 10°,

un ensemble mécanique de rotation de ce chassis, Simultanément avec son déplacement longitudinal,
permettant ainsi, par une cinématique trés simple de le faire sortir par la porte arriére, pour
recevoir le blessé sur sa civiére. Des pieds télescopiques escamotables assurent la stabilité de
1'ensemble en position sortie.




Opération d'embarquement
d'un blessé

Le support de brancard présenté sur nos différentes photos a &€té congu pour recevcir les civiéres du
type utilisé par les SAMU. Une étude est en cours d'un dispositif adaptable & tous types de civiéres.

Simultanément des études de suspension visco-élastiques du brancard ont été lancées, pour filtrer
les vibrations - d'un niveau déja trés bas - transmises par le plancher.

f Sur la photo ci-contre, on peut
constater que lorsque le brancard
est en position extréme arriére
1'espace libéré est suffisant
pour que le réanimateur puisse
s'agenouiller derriére la téte

du malade, et effectuer

aisément les opérations d'intu-
bation.

Enfin, pour les transports secondaires & caractéres trés particuliers, le Dauphin est équipé des
moyens d'arrimage nécessaire pour des
équipements spéciaux tels qu'une
couveuse artificielle, par exemple, et
des sources d'énergie pour assurer
leur fonctionnement pendant le vol.

. D'autre part, un systéme de transmission radio des données physiologiques fondamentales est en cours
de développement chez des équipementiers spécialisés. Ce programme regoit 1'aide des Services Officiels
Frangais (D.R.€.T). L'expérimentation en est prévue au cours de 1'année, 3 bord du Dauphin.
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Le Dauphin, ainsi équipé, a été présenté au 2éme Congrés Mondial de la Réanimation & Paris, du
19 au 23 Septembre 1977, oi i1 a été particuliérement apprécié par de nombreux médecins réanimateurs.

Plus récemment, i1 a été testé en conditions opérationnelles, sur la reconstitution d'un accident
routier, par les équipes médicales des SAMU de Montpellier et de Marseille, et en particulier par
Messieurs les Professeurs BOURRET et SERRE. L'excellence de son efficacité s'est trouvée démontrée par un
incident fortuit survenu alors que se déroulaient lus opérations de tournage d'un film & des fins
didactiques et pédagogiques.

En début d'aprés-midi, alors que 1'équipe de production cinématographique s'affairait sur le terre
plein d'atterrissage de 1'hdpital Saint Eloi & Montpellier, le standard du SAMU recevait un appel
d'urgence de 1'hdpital de Vaison-la-Romaine, petite ville située 3 120 km & vol d'oiseau. Un quadragénaire
venait d'étre terrassé par un accident cardiaque et nécessitait un transport et son admission d'urgence
dans un service cardio-vasculaire.

e

D'une part, par suite d'une situation conflictuelle, aucune ambulance routiére n'était disponible,
d'autre part, la durée du transport par route n'é&tait pas compatible avec 1'&tat du malade. Or,
rappelons le, 1'appareil n'était équipé que d'un maquettage, heureusement réalisé & 1'aide d'un appareilla-
ge médical authentique.

10 minutes aprés 1'appel et 1a mise & bord de 1'appareillage de secours, 1'appareil

décollait de Ta DZ de 1'hdpital, et 1'équipage complétait pendant le vol les divers branchements &lectri- ]
ques et pneumatiques nécessaires pour rendre le maquettage opérationnel et prét & assurer la survie du
malade durant son transport a Montpellier. i

65 minutes plus tard, 1'appareil &tait de retour sur 1'aire d'atterrissage ol 1'équipe médicale du
SAMU attendait le patient déja largement tiré d'affaires puisque 1'installation avait parfaitement
fonctionné et permis, en vol, 1'accomplissement de Ta réanimation et des actes médicaux d'urgence requis
par son état.

Notons que Ta méme intervention effectuée par une ambulance routiére aurait demandé prés de 4 heures.
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ABSTRACT
Three different concepts may be applied to casualty evacuation :

1. Transport the casualty, as found and the quickest as possible, from the accident site to the nearest
medical centre.

2. Send a first aid unit to the site and transport the casualty only after having given the first cares
required by his condition.

3. Place the casualty in a vehicle, equipped as emergency medical unit, give him the first cares - in
pa~ticular re-animation - during his transport. Then, evacuation becomes an integral part of the
medical treatment. The transport time is thus neutralized.

Up to now, due to the small space available in helicopter cabins, only evacuations according to the
first concept could be carried out, at least at the “primary" stage.

One of the latest AEROSPATIALE models - the "DAUPHIN" - while still being in the light helicopter
class, offers, in its cabin and luggage hold, a useful volume which is sufficient to contemplate an
improved casualty evacuation procedure according to the third concept. -

In cooperation with medical services, AEROSPATIALE is designing, for the DAUPHIN, a very modern
ambulance installation allowing in-flight performance of all medical actions required for reanimation
and small surgery together with transmission of medical data to the hospital which will receive the
patient.

A first trial installation was made and tested, in flight, on the occasion of a traffic accident
simulation. At the same time, due to quite unpredictable circumstances, the aircraft so equipped was
used for an actual evacuation mission, in a particularly serious case. A full success demonstrated the
validity of this concept.

Some historical facts

The use of aerial transport, for the benefit of Medical Services, is a very old idea.

In 1870, during the siege of Paris, 160 seriously i11, or wounded persons were evacuated by balloons !
The technique of the removable “"patient carrying" frame hooked tc the balloon was well in advance of its
time. The same principle is found on the first helicopters used for casualty evacuation.

The birth of the ambulance aircraft dates from the end of the First World War, and it can be
considered that this innovation in casualty evacuation was initially a French idea. Doctor Chassaing
rightly deserves the title of "Father of Medical Aviation".

. In 1915, he had noted that the wounds of aviators were healing quicker than those of the men fighting

in trenches. He thought this was due to the fact that airmen were taken to hospital immediately after landing,
thus being cared for sooner, without having to go through the awful stressing period of a much too long

road transport. He felt that all casualties should have the benefit of such fast and comfortable

evacuation means.

Quickly, between the two wars, the young medical aviation will gain its nobility quarters. During the
last world war, the U.S. Forces, in particular, made great use of this type of transport. In the period
between the landing on Normandy beaches and the capitulation of Germany, the "Sky-Masters" transported to
Great-Britain or to the United States 385576 casualties, 82000 of which during the sole month of April 1945.

The same year, General Eisenhower write : "We have air lifted nearly all the wounded people treated
in our front line hospitals, and without any doubt this has saved hundreds, thousands of Jives".
One Director of the U.S. ARMY Health Service added : "Among the means allowing the saving of the greatest
number of human lives, air evacuation is to be placed on the same rank as plasma and penicillin".

In this field, helicopters really made their appearance during the Indochina war only. It was on
April 7th, 1950, that they were seen in the Indochina sky. They were two HILLERS 360, each capable of
transporting two casualties. Their first action had a significant effect on the troop morale. Quickly,
thanks to its manoeuvrability and abiTity to land practically anywhere, the helicopter has supplanted
the aeroplane, at least for primary evacuations.

The Vietnam conflict, involving the United States, consecrated the helicopter both as a war machine
and as an ambulance vehicle.
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This conflict showed a complete revolution in the casualty evacuation concept through the general
use of helicopters : in fact, we saw not only the replacement of the conventional ambulance car by the
helicopter, but also the use of aircraft instead of ground vehicles for the transport of casualties.
Indeed, 90 % of all casualty evacuationswere carried out by rotary-and fixed-wing aircraft, this giving
fabulous figures, such as 25 000 air evacuations during the last quarter of 1965 (500 000 men being engaged
in Vietnam).

The advantage of this system, besides the comfort offered to the wounded persons, is obviously the
speed of evacuation. To give you some idea, let us recall some figures :

- Average useful speed of ambulance cars during World War II : 10 km/hour.
- Average useful speed of helicopters in Vietnam : 130 km/hour.

The concrete result was that the time elapsed between the moment the wound was inflicted and the
arrival of the casualty in a hospital had been reduced in the same proportion. The average time of
16 hours, in 1945, had been reduced to 1 hour approximately.

A first thing to be noted is that numerous casualties, who, before the advent of the helicopter,
would have died between the battlefield and the hospital, have now a good chance of survival.

A second noteworthy finding is that in spite of a higher percentage of serious casualties, fatality
rate has decreased strongly compared with that of previous battles :

- 1914/1918 8 %

- 1940/1945 4.5 %

- Korea 2.5 %

- Vietnam 1.5 % (ARMY)

1.2 % (MARINES)

In 1973, during the Kippour war, the Israeli Medical Service also used the helicopter extensively,
but not in the same manner as the U.S Forces.

Unlike in Vietnam, where helicopters were used right up to the fighting line, this means of
transport was rarely used further forward than the battalion medical post, and this for two reasons :

- On economic grounds, "TSAHAL" did not have at its disposal the great number of helicopters available to
the U.S. Army.

- Also, because the mobility of armoured units on the battlefield was, in no way, comparable to the
relative immobility of positions during the Vietnam war. Therefore, the battalion medical post, due to
its low mobility, was th2 sole forward unit allowing the initiation of evacuation by helicopter.

But, however, in 80 % of cases, aerial means were used for evacuation after the first cares had been
given to wounded men.

- Either, for casualties requiring urgent care, using U.S. "IROQUOIS", helicopters, from the battalion
medical post to field hospitals installed at the rear,

- Or, using "IROQUOIS" and French "SUPER FRELON" helicopters, from brigade collecting points to hospitals.
The average time elapsed between the wound and the operating table never exceeded 4 hours, for those
evacuated from the farthest point. This rapidity clearly explains the very low fatality rate (1.3 %)
recorded in Israeli hospitals.
Happily, we are no longer on a war footing. The problem fundamer.tals are widely different :
- the number of evacuations required is greatly reduced.
- however, the geographical scatter of accident sites is very much greater.

- at last, for obvious economic reasons, the possible fleet of available ambulance helicopters is far from
having the size of that pushed into service during military operations.

Nevertheless, if the number of evacuations to be carried out is very much smaller, it becomes possible
to contemplate the improvement in the quaiity of evacuations.

o i ot oot ot b




THE AMBULANCE HELICOPTER - A REANIMATION AND
URGENT CARE UNIT

1. THE HELICOPTER POSITION IN THE AMBULANCE FIELD

In districts provided with an important road network and very dense medical structures, it is out-of-
question to contemplate the complete replacement of ambulance cars by an aerial vehicle, such as the
helicopter, and this for several reasons :
(a) In some weather conditions, flying may be hazardous or even impossible.

(b) Full coverage of a country by helicopters would require an excessive number of machines and an
infrastructure - both in men and materiels - largely out-of-measure.

{c) The full penetration of helicopters in built-up areas is far from being accepted and shall be possible
in future cities only.

Therefore, the helicopter is a complementary means of evacuation.
But, however, it cannot be replaced in many circumstances :

(a) For seriously i11 or wounded persons, when time becomes an essential factor.

* (b) Penetration in areas lacking road network (sea rescue, islands, mountains ...) or when accessibility

by road is temporarily impossible (blocking of motor ways by successive accidents).
(c) Weather conditions preventing road traffic (snow, ice, floads).

In large districts, but with a low density of medical facilities, it is obvious that, in all cases,
the helicopter is the most suitable means of evacuation.

2. ROLE OF THE AMBULANCE HELICOPTER

At present, due to the aircraft and installations available to our assistance organisations (Civil
Protection - Gendarmerie), evacuation by helicopter is Timited to the simple transport of an i1l or
wounded person, without any possibility of medical action during this operation - the only advantages of
this concept being speed and the possibility of collecting the patient in areas inaccessible by
ambulance cars.

For an installation of a new generation, intended for the casualty evacuation by helicopter,
AEROSPATIALE has retained the following principle :

"Transport must be an integral part of the medical treatment"

Thus, the casualty benefits, not only from a quicker action and a transport time shorter than with
conventional means of transport, but he can receive cares right from the onset. Therefore, transport time
is neutralized.

The roles uf the new generation ambulance helicopter may be summarized briefly as follows :

(a) Primary transport

- quick access, in the immediate vicinity of the accident site,

- preparation of the casualty and his conditioning for transport,

- cares during transport and, if necessary, medical actions required by changes in the patient's
condition,

- transmission to the receiving medical centre of all the information which can be useful to prepare
the treatmert and on taking over the patient on his arrival.

(b) - Secondary transport

The patient having been stabilized and treated in a medical unit has to be transferred to another
centre where more suitable equipment is available to continue the treatment.

It is important ¢o be able to continue, in flight, the initial therapy which could be harmful if
interruptea. Further, as in primary transport, an immediate medical action found necessary, in
flight, by a change in the patient's condition should be possible.

This concept has been developed by AEROSPATIALE in cooperation with Professor BOURRET, Director of
the Centre of Research in Traffic accident Traumatology, of Salon-de-Provence, and Professor SERRES of the
Montpellier University.
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3. AIRCRAFT CHARACTERISTICS

The helicopter, implicitely defined by the concept outlined above, has a dual role :

. a vehicle function
. a medical unit function

3.1. Vehicle function
The main characteristics required for this function are :

. Availability

. Quick preparation for operation

. Possibility of landing on any spot, in the immediate vicinity of the accident
. Reliability

. Low operating cost

. Capability of right and all-weather flying

These considerations lead us to select a light helicopter, equipped with a skid type landing gear.

Therefore, this selection limits the number of casualties who can be transported on each flight.
Statistics derived from traffic accident analysis show that in the majority of serious accidents, two
casualties require urgent action and evacuation. Hence, transport capacity has been limited to :

. 2 serious casualties, with possibility of medical action in flight.

. or 1 serious casualty and 2 lightly wounded persons, always with medical assistance

. or 4 lightly wounded persons, with a medical attendant, if necessary, but, practically, without
possibility of medical action in flight.

3.2. Medical unit function

3.2.1. Primary evacuation

(a) Bring to the site :

- the medical team,

- the equipment required to clear the casualty : cutting tools in the case of traffic accidents -
spotlights, special equipment in the case of mountain accidents, etc...

- the medical equipment required to prepare the casualty for transport, in particular shell type
mattress, inflatable splints, immobilizing devices, first aid equipment.

(b) Allow easy loading of the casualty already installed on a stretcher or a shell type mattress.

(c) On board and “uring flight, allow the performance of medical actions required by the patient's
condition :

- respirating reanimation
- Tung ventilation
- tracheal intubation
- suction - tubing

- circulatory reanimation
- blood transfusion - perfusion ; )

cardio-vascular electronic monitoring
- heart stimulation - heart massage
- defibrillation

- small surgery

(d) During flight, transmit to the receiving hospital all the information required for the patient
reception and the preparation of actions required by his condition, e{ther by radio or by automatic
data transmission. .

3.2.2. Secondary evacuation

The patient condition being stabilized already, ground preparation is no longer required. However, the
in-flight continuation of the therapy may neccessitate the carrying of specific equipment.

- large reserve of air or oxygen
- power source to ensure the operation of special equipment (incubator, artificial lung)
- and so on.
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3.2.3. aircraft lay-out allowing the accomplishment of the "Medical unit’ role

If from the weight aspect, the “medical unit" installation is not very penalizing, it is not quite
the same as regards the volume required.

The aircraft should have :

- a large hold, easily accessible and capable of accommodating all the equipment required for
ground action, the batteries powering the electronic and electric equipment, the air and
oxygen reserve and the volumetric respirator,

- an amply dimensioned cabin :

- to allow the installation of the medical team, the casualties, the medical equipment and
stowage cupboards for small materiels, various products and medicines,
- to allow the performance of medical actions in flight.

- to give a comfort level sufficient to protect the casualty against any harmful effect from the
ambient conditions and to allow the performance of the medical team task. In particular :

- flight stability

- low vibration level
- sound proofing

- heating.

4. SELECTION OF THE AIRCRAFT - THE SA 360 “DAUPHIN*

~In the range of AEROSPATIALE helicopters, the SA 360 "DAUPHIN" appears to be particularly suited for
this role. While still in the light helicopter class, it features a general lay-out and dimensions which
fully meet the requirements stated above.

230m 157 m 1
754t 515h

Although its overall dimensions are
only slightly greater than those of the
ALOUETTE III, it offers an impressive e
cabin volume of 5 cu.m., a flat floor of
4.2 sq.m., four wide access doors, a
separate hold of 1 cu.m. provided with a
large door and easily accessible.

0,56 m
1.8 ft

)
|
Further, the comfort offered by the ‘_J
DAUPHIN is really exceptional, both from |
the vibration and noise level viewpoints —
It is also to be noted that the tail rotor 114 m 087 m 0.75m
is of the shrouded type (FENESTRON), as it P 2.85 11 2.45 1
4 is an important safety factor during X ' ’

ground operations Forward door Rear door

4531t

Cabin *WD pection
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But, the subject of this lecture is to present an ambulance installation and not to describe
the vehicle, so we shall restrict ourselves to a brief reminder of the DAUPHIN main characteristics.

A SA 360
- Characteristics Single-engine
Maximum take-off weight 3000 kg
6615 1b
Useful load 1432 kg
. km/hr
Maximum speed (VNE) 170 kt
. 270 km/hr
Fast cruise speed 185 kt
247 km/hr
Best range speed 133 Kkt
Maximum endurance, without fuel reserve, at 43 :?g:ies
130 km/hr (70 kt)
Range, without fuel reserve, at best range 655 km ;
speed 350 n.m. !
Radius of action, with 20 minute fuel reserve 300 km
at best range speed. 162 n.m.

5. TRIAL INSTALLATION ON “DAUPHIN"

s e e

In close cooperation with Medical Services and Emergency Medical units, AEROSPATIALE has designed
a first trial installation, whose objective was not to optimize the aircraft for casualty evacuation,
but to check the validity of the concept.

In fact, this installation is a flying mock-up.
Obviously, the lay-out, which we are presenting, can not be considered as imposed or final. It !
has only a proofing value, showing :

- that the space available in the cabin is necessary, but sufficient to realize the installation
by the Medical Services, and that this installation is fully operational.

- that the DAUPHIN exceptional comfort qualities - particularly from the noise - and vibration
i level aspects - allow the performance of medical actions in excellent conditions and that the
! patient evacuation conditions are free from additional traumatism hazards resulting from ambient
conditions -

The 3.view drawing below, shows the installation principle.
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. Stretcher on its support

. Second stretcher location (not installed)

. Seat for reanimator

. Seat for medical attendant (with folding back to give access to cupboard drawers)
. Cupboard for the storage of instruments, surgery kits and medicines

. Cardiology equipment

. Volumetric respirator

. Drawers for the storage of medicines and miscellaneous items

. Mucus suction device

. Perfusion - Transfusion

. Flowneter

. Suction equipment, operating from Venturi nozzle

. Air and oxygen bottles

. Space available for other medical equipment

. Hold of 1 cu.m. for the storage of ground equipment (cutting equipment, mattress,

immobilizing devices, splints, etc.)

This diagram is self-explanatory, so we shall not go into all the installation detai <, all the

A
the great cabin length (2.30 m - 7.54 ft), it was desirable to have the possibility of moving the patient
in the fore-and-aft direction, in flight, to facilitate the access to the various parts of the body.
Further, on medical grounds, it was necessary to be able to tilt the stretcher, up or down, as required
during flight. At last, it is always difficult to load a stretcher in a vehicle through a side door, as
the man who carries the strecher inside the vehicle has to take up particularly uncomfortable positions.

more as it is the user who has to define the medical equipment required and not the aircraft
manufacturer. Obviously it depends on the operating areas and conditions. The role of the aircraft
manufacturer is limited essentially to the provisions for accommodating the type of equipment required.

The photo, shown opposite, represents

the installation as defined by the
MARSEILLE and MONTPELLIER emergency
medical units with equipment selected

by them. But it can be seen clearly that
reanimation and monitoring equipment may
be replaced by that of any other make
without any structural modification, and
there remains a large space available for
installing other complementary equipment.
(The second stretcher has not been
installed. It is located symmetrically to
the first strecher)

very particular point regarding this installation is the stretcher support. Taking advantage of

The solution retained is an interface system, between stretcher and aircraft, consisting in :

a rail-borne locking support allowing fore-and-aft motion
a light alloy frame accommodating the stretcher and tilting over + 10°.

a mechanical assembly, allowing the simultaneous rotation and fore-and-aft motion of the above
frame. Thus, through a very simple movement, it is possible to push the frame through the rear
door for loading the casualty. Retractable telescopic feet ensure the stability in the

“out" position.




Loading a casualty

The stretcher support, shown in the various photos, has been designed to accommodate the stretcher
of the type used by the emergency medical units. A support suitable for all stretcher types is being
designed

At the same time, studies on stretcher visco-elastic suspension system have been initiated with a
view to filtering the vibrations - already at a very low level - transmitted by the floor.

On the photo, shown opposite, it can be
noted that when the stretcher is fully
rearward, the space thus cleared is
sufficient for the reanimator to kneel
down behind the patient and perform

the intubation operations easily.

At last, for very specific secondary transport, the "DAUPHIN" is provided with the necessary tie-
down provisions for special equipment, such
as an incubator, and the power sources
required for their operation in flight.

In addition, a radio link system capable of transmitting fundamental physiological data is being
developed by specialized equipment manufacturers. This programme is sponsored by the French Authorities
(D.R.E.T.). Experimentation on the "DAUPHIN" is scheduled for this year.
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The DAUPHIN, so equipped, was presented to the second World Forum of Reanimation, held in PARIS
from September 19th to 23rd 1977, where it was well appreciated by many reanimators.

Quite recently, it was tested under operational conditions, during a traffic accident simulation,
by the MONTPELLIER and MARSEILLES emergency medical units, and, in particular by Professors BOURRET and
SERRE. Its real efficiency was proved by an unpredictable incident that occured while a film was being
taken for didactic and pedagogic purposes.

Early in the afternoon, while the filming team was busy on the landing area of SAINT ELOI hospital,
in MONTPELLIER, the emergency medical unit received an urgent call from the hospital of VAISON LA ROMAINE,
a small town 120 km away as the crow flies. A man, in his forties, just had a heart attack and his
transfer to a specialized cardiology service was urgently required.

But, due to social troubles, no ambulance car was available and the road transport time was not
compatible with the patient's condition. Moreover, let us remind you, the aircraft equipment was just
a mock-up and - luckily enough - consisted of real medical equipment.

Ten minutes after the call and the loading of assistance equipment, the aircraft took off and,
during flight, the crew completed the yarious electric and pneumatic connections required to make the
mock-up operational and ready to ensure the patient's survival during his transport to MONTPELLIER.

Sixty -five minutes later, the aircraft was back to the landing area where the emergency medical
team awaited the patient, who had somewhat recovered already as the installation had operated perfectly
and allowed the performance, in flight, of reanimation and urgent medical actions required.

It should be noted that the same operation carried out by an ambulance car would have required
4 hours.

References :

"Histoire des moyens de transport et d'évacuation des blessés en temps de guerre” (History of
casualty transport and evacuation in war time). Docteur PAYEN, Army Medical School, BORDEAUX.
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SIMARY

In the late 1960's the Canadian Forces introduced the Beechcraft Musketeer, an "off the shelf”
civilian light aircraft, for fixed wing pilot selection and primary training. This training was co—
located with initial helicopter pilot training on the Kiowa helicopter at CFB Portage la Prairie.

The mission profile, coupled with the type of aircraft used, produced a probability that in the
event of an aircraft crash, there would be a high survivability rate. These factors, along with the
difficulty in reaching a crash site, especially on winter terrain, necessitated the development of air-
borne evacuation capability.

The author was involved in the design and testing of a casualty evacuation kit utilizing the Kiowa
helicopter. This kit consisted of a stretcher support frame, alumimm stretcher, and two rear doors with
bubble extensions to ensure the necessary width to transport one patient across the rear passenger campart-
ment. Flight testing was carried out at the Aerospace Engineering Test Establishment at CFB Cold Lake to
detemine the aerodynamic characteristics of the Kiowa aircraft with the kit installed.

This kit was designed to fit any Kiowa helicopter in the Canadian Forces fleet. In the event of an

aircraft crash, this kit ocould be installed in the first available aircraft in approximately fifteen minutes.

TEXT

In the late 1960's the Canadian Forces introduced the Beechcraft Musketeer, and "off the shelf"
civilian light aircraft for fixed wing pilot selection and primary training. This training is co-located
with initial helicopter pilot training on the CH 136 (Kiowa) helicopter at Canadian Forces Base Portage la
Prairie.

Both aircraft range up to seventy miles fram base, same of it over fairly inaccessible terrain.
puring the winter months, both the CT 134 Musketeer and CH 136 Kiowa training areas cannot be reached by
ground transport other than tracked vehicles. The speed of the tracked ambulance currently in use is
approximately 4 mph. This would result in an unacceptable delay in reaching a crash site some distance
fram the base.

The mission profile, coupled with the type of aircraft used and the relatively low air speed,
produced a probability that in the event of an aircraft crash, there would be a high survivability rate.
As well, both aircraft are single engine. These factors necessitated the develomment of an airborne
evacuation capability.

Development

There were a number of ways this capability could be provided:

a. Use of the CH 135 (Iroquois) helicopter in a dedicated evacuatijon role;

b. Refit two CH 136 (Kiowa) helicopters to accammodate the Bell Helicopter Company ambulance kit;

c. Mount one litter across the back seat of the CH 136 (Kiowa) helicopter; or

d. Attach two litter pods to the skids of the (H 136 Kiowa helicopter.

The advantages and disadvantages of each of the options were as follows:

a. Option (a) - CH 135 (Iroquois):

(1) Aadvantages:

(@) Well documented capability of CH 135 Iroquois helicopter as a casualty evacuation
aircraft, including hoisting capability.

(2) Disadvantages:

(a) Cost of aircraft acquisition

s i
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(b) Aircraft dedicated to a single role.

b. Option (b) - Bell Helicopter Campany Ambulance Kit:

(1) Advantages:
(a) A proven kit
(b) Medical personnel and life support equipment can be carried in the cabin
(c) No restriction to the flight envelope
(d) Pilots trained on aircraft type
(e) Aircraft in Canadian Forces inventory and situated on base.
(2) Disadvantages:
(a) Expensive retro fit required

(b) Aircraft cannot be used in the training role and therefore would require dedication
of aircraft to a single role

c. Option (c) - Litter across rear seat of CH 136:

(1) Advantages:
(a) Patient carried inside aircraft
(b) No extra heating required
(c) Accessible to medical attendant
(d) Rapid installation time, therefore no requirement for dedicated aircraft
(e} Construction at base level
(2) Disadvantages:
(a) Medical attendant working space limited
(b) Restrictions to flight envelope
(c) Limited space for carrying emergency medical equipment
d. Option (d) - Litter pods attached to skids of CH 136:

(1) Advantages:

(a) Easy to construct at base level

(b) Rapid installation time, therefore no requirement for dedicated aircraft
(2) Disadvantages:

(a) Pods unheated

{b) Restriction to flight envelope

(c) Possible undesirable sympathetic vibrations

These options were assigned priority of desirability and submitted to higher headquarters. The
proposals were studied both at Air Command and Mational Defence Headquarters. Canadian Forces Base Portage
la Prairie was then authorized to prototype, install, and test a rear seat litter for the CH 136 Kiowa heli-
copter.

Planning and production was carried out using expertise provided by Base Aircraft Maintenance
Engineering, Flight Safety, 3 Canadian Forces Flying Training School, Base Flight Surgeon, and Production
workshops.

The final kit design provided for a stretcher in the transverse position across the rear seat of the
CH 136 Kiowa helicopter. This necessitated a modification to both rear doors to increase the inside fuselage
dimensions. Each door incorporated a "bubble" made of one-eighth inch thick glass reinforced plastic covered
on the inside with one-half inch thick foam padding. With the modified doors installed, the maximum internal
width of the fuselage was increased thirty inches to six feet ten and one—quarter inches.

The support frame for the stretcher was bolted to the centre of the rear seat platform using the bolt
holes normally used for ammament installation and rested on two legs that extended fram the frame to the floor
of the helicopter. The stretcher was designed to slide on the frame and secured by four removable pins. It
was also designed to be campatible with the stretcher support rails in the military pattern ambulances. The
stretcher, constructed of alumimm, is similar in dimensions to the supporting area of a folding litter used
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the Canadian Forces (21.6 X 72 inches for the Kiowa Kit versus 27 X 72 inches for the folding litter).
metal stretcher is designed to provide stronger support to the patient than the folding litter. The
stretcher incorporates a one-half inch foam mattress which connects by velcro strips to the stretcher.
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Figure # 1 - CH 136 with modified doors in place

Structural Analysis

The structural analysis of the litter kit was carried out by the Canadian Forces Engineering Test
Establishment to detemmine the applicable limits for the kit when carry:.ng a patient. A model of a frame
bearing a 220 lb patient was analyzed. This analysis disclosed that in the event of a crash involving
relatively low G loads, there would be a deflection of the front legs of approximately ten inches. This
would result in a risk of injury to the medical attendant and the patient and minor risk to the other
occupants of the aircraft.

The stretcher support frame was modified to provide a more rigid structure which could withstand
the following "G" loads when bearing a 220 1b patient:

Nx 9¢G
Ny 3G
Nz 6G

Although the modified frame did not meet the requirements outlined in the United States Army Aeromedical
Research Develomment laboratory Technical Report 71-22, Crash Survival Design Guide October 1971, and
the Bell Helicopter Stress Report N-206-099-200, namely

Nx 20 G
Ny 10 G
Nz 20 G

The stretcher support frame was oonsidered acceptable for a single production item to pe used in an emer-
gency evacuation role only.

The loading on the two bubble (doors) was found to be primarily aerodynamic. The loads on the
bubble door which could be encountered at 120 knots (Vne) were calculated as follows:

Vertical Radial Outward Horizontal
80 knots uw 1l1lb 50 1b aft 71 1b
120 krots u 4 1b 110 1b aft 160 1b

Figure # 2 - Aerodynamic loading on rear doors




It was determined that the two hinge pins and the latch on each door could easily bear the extra
loads generated.

The CH 136 with the buhble doors installed was flown at air speeds up to 110 knots and in the
sideways and rearward flight to aircraft operating limits to check the structural integrity of the doors.
The modified doors remained firmly attached to the aircraft at all times. The general level of vibration
of the aircraft, with the bubble doors installed, at air speeds greater than 80 knots was higher than had
been experienced with the aircraft in the normal configuration. During manoeuvers at air speeds of 100
knots and above, the level of vibration was moderate. There was no reason to limit air speed on the
basis of vibration alone.

Weight and Balance

The casualty litter kit weighs 80 lbs and increased the longitudinal moment by 7,770 in/lbs. It
was installed symwetrically about the longitudinal axis of the aircraft. When placed on the stretcher,
the patient's weight acted through a longitudinal arm of 97.5 inches. The lateral centre of gravity of
the CH 136 shifted approximately 0.5 inches toward the side of the aircraft on which the trunk of the
patient's body was lying because of the concentrated mass of the human body in that area. With the pilot
and medical attendant sitting on the right side, the patient's head on the right side, the centre of
gravity of the aircraft was close to the right lateral limit.

The centre of gravity for the kit installed ran from extreme aft position with only the pilot on
board to the full forward position with addition of the patient and medical attendant. As a result of
this shift in the centre of gravity and to enhance the in-flight handling characteristics, it was recam-
mended that the aircraft with the litter kit installed should be flown with two front seat occupants at
all times.

Aerodynamic Testing

Aerodynamic testing was carried out at the Canadian Forces Engineering Test Establishment at
Canadian Forces Base Cold Lake. Trim control position tests indicated that there was a requirement for
less forward cyclic, less right cyclic, and less right directional pedal displacement with the litter kit
installed; as opposed to the clean configuration. Both the lateral amd directional control displacement
curve show a flattening and eventual reversal of control gradient commencing approximately 80 knots.

The gradient reversal can be manifest by inadvertent over-controlling of the aircraft about both the
longitudinal and vertical axis and result in frequent excitation of the lateral-directional oscillation.

The CH 136 Kiowa with the litter kit installed responded normally to all controls throughout
nost flight regimes. At speeds above 60 knots directional stability deteriorates and same dutch roll is
evident. Iateral and directional stability decreased further in turns and at higher speeds. While all
these characteristics were deemed acceptable they would most certainly demand more of a pilot's attention
at night or when turbulence is encountered. During flight, it was noted that less forward cyclic is
required for a given speed than in normal configuration.

It was found that there was a tendency for the nose of the aircraft to pitch up upon entry into
autorotation. This moment increased in severity as the centre of gravity moves aft and as speed increases.
Ski installation had a very pronounced and potentially dangerous effect on this manceuver, hence it was
recommended that all flights with the litter kit installed should be with the skis removed and limited
to 90 kots indicated air speed.

Oontrol in hover, lateral and rearward flight was virtually unchanged. No noticeable difference
in adverse yaw characteristics of the CH 136 was evident during qualitative testing in both configura-
tions.

Addition of the litter kit to the CH 136 did not noticeably alter the handling characteristics of
the helicopter in co-ordinated level turns to the right or left.

Forward speed power requirements are drastically higher due to drag. An aircraft with three persons
on board may have a top speed of 80 knots and a flat out speed of less than 100 knots with only the pilot
on board. The best range is accomplished at 92 knots and tests indicate a 15% deterioration in specific
fuel consumption.

Hman Engineering

Due to the fact that the kit installation requires no modification or major mechanical changes to
existing aircraft, the installation is quick and efficient. A normal 3-man servicing crew installed the
litter kit in a Kiowa in 12 minutes without problem.

The design of handles on the stretcher, the size and position of the support rack, the wide doors,
and the quick release bayonet pins make for quick and safe loading and unloading of stretcher borne
patients.

The functional design was reflected in loading and unloading trials. After one practice, two non-
medical crewmen were able to unload the empty stretcher in 6 seconds, load a stretcher borne patient in
14 seconds, and unload a stretcher borne patient in 9 seconds.

The shoulder breadth of a 95th percentile man wearing winter flying gear (underwear, shirt and
trousers or fatigues, boots and socks, jacket, helmet, and gloves) measures 20.7 inches. The width of the
Kiowa litter, 21.6 inches, allows personnel with 95th percentile shoulder breadth to fit within the width
of the stretcher. The stature or length of a 95th percentile man wearing winter flying gear including
helmet and boots, is 75 inches. As with the standard folding litter, the length of the stretcher does not
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allow 95th percentile personnel to k2 completely supported on the stretcher. As with the folding litter,
some part of the boots or flight helmet may therefore extend beyond the edge of the stretcher. The
inside width of the modified Kiowa allows the stretcher to extend into the glass-fibre bubbles. This new
width of 80.25 inches allows the 95th percentile stretcher patient to fit the helicopter and allows
surficient clearance for the inevitable movements of the patient associated with turbulence, etc.

The physical layout of the litter in the helicopter restricted the personnel that can use the rear
seat of the aircraft. Specifically, the area between the stretcher and the right seat back limits the
waist depth available (7 inches); consequently, only medical attendants in the 50th percentile or less
waist depth may fit comfortably. The medical attendant had some difficulty in getting in to the rear seat
with the stretcher and patient in place and required assistance with strapping-in because of the cramped
position. The pin which held the right side of the stretcher to the support frame impeded entry and exit
and may cause injury if personnel do not move cautiously. When strapped-in, the observer had difficulty
reaching both the door jettison handle and the normal door handle because the stretcher obstructed move—
ment. A rear seat occupant with a short reach may be unable to jettison the right door. These features
are unsatisfactory but they are considered acceptable for a kit having limited emergency use.

The space available also restricts the amount of medical equipment that could be carried and the
ease of its use.

Gonclusion

As a result of structural analysis, aerodynamic flight testing, and human engineering, numerous
design deficiencies were elucidated.

Structural analysis of the stretcher support frame did not meet the structural load factors for
personnel restraint equipment as specified in the USA AMRDL Report 71-22 or the Bell Helicopter Stress
Report N-206-099-200. The modified support frame was considered acceptable for a single production item
to be used in emergencies only.

The installation of the litter kit, with the pilot and medical attendant sitting on the right
side and the patient's head to the right, the centre of gravity of the aircraft was close to the right
lateral limits. The fore-aft centre of gravity with the kit installed ran fram extreme aft position with
only the pilot aboard to the full forward position with the pilot, medical attendant, and patient aboard.
To enhance the in-flight handling characteristics, it is necessary that the two front seats of the air-
craft be occupied at all times.

ic testing disclosed that the CH 136 Kiowa helicopter with the litter kit installed
responds normally to all controls throughout most flight regimes. There is a definite deterioration of
directional stability above 60 knots. There is also a decrease in stability in turns. These decreases
in aircraft handling characteristics were deemed acceptable. There is a tendency of the nose of the air-
craft to pitch up upon entry into autorotation. This movement increases in severity as the centre of
gravity moves aft amd as speed increases. Ski installation has a very pronounced and potentially
dangerous effect as full forward cyclic deflection is required to hold pitch attitude horizontal during
entry into autorotations at 80 knots. As a result of this tendency to "pitch up" upon entry into auto-
rotation, all flights with the litter kit installed were restricted to 90 knots indicated air speed, skis
remwved, and two front seat occupants.

Human engineering disclosed a major limiting factor in as the working space for the medical atten-
dant was extremely limited. Personnel with larger than 50th percentile waist depth (7.9 inches) were
prevented from riding in the rear seat. This was considered acceptable as the medical attendants could
be pre-selected, and the speed by which a casualty is evacuated fram the crash site is the critical factor,
not the comfort of the medical attendant.

These deficiencies outlined are significant enough to limit the casualty evacuation kit to a single
production item; to be used at Canadian Forces Base Portage la Prairie in an emergency evacuation role
only. Ay other use of this kit would require extensive re-design and further aerodynamic testing,
especially in the area of autorotation.

It is quite evident from this paper that there were numerous difficulties encountered in the design
and production of this kit. There were unforeseen problems, especially in the area of changes to the flight
characteristics of the helicopter. As previously mentioned, some of these changes to the autorotation per-
formance could be potentially dangerous.

The purpose of presenting this paper is to demonstrate that there must be active involvement fram
multiple disciplines in the design and production of any medical item for use in aircraft, especially in
helicopters. It is clearly demonstrated that changes of this significance to the structure and role of
the aircraft should be attampted only after extensive design analysis and only after extensive design
analysis and only if no other alternative is available.
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SUMMARY

Experiments in advance have demonstrated the amount of vibration stress for man

being transported in ambulances (wheeled vehicles). Further research should show
vibration exposure of wounded or sick people during transportation by the helicopter
UH-1D. Acceleration were measured at the mounting parts of the stretcher, at four
points of transferring from the stretcher to the human body, and at two places upon
the body. This was done under 11 flight situations: racing the engine, ground running,
lifting up, suspense-flight, ascending-flight, horizontal-flight 60, 80, 100 and 116
kn, landing~flight and running out the engine. Effective values (rms) of acceleration
and frequency analysis were used as a basis for evaluation.

Summarizing it was found the vibration stress to be about 90 % smaller when transported
by helicopter than by wheeled vehicles. The middle of the three positions of the
stretcher showed the relative lowest vibration comparing upper and ground position.
From the mounting parts of the stretcher to the points of entrance into the body vi-
bration decreases at about 90 % with exception of the situation at racing the engine.
Besides low frequencies (5 to 10 Hz) high frequency vibration (30 to 50 Hz) was found.

For the psycho-physiological evaluation of the measured vibration recent results of

laboratory research on the biomechanical behaviour and on the subjective sens.tivity
of man at lying posture can be used.

LIST OF SYMBOLS

. 2
a acceleration (m/s”)
a_,a_,a acceleration in one of the three directions of the coordinate
x'“y'Y2 N : -
system (see lying posture in Fig. 2)
a, frequency weighted acceleration calculated by use of an elec-

tronic weighting network, up to now only valid for sitting and
staniing posture, ref. IS0 2631 [13

K-value "Wahrnehmungsstirke K", frequency weighted acceleration, ref.
German Standard VDI 2057 [2]

KXL,KYL,KZL K-value at lying posture in one of the three directions x, y and
z of the coordinate system (see Fig. 2)

RMS Root mean square = effective value

kn flight speed (knots), 1 kn = 0,5144 m/s

1. INTRODUCTION

In connection with the general question on human exposure to mechanical vibration of
soldiers driving or being transported in military vehicles we have reported on the
man's vibration stress during AGARVD CONFERENCE held at Oslo Norway 22-23 April 1974
[3]. There is also a high interest to know to which extend wounded soldiers or sick
civilian people being transported in ambulances (wheeled vehicles) or helicopters may
be exposed to mechanical vibration.

The aim of the following research was to find out human vibration stress at lying
posture during transportation in the ambulance helicopter UH-1), Several flight con-
ditions had to be changed and acceleration measurements had to be carried out at
three stretchers.

2. METHOY

For vibration measurements accelerometers (strain gauge principle, range ¥ 400 m/sz,
natural frequency 250 cps) have been used in connection with amplifiers. A FM-Multi-
nlex-System and a FM-tape-recorder served as recording system., Calibration of the
complete measuring system was done before and after the experiments. The flight con-
ditions during the field experiments were reported on an audiochanel of the tape re-
corder.

i

W= A .
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2.1 PLACES OF MEASUREMENT

For evaluation of vibration exposure the points of acceleration transmission between
the stretcher and the human body are mostly important. Thereforc accelerometers were
fixed at these points of entrance E1, E2, E3 and k4 corresponding to Figure 1 and
Table 1. These are the points of relativ high pressure between body and stretcher.
Further more two points upon the body K2 and K& and the fastening point T3 of the
stretcher were choosen.

Measurements were carried out at all three stretchers (lower, middle and upper posi-
tions). Acceleration directions were generally x (vertical) and at the point T3
additionally y and z (horizontal) (Fig. 2).

Table 1: Points of acceleration measurements (see also Fig. 1)

Symbol Measuring point

point of entrance of vibration
to the body part:

E1 heel
E2 pelvis
E3 shoulder-blade
Eh4 head

upon the body part:

K2 abdominal wall
K& forehead
T3 fastening point of stretcher

2.2 VIBRATION ANALYSIS AND EVALUATION

From the tape recordings RMS-values of acceleration for the duration of measurement
were calculated., In addition the most important frequencies by the way of narrow-
band-frequency-analysis [4,5] could be found.

2.3 FLIGHT CONDITIONS

For the field measurements the following 11 different flight conditions for the heli-
copter UH-1) were choosen:

1. racing the engine 6. horizontal flight 60 kn
2. ground running 7. " " 80 kn
3. liftung up 8. " " 100 kn
4, suspense flight 9. " " 116 kn
5. ascending flight 10. 1landing flight

11. running out the engine

Because of the very short duration of measurement results of flight condition No. 3
and because of simular vibration behaviour of No. 1 and 11 running out the engine
were not be considered.

3. RESULTS

The results of vibration measurements at the point T3 (stretcher fastening) are shown
in Table 2 and in Figures 3 to 6. Vibration exposure data may be found in Table 3 and
in Figures 7 to 14. Frequency-analyses are demonstrated in Figures 15-20.

3.1 INFLUENCE OF VIBRATION DIRECTION, STRETCHER POSITION ANU FLIGHT CONDITION

For the transversally located stretchers with their different positions typical acce-
lerations at point T3 are shown in Figures 3 to 6. From Table 2 one may find out,
that the amplitudes of acceleration tend to be much smaller in both horizontal direc-
tions than in vertical direction with a ratio of about 1:3 to 1:4. That means that
vertical acceleration - at least for that typ of helicopter - is the most important
vibration direction.

In the average of all flight conditions and of the three directions the lowest vibra-
tion may be found at the middle stretcher position with the following ratio:

middle : upper : low (stretcher position)
1 t 1,15 : 1,34 (acceleration)

The different flight conditions significantly show increase of acceleration at point
T3 with increasing speed. At ground running and suspense flight acceleration tend to
be smaller.

i
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Table 2: Acceleration RMS in three patient-referred directions (Fig. 2) at stretcher
fastening point T3
-« L = low, M = middle, U = upper stretcher position =

=
acceleration RMS [m/s“]
flight condition horizontal y horizontal =z vertical x
L M u L M u L M u
ground running 0,87 0,82 0,70 0,65 0,47 0,62 3,00 2,60 2,90
suspense flight 1,22 0,8 0,72 0,70 0,50 0,75 3,20 2,00 2,50
ascending flight 1,15 0,85 0,95 0,85 0,60 0,77 3,50 2,20 2,80
horizontal flight
60 kn 1,25 0,82 0,80 0,75 0,55 0,85 3,65 2,30 3,10
80 xn 1,25 0,97 0,80 0,85 0,60 0,87 3,65 2,80 3,00
100 kn 1,30 1,17 0,95 0,85 0,67 0,92 4,00 2,90 3,30
116 kn 1,45 0,95 1,05 0,8 0,55 1,15 4,7% 3,30 3,90
landing flight - 1,10 -~ - 0,55 - - 3,10 -

Table 3: Vertical acceleration RMS at point of entrance to the human body and at
body points (see also Fig. 1)

acceleration RMS [m/szl at points
. L T3 E1 E2 E3 E3 K2 K4
flight condition (for com-
parison)
ground running (2,60) 0,37 0,22 0,20 0,30 0,40 0,29
suspense flight (2,00) 0,37 0,20 0,24 0,22 0,35 0,20
ascending flight (2,20) 0,37 0,22 0,30 0,25 0,35 0,25
horizontal flight
60 kn (2,30) 0,40 0,25 0,30 0,25 0,135 0,25
80 kn (2,80) 0,42 0,25 0,30 0,25 o,h2 0,27
100 kn (2,90) 0,50 0,30 0,37 0,35 06,45 0,136
116 kn (3,30) 0,52 0,32 0,47 0,40 0,47 0,40
landing flight (3,10) 0,37 0,37 0,25 0,25 0,37 0,25

3.2 INFLUENCES TO MAN'S VIBRATION EXPOSURE

From the typical vibration curves (Fig. 7-14) it may be seen, that accelerations from
point T3 to all points E1-E& decreases considerably. This also show the effective
values in Table 3. For example at point E2 (pelvis)the effective value of vertical
acceleration will be diminished to 0,27 m/s2 from 2,65 m/s? at point T3 (average of
all flight conditions). That means about 90 % damping by the elasticity of the
stretcher. Generally increase of vibration exposure with speed also can be seen.

In comparison between the different points E1 to E4 from Figures 7-1%4 and Table 3 it
may be found that vibration stress at pelvis E2 is relatively lowest, at shoulder~
blade E3 and at head E4 about 8 %, at heel about 60 % higher (average of all flight
conditions). Also the measuring point K2 (unon the abdominal wall) shows high values
as a consequence of body- resonances.

Specific situation may be demonstrated with racing the engine (Fig. 7). At about 200
cycles per min. typical resonances can be seen. Therefore amplitudes at points E1 and
E4 - close to fastening points of the stretcher ~ increase considerably. This is also
the case on the forehead (point Ki). Patients therefore don't fecl well subjectively
during this situation of short duration.

3.3 FREQUENCTES

For measuring point T3 the frequency analyses of Figures 15-20 calculated important
frequencies at 100-110 Hz, at about 70 Hz and lower. There was no frenquency of im-
portance over 110 Hz. But at the stretcher high frequency is much less important
because of its elasticity. On the other hand at points E1 to E4 frequency analyses
show generally maxima between 5 to 10 Hz. In this frequency range human being reacts
very sensitiv because of body resonances.
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h, JISCUSSION AN:) EVALUATION

The vibration research with the helicopter UH-1) led to the following conclusions:

1. In comparison between the three stretcher positions relativ lowest accelera-
tion on the middle one could be found,

2. Acceleration effective values at fastening points of stretcher in vertical di-
rection x are as 3-4 times as high as in both horizontal directions y and =z.

3. Flight conditions ground running, suspense flight, ascending flight and landing
flight in general lead to some smaller vibration exposure at points of entrance
to the human body than the horizontal flights with lifferent speed.

4. With increasing speed acceleration values increase at all points of measurement.

5. When racing the engine at about 200 cycles per min. there is high resonance at
the helicopter, at the stretcher and also at the patients head. From that
point of view it would be a possibility of vibration protection to keep out the
patient when racing the engine.

6. Under all flight conditions significant decrease of vibration to the points of
entrance to the human body may be found. This diminution tends to be 90 % at
pelvis.

7. In comparison with road vehicle transportation of lying people the helicopter
UH-1D leads to vibration stress of only about 10 %.

Up to now there does not exist any official vibration testing and evaluation proce-
dure considering frequency sensitivity of man in lying posture. The official docu-
ment IS0 2631 "Guide for the evaluation of human exposure to whole body vibration"
allows vibration evaluation of man (aw). but not yet when exposed in lying posture.
But further recent research on biomechanic behaviour of the different body parts and
on subjective vibration sensation carried out by our Institute [7] led to frequency-
depending evaluation curves (Fig. 21 and 22) of the same K-value. From the calculated
K-values in the diagram of Figure 23 the tolerable exposure time may be find out.
This procedure really is valid for healthy people and it needs more knowledge on the
vibration tolerance of sick and wounded people. But the evaluation guide in future
may be helpful for analysis of vibration exposure in ambulance transportation.
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Figure 1: Points of acceleration measurements (see also Table 1)
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THE ORGANIZATION OF THE AIR RESCUE SERVICE IN THE
FEDERAL REPUBLIC OF GERMANY
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Baumgartnerstrasse 53
8000 Miinchen 70
FRG

With the rapid increase of motorized road traffic, the number of accidents in the Fe-
deral Republic of Germany also escalated. From 1953 to 1976, 363,484 people died in
accidents on our roads. 10,520,000 were injured. This trend necessitated the adoption
of numerous technical safety measures and improvements in the emergency rescue service.
Surveys revealed that 10 - 15 % of the persons killed would have had a chance of sur-
vival if better and more rapid aid had been rendered at the scene of the emergency.
Thus saving human life ist not merely a guestion of quantity but of the quality of the
rescue means. It is not always rapid transportation to the nearest hospital which is
decisive for the patient, but optimum care at the scene of the emergency and final
treatment in a suitable hospital. If a person is seriously injured, his chances of sur-
vival decrease rapidly 10 minutes after the accident has occurred. Thus our goal must
be to bring the best assistance to the patient in this period. The traffic density on
our roads has proven to be an increasing obstacle for ground rescue service here.

At the beginning, we had no experience with the use of helicopters. It is true that
military helicopters were requisitioned in exceptional cases for the rescue service, but
these missions were limited for the most part to secondary transportation. In these
cases, the diagnosis for the patient had already been made. Thus the criteria for re-
quisitioning helicopters to be used in primary missions had to be developed first.

This was the purpose of the pilot test initiated 10 years ago as part of a wide-scale
road safety program developed by ADAC (Allgemeiner Deutscher Automobil-Club). The pilot
test was conducted at first with a chartered helicopter. In 1970, ADAC had its own

BO 105 helicopter available for missions. It was the first civilian rescue helicopter
in Germany equipped according to the latest knowledge in the field of emergency medi-
cine. The tests soon revealed an important fact - namely that not every helicopter is
suited for use in the rescue service. Aircraft with piston engines are not acceptable
because warming up the engines involves a loss of time and the engine vibrations are
transmitted to the cabin. Rescue work requires helicopters with turbine engines which
have a sufficient margin of power, a noise level of less than 8o decibel and little vi-
bration. Furthermore, it is advantageous to have small rotor diameters for landings
where there is limited space only. Also, it must be possible to transport two patients
in such a way that the doctor and the attendant are seated at the head of each stretch-
er.

Since the helicopters flying rescue missions almost always fly (with special permission)
at a lower altitude than the safety altitude prescribed by law, helicopters with two
engines are preferable, especially as the areas of operations are usually densely pop-
ulated. Helicopters in the rescue service are subject to extreme wear and tear since
they very often fly with a full load and almost invariably fly short distances. An-
other requirement is a minimum of technical maintenance since this means that heli-
copters are more likely to be ready for operation at any time.

With its "Munich Model", ADAC laid the cornerstone for the air rescue service in the
Federal Republic of Germany. The experience acquired about technical, medical, organi-
zational and financial requirements formed the basis for the use of other helicopters.
In order to accelerate development of the rescue service, ADAC placed two helicopters
at the disposal of the Disaster Relief. The Federal Ministry of the Interior set up a
plan in 1972 for an air rescue network to cover the entire country.

Today there are 3 systems in Germany:

1. Disaster Relief with 16 stations
2. Federal Army with 5 stations
3. German Air Rescue with 3 stations.

All systems work according to the same organization plan.

The rescue helicopters which are stationed at clinics and have a doctor and a medical
attendant on board can start within 1-2 minutes of the time the emergency alarm is re-
ceived. Neither previous knowledge of the diagnosis nor confirmation that the patient
will meet the costs for the flight is required in order for missions to be flown.Wait-
ing for the diagnosis would mean an unnecessary delay which would negate the amount of
time saved by using the helicopter. Such a delay ist not in the interests of the patient.

Personnel in the rescue control centres is trained sufficiently in order .o make a de-

cision about the necessity of a flight on the basis of the information given in the

emergency alarm by a layman. Special indication catalogues are available to the per-
ionnel for this purpose in addition. The quota of superfluous flights averages around
7.6 %.
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One disadvantage which has not yet been overcome in air rescue should be mentioned.
Missions are flown only in daylight hours, that is from 6:00 AM to 30 minutes after sun-
set. The helicopters have only VFR equipment and thus for safety reasons, only flights
between hospitals from landing base to landing base are possible at night under condi-
tions of visual flight rules. Primary missions in which the helicopter must land on
roads or in extremely small areas present too great a risk in the dark. By now, there
are various technical developments, for example the Night Sun System, infra-red or gog-
gles to intensify the remaining sunlight, but even then, wires or small obstacles are
still not perceptible enough. Since few secondary missions are flown between hospitals,
helicopters from the Disaster Relief are not kept on stand-by at night. Furthermore,

the noise problem would make stationing at the hospital difficult.

In the Federal Republic of Germany, we feel that the rescue service is the task of the
Laender (Bavaria, North Rhine-Westphalia, Lower Saxony, etc.). The rescue service is
governed by laws which are enacted by the laender. It is supported by local govern-
ments (towns, districts). Due to the extent of the helicopters' areas of operation
(50 km radius), towns and districts have joined together to form supporting associa-
tions. The Federal Ministry of the Interior places helicopters of the Disaster Relief
at the disposal of these associations, and the Federal Ministry of Defence does like-
wise with army helicopters in return for reimbursement of costs. A sum of DM 900 is
charged per flight hour. Administration of the rescue service was placed in the hands
of ADAC which has the greatest know how in air rescue and also an organization cover-
ing the entire area of the country. Thus in Germany, private and public institutions
work in close co-operation.

ADAC prepares special operations reports for all helicopters which are conceived as
data carriers for a computer program. For each flight, the doctor makes a report con-
taining medical data and the pilot makes a report with flight data. ADAC's computer
processes these reports. 200 detail positions are evaluated for each flight. In 1977,
the ADAC computer processed over 20,000 reports. The annual statistics for 1977 for
all helicopters work out to about 300 printed pages. These figures help ADAC analyze
the efficiency of operations and provide a basis for calculating costs.

In 1977, 12,589 missions were flown (24.2 % more than in 1976) with 7,000 flight hours.
On the average, three missions are flown daily. The maximum number of missions flown

is around 12. In conglomerations such as Munich, Frankfurt or Cologne, stationed rescue
helicopters fly 1,000 - 1,200 rescue missions annually. In 50 % of the missions, injured
persons are transported in the helicopter. In 30 % of the cases, the helicopter doctor
treats the patient and then arranges for his transportation in the ambulance. This
rendez-vous procedure makes it possible for the helicopter to remain available for se-
rious, acute injuries or illnesses.

The average flight time for primary missions is 37 minutes and 74 minutes for secondary
missions. The ADAC computer found that flight time between the helicopter station and
the scene of the emergency is around 8-9 minutes. Patients flown in the helicopter are
not always transported to the hospital at which the helicopter is normally stationed.

It depends on the size of the intensive care unit at the hospital there and the ca-
pacity of other hospitals in the area. The percentage of patients delivered tc hospitals
at which the helicopters are normally stationed varies between 80 % and 20 %. As a gen-
eral rule, the patient is flown to the nearest hospital equipped to provide treatment.

Another important result of the computer evaluation shows that the helicopters can
usually land close to the patient, particularly when road accidents have occurred. The
distance between the landing spot and the scene of the emergency was less than 50 meters
in 70 % of the cases. However, the difference between smaller, manoeuvrable helicopters
and larger ones which come off less well by comparison, is apparent here.

The rescue helicopter is undoubtedly the most expensive means of rescue. Despite its
necessity, from a medical point of view, the air rescue service would not have had any
future in the Federa. Pepublic of Germany if it had not been possible to ensure that
costs would be met. Direct operating costs for a helicopter in daily use amount to ap-
proximately DM 620,000 at a rate of about 1,000 flights annually. This amount can be
broken down as follows:

500 flights & DM 900 = DM 450,000

1 doctor DM 80,000

2 medical attendants DM 70,000

Insurance DM 3,000

Medical equipment DM 10,000
Maintenance costs for hangar

and miscellaneous expenses DM 7,000

DM 620,000

Costs for the doctor are refunded to the hospital and personnel costs for the medical
attendants are paid to the aid organizations.

As long as a patient is covered by health insurance, he is not charged for the heli-
copter flight. After prolonged negotiations with the health insurance institutions,
ADAC signed contracts for the refund of costs. These contracts stipulate that between
DM 830 and DM 900 will be paid for a rescue flight in which a patient is transported
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or is treated by a doctor. If 750 missions entailing medical attendance are flown an-
nually, all costs would be met according to this scheme. The risk of flying superfluous
missions is also covered here. However, 1,000 and more missions are flown in densely
populated residential areas. In rural areas, this figure is considerably lower, namely
between 400 and 500 missions annually. Since fixed costs for the doctor, medical at-
tendants and insurance remain the same in any case, deficits occur in rural areas which
must ‘be offset by the Laender or local communities. ADAC meets all administrative costs
which amount to cver DM 1 million each year.

Air rescue is a public task. For this reason, the Federal Government finances invest-
ments for the helicopter (a rescue helicopter costs about 2,2 million), and the hangars
at the hospitals at which the helicopters are usually based are paid for by the Laender.
These costs need not be redeemed and this produces the advantage that the air rescue
service can work more economically than a private enterprise.

Still, a rescue helicopter is always a compromise between what is necessary medically
and feasible economically.

In the Federal Republic of Germany, long-distance missions (for example, transportation
of vital organs or of patients to hospitals for treatment of paraplegia or burns) are
also flown. These missions are flown by Federal Army aircraft and not by the rescue heli-
copters which only operate within a 50 km radius. The aircraft is requisitioned over the
alarm centre of the SAR in Goch. ADAC uses special ambulance jets to repatriate tourists
who have fallen ill abroad. These flights are financed by supplementary insurance. The
inland insurance booklet which ADAC offers its members contains a guaranty sum of

DM 25,000 for this purpose.

Summary:

The rescue helicopters stationed at hospitals serve primarily to transport the doctor to
the patient in order to ensure optimum treatment at the scene of the emergency. The
rescue helicopter is not a substitute for existing facilities offered by the ground
rescue service, but rather it is the best possible supplement. In order to avoid com-
petition between helicopters and rescue ambulances, operations must be co-ordinated by
the emergency control centres. The helicopters must be ready for action within a very
short time. Combining rescue tasks with others (for example the police or military)
should be avoided. Increasing the density of the rescue network has proved its worth.

as can be seen in the reduction of the number of deaths resulting from road accidents.
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DISCUSSION
1
SPEAKER UNIDENTIFIED: Mr. Corgass, where is the rescue helicopter stationed--on the airfield or at the
hospital? Who alerts the rescue team for the mission?
1 GORGASS: We think the rescue helicopter should be stationed at the hospital for two reasons.
(Germany) First, the time for alarming the helicopter should be as short as possible. The

helicopter should start with a medical crew within two minutes after getting the
alarm. Second, the emergency doctor is a hospitat doctor, and the whole time
for the mission should be as short as possible because he has to work in the
hospital, too.

PERRY: What is the density of population that you work out for an area to cover? It would
(United Kingdom) be nice to compare the American experience with your experience. Are you cover-
ing very similarly populated areas? Can you tell us the population of the area you
serve?
GORGASS: Nearly 80% of the German population is served by this helicopter rescue service
3 (Germany) system. In the Munich area, which is a combination of several areas, one heli-

copter rescue station protects about three million people. Other stations covering
more territory only protect 500-700, 000 people. We think that inhabitants of rural
areas should have nearly the same chance as the inhabitants of a city.

STEINMAN: Have any of you experienced any difficulties or taken any special precautions for
3 {United States) in-flight defibritlation on your helicopters?
SPEAKER UNIDENTIFIED: We make defibrillations during the resuscitation of patients on secondary trans-

‘. port; but before installing the defibrillator, we made an investigation in a hover-
ing helicopter. We then put it in as standard equipment for the helicopter. The
same was done for civilian helicopters with no problems.

KLEIN: We have been presented two different systems. You have mentioned, Dr. Gorgass,

(CGermany) the German system which insists that a doctor is on the helicopter. The American
system does away with a doctor and says that it is enough to have fast transporta-
tion. The differences may be that a doctor is with a patient in 10 minutes or that
the patient may be in a hospital within 20 minutes. It is a matter of a medical
question and it is a matter of costs and cost effectiveness. | would like to discuss
it a bit. My question to Dr. Cowley is, would he do away with his system and
take over the German system if he could do so?

‘ COWLEY: First, | think you should qualify what you are doing. We are a small state. Most
(United States) of our helicopter missions are flown in 20 minutes. So, these are the points |
would like to make in relation to your [Germany] and our [United States] type of
program. One, our paramedics are very highly trained and they can do, | think,
. most things that a doctor can do out in the field. Second, | would like to point
out that | don't care whether you are riding in an ambulance or a helicopter,
there isn't a great deal that you can do while in transport. If you don't believe
it, go out and pick up one of your ambulances and go down the road at 15 miles
per hour and try to resuscitate patients. It's difficult. Third, | would like to
point out in relation to the physician versus the use of paramedics thzat our heli-
copters are stationed throughout the state. They don't have to be at a hospital,
go out, and come back. They are generally out in the region. During traffic
hours, in the mornings, and in the afternoons when people are going home, our
helicopters are up flying. They are monitoring wave bands which means that
any time they hear of an emergency they are in that vicinity and they simply
drop down and begin resuscitation. [f the patient doesn't need to come into the
system that we have, the patient resuscitation continues until the ambulance
arrives. And it's vice versa with the ambulance. If we had a larger state where
there were two-hour transportation times and so forth, perhaps the physician
would be of value, but not in our system. Lots of money has been spent in our
state for developing large mobile vans with a doctor and a nurse on board. Theoy
are totally, in our opinion, non-cost effective because it is a waste of these people's
talents and time when a well-trained paramedic will do.

BURGHART: It would be very interesting to combine the two systems more because of their .
(Germany) principles and philosophies. We must have a trained man at the scene as
quickiy as possible, and you cannot translate the whole system from West
) Cermany to America and vice versa. ! think the most important thing is that
there be a well-functioning system to save lives.

KAPLAN: I would like to ask you, in your opinion, in your cystem, what is your reduction
(United States) in moriaiity? Do you have a feedback close-iooped with those central hospitals
who are capable of treating all? How many intravenous things are infiltrated

A sl
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SPEAKER UNIDENTIFIED:

GOEDE:
(Canada)

SPEAKER UNIDENTIFIED:

CAILLE:
{(France)

SPEAKER UNIDENTIFIED:

CAILLE:
(France)

SANDERS:
(United States)

during transportation? How are you evaluating and arresting internal abdominal
hemorrhage from the scene to the hospitai? Do you recognize the advantage of an
anti-shozx trouser in your system?

Last year we had more than 11,000 missions documented by the ADAC. Mr.
Kugler will give some details later. We have transported more than 7,000 pa-
tients and from these 7,000 more than 6,000 got intravenous fluid for shock and
about 3. 000 people had intubation at the scene or during ftight. [ think that is
tremendous. In our country the law says that all these things can be done only
by a doctor; so we have to take the doctor to the scene. We say that we have
had, in West Germany, about 200, 000 emergency case fatalities. We cculd have
saved more than 10% (more than 20, 000 people) if we had had this system that we
have seen today. So, we can lower by 10 or 15% the fatality rate. In my opinion,
it is quite more than that. A victim who could become an emergency patient will
not become an emergency patient because the first aid and the first treatment
were so good that this patient does not become a statistic. An example--rupture
of the spleen. A young boy is in a bicycle accident. The police alert the heli-
copter. The helicopter crew comes within 10 minutes. The medical doctor and
the crew decide to bring this patient into the hospital--not to the nearest hospital
but to a hospital specializing in the problem. They see at once that there is
bleeding in the stomach or a rupture of the spleen, and so the young man wil!

be operated on at once. He will never go into shock and be a real emergency
patient. | think that it is a most important thing to give pre-clinical care not only
to save human lives, but also to bring these possible emergency patients to heip.
This, in our opinion, is the most important thing, and you will never have this
statistic.

In relation to a country like Canada that has a population of 22 million spread
over a vast area, some of it very concentrated, some of it very sparse, what is
the minimum concentration of population that makes this system cost effective?
Second, what is the maximum radius of area to be covered by one helicopter?

Mr. Kugler's paper discusses costs and financial problems, so perhaps we can
answer your question after that paper.

| have a question concerning night rescue operation procedure. Are your Bell
helicopters equipped with forward looking infrared?

Up to now we have no experiences with infrared , but right now we are trying to
find out whether this infrared will work. It is similar with the night vision
goggles--we are studying their use now.

(Question directed to Dr. Sanders, United States) How can you talk about work
load using a subjective evaluation--a self-rating scale and without referring to
electrophysiological data (ECG, for example)? Don't you have any objective
criteria? The only operating scale is a function of the pilot's psyche. The ob-
jective is limited tc self-rating scales, to self-judgments by the pilot. Why
didn't you make any evaluations that were electrophysiological-~EMG or ECG?

A self-rating scale wasn't the primary criteria. We used subjective ratings--
both a questionnaire and a Cooper-Harper Scale only as adjuncts to the objective
performance criteria values that we recorded in-flight during the evaluation. We
have a helicopter in-flight monitoring system that records 20 channels of flight
data, both pilot controlled inputs as well as aircraft status values. These were
our primary criteria or primary sources of information. We used the subjective
criteria only to add more information to the study so that we get a better and
more complete picture of what is happening both as the pilots perceive those

and as they operate during the hovers. We considered using EKG or EEG informa-
tion. On some studies those types of data are obtained, but for this study, for
the shortness of the period in which we were testing, it is difficult to relate
specific physiological data to the kind of pilot performance information that we
were looking for. We felt that the actual control activity in the aircraft status
information was far more important for our purposes.

i
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CARBON MONOXIDE — A SIGNIFICANT AEROMEDICAL RISK
by
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US Army Aeromedical Research Laboratory
Fort Rucker
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ABSTRACT

Current concepts of the pathophysiology of low level exposure of humans to carbon monoxide (CO) will be
presented. The review will include a discussion of endogenous and exogenous sources of CO and CO absorption,
transport, and elimination. The toxic effects of acute and chronic CO exposure, CO effects on cognitive and cardio-
pulmonary function, equivalent physiologic altitudes by CO, and tolerable limits of CO exposure will be delineated.
Emphasis will be placed not only on the factors that determine carboxyhemoglobin levels in the body but also on the
impact to aviators of transient elevations in ambient CO within the combat operational environment.

The correlation of cigarette smoking, CO, and equivalent altitudes is exemplified by the following:

Number Actual Equivalent
Smoking of % Altitude Altitude
History Cigarettes COHb {Feet) {Feet)
Non-Smoker 1 2.39 5,000 8,000
Smoker 1 6.47 5,000 11,000

The COHb could increase even greater depending on smoking inhalation habits, type of cigarette, and a multi-factor
effect of physiological variables. Examples demonstrating the importance of such physiological factors as temperature,
ventilation, altitude and underlying cardiopulmonary disease on the resulting carboxyhemoglobin level will be presented.




NORTH SEA AND NORTH FLANK WINTER OPERATIONS
by

Surgeon Commander E P Beck, Royal Navy
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INTRODUCTION

The purpose of this paper is to provide a general review of the nature of problems which are eacoun-
tered during helicopter operations in northernmost Europe where the winter climatic conditions range from
sub-arctic to arctic.

It was a decade or so ago when a significant part of the UK contribution to NATO was committed to the
defence of the north flank. At the time we had behind us many years of continuous experience of temperate,
tropical and desert environments but little more than a dwindling memory of Korea 20 years previously and
only a superficial knowledge of the problems to be faced during sustained operations in the far north.
While the geographic location and climate were to be new, the operational objectives of Naval helicopter
aviation remained unchanged. These objectives fall into two broad categories. The first concerns the
search, identification and ability to attack surface or submarine vessels. This role is performed by a
variety of helicopters (Wasp, Lynx, Wessex and Sea King) operating primarily from ships, ranging from a
single aircraft carried on small ships to a full squadron on larger ships. The second category is the
operation of the Commando Carrier which provides a mobile spearhead quick reaction force, either a Royal
Marine Commando or British Army Unit, which is heliportable and self-sufficientl, It is in this latter
catégory that the change to the arctic environment has had the greatest influence, gained through the
experience of annual winter training periods based at Bardufoss in northern Norway.

ARCTIC TRAINING IN THE COMMANDO ROLE

The objective of the periods of training at Bardufoss is to familiarize aircrew with the operation of
their aircraft in an arctic environment and with the standard techniques of flying their aircraft in the
Commando role including snow landings, troop and load lifting, navigation, mountain flying and night flying.
The training periods include deployment of the force from the ship, operating from a fixed base ashore and
periods operating from forward operating bases (FOB). The FOB is a mobile self-contained unit operating
small numbers of aircraft in support of the ground forces. It operates from tented accommodation and without
the benefits of permanent site utility services, ie power, water, heating, lighting etc. A FOB may be
deployed for up to a month and the manning reflects the need for the servicing and maintenance of aircraft
and for the temporary deployment of smaller sub-units in support of aircraft operating singly, grounded air-
craft etec. It is evident therefore that it is necessary to place as much emphasis on the structure and effi-
cient function of the ground support organisation as it is to develop the necessary techniques and skills in
airmanghip under arctic conditions. Since it is not possible to expose all aircrew and ground personnel to
first-hand arctic experience each year, the philosophy has been to maintain continuity with an increasing
nucleus of highly experienced personnel. Thus not only are these personnel qualified to carry out pre-
deployment indoctrination and training in the UK but they ensure a minimum of necessary re-learning at each
deployment and the continued progression in the development of new techniques and equipment.

CLIMATE AND PROTECTIVE CLOTHING

A decade ago no specific provisions had been made in terms of aircraft modifications or personal equip-
ment and clothing for general service use in the arctic. It was perhaps inevitable that for the first
deployment to Norway the issue of additional clothing to combat the extreme cold weather included the
Canadian parka, windproof trousers and mukluks. However, while this clothing is suitable for the consis-
tently cold dry climate of northern Canada, the Norwegian climate is significantly different in one important
respect. Although the average temperature throughout the coldest winter months remains well below freezing,
the Norwegian climate is characterised by short sudden thaw periods due to a shift of the wind to a south-
westerly direction. These warm periods are often associated with rainfall and they usually terminate by an
equally sudden return to subzero conditions, Temperature variations as great as 15-20°C in a 24 hour period
are therefore by no means uncommon. The Canadian clothing provides too much protection during the warmer
spells but also it becomes saturated with water which promptly freezes with the return of the colder weather.
A further important consequence of the warm spells and precipitation is the conditions underfoot which turm
into a layer of ice covered with a film of water. These conditions are better suited to crampons and tracked
vehicles than standard footwear and wheeled vehicles.

Following the recognition of the inadequdcies of some of the items of clothing and footwear the oppor-
tunity has been taken over the past decade, under the auspices of the tri-service Mountain and Arctic Warfare
Committee and the Aircrew Equipment Research and Development Committee, to rationalise all land winter
clothing asvemblies for both ground personnel and aircrew?. Aircrew clothing is based on a 3 layer clothing
assembly with an additional supplementary outer layer drawn from the range worn by ground personnel. This
layer is not worn in the cockpit or when flying. The inner layer of aircrew clothing consists of underwear,
either cotton ribbed knit or acrilan pile: the intermediate layer consists of the aircrew jersey, shirt and
trousers; the outer layer may be either the Cold Weather Flying Suit or the Combat Flying Suit. The supple-
mentary layer, which is being phased in to replace the Canadian parka and trousers, provides a quilted jacket
and quilted trousers with a windproof oversmock and trousers. The emphasis on footwear has shifted away from
the routine use of mukluks to boots which may be worn with thermal or waterproof overboots as indicated by
the conditions.

The aircrew clothing assembly provides a thermal insulation value of approximately 0.36°C mZw-l
(2.4 Clo)3. With the addition of minor modifications to the cabin heating system for arctic based aircraft
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this assembly enables aircrew to remain comfortable when in the aircraft and for survival purposes it is
adequate for survival in conditions down to -40°C. Although sockets are provided in the cockpit for elec-
trically heated gloves and socks they are rarely used except by some rear crewmen whose duties require them
to be at the open cabin door to supervise load lifting, during landing approaches, reloading external
cameras etc. A second problem for these rear crewmen is the need for face protection particularly during
recirculating snow conditions.

ARCTIC FLYING

The greatest limitation to flying Commando role aircraft in the arctic is the lack of visibility to
navigate safely, either due to low cloud or snow fall and 'white out', rather than a temperature or icing
limitation. This limitation remains the overriding factor despite the ability of aircraft to remain air-
borne in icing conditions. If the weather deteriorates to below visual flying conditions the procedure is
to land and wait for the weather to clear. Aircrew therefore must be prepared to survive and for this
reason carry in the aircraft the items of supplementary cold weather clothing, snowshoes, combat sleeping
bag and an arctic survival pack. This procedure is less hazardous, particularly in mountainous areas, than
climbing to above safety altitude and the possibility of encountering extreme icing conditions at altitude
or the inability to penetrate down safely again.

The selection of suitable and safe landing sites requires pilot experience and training particularly
when landing in virgin snow or on sloping or uneven sites where there is a shortage of good visual reference
cues due to the lack of contrast in the panorama of snow. In soft dry snow some recirculaticn of snow is
inevitable but in suitable landing sites it settles rapidly. However it does not follow that firm snow or
frequently used sites are free from hazards. Special vigilance is necessary to avoid engine damage due to
the ingestion of chunks of ice and other foreign objects, for example where crusted snow has been broken up
by the movements of vehicles and around maintenance sites.

The pick-up and disembarkation of troops at remote landing sites is essentially a standard operating
procedure in the Commando helicopter role. Nevertheless there are a number of simple but important points
which illustrate the way in which operating in the arctic environment can affect these procedures. These
points underline the dependance upon planning and co-ordination which can only be perfected by regular
training.

(i) As in any situation, the helicopter and troops are especially vulnerable to attack during the
process of embarkation or disembarkation., Any snow cloud formed by recirculation as the helicopter
comes in to land is very obvious from long distances so that a premium must be placed upon split-
second timing and organised speed. Apart from tactical vulnerability, aircrew who are comfortable in
their aircraft sometimes fail to appreciate the discomfort of troops outside the aircraft and they
should make every effort that they are not responsible for unnecessary delays.

(ii) The seating in the helicopter must be arranged to allow bundled skis and packs (pulks) to be
carried such that they can be rapidly unloaded but do not pose an obstacle to the disembarking troops.
The additional bulk causes an internal problem but underslung loads are unaffected. However, hooking
on a load from the snow is a violently uncomfortable job.

(iii) Internal communications with the troop leader are essential as he may need re-briefing on the
way to the landing point. If the pre-arranged landing point is unsuitable the troop leader must know
exactly where they are on the map as once on the ground orientation can be very difficult.

(iv) When disembarking troops in fresh deep snow the pilot may have to remain at { power throughout.
Notinfrequently the troops will step out up to their waists in snow and their period of vulnerability
will be increased up until the time they can don their skis or snowshoes.

(v) Embarkation from predetermined rendezvous points requires split second timing to minimise the
time for which troops are not wearing skis or smowshoes. If a marshaller is used he should be well
clear of the recirculation snow cloud and wear goggles and face mask. The helicopter should make a
first—time approach and land with its starboard wheels alongside the packs, bundled skis and men who
lie face down until the helicopter has settled. Liquid fuel cookers should be empty. Again the
priority is to get airbornme again as quickly as possible and each man must know exactly what he has
to do.

(vi) As far as is possible the amount of snow carried into the aircraft should be kept to a minimum,
If it is allowed to melt and then freeze the cabin floor can become treacherous. For this reason the
cabin is usually maintained at low temperatures and the crew maintained in comfort by wearing the
approved scale of clothing.

GROUND SUPPORT SERVICES

Consideration of the effects of operating in the arctic is inseparable from the difficulties faced by
the aircraft maintainers and support groups on the ground. Much of their work must be carried out in the
open under extremely unpleasant conditions and, unless man management techniques are good, men become
unnecessarily cold and dispirited, morale flags and standards suffer. These effects are most noticeable
among younger personnel who appear to lack the regilience of those a few years older. It is most important
that all those in supervisory roles should have a full understanding of clothing discipline and the effects
of cold on performance and of the recognition and prevention of hypothermia, frostbite and fatigue. In par-
ticular it has been found necessary to emphasise the relationships between wind speed, temperature and the
net wind chill effect and to point out that rotor downdraught creates windspeeds of 25-40 kts or more.

In general the servicing and maintenance of aircraft takes approximately twice as long as under ideal :
temperate conditions. Some of the additional time is due to the inhibitory effect of extreme cold weather i
clothing on mobility and tactility rather than the effect of cold per se. Naturally this effect is most

1
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noticeable in physical tasks such as the fitting or removal of aircraft covers. Covers are necessary on
parked aircraft in certain weather conditions to reduce snow ingress through aircraft doors and hatches and
to reduce direct deposits of snow and ice on the rotor blades and aircraft fuselage. The ease with which
all tasks are done is also strongly influenced by other factors such as wind and the conditions underfoot,
The problem of providing gloves or mittens which combine warmth, tactility and dexterity for skilled tasks
however defies an ideal solution. Thus while it is relatively easy to maintain warmth of the body, feet

and hands it is not possible to keep the fingers warm without sacrificing tactility and dexterity. The most
efficient organisation for line maintenance and servicing has been found to be an arrangement of the team in
relays in which each man works for a set period followed by a period for rewarming.

The actual time taken to perform any task is subject to two characteristic effects. The earliest
effect is a progressive fall in the time taken over the first 2-4 days of the exposure of newcomers to the
arctic environment, Presumably this is due to a combination of acclimatisation and familiarisation with the
techniques of applying skills in the real, as opposed to simulated, conditions, Once over this period, the
time taken for each task is relatively constant and independent of the temperature until the temperature is
down to about -20°C. Below -20°C the time taken increases progressively with each increment of the fall in
temperature.

SHIPBORNE OPERATIONS

Except for activities which take place on the flight deck the effect of the climatic conditions is
much less severe at sea than on land. Aircrew are dressed for water survival and wear 'dry suit' i riion
coveralls over apptopgiate layers of _clothing which provide thermal insulation values from 0.24 C m* W~
(1,6 Clo) to 0.34°C m' wl (2.2 Clo)®. This degree of protection is usual for survival in the North Sea
where the water temperatures may be as low as those in the Arctic Circle. Thus even if a member of aircrew
fails to use his liferaft and remains immersed in water at 2.5 C it would take an average of 12 hours for
his deep body temperature to fall to 33°C, the temperature at which consciousness would be lost”. The con-
struction of the aircrew liferaft incorporates an inflatable floor and canopy so that with the benefit of
this additional insulation there should be no limit to the survival time.

At present no alternative to the aircrew immersion coverall is available for use by non-aircrew passen-
gers in helicopters, Since the garment is individually fitted from a size roll and is designed to be worn
over standard flying clothing it is not the ideal garment for use by casual passengers. Apart from the
relative frequency of the overwater transfer of passengers in military helicopters, civilian operators are
becoming increasingly involved in providing routine services to 0il rigs and platforms, many of which are
far offshore in the North Sea, The military services, and more recently industry, have recognised the
requirement for a simplified, easily donned, multifit garment based on the '"dry (or nearly dry) suit"
principle. A number of such garments are becoming available for evluationm but it will be no easy task to
produce a satisfactory garment.

As on land, the burden of the climatic conditions is felt not by the aircrew but by those working on
the flight deck where the effects of windchill and freezing spray will penetrate any but the best protective
clothing., A decade ago it was considered tha§ the flight deck clothing should provide protection for expo-
sures up to 2 hours. After exercises in 1974 it was demonstrated that flight deck personnel could be
exposed for periods up to 6 hours under exceptionally severe conditions including the wind chill effects of
rotor down draught. It was hardly surprising therefore that garments previously intended for a maximum of
2 hours exposure were found to be inadequate. Flight deck crews are now fully protected with what is essen-
tially the ground forces arctic combat ensemble with the addition of a water and wind proof outer layer com—
prising foul weather jacket and trousers. The hood of the foul weather jacket has been designed to provide
maximum protection of the face from wind.

CONCLUSIONS

Although the arctic is an extremely hostile environment it is evident that with careful planning and
preparation, the provision of proven equipment and proper training, the disadvantages of the environment
can be minimised. The operational tasks are therefore achieved to the maximum possible within the con-
straints imposed by the environment,
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PROTECTIVE APPROACHES IN THE MODERATION OF THE PHYSIOLOGICAL
EFFECTS OF EXTREME AMBIENT CONDITIONS IN HELICOPTER OPERATIONS

Louis J. SantaMaria, B.S.
Aircraft and Crew Systems Technology Directorate
Naval Air Development Center
Warminster, Pennsylvania 18974 USA

SUMMARY

Protective measures in the moderation of the physiological effects of stressful
environmental conditions for aircrew personnel is a concern for continuing research. The
report is divided into two parts: (1) head cooling in a simulated warm environment with
subjects at rest and exercising and (2) raft type in the emergency environment of cold
water conditions.

To study the effectiveness of a head cooling system, three subjects were indi-
vidually exposed to ambient temperature levels of 32.20C and 40.60C. Tests were con-
ducted with and without head cooling under resting conditions. Under conditions of light
activity simulating an increase in metabolic heat production of 150-200 KCAL/hr, only the
cooling mode was used at each ambient temperature. The assessment was based on temperature
and comfort sensation, skin and body temperature, heart rate and total weight loss. The mod-
erating effects of head cooling were indicated in the setting-resting conditions; with exer-
cise the advantages were less apparent, nossibly as a result of system limitations.

In the cold water phase, the Encapsulating Life Raft (ELR) and the USN LR-1 raft
was tested at three levels of air-water temperature conditions, i.e., 15.60C/10°C, 7.20C/
1.6°9C, and 2.89C/-6.7°C, and a constant wind velocity of 25 km/hr. Two volunteer subjects
were similarly equipped with minimal personal protective equipment. The advantages gained
by the use of the ELR were indicated in terms of body temperatures and subjective reports
even under the most stressful conditions of the program.

INTRODUCTION

The problem of designing adequate personal protection for use by aircrewmen un-
der adverse environmental conditions either in the normal operating envelope or in emer-
gencies involving separation from the aircraft is one of continuing interest and concern.
Probably from the very beginning of the development of protective suit assemblies and
associated auxiliary equipment, the resolution of the complex problem includes the consid-
eration of two diametrically opposed forces, i.e., adequate protection in the emergency
environment for effective completion of the search and recovery maneuver, on the one hand,
and the requirement that pilot and aircrewmen be unstressed and unencumbered in the success-
ful accomplishment of their mission, on the other. While the latter requirement is of
paramount importance in normal flying conditions, it is none the less important that air-
crew personnel be afforded the maximal level of environmental protection consistent with
prevailing search and recovery operations. The onslaught of an emergency, for example,
characterized by extremely low air and water temperatures, elevated wind velocity and
hazardous sea states, reawakens in aircrew personnel who have opted for a quasi-comfortable
suit configuration to the importance of a protective system leading to survival.

Protective measures in the moderation of the physiological effects of stressful
environmental conditions for aircrew personnel is a concern of continuing research in the
Applied Physiology Laboratory of the Naval Air Development Center. The subject matter for
the present report is divided into two parts, the one considering head cooling as a protec-
tive approach in a simulated warm environment of the aircraft compartment and the other
with protective measures in the simulated emergency of cold water conditions.

METHODS

1. Head Cooling in Warm Environments

In the determination of the effectiveness of head cooling in a warm environment,
a water-cooled helmet liner and its associated portable cooling unit designed by the
Aerotherm/Accurex Corporation, Mountain View, California was used. Three volunteer sub-
jects were individually exposed to ambient temperature conditions of 32.2°C (90°F) and
40.6°9C (105°F) for trial periods not exceeding two hours in duration. The tests were con-
ducted with and without head cooling while the subject was at rest or performing light
activity to increase metabolic heat production to an approximate level of 150-200 KCal/hr.
The pattern of exercise was as follows: standing (7 min.), marking time in place (4 min.),
sitting (4 min.), and standing knee lift (5 min.). The timed seguence totalling a period
of 20 minutes was repeated throughout the trial. The duration of each exposure was in

the range of 1-2 hours depending upon the stabilization of resultant physiological effects
or the life span of the effectiveness of the cooling capacity of the system. The evalua-
tion was tased on the following parameters: temperature sensation, comfort sensation,
surface skin and oral temperature as indicated and recorded by a Digetec Temperature
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Measuring System using thermistor sensors, pulse rate and total weight loss. Except for
the latter, all other measurements were made at 10 minute intervals during each trial.
The subjects were similarly clothed in standard flight equipment including Nomex under-
wear and flight suit, integrated torso harness, flying helmet and leather boots.

II. Raft Study in Cold Water Conditions

The cold water exposures were conducted in an experimental chamber in which a
3.0 m. diameter pool containing water to a depth of 1.0 m. was located. The water was
chilled to the desired temperature by means of wet ice; chamber temperature was controlled
by means of the refrigeration system integrated with the chamber facility. Air and water
temperatures were checked at regular intervals. A wind velocity level of about 25 km/hr
was generated by two wall fans as part of the refrigeration system and by two 24" floor-
mounted fans directed towards the experimental subject. Multiple surface skin and rec-
tal temperatures were determined by means of thermistor sensors whose outputs were indi-
cated and recorded by means of a Digetec Temperature Measuring System. The surface skin
thermistors were 13 in number and were adhered to the following body areas: forehead,
upper arm on the lateral aspect, lower arm on the anterior aspect, dorsum of the hand,
pad of the index finger, chest, upper and lower back, lateral and medial aspects of the
lower leg, dorsum of the foot and pad of the great toe. The rectal probe was inserted
some 6-8 cm. and adhesed at the sacral area with sufficient curvature of the thermistor
lead wire to obviate the possibility of retraction. The aggregate of 13 surface skin and
1 rectal probes was directed from the suit assembly and connected by means of two common
plugs to the Digetec System. By means of a time-controlling device, a full scan of all
temperatures was made at regular intervals of 10 minutes duration throughout the course
of exposure; in the same system, elapsed time was indicated by a digital clock. Mean
skin temperature (MST) was derived from the segmental temverature readings according to
the following weighting factors: torso, 35%; upper arm, 77%; lower arm, 7%; head, 7%;
upper leg, 19%; lower leg, 13%; hand, 5%; and foot, 7%.

Upon completion of the process of adhesion of temperature sensors on the body
surface and the insertion of the rectal probe, an initial scan of all the temperature
readings was made to assure that all was in working order. Adjustments could be made at
this time while the subject was exposed to a normal room environment. The subject was
then equipped with a minimally protective suit configuration consisting of the following:
Nomex underwear and coverall, anti-g suit, torso harness, survival vest and life preserver.
The flight helmet, Nomex gloves and exposure mittens, wool socks and flight boots com-
pleted the personal protective system. Prior to entry into the experimental chamber, a
second series of temperature recording was made to assure further that the temperature re-
cording system was in proper order. Upon entry into the experimental chamber, the subject
was instructed to demur only so long as to dissipate any body head build-up attributable
to the exertion of the dressing procedure. Following this interval which was a matter of
minutes in duration, the subject climbed a ladder and exposed himself to the water envir-
onment.

As mentioned previously, the subject was monitored at 10 minute intervals and
at the same time was interrogated by an inside observer regarding his sensations of com-
fort and temperaure and shivering level. Sensations of comfort were noted according to
a 4-point scale as follows: l-comfortable, 2-slightly uncomfortable, 3-uncomfortable
and 4-very uncomfortable. A 7-point scale was used for sensations of temperature as follows:
l-cold, 2-cool, 3-slightly cool, &4-neutral, 5-slightly warm, 6-warm and 7-hot. Shivering
levels were indicated as slight, moderate or extreme,

The termination of a given trial was determined by the attainment of a pre-set
time limit or of certain temperature levels as represented by a deep body temperature of
35.00°C or of an extremity temperature of 7.2-8.90C. The subject could terminate the trial
at any time by an expression of unwillingness to continue under the orevailing environment-
al conditions, even without the attainment of time and temperature limits just mentioned.
Further, the test conductor reserved the right to terminate a trial exposure for any rea-
son consonant with the safety and well-being of the volunteer subject. At the end of the
exposure, the subject was immersed in a small tank containing water of 41-439C temperature
for rewarming purposes.

RESULTS

I. Head Cooling in Warm Environments

The results of the head cooling trials are presented in Table 1 as average
values of the different measures employed in the program. At environmental temperatures
of 32.20C, mean skin temperature was only slightly affected in the resting mode, with or
without cooling. In the exercise mode with cooling, an average increase of 1.6°C in MST
was observed. Average head temperature was decreased by 1.6¢°C in the cooling mode at rest
but only slightly affecting in the exercise mode. Under any condition at 32.2°C ambient
temperature, oral temperature was only slightly affected.

As expected, the exercise mode resulted in an increase in heart rate by 22
beats/minute; the measure was only slightly affected in the resting mode with or without
cooling. While weight losses were comparable in the resting modes, a reduced order of
the measure was observed in the exercise mode at ambient temperatures of 32.2°C.

‘;.
1
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MEAN HEAD ORAL HEART RATE WT LOSS DURATION
\ CONDITION SKIN T(°C) T(°C) T(°C) (B/min) (€:9) (min)
REST-32.2°C +0.3 -0.3  +0.4 +4 310 120
NO COOLING
REST-32.2°C -0.1 -1.6 N.C. N.C. 320 109 3
COOLING 3
5 EXERCISE- +1.6 +0.1  +0.2 +22 240 120
: 32.20 C
COOLING
REST-40. 69C +1.6 +0.7 +0.3 +19 470 110
NO COOLING
REST-40. 6°C +0.6 -0.4 +0.1 +7 270 70
COOLING
* EXERCISE- +1.4 +0.6  +0.3 +10 535 80
| 40. 60
COOLING
Table 1. Physiological Changes in Exposures to Warm
: Environmental Conditions with Head Cooling.
: Data represent average values.
-
At environmental temperatures of 40.6°C, MST increased by an average value of J

g 0.6°C from starting levels in the resting-cooling altitude; average increase of the same
i measure under conditions of rest-no cooling and exercise-cooling were comparabls at 1.6°C
and 1.49C respectively. Regarding head temperature, cooling with the subject at rest re-
r sulted in a slight decrease while with no cooling an average increase of 0.79C was ob-

; served. With subjects exercising while being cooled at the higher ambient temperature,
an increase in head temperature approximating the increase under resting-non-cooling
conditions was observed. Oral temperature increased under all conditions of testing

to values ranging from 0.1 to 0.3°C. Heart rate changes in the resting-cooling mode were
slightly lower than in the resting-non-cooling mode; the order of heart rate change under
conditions of exercise-cooling was slightly higher than in the rest-cooling mode but not
higher than under conditions of rest and no cooling. For approximately equal time periods
extrapolated from actual tests, an increasing order of weight loss was indicated as sub-
jects were exposed to conditions of rest-no cooling, to rest-cooling and finally to the
exercise-cooling mode.

Regarding subjective responses of comfort sensation at ambient temperatures of
32.2°C, the trials were characterized as uncomfortable to very uncomfortable under rest-
no cooling conditions, ranging from comfortable to slightly uncomfortable under conditions ]
of rest-cooling, and from comfortable to uncomfortable with exercise-cooling. 1In 40.6°C
p environments, rest-no cooling altitudes resulted in uncomfortable to very uncomfortable

responses, rest-cooling effected slightly uncomfortable to uncomfortable comments and ex-
ercise-cooling responses ranged from slightly uncomfortable to very uncomfortable.

As for temperature sensation at 32.2°C, rest-no cooling trials resulted in re-
sponses ranging from warm to hot and slightly warm to warm in the cooling modes under con-
ditions of rest and exercise. In 40.6°C environments, subjective responses were the same
under all conditions of the experimental program.

II. Raft Study in Cold Water Conditions

The results of tests using the encapsulating life raft (ELR) and the standard .
LR-1 are presented in Table 2 and described under each set of water and air temperature 1
combination.

1. Conditions: 15.6°C Tw and 10.0°C Ta
A. Raft: ELR

In four tests conducted under conditions of 15.6°C Tw and 10.0°C Ta, each subject
undergoing the experimental treatment with replication, the duration of exposure was the
planned two hours. The order of decrease in Tr was 0.5°C in all tests except in the first i
exposure of the legser experienced subject. In this case, Tr decreased by 0.9°C, but upon
examination at the end of the trial it was noted that the sensor was slightly retracted
possibly as a result of body movement in boarding the raft. Mean skin temperature (MST)
was decreased by only 1,19C (ave) in the one subject and by 3.4°C (ave) in the other less
' experienced subject. Both subjects characterized the tests under these conditions as
“neutral" in regard to temperature sensation and "comfortable' in terms of comfort sensa-
] tion.

B. Raft: LR-1

The four tests using the LR-1 raft under the same temperature conditions were also
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of two-hour duration. The order of Tr decrease in two tests ranged between 0.5°C and
1.0°C; the measure in the remaining two tests was lost as a result of subjective movements
while in the raft. The MST was lowered by an average of 5.2°C (range of -3.6 to -7.5°C)
from starting levels. Under the prevailing temperature conditions, the two experimental
subjects using the LR-1 raft described the exposures as 'cool" and "slightly uncomfortable"
in regard to temperature and comfort sensation, respectively.

2. Conditions: 7.2°C Tw and 1.6°C Ta
A. Raft: ELR

In three of the four tests conducted under these conditions, the two-hour testing
period was completed with no difficulty. The remaining test was terminated after a period
of 1 hour 30 minutes in the interest of subjective comfort; the results of this test are
not being reported. In the three two-hour exposures, Tr was decreased bz an average of
0.7°C (range -0.5 to -1.09C) from initial levels; MST was lowered by 4.4°C (range -4.0 to
-4.79C) within the same exposure period. In regard to temperature sensation, the subjects
reported a "slightly cool to cool" condition; a report of "comfortable to slightly uncom-
fortable" was indicated in regard to comfort sensation.

B. Raft: LR-1

When the LR-1 raft was used under the same temperature conditions, the duration of
four tests varied within a range of 1 hour 20 minutes to 1 hour 40 minutes. Three of the
four tests were terminated because of subjective discomfort and shivering level; the re-
maining test was terminated as a result of the attainment of a critical core temperature
of 34.99C. The average decrease for the latter measurement in all tests was found to be
1.2°C (range -0.6 to -2.3°C). The average decrease in MST among the four tests conducted
with the LR-1 under these temperature conditions was of the order of 6.8°C (range -5.1 to
-7.99C). The subjects characterized these tests as "cold" in regard to temperature sensa-
tion and "slightly uncomfortable'" insofar as comfort semsation was concerned.

3. Conditions: 2.89C Tw and -6.7°C Ta
A. Raft: ELR

Under these conditions of testing, the respective subjects were able to tolerate
the exposure for the full two hours with no accompanying difficulties. The results repre-
sent the data from just two tests, one for each subject with no replication. It was con-
sidered that one valid exposure for each subject using either raft would suffice under the
extreme temperature conditions considered in this program of work. With the ELR raft, MST
was decreased by 2.4°C (range -2.1 to -2.89C); the Tr was lowered by 0.8°C (range -0.4 to
E1.1°C). In these tests, both subjects described the exposures as being '""cool” and 'com-

ortable."”

B. Raft: LR-1

Both tests conducted using the LR-1 raft were terminated in advance of the expected
2-hour run. In the one test of 1 hour 20 minutes duration, Tr had decreased to the pre-
set end point of 35.0°C necessitating the removal of the subject from the test environment.
The other test was terminated at the end of 1 hour, 10 minutes at the subjects request.

At the end of each run6 the Tr was observed as having decreased by an average of 2.2°C
(range of -2.0 to -2.3°C) while MST decrease was of the order of 7.2°C (range -6.8 to

-7.6°C). The LR-1 tests at the coldest set of temperature conditions were described by
the subjects as "cold" and "uncomfortable to very uncomfortable."
Water/Air Raft-No. Duration & MST A Tr Comfort Temp .
Temp-C of Tests Hr:Min oc oc Sensation Sensation
ELR-(4) 2:00 2.2 0.4 Comfortable Neutral
15.6/10.0
LR-1-(4) 2:00 5.2 0.8 S1. Uncomf. Cool
ELR-(3) 2:00 4.4 0.7 Comf. to S1. Cool
7.2/1.6 S1. Uncomf. to Cool
LR-1-(4) 1:30 6.8 1.2 S1. Uncomf. Cold
ELR-(2) 2:00 2.4 0.8 Comf. Cool
2.8/6.7
LR-1-(2) 1:15 7.2 2.2 Uncomf. to Cold

Very Uncomf.

Table 2. Results of Tests Using the ELR and LR-1 Rafts in a Cold Water Environment.
Data represent average values.

DISCUSSION
I. Head Cooling

)
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As a personal protective system intended to alleviate the stressful effects of
extreme environmental conditions, liquid conditioning has been the subject of considera-
ble interest for the past twenty-five years. Early in its development, the advantages
over gaseous ventilating system for full body protection were clearly outlined in terms
of the reduced power requirements and increased effectiveness of the approach. As a re-
sult of the efficiency of liquid conditioning as a personal protective system under ad-
verse thermal conditions, it was further developed by NASA for use in space flights in-
volving periods of high energy expenditure during extra-vehicular activity (4,5). As a
protective system for aircrew personnel of fixed or rotary-wing aircraft, the full-body
liquid conditioning approach has not gained favor, possibly as a result of its restrictive
characteristics in respect to conductive surface requirements, a condition aggravated in
flights of longer duration.

From the full-body suit design, attention was drawn to the possible use of a
liquid conditioning garment covering only the torso area of the body. Used in conjunction
with a portable wet ice compartment as the heat sink, the abbreviated torso suit was
successfully demonstrated for use in helicopter operations.

As an extension of the application of liquid conditioning to less generalized
body surfaces, research in partitional or differential body cooling was undertaken as a
means of dissipating unacceptable levels of metabolic heat production (1,7). With in-
creased interest in segmental cooling, attention was directed to the head area as the most
effective avenue of heat transfer under adverse thermal conditions. In an investigation
making use of a cooling hood, the potential uses of head cooling as a means of removing
as much as 307 of the total body heat production were indicated (6). From an aspect even
more specialized than the head area, a novel approach making use of neck cooling was shown
to be effective in the improvement of subjective indices of thermal zones and comfort levels
in environmental temperature conditions of 46°C (8). The approach made use of a small
(7cm2) local heat flux applied to an area superficial to the carotid arteries.

In an evaluation of a water-cooled helmet liner, Kissen et al. (3) found that ]
the magnitude of ali physiological responses including skin and mean body temperature,
mean heart rate, body heat storage, sweat loss and physiological index of strain were
significantly reduced by head cooling at environmental temperature conditions of 46°C and
407 RH. The elevation of rectal temperature, however, was the same for both non-cooled
and head-cooled conditions. The effect of head cooling on psychomotor performance tests
was found to be negligible as a result of the heat loads imposed. The circulation of the
conditioning system in this study made use of eight liquid-cooled neoprene patches covering
the back and crown of the head, extending anteriorly to just below the hair line and
laterally over the temples but excluding the ears, the jaw angles and upper part of the
neck. Inlet water temperature and flow rate were maintained at 180C and 1.0L/min.
respectively.

Making use of a similar system-in exposures at environmental temperatures of
95°F and 1159F, Williams et al. (9) revorted a significant reduction in the elevation of
rectal temperature, heart rate and sweat loss during head cooling at 115°F. and predicted
that the helmet liner would be effective at much higher thermal loads including exercise
or higher environmental temperatures.

In the design of a liquid conditioning system for the head of aircrew-personnel,
the requirement that the protective and functional characteristics of the helmet system
be not diminished is of primary importance. In an attempt to accomplish this, the condi-
tioning channels, covering mainly the back and crown of the head as used in the present
study, were made part of a cloth helmet over which the hard hat was worn. As such, it
resulted in limited coverage of the head as compared to other systems where the forehead,
sides of the head and neck were additionally covered by the patches through which the cir-
culating medium flowed. The limited coverage of the system used in the present study may
have accounted for the mild changes in some of the physiological measures of concern. In
the absence of a sufficient data base from which to determine the significance of the
effects of the experimental treatment on the pertinent physiological measures, the values
were presented as average responses of the different subjects used in the study. Within
the lesser order of magnitude indicated by the changes in the reported physiological mea-
sures, the moderating effect of head cooling is indicated in terms of mean skin temperature,
head temperature, oral temperature and heart rate in the resting condition at both environ-
mental temperatures of 90°F and 115°F. Weight loss under the same conditions was not so
directly affected by head cooling as evidenced in tests of a lesser order of time in dura-
tion. With subjects undergoing light activity under conditions of the experimental pro-
gram, the beneficial effects of head cooling regarding these measures was less obvious.
In general, therefore, the findings under resting states sustain those of other research-
ers interested in head cooling as a protective measure for aircrew personnel in adverse
thermal conditions of higher temperature. Under conditions of increased levels of metabolic
heat production, increased coverage of the head and neck areas, increased flow-rate of the
circulating medium over the one employed in the present system and possibly a lower order
of inlet water temperature with an appropriate range of preferred temperatures may be
necessary to realize the full advantages of head cooling.

IT. Raft Study in Cold Water Conditions

In the design of protective systems for cold weather operations, attention has
‘been centered on personal garments and auxiliary equipment as constant-wear items for
aircrew-personnel. This approach has resulted in a continuous search during the last
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decades for protective suit systems which, while attempting to meet with current require-
ments of cold water survival, were adequate and acceptable to personnel during normal fly-
ing operations. It was considered that the development of a modular system composed of
protective components actuated in the event of an emergency over cold water conditions
would solve the perplexing problem presented by acceptability during flight and thermal
protection in an emergency environment. In meeting this challenge, the encapsulating life
raft was developed as the flotation platform supplying the additional thermal protection
required on cold water impact (2).

In the actual operation of the encapsulating life raft during aircraft separation
above 152 m. (500 £t), the aircrewman would be completely enveloped and virtually in a dry
state even upon water entry. With the capability of low level separation, it is envisioned
at least in concept, as being useful in helicopter operations. In separations below alti-
tudes of 152 m, however, the encapsulating raft would be actuated in the water environment
and be comparable to the conventional life rafts in terms of normal boarding procedures
following the crewman's exposure to the water environment. The development of the encap-
sulating raft, therefore, would result in the transfer of the burden of cold water protec-
tion systems from the aircrewman's personal protective system as constant-wear equipment
to the flotation platform in the emergency of cold water exnosure.

Within the limits of the current investigation, the effectiveness of the encap-
sulating life raft in cold water environments, as compared with the standard USN LR-1 raft
under similar conditions, regarding the lessening of the loss in body temperature and in
evoking more acceptable levels of subjective sensation of temperature and comfort has been
indicated. In actual 2-hour trials, average mean skin temperature losses were of the order
of 2-40C with the more protective raft, as opposed to losses ranging from 5-70C with the
standard raft in tests of approximately one-half duration under the most severe water and
air temperature conditions employed in the study. Under these conditions, the duration of
exposure was dictated by the attainment of subjective tolerance limits or of critical body
temperatures. Subjective sensation of temperature and comfort in trials using the encap-
sulating raft ranged from 'neutral’ and 'comfortable'", respectively, to 'cool"” and
"comfortable'" as the ambient temperature conditions were lowered according to the experi-
mental approach. When the standard LR-1 was used, the subjective responses regarding
temperature and comfort ranged from '"cool" and "slightly uncomfortable' respectively, to
"cold" and very '"uncomfortable' as the temperature conditions became more severe. As a
result of the more acceptable subjective responses indicated in the program, the adequacy
of the encapsulating life raft is further indicated.

As envisioned in the use of the encapsulating life raft, the total effect, both
psychological and physiological, of remaining in a virtual dry state cannot be underesti-
mated in the extension of survival in frigid water masses. Not only is the survivor pro-
tected from the debilitating effects of cold water exposure in the boarding of a standard
raft, but he is also given the appropriate circumstances, protected thermally from the
effects of severe ambient conditions upon aircraft separation prior to water impact. Al-
though the latter maneuver may be a matter of minutes in duration, the former involving
the boarding of a standard raft may be appreciably longer depending on the condition of
the downed airman and the severity of the sea state. During this interval of time, the
physiological state of the survivor may be so severely affected as to seriously compromise
his efforis to regain a level of thermal balance in the raft environment. The proper use
of the . capsulating raft would reduce the harmful effects of immersion and would effec-
tive - .. hance the possibility of extended survival in cold water emergencies. In view of
the ¢ '~ water protection afforded by encapsulation as shown within the limits of the cur-
rent si.uly, it is concluded that the encapsulating life raft, of present or future design,
should t- cunsidered as a major component in aircrew protective systems.
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MOBILE INTENSIVE CARE UNITS
IN THE
DANISH SEARCH AND RESCUE SERVICE
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DK-2950 Vedbaek
Copenhagen, Denmark

The Sikorsky S-61 helicopter was introduced into the Danish Search
and Rescue Service in 1966 and has been used for more than 3500 missions.
More than 90% have been for civilian medical support, as a result of ]
which the helicopter has evolved from a pure rescue vehicle to the point
where it also should be considered a mobile intensive care unit. Much
attention has been paid to the design of the helicopter cabin and to
crew education, which now in 80% of the missions includes a special]y.
trained physician. The experiences from more than 600 missions wherein
the helicopter was employed as a mobile intensive care unit have .
demonstrated that the military has provided to the Public Health Service
in Denmark a valuable means for patient evacuation.

Denmark has three unusual geographic features; it is almost completely surrounded by the sea, the
coast is highly indented, and some 500 islands are included in its territory. An unusually large shipping
volume passes through these waters, which at times are assaulted by violent storms.

A rescue service against disaster at sea has long existed (something on the order of five centuries),
especially along the western coast of Jutland. Years ago this was carried out by fishermen combating the
waves in small rowboats, often with the loss of the rescuers' lives. Later, the duties were taken over by
special rescue ships home-berthed in the bigger harbours.

In 1951, a special squadron of the Royal Danish Air Force was formed to operate this service. The
first aircraft were S-55 helicopters supported by the amphibious Catalina. But a new era began in 1966
when the unit was re-equipped with the S-61, a bigger, very sturdy and fast helicopter able to operate day
and night, 365 days a year, far away from the Danish coast if necessary.

In the beginning, the mission was almost pure search and rescue; more than 3500 such operations have
been carried out. One of the first and still most prominent was the rescue of sixty passengers and crew
of the ill-fated ferry Skagerak which plied between Norway and Denmark. On September 21, 1966 the vessel
was hit by massive waves during a hurricane and shipped between 150 and 200 tons of water. Shortly after
Mayday was sent out, five helicopters and some ships were able to evacuate 145 passengers from lifeboats
and dinghies. Only one man died, from a myocardia)l infarction.

This and subsequent similar airlift successes reflected great credit upon the skill and courage of
the helicopter crews, as well as the competence with which the Rescue Coordination Centre (RCC) controlled
it.

Manned 24 hours a day, the RCC always has a duty officer not only trained in coordination and management
but who also has had practical experience in search and rescue. Within a few moments after a call for help
is received, he has determined whether it could be supplied just as efficiently and quickly from another
source such as the Salvage Corps. When responsibility for providing helicopter aid is accepted, the duty
officer gives the necessary instructions and within a maximum of fifteen miuntes the helicopter is airborne.
The RCC is located in the middle of Jutland, but the Rescue Squadron operates from three widely dispersed
bases so that a request for help can be answered with minimum flying time. One base is in the northern
part of Jutland, another in the southern part, with the main one at the Vaerloese Air Force Base near
Copenhagen.

More than 90 percent of the missions have been of civilian character, such as support to the fishing
fleet, civil shipping, civil aviation, and to individuals distressed during recreational activities. But
during the last years, support has also been given to the Public Health Services in the form of evacuation
of sick or injured patients from isolated islands or from smaller hospitals to the bigger ones. This
development meant that the helicopter was no longer only a rescue vehicle, but now had to evolve into a
type of mebile intensive care unit since the transportation interval could very well be an hour or more.

-The $-61 Sikorsky helicopter used is most suitable as the cabin provides not only ample space for
patient observation and treatment, but also is so designed that a stretcher can be surrounded by apparatus
for oxygen, suction, ECG with defibrillator, 12 volt incubators, and respirators, along with a wide variety
of medical gear and drugs. Since we must have standardization in emergency medicine, this same equipment
will be found in the civilian salvage corps vehicles and in most Danish hospitals. Supplies are stored in
a transport container which contains smaller boxes, each having units for particular tasks, such as ventila-
tion, suction, infusion, splints, drugs, and bandages. A1l assemblages can be hoisted from the helicopter
to shipboard or the ground.

We have found the S-61 has an added important advantage, as the five-bladed rotors cause minimum
vibrations and turbulence, insuring the best transport medium for the patients, since it is almost free
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from positive or negative accelerative forces during takeoff and landing.

The crew ordinarily consists of two pilots, one radio operator, one flight engineer (who also serves
the hoist operator), and a medical technician trained in land and sea rescue techniques. It is particularly
noteworthy that although several helicopter services worldwide routinely operate without an on-board phy-
sician, in the Danish Search and Rescue Service a physician is an added supplement whenever a potential
need for his skill is foreseen. This became policy at the request of the other crew members in spite of
their well-demonstrated capabilities, since all wanted the best possible care for each patient. Presently
approximately 80% of the missions carry a doctor.

Physicians allocated to this duty are usually those who have already completed their obligations in
national service. Since they must perform alone in one of the most difficult and demanding disciplines,
emergency medicine, each must have acquired practical experience after licensure. All are required to
complete a post-graduate course in the Air Force medical school where their training, apart from military -
and aviation medicine, emphasizes acute and disaster medicine which involves supervised practice in
anesthesiology, chest and abdominal traumatology, acute extremity surgery, treatment of acute central
nervous system injury, and acute psychiatry. Furthermore, the pathophysiology and management of drowning
and hypothermia are intensively reviewed. This education is provided by teachers from the university
hospitals whenever the military physician faculty do not have the necessary expertise in some of the more
highly specialized fields.

The training also included a few weeks of basic navigation, radio procedures, air control, meterology,
and the rudiments of flying. The physicians practice hoisting operations from land, sea, and rubber boats;
participation in simulated survival exercises is required.

This preparation in flying and operational procedures is of tremendous importance, since the physicians
are then able to descend onto a ship and there make an immediate appraisal of a patient's condition, and if
necessary, to start treatment before evacuation to the helicopter.

Scarcely any two rescue or transport operations are the same. For this reason the helicopters must
carry many different types of equipment ranging, for instance, from a single or double harness which
amazingly does not increase the discomfort of even the severely injured, to a large flotation basket litter
for hoisting litter patients. This latter combination was developed within the squadron as a modification
of the normal Sikorsky stretcher and basket; it takes less cabin space, is easier to lower onto a chip in
a high sea, and floats with an adult person should it be inadvertently detached from the mooring. The
helicopter can even carry a patient in his own hospital bed, a method often used for burn cases or those
with an injured spinal cord. A1l services are free of charge.

Since 1972 there have been more than 1000 missions in which a physician joined the crew. In over
600 of these the rescue helicopter had to act also as a mobile intensive care unit, as all the patients
needed very close observation and treatment, such as I[.V.-drips, artificial respiration, correction of
cardiac disorders, and many surgical interventions. Only one patient has died during the evacuation, a
too early born baby with severe respiratory distress syndrome; demise occurrred just before arrival at
the Copenhagen University Hospital.

Analysis of our detailed reports on each of the missions produces a rather startling observation.
Unless trained in anesthesiology, aviation medicine, or emergency medicine, most physicians do not com-
prehend what patient movement may produce. The transport of patients who are physiologically decompensated,
whether from disease or injury, must per se be considered a further trauma. One means of obtaining that
evidence is to insure that there is effective communication between the receiving hospital and the flying
unit, with feedback from the hospital. In this way we can demonstrate the uncritical rushing of patients
Lo hospital is actually an emotional flight from professional responsibility. This must be emphasized and
reemphasized. The only acceptable practice in emergency medicine is to stabilize the patient before
transport and to prevent further deterioration during transit to definitive medical care. It is because
the Search and Rescue adheres to this practice that the Danish success rate is so great.

Our experience in this area during peacetime has shown that there has been no special ditficulty in
performing these efforts within the helicopter--if the cabin of the vehicle is big enough and equipped
to act as a mobile intensive care unit; if the crew is educated in advanced first aid; and if the rescue
physician in addition to his education in emergency medicine also is trained as a crew member in helicop-
ter flying under all conditions.

In this way, the use of an expensive but efficient military apparatus and organization provides the
Public Health Services a supplementary means of patient evacuation from the sea and from isolated areas,
in addition to secondary transportation between hospitals. A1l of these have been proven to be safe and
easy on the patients. Further it provides realistic, professionally rewarding training for the Armed
Forces in meeting their responsibilities in national disasters.




IN-FLIGHT TOXICOLOGY OF FIXED AND ROTARY WING AIRCRAFT CREW STATIONS
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SUMMARY

A system has been designed and developed for the measurement of toxic gases while in flight. The
system is based on the use of several instruments including a multi-channel infrared spectrometer, a
mass spectrometer as well as several other instruments and techniques. The techniques have been applied
to the evaluation of weapons gases and contamination from engine exhaust in the Utility Tactical Trans-
port Aircraft System (UTTAS) as well as other aircraft systems.

LIST OF SYMBOLS

UTTAS - Sikorsky YUH-60A Aircraft

ppm - Parts per million (1% = 10,000 ppm)
NBS - National Bureau of Standards

IR - Infrared

JEOL - Japan Electronic and Optical Limited
0SHA - Occupational Safety and Health Administration

INTRODUCTION

A system which was developed at the United States Army Aeromedical Research Laboratory (USAARL) uses
a direct and immediate approach to the evaluation of toxic air contaminants occurring in in-flight heli-
copter aircraft and in the field at weapons firing sites.

Among the toxic chemicals encountered in the cabin atmosphere are hydrocarbons from the bleed air
system, carbon monoxide contamination from the heating system (10) and exhaust products from the weapons
system (7,8,9). The system can also be used for on-site testing of exhaust accumulations of weapons
fired from fixed enclosed areas on the ground (11). The toxic chemical mixtures in the air from weapons
firing are rapidly changing with often low {ppm) concentrations.

Acceptable ceiling concentration and time limits for exposure to atmospheric toxic chemicals in the
in-flight helicopter are set by MIL-STD-800, 21 July 1958, and Code of Federal Regulations pt 29, July
1976 (OSHA Regulations). MIL-STD-800 and OSHA gives acceptable ceiling concentrations on the accumula-
tion of chemical mixtures in the atmosphere such as from fixed ground weapons firing. These ceiling con-
centrations range from 0.02 to 5,000 ppm for various substances,

As previously stated, the atmospheric chemical mixtures have low, constantly changing concentrations.
Therefore, collecting the sample on-site and performing the chemical analysis in the laboratory entails
precautions and serious analytical problems. The sample collection method requires an enormous number
of precisely timed samples because of the constantly changing atmospheric chemical mixture. In addition,
certain compounds such as ammonia, nitrogen dioxide and hydrocarbon-free radicals react with each other
and with trapping devices causing errors in the analysis.

The instrument must be contained in a limited space and operated from a minimum power supply. It
must sustain operations while vibrating at a continuum of frequencies in the environment of impulse noise
from weapons firing and frequently changing air pressure. Changing water vapor partial pressure may also
be a source of interference. Because of the stringent requirements of the analytical instrument for in-
flight analysis aboard the aircraft, the analytical instrument may be used for on-site ground weapons
exhaust analysis also. The analytical capabilities of the instrument should be such that a chemical with
concentrations in ppm can be measured directly even though it exists in a mixture of airborne chemicals
and elements of much higher concentrations.

The MIL-STD-800, 21 July 1958, which remains as the military standard, though it is outdated, allows
a ceiling concentration of carbon monoxide at 0.005 percent or 50 ppm. The standard (MIL-STD-800) recom-
mends on-site sampling with subsequent analysis in the laboratory. The equipment used for on-site testing
should conform to MIL-D-3945 or MIL-T-3948 which is carbon monoxide, colorimetric detector kit or NBS
colorimetric indicating carbon monoxide.

Numerous other methods of analysis and instruments for sampling at timed sequences have been used since
1958. A rapid timing sequencer for toxic gas sampling (12), a carbon monoxide analyzer from Mine Safety
Appliance Co. (MSA) carbon monoxide meter, Model 08-9141 (13), Geoscience Cadet carbon monoxide detector
(14), and numerous other catalytic detectors (9) for carbon monoxide are manufactured by the Mine Safety
Appliance Company and various other companies.

In September 1974 Kenneth G. Ikels published a Report (15) on a system for on-site oxygen contaminant
detection. The system used a partable infrared (IR) analyzer which became commercially available in 197}
from the Wilks Scientific Corporation, South Norwalk, Connecticut.

The purpose of this study is to report an analytical system (utilizing a portable Wilks infrared
instrument) that is capable of doing on-site analysis of air contaminants of in-flight helicopters. In
addition, we will describe other systems including the Varian mass spectrometer, the JEOL gas chromato-
graph-mass spectrometer and others.
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METHODS

Mass Spectrometry - A Varian EM-600 mass spectrometer was purchased for use as a means of detecting
gases that conce1va5iy had not been previously identified. The project was to have an onboard, real time
system that could detect gases before the various components could react together. This goal has not
been realized with this instrument because of the numerous technical problems involved. The instrument
is useful though and there is potential for further analytical ability.

The mass spectrometer is a low resolution instrument {approximately 200) and was designed as a teach-
ing instrument. Its simplicity, however, increases the capacity for development of the system. There
are no separating capabilities, i.e., the instrument is not coupled to a gas chromatograph and, therefore,
a mixture placed in the inlet is analyzed as a mixture. The sensitivity has been found to be lacking.

It can detect gases only in concentrations greater than about 0.03% or 300 ppm. This is a problem be-
cause many of the trace components are in a range much Yower than this {i.e., 1 ppm). The difficulty
is that one is trying to analyze 1 ppm of trace gas in the presence of 800,000 ppm nitrogen and 200,000
ppm oxygen. For this reason it would be highly desirable to have some means of separating or concen-
trating the sample. A sample concentrator was constructed which consisted of a series of valves and
stainless steel tubing. The sample was allowed to enter the concentrator under vacuum. A short length
of stainless steel tubing was packed with activated charcoal and stoppered at both ends with glass wool
very similar to a chromatographic column, The charcoal column was cooled with liquid nitrogen to 73°K
before the sample was applied. The column was then allowed to warm slowly while mass spectra was being
taken. Some separation of N2 and 02 took place but when H2S was used as a trace gas, it was not de-
tected. The technique is a promising one, though, and further development will be required to make the
pre-concentrator useful. A major disadvantage of this system is the length of time required to analyze
a sample and the cumbersome use of liquid nitrogen.

Another problem one encounters when using the mass spectrometer is the difficulty in controlling the
inlet pressure accurately. The peak height is proportional to concentration but also the partial pres-
sure of the gas in the inlet. If the pressure is not controlled accurately, no quantitative results can
be obtained.

Electrical and vibration problems were also encountered. Initial attempts to isolate the system from
vibration consisted of simply placing the instrument on a piece of 2 inch foam rubber. Vibration was
still excessive so the mass spectrometer was bolted to a board which was suspended by springs from a
frame which proved successful in removing the vibration. The electrical system in the helicopters of
interest has a 28 volt DOC system. An inverter is required to provide 110 volts AC for both the mass
spectrometer and the vacuum pump. Since the mass spectrometer requires a regulated power supply, a
Topaz inverter of sufficient capacity was used. The vacuum pump requires a considerable amount of cur-
rent {about 4 amps at 110 volts). A Carter rotary inverter is used with the vacuum pump, and with the
Toss in power through the inverter, a 40 amp 28 volt circuit minimum is required. A 28 volt DC motor
for the vacuum pump would save considerable weight and energy.

The sample of interest is air. Figure I shows a mass spectrum of a mixture of air. At m/e of 40
note the Argon (Ar) peak. This peak is equivalent to 940 parts per million (ppm). Argon can be used
as an internal standard because of its fixed concentration in air. If one expands the sensitivity until
the Argon peak is nearly off scale, then one could quantitate a gas in the 200-300 ppm range. In the
harsh environment of flight, much noise is present which leads to some error even at this level. One
can see that at concentrations below this the noise level would exceed the peak height of the compound
of interest.
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; Figure 1. Mass Spectrum of Air Using the Varian EM-600 Mass Spectrometer
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Wilks Infrared Analyzer - This instrument was designed for monitoring of gases in the industrial en-
vironment., Tt is ideal though for use in an aircraft because of its portability, low power consumption
and durability. A considerable amount of work has been done by Ilkels et al. (6) with an earlier model
of the same instrument. The Wilks Model 80 single beam infrared spectrometer has a 20 meter pathleength
gas cell and is controlled by a microprocessor. It was connected to a Hewlett-Packard 700m XY recorder.
The instrument is able to detect gases in the very low parts per million range (*+ 1 ppm). The sensi-
tivity of the instrument occurs because of the very long pathlength gas cell, i.e., there is a large
number of molecules in the beam in order to accomplish a reasonable amount of infrared absorption. The
microprocessor increases the power of the infrared analysis by allowing one to select and rapidly change
specific wavelengths. It also allows one to program values for standards of several gases so that he
can get an immediate printout of the concentrations of those gases.

A person might question the possibility of one compound absorbing at the wavelength that one is
trying to measure another. This is indeed a possibility but the microprocessor can account for these
interferences. For example, NH3 has some absorption at the S02 wavelength. This is measured when the
standards are being run. A matrix of all the wavelengths and all the absorptions at those wavelengths
is created. A Fortran program supplied by Wilks when the instrument was purchased is used to solve the
matrix. The results are entered into the instrument and the interferences are accounted for.

The XY recorder was used to record the infrared spectrum from 2.5 to 14.5 microns by connecting the
absorption to the Y axis and the wavelength output to the X axis. The separation of wavelengths is
accomplished with a novel system of variable wavelength filters. There are three filters and the infra-
red spectrum is divided into three sections because of the three filters. The filters do not have the
resotution of a grating instrument but the filter system is very durable compared to a grating instrument
which is an important factor in the portability of the instrument.

The instrument has been programmed to measure guantitatively the compounds at the wavelength de-
scribed in Table I.

TABLE I
COMPOUNDS AND THE WAVELENGTH AT WHICH MEASURED

Compound Wavelength (Microns) Range Calibrated
Reference 4.00 Not Applicable
H20 2.689 Not Calibrated
Methane 3.275 0-50 ppm
Ethane 3.3070 0-50 ppm
Ethylene 3.340 0-50 ppm
NO2 3.39n 0-50 ppm
C02 4,250 Not Calibrated
co 4.761 0-50 ppm
S02 8.905 0-50 ppm
NH3 10.834 0-5C ppm
Acetylene 13.750 0-50 ppm

The H20 and €02 were not measured quantitatively because of their natural presence in air and their
strong infrared absorption. The 20 meter pathlength was used in this analysis. If one chooses to
measure H20 and CO2 quantitatively, he must reduce the pathlength. The cell does have the feature of
variable pathlength. Also, a substance such as calcium chloride and ascarite can be used for removing
the C02 and H20 in order to zero the instrument.

Ikels (6) reports that methane, ethane and ethylene can be separated quantitatively by pressurizing
the cell to 10 atm, I have not found this to be possible at 1 atm, but have not pressurized the cell.
Any hydrocarbon absorbs in the area of 3.2-3.4 microns and with possible interference in an unknown
system such as bleed air or gun gases. A more appropriate way of reporting the result would be
“hydrocarbons calibrated as methane" unless further identification could be made by mass spectrometry
or some other technique.

A problem that has been discovered concerning the 20 meter cell is the length of time required to
fill the cell. Figure II shows that 5 minutes of sampling is required in order for the cell to fill
completely with a sample. This means that an underestimation of the concentration is possible. Work
is underway to determine the extent of the underestimation if less than 5 minutes time is available in
which to sample.

Single Channel Instruments - Several companies produce portable instruments for detecting various
gases, Mine Safety Appliance Company, 600 Pennsylvania Center Boulevard, Pittsburgh, Pennsylvania 15235,
produces a portable carbon monoxide indicator which is completely self-contained. The principle of
operation is an electrochemical polarographic type cell which electro-oxidizes carbon monoxide to carbon
dioxide. The carbon dioxide is detected and the resulting signal is monitored, temperature compensated
and amplified to drive a meter or chart recorder. A small pump pulls an air sample into the inlet and
through a flow indicator. The instrument is simple to use but does have its limitations. Some other
gases interfere and give false readings so it is not entirely specific. Its response time is 90% of
final reading 30 seconds which is better than the infrared analyzer as far as response time. One limita-
tion that is a problem with this and al1 other gas analyzers is that changes in atmospheric pressure
change the calibration of the instrument. This is particularly a problem in the helicopter in that all
results must be corrected for altitude.
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CHARGING CURVES FOR 20 METER GAS CELL
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Figure II. Infrared Absorbance of Carbon Monoxide Versus Time of Gas Introduction

Another method of testing for unknown toxic gases is what is called "“detector tubes" which are
simply short glass tubes which contain chemicals on some solid support. A known quantity of air is
drawn through the tube with a syringe type pump. The toxic gas reacts with the chemicals producing a
color change in which the distance is proportional to the concentration of the gas present. Their ad-
vantage is their sensitivity as well as the wide variety of substances that can be tested. Their limita-
tion is that they are not highly accurate and they do have some interferences. Detector tubes can be
obtained from Mine Safety Appliance Company or Matheson Chemical Company.

Research Appliance Company, Gibsonia, Pennsylvania 15044, makes several analyzers including a
NO2-NOx analyzer with recorder. The principle is a photometric cell and a chemical that reacts with
the nitrogen oxides. Its sensitivity is qood, less than .5 ppm, but it requires a fairly long period
of time of sampling, i.e., 90% response in 2 minutes. They also have a S02 analyzer that works on an
electro-conductimetric principle and can detect concentrations to .01 ppm.

Energetics Science, Inc., 85 Executive Boulevard, Elmsford, New York 10523, makes small single and
two channel instruments for monitoring carbon monoxide, hydrogen sulfide, nitrogen oxide and nitrogen
dioxide. Their detection sensor is based on electrochemical oxidation or reduction. Again, each in-
strument has its limitations and interferences but sensitivity and portability are good.

The means of gathering samples can be quite complicated in themselves. One method used is that of
bubbling the air ?sample) through some solvent. The toxic gases then dissolve (hopefully) in the sol-
vent which can be brought to the laboratory for analysis. Considerable error is likely here for many
reasons such as rate of flow through the liquid, solubility of the compound in the liquid, temperature
of the solvent, etc. This method though semi-quantitative can be used to detect very low level of gases
and because of the sophistication of the instrumentation can be very specific.

Another technique would be the absorption of the gas on an inert material such as charcoal at very
low temperatures. This technique has the problems associated with working with 1iquid nitrogen and a
fairly complex system of flowmeters, pumps, etc., must be used. An advantage with this technique is
that it minimizes changes in the composition of the sample while it is being returned to the laboratory.

A third method is the use of evacuated containers. The bulk of such a system is a problem of pres-
surization of the cylinder is required to obtain a sample large enough for a complete analysis. Also,
the reaction of the gases and the absorption to the walls of the container are sources of error. Basi-
cally, the proper approach to gas analysis is an evaluation in the field or in flight where possible and
then further investigation in the laboratory when some unknown toxic gas has been detected.
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Other Methods of Analysis - Numerous other methods are available for gas analysis but most are not
well suited to the heTicopter environment. This instrumentation requires that the analysis not be made
while in actual flight. There are advantages to both methods many of which have already been monitored.
The advantage of a system in the laboratory, though, is that it can be much more complicated and there-
fore greater accuracy and sensitivity can be obtained. Our laboratory has a JEOL gas chromatograph-mass
spectrometer with computer that can be used for gas analysis in the laboratory. Of course, such a system
requires that some means of collecting the sample must be devised.

RESULTS

During the period 12-14 April 1977, the US Army Aeromedical Research Laboratory (USAARL) Biochemistry
Branch of the Aviation Medicine Research Division evaluated toxicologic gases related to the operation
of the Sikorsky UTTAS (UH-60) aircraft at the request of the US Army Developmental Test Activity (USADTA).

As representative examples of toxic gases which would possibly accumulate in the aircraft during
typical operational conditions, carbon monoxide (CO) and nitrogen dioxide/nitric oxide (NO2/NO) levels
were monitored continuously and quantified during aircraft tests. In addition, an onboard mass spectrom-
eter was used to produce immediate mass spectral data in order to analyze rapidly decaying toxic com-
pounds. Samples were also taken in sealed nonreactive containers for lTater in-laboratory analysis using
a high resolution, high sensitivity JEOL D100 mass spectrometer. The evaluation was divided into two
phases: (1) accumulation of toxic gases from the aircraft engines and (2) generation of toxic gases as
a result of weapons firing.

Both phases were conducted under a variety of conditions which, according to experimental design,
would encompass as many operational procedures as the UTTAS would be anticipated to perform.

Aircraft Engine Evaluation - Tables II and III represent the gases detected in the aircraft as a
function of selected aircraft maneuvers. The reference for this test was MIL-STD-800 which is the basic
reference standard for carbon monoxide evaluation in military aircraft (1).

TABLE I1
CARBON MONOXIDE EVALUATION OF AIRCRAFT ENGINES (GROUND TESTS)

Heading Relative C0 Measured ~ Maximum Standard
To Wind Direction Parts Per Million (ppm) Parts Per Million (ppm)
0° <1 1200
90° 2 1200
180° 3 1200
270° 1 1200

Wind velocity was reported as 1 mph.
TABLE III
CARBON MONOXIDE EVALUATION OF AIRCRAFT ENGINES (FLIGHT TESTS)

€O Measured Maximum Standard

Condition (ppm) {ppm)
Normal Cruise Power <1 1200
Full Military Power Climb 4 1200
Aircraft Circling 1 1200
Hovering 5 1200
Backward Flight 1 1200
Lateral Flight 1 1200

Gun Gas Evaluation - During the test series, airspeed (AS) was varied from 40 to 100 knots. Degree
of offset by the right and left gunners was effected through a representative number of positions while
conditions, such as number of rounds fired and status of the aircraft ventilation system, were varied.
A11 tests were conducted at an altitude of 1,000 feet.

Carbon monoxide (CO) was monitored continuously during the test series and was found to vary from
0 to 20 parts per million (ppm). The worst case situation occurred at the slowest airspeed tested (40
knots) with both guns at maximum firing rate. However, the CO level did not exceed OSHA standards (2) in
any combination of conditions. Nitric oxide and nitrogen dioxide (NO/NO2) were also monftored con-
tinuously and no detectable levels were found.

Mass spectrographic (MS) analysis revealed the gases presented in Table IV,




TABLE 1V
MASS SPECTROGRAPHIC ANALYSIS OF GUN GASES*

OSHR Standard Based on 8 Hr
Day, 40 Hr/Week, Weighted
Gas Sample 1 (ppm) sample 2 (ppm) Exposure Level (ppm)
NO None detected None detected 5
NOo None detected Nore detected 5
S02 24 8.5 5
HCN 18 21 10
HpS*+ 126 63 50

*Accuracy is + 25%.

**OSHA standards only allow one 10 minute exposure of 50 ppm H2S in any 8 hour period as opposed to
the other gases in the table which are based on weighted averages.

The two samples analyzed were collected during the worst case situation described above. Trace
quantities of other compounds were noted from the mass spectra generated but could not be positively
identified due to the complex nature of the mixture. The only compound that was present in significant

uantity is described as demonstrating a primary mass to change (m/e) ratio peak at atomic mass units
?amu) 57 and is probably Ally! alcohol, 2 Butane-1-o01 or a product having a similar fragmentation
pattern.

INTERPRETATION

Significant gas levels were identified according to current OSHA standards. A1l gases that were de-
tected with the exception of hydrogen sulfide (H2S) were in the category of 8 hour weighted exposure
compounds. This means that an individual may experience a maximum exposure level in a relatively short
period of time as long as the average stated level is not exceeded in an 8 hour period. Also, several
periods of exposure would be alloweg as long as the cumulative dose did not exceed the average 8 hour
value.

The other category which is identified as ceiling concentration is more restrictive in that a one
time only exposure of a certain level for a stated number of minutes is allowed for any 8 hour period.
H25 is in the latter category.

It is felt that the aircraft ventilation system could not be adequately evaluated because of safety
considerations dictated by the firing range. The rapid forward movement of the aircraft and the accom-
panying forced air ventilation through the gunner's door probably created an override situation which
could have masked any contribution by the aircraft's vent system. A Tow hover, maximum fire maneuver
would probably have permitted a better evaluation in this case.

Mass spectrographic identification of low molecular weight compound mixtures was accomplished
through peak matching and cracking patterns of known compounds. -Quantification was achieved by using
Argon, which has a known concentration in air (.94% or 940 ppm) as an internal reference, and comparing
selected peak heights (3,4). The sensitivity of Argon and that of the unknown is used to establish a
ratio correction factor. The sensitivities are usually referenced to n-butane and are found in the
cornu compilation of mass spectral data (5). Fragmentation patterns are also determined from these
tables. The formula for the general quantitation calculation is:

Cx = SAy Pxx ca
Sx Pa

Where Cx = Concentration of unknown
Sp = Sensitivity of Argon
Sx = Sensitivity of unknown
Py = Peak height of unknown
Pp = Peak height of Argon
Cp = Concentration of Argon in air (940 ppm)
During the test series, no significant accumulation of carbon monoxide was experienced.
Although present in significant quantity, the levels of sulfur dioxide (S07) and hydrogen cyanide
(HCN) were not interpreted as excessive because they are in the OSHA 8 hour we?ghted exposure cate-

gory (2). For example, a gunner would have to be exposed to over 100 minutes of continuous firing in
one 8 hour period to exceed the stated safe level of S02 when the worst case is used as a model.
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However, the situation is different with respect to H2S because this gas is in the OSHA ceiling con-
centration category. Due to the one time only exposure restriction imposed by this category, H2S con-
centrations were interpreted to have exceeded the safe limits as defined by OSHA regulations,

During the test series, there was no significant difference in gas concentration that could be at-
tributed to the vent system being open or closed.
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BACKACHE IN UH-1D HELICOPTER CREWS
by
H.C .Schulte-Wintrop
LTK

Manfried v Richthofenstr. 8
4 Munster, FRG

and
H.Knoche
Helicopter Transportation Wing 64
4597 Ahlhorn
Postfach 300, FRG

In aviation one can make the observation that progress in aircraft design and technical per-
formance is not always accompanied by an improved ergonomical outlay. The development of heli-
copters with twobladed rotors meant a great step forward in the reduction of maintenance re-
quirements. However, vibrational forces resulted which we are sure are one important cause of
backache in helicopter crews flying this type of aircraft. Other factors like poor seat design
and draughty cabin conditions attribute to the complaints. Seats by the way are alao a problem
in fixed wing aircraft even in modern airliners.

In the following we will not dwell on an explanation as to the pathology of spinal ailments in
nelicopter crews but rather on a practical way of dealing with this probleam which we think has
proved valuable. This is to say that we believe that more basic research on this topic is pe-
cessary. The fact that electronmicroscopy seeas to be a promising tool in further investigations
will be pointed out later. The important question of the recognition of vibration induced back-
ache as an industrial diseass depends on these studies.

The flight surgeon dealing with helicopter crews is of course interested in the eticlogy of
backache in order that sn effective treatment and prophylaxis can be inatituted.

For this purpose a questionnaire was prepared and handed to the crews (6). Out of a total of 145
pilots, flight engineers and air rescue medics questioned 40 ¥ complained of backache during
flight and 51 % of backache after flight. The eteady RPM setting during normal flight was marked
to cause discomfort in 37 % of the cases as opposed to only 4 % when increasing RPM. In 39 % of
the cases the pain was described as a lasting ome. 29 ¥ reported one of short duration. In 34 %
it was felt in the middle of the back over the dorsal processi, in 5% % in the lumbar region,
snd in only 17 ¥ in the neck (Fig. 1).

A study by Niethard (3) of the Orthopedic Clinic of the University of Heidelberg (Fig. 2) shows
fairly well matching figures for objective and subjective findings for back complaints. As to our
group one has to assume that the known dissimulation of flying personnel is in favour of our fi-
gures, in other words, the percentages given may rather be considered as too low. It may be added
that 33 % of the personnel questioned returned their forms anonymously.

On the average 5 years of flying time elapsed since onset of discomfort or pain. 16 % of our volun-
teers had some vertebral abnormality prior to flying. This compares favourably with the percentage
for all draftees born from 1946 through 1966 which is 62 %.

We have come to the conclusion that the following factors have to be considered as causative to
backache in helicopter crews:

Vibration, seating posture, draft, lack of specific exercisea and vertebral abnormalities,

Comning now to the factor vibration wve can simply state that the vibrations caused by the two-
blade rotor of the UH-1D and being transmitted to the body through an undampened seat are beyond
the criteria set by US as well as German standards. The US Specification Mil A 8892 USAF (4) reads
(Fig. 3) as follows:

The vidration of crew seats which can affect crew comfort during unaccelerated flight and from
ainimus to maximum cruising speed shall not exceed + 0,1 g at frequencies below 22 Bz, 0,1 mm
double amplitude at frequencies between 22 and 86 Hz and 1,5 g at frequencies above 86 Hz.

Unfortunately, the blade passing frequency which is the fundamental cause of obtrusive vibration
ranges from 9 - 11 in the twobladed UH-1D.

We know that proper spinal support during flight relieves complaints of backache. Some of our




19-2

.

questioned pilots have found this out empirically. They use a cushion which is placed in the
lumbar area.

The explanation for this effect lies in the shockabsorbing qualities of the double "S"-curved
spine (Fig. 4). The UH-1D Pilot has to operate the stick with the right hand and the pitch with
the other (Fig. 5). Thias gives rise to a leaning forward posture neutralizing the lordosis
of lumbar spine (Fig. 6). In this way, more pressure is placed on the ventral parts of verte-
bral discs leading to narrowing of the vertebral distance and causing finally spondylotic
changes.

We bave tried an airbladder similar to a bloodpressure cuff (Fig. 7). This can be adjusted

to different lumbar curvatures. The result of this trial was encouraging and has led to an
improved seat design. A combination of a special vibration attenuating seat cushion plus a
backsupport is ideal. In our nev seat we have compromised by introducing a seat cushion and a
noninflateble backsupport because the army felt that an airbladder might be too vulnerable
through the wears and tears of daily flying.

The influence of cool air during open door maneuvres or by way of structural leaks is another
factor in the etiology of backache. This implies other models than the UH-1D as well. We all
have come across with the seffect of local cooling of muscular tissue, Even under warm weather
conditions a cooling effect takes place when moist skin is exposed to a winddraft. This is
called windchill. Rigidity, tenderness and myogelosis can develop. Unfortunately, the lumbar
region which is sost affected is not well protected by the flying suit worn im our service.
Therefore we use a circular garment made out of wool to protect this area. Sofar this has proved
very effective. Some of our volunteers remarked that special exercises were helpful.

Jumping esp. squad juaps, however, seem to do more harm than good. This is understandable since
it causes additional pressure on the already strained vertebral discs. Vertical stretching or
suspension from a horizontal bar alleviates backache.

In the treatment and prophylaxis of backache the following causal factiors should be considered:
Vibration, draft,seat design and lsck of exercises and the symptoms of: painful and spastic
muscles, myogelosis, tenderness of dorsal processi and pareathesia. It remains to be seen whether
the latter findings are connected with an intermal derangement of vertebral joints (Fig. 8) caused
by vibratory acceleration and displacement (1).

Noxious vibration is inhereat in twobladed rotors. Further developments will have to take this
into consideration. In the meanwhile attenuation of these forces by special seat covers will be
given first priority. A new seat with vibration absorber is expensive and takes much time to de-
velop. Draft effects can be eliminated by proper protection esp. of the lumbar area. The back-
rest of the seat aust be modelled to the vertebral curvature and finally a program of special
exercises is certainly of value. The ideal would be a specially equipped gymroom near the crew
stations vhere training camn take place during standby times. Efforts should be made to strengthen
the erector trunci muscles. Treatment consists of heat application, massages and other forms of
physiotherapy.

With this program we feel that most of our helicopter crews can be kept on flying status without
detrimental effects. Lastly a few words about the pathological findings:

Richter (2) hae put rats on a vibrating table with 49 Hz and an effective acceleration of 2 G ;
over 80-324 hrs. With scanning electrommicroscopy he was able to find a decrease of amorpheous #
substance on the joint surface leading to an exposure of collageneous fibrous structures. The
degree of damage was depending on the duration of vibration.

Perhaps one will submit rats to identical influence as humans in a UH-1D. This would be one
possibility in finding out early pathological changes on the joint surface.

Myogelosis shows also a histology when muscular fibres are examined by electronmicroscopy. As
Fassbender (5) of the Federal Armed Forces Medical and Hygiene Institute has pointed out the
findings are identical with those found inm hypoxic muscular tissue. We have learned that the

nWYhite finger syndrom" or Raynaud's phenomenon is one finding in workers operating vibrational
tools (for instance pneumatic airhesmer and percussion drills (1)). It seems quite possible that
a diminished bloodflow is the primary cause for the myogelotic changes, in other words, a cir-
culatory foram of hypoxia.
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It might be asked what our Xray findings are. Unfortunately, we have no routine Xray of verte-
bral spine prior to the flying career and therefore no way of comparing with radiological fin-
dings after say 1000 hrs of flying the UH~1D. For obvious reasons we are also hesitant in taking

Xrays.

In cases of a more severe and chronic form of backache ve have found spondylotic changes without
a certain pattern. We have, however, seen differences in the height of helicopter pilots when

on flying and when off flying. This, we feel, proves the assumption that flying the UH-1D poses
an aggravated strain on the intervertebral discs leading to a narrowing of intervertebral distan-

ces.

s




]
:
¢
|
1

194

References

(1) Guignard, I.C. Vibration AGARD-A 6 121, Po 1 -7

(2) Richter I.E. Changes in smorphcus substance on the joint surface in rats after their expo-
sure to extended vibrations.

Wehrmedizinische Monateschrift (monthly issue of military medicine) 6, 161 1977 P. 161 - 167

(3) Niethard, F.U. Differential Diagnosis of backache. Monthly courses for graduate medical edu-
cation 15, 726 1977 P. 128 - 13

(4) MIL - A - 8892 (USAF) P. 5 - 6

(5) Faasbender H.G. New morphologic data on rheumatic illness.
Monthly courses for graduate medical education 2, 63 1978 P. 53 - Sk

(6) Schulte-¥Wintrop, H.C. Evaluation of questionnaires on backache.
Not published 1977




Figure 1

Evaluation of Backache in UH-1D Helicopter Crews
[ Schulte-Wintrop )
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Vertebral: Column ., lateral View ( double S-Form!}




P

———"
O
- It i

N/

Figure 5

T

Pitch- and Stickcontrol in UH-1D
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Figure 6

Lateral View of Helicog.er Pilot in UH-10D
without lumbar Support
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Figure 7

Lateratl View of Helicopter Pilot in UH-1D
with tumbar Support plus Vibration
attenuating Seatcover




Figure 8

Spinatl articular Unit and Model of
internal Derangement
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DISCUSSION

In your honest, personal opinion, do you think that attack helicopters flying at
night should be on an oxygen syst~m of some sort?

This is something that is being argued. My personal opinion is that with night
flying we should be on oxygen from the ground up despite the night vision de-
vices. There is no doubt that oxygen will enhance visual acuity, depth percep-
tion, and other things.

Dr. Beck, you developed a full set of gear for your fully equipped troops? In
other words, somebody with a pack and fully equipped in that regard?

The development of the ground forces clothing is still underway. It has been 2
fairly siow one, probably a rapid learning process but financially a slow one.
The biggest constraint has been financial and there has been as much rationali-
zation as possible so there is still a certain amount of fluidity.

) think you should remember one or two points from this session. The points
that have been trying to come through are that we have to look to having on-
board oxygen systems for low fevel attack helicopters and that the stresses of
these machines will go up, requiring more work on toxicology such as the work
we have seen demonstrated here.




US ARMY AVIATION FATIGUE-RELATED ACCIDENTS, 1971-1977

Gerald P. Krueger & Yvonna F. Jones
US Army Aeromedical Research Laboratory
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Fort Rucker, Alabama 36362

SUMMARY

An accident data survey was made to determine how frequently
aviator crew fatigue may have contributed to US Army aviation
accidents from 1971 to 1977, All accident reports in the US Army
Agency for Aviation Safety (USAAAVS) data base were reviewed,
Aviator fatigue was deemed to be a contributing factor in 42
rotary wing accidents which resulted in a total of 51 fatalities
and 63 personnel injuries. Fatigue contributed to 10 fixed wing
accidents, resulting in three fatalities and five injuries. This
paper categorizes these fatigue related accidents by aircraft and
mission type and by time of day and day of week of the accident,
It also describes pilot activities prior to the accidents which
promote the likelihood of pilot fatigue contributions. The personnel
and equipment costs of these accidents to the Army are estimated,
and the relative importance of such accidents to the total US Army
aviation accident picture is assessed,

INTRODUCTION

One of the most plaguing aeromedical problems in Army aviation is that of aviator
fatigue. Many stressors of military flight operations act in combination to fatigue
the aviator, For example, the Army pilot routinely encounters such stressors as heat,
noise, vibration, blowing dust, hazardous weather, reduced visibility at night, exhaust
from engines or weapons and labyrinthine stimulation. In combat operations, additional
stress may be caused by psychic elements such as fear, family separation, frustration
and, of course, insufficient sleep.' Our present rotary wing training operations add
to the list the increased stress found in low level and nap-of-the-earth flight and
also flight while wearing various head-mounted sensors, displays or sighting systems.
Some or all of these stressors may act on our aviators daily, and when they are com-
bined with long hours of flying an aircraft in sustained flight operations, cause pilot
fatigue.

Aviator fatigue is obviously a multifaceted phenomenon. The immediate or short-
term workload of flying the aircraft, the duration and frequency of work/rest periods
in a 24-hour duty day and the cummulative workload over several days or months all con-
tribute to a pilot's state of alertness and operational efficiency.? Because of the
multifaceted aspects of fatigue, it is very difficult to accurately determine its 'true
impact" on the safe performance of military flight missions,

Nevertheless, discussions of aviestor fatigue continually arise in determining
appropriate crew staffing ratios, planning military operations, and ensuring effective
pilot performance and safety. Inevitably, these discussions get around to posing the
question: "How many times has aviator fatigue been a contributing factor in aircraft
accidents?"

For years fatigue has been cited as a causal factor in many military aviation acci-
dents. For example, isolated studies have estimated that aviator fatigue was a major
causal factor in at least 7% of the early Vietnam combat accidents® and in 15% of
European peace time helicopter accidents over a five-year period.? Karney reported
that in Fiscal Year 1976 aircrew fatigue was identified as a contributing causal factor
in 10 US Army aviation accidents,"

Because of the recurring interest in this topic, this report presents summary data
on US Army aviation accidents for which fatigue has been identified as a contributing
factor, The relative contribution of these accidents to the total number of aviation
accidents and their relative cost to the Army is estimated for the period 1971-1977.

METHOD

Accident data described in this survey were obtained from the US Army Agency for
Aviation Safety (USAAAVS) at Fort Rucker, Alabama. The USAAAVS computerized accident
data base was searched for all Army aviation accident reports which identified “fatigue"
or "sleep deprivation” as possible contributing factors. These accidents were labeled
“"fatigue-indicated.” The year 1971 was chosen as a starting point for the search
because by that year the Army's aviation accident reporting system added pilot work-
rest history information on most of the accident reports entered in the USAAAVS data
base., The search covered accidents from all three components of the US Army world-
wide--Active, Reserve, and National Guard.
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Computer printouts of the technical reports of the "fatigue-indicated" accidents
were reviewed. The printouts included descriptive information on the accident, a
narrative of events surrounding the accident, the investigation board's findings,
relevant personal data for the crew involved in the accident, a chronological account
of pilot activities 48 hours prior to the mishap, flight records, and cost data.

‘ A two-fold approach was used in analyzing these data. First, the two authors
: independently reviewed all the information listed for 134 "fatigue-indicated" accident
| reports and gave each an overall subjective rating as to whether or not he or she

thought aviator fatigue may actually have contributed to the accident. These accidents
were labeled '"fatigue-related." No predetermined decision rules were established for
making these categorizations, The two independent sets of judgments were then compared
and an index of reliability was calculated to determine the degree of agreement, Next,
the twc judges met to agree on a common classification for those accidents which they
had classified differently. Summary statistics of important facts concerning the
accidents judged to be 'fatigue-related" were then calculated. The judges rank order
listed the factors which they used in making such determinations,

Second, relevant data from all 134 fatigue-indicated accident reports were summarized
by descriptive statistics. The reports were categorized based upon crew personal data
provided in each accident investigation report. Categorizations such as amount of
sleep, flying hours, etc., were predominately based on information listed for the
piloting crewmember who was identified in the report as having played a definite primary
causative role in the accident sequence. In the US Army accident reporting system an
aviator 15 identified as having a primary role in the accident "when the factor(s)
which made the event most likely or inevitable are attributed to him."°® In some reports
another individual, or factor (e.g., faulty maintenance or material failure), was
listed as the primary cause while the fatigued aviator at the aircraft controls was
listed as having a definite secondary role. Flight time and sleep data for this aviator
were included in the statistical summaries. An aviator's role is considered secondary
"when the factor(s) attributed to him were those which, when considered alone, did not
cause the event but increased the likelihood of its occurrence."®

One important categorization in the accident reports is a determination by the
accident investigator(s) as to whether or not the factors of '"sleep deprivation" or
"fatigue other" were definite or suspected contributors, or whether they were conditions
merely present but which did not necessarily contribute to the cause. The data were
summarized on these categorizations as well,

US Army aviation accident rates and relevant cost data were obtained from USAAAVS
to show the relative importance of fatigue-related accidents in the overall accident
picture.

RESULTS AND DISCUSSION

Many of the complexities involved in the accident investigating and reporting
process became apparent in the review of the accident reports. Making post hoc deter-
minations of the state of alertness of the pilots at the time of an accident is a
difficult task during the actual accident investigation process itself. It is an even
more difficult task in the analysis of accident reports some months or years after the
accidents., Some of the most perplexing problems were: (1) All accident investigations
did not produce the same types and amounts of required information. (2) Crewmembers
did not always live to "tell the tale," (3) Occasionally, the figures obtained in
witness statements (e.g., numbers of hours of sleep or work, etc.) did not coincide
with those obtained by accident investigators piecing the puzzle together. (4) Fatigue
was usually only one of multiple factors which appeared to have contributed to the
causes of many accidents. Nevertheless, this detailed analysis of a fairly large
number of accident reports provides a rough indication of the scope of the problem of
Army aviator fatigue,

Fatigue Determinations

The USAAAVS accident report repository contained 134 accident reports listing sleep
deprivation or fatigue indicators for one or more pilots during the years 1971 through
1977. Twenty-two reports were for fixed wing and 112 for rotary wing accidents.

The accident investigation reports listed “sleep deprivation" as being a definite
causal factor in 4% of these accidents; as a suspected contributor in 19%; and as
merely being a condition present at the time of the accident in 8% of them. 'Fatigue
3 other" was listed as a deE1n1te contributor in 7% of the accidents; as a suspected 1
contributor in 71% and as a condition present in 5% of the accidents. Sleep deprivation
and fatigue-other were indicated togetEer in the same accident for 17% of the cases.
Generally, these indicators were attributed to the pilot who was listed as having
played a primary role in the accident.

In the accident investigation process it was left to the investigator(s) to deter-
X mine whether ""sleep deprivation" or ""fatigue other" were factors in the accident. The

indications of whether these factors were definite or suspected causes or merely con- 1
ditions present, were assigned to the accidents by a large number of different accident !
investigators or teams of investigators. In the absence of any predefined guidelines
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for making those determinations, it is likely that there were differences in the criteria
used by each investigator.

The two judges (the authors) in this survey classified 39% (52 of 134) of these
"fatigue-indicated'" accidents as actually being "fatigue-related." That is, the judges
felt that there was enough evidence in the accident report to lead them to believe that
fatigue may have actually contributed to the accident. This judgmental position can be
regarded as differing significantly from the mere indication that fatigue was a con-
dition "present' at the time of the accident; and as being slightly more positive than
the "suspected factor," but also as stopping short of the position that it "definitely"
was a causal factor.

In the independent review of all the accident reports the two judges made a binary
classification of each accident on a nominal scale: the accident either contained
"fatigue-related" causes or it did not. A comparison of the two sets of classifications
showed agreement on 119 of 134 reports, a proportion of 89%., When this figure was
corrected to reflect only the proportion of agreement beyond that expected by chance,
the index of agreement (Cohen's kappa)® was over .76 (confidence limits: .65 < k < .85),
Perfect agreement would have resulted in a kappa coefficient of 1.00, A reliability of
.76 can therefore be considered fairly high,

The types of accident report information the judges considered to be important in
determining whether fatigue was or was not a contributing causal factor in the accidents
are listed in Table 1. Although the 1list rank orders the most important factors at the
top, the judges agreed that the scalar distance between items was slight. That is, for
analysis of some accidents the ordering of their importance may have been inverted.

The judges usually considered a complex combination of several or all of the items of
information in their deliberations.

TABLE 1

ACCIDENT REPORT INFORMATION CONSIDERED IN MAKING AVIATOR FATIGUE
CONTRTBUTION DETERMINATIONS

ITEM RANK ORDER

Investigation Board's Findings and Recommendations
Narrative Account of the Accident

Chronological Account of Crew's Previous 72 Hours

No of Hours Duration of Last Sleep Period

No of Hours and Mission Types Flown in the Last 24 Hours
No of Hours Continuously Awake Prior to Event

No of Hours and Type of Work in Last 24 Hours

No of Hours Aviators Slept in the Last 24 Hours

No of Hours Slept in the Last 48 Hours

No of Hours Worked in the Last 48 Hours

No of Hours Flown by the Aviators in the Last 30 Days
Aviator's Unit § Command Response to Board Findings

b
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Army Aviation Accidents

To place the number of fatigue-related accidents into perspective, it is useful to
consider the scope of the overall Army aviation accident problem, The number of accidents,
the accident rate per 100,000 flying hours and their relative cost to the Army worldwide
for each of the seven calendar years are shown in Table 2.7 The data show that there
has been a steady decrease in the overall number of accidents and a slight decrease in
the accident rate since 1971. Not shown in the table is the fact that the overall
number of flying hours also decreased steadily from a high of 4,182,000 hours in 1971
to less than 1,500,000 hours in 1977. The number of fatalities, injuries and materiel
cost varied as a function of the type of accident (e.g., type of aircraft, number of
passengers and mission), the severity of the damage per accident and the escalation of
materiel costs. It might also be useful to recall that the US Army began phasing out
its involvement in Vietnam during 1971, and continued to do so throughout 1972 and into
the early months of 1973,

Fatigue Accidents

The 134 fatigue-indicated accidents which occurred over the last seven years are !
listed in the middle two columns of Table 3. It can be seen that while the overall ;
number of accidents declined from year to year, the percentage of accidents which were
fatigue-indicated rose and fell variously, but in general, increased. Whether this
general increasing trend is due to an actual change in the distribution of various
causal factors for accidents or whether accident investigators have merely given in-
creased attention to fatigue factors is not clear, The number of fatigue-indicated
accidents constituted an overall average of 10.6% of all the aviation accidents over
the seven-year period. r




TABLE 2
US ARMY AVIATION WORLDWIDE ACCIDENT RATES, 1971-1977

Calendar No of Acdt Rate per No of No of Materiel Cost

Year Accidents 100,000 Hours Fatalities Injuries (3 Thousands)
1971 556 13.3 325 501 $ 88,743
1972 217 9.1 136 184 33,055
1973 115 6.3 72 93 20,362
1974 113 7.2 7 77 14,472
197§ 93 6.3 52 106 15,129
1976 90 6.2 28 94 22,539
1977 (11 mo) 86 6.1 29 56 19,636
Total 1,270 8.9 649 1,111 $213,936

TABLE 3

US ARMY AVIATION FATIGUE RELATED ACCIDENTS BY CALENDAR YEAR

All Accidents Fatigue Indicated Fatigue Related

Calendar No of No of $ of No of % of
Year Accidents Accidents Total Accidents Total
1971 556 44 7.9 19 3.4
1972 217 20 9.2 9 4.1
1973 115 17 14.8 6 5.2
1974 113 12 10.6 5 4.4
1975 93 14 15.1 6 6.5
1976 90 16 17.8 4 4.4
1977 86 11 12.8 3 3.5
Total 1,270 134 10.6 52 4.1

The 52 accidents which were judged to be "fatigue-related" constituted an average of
4.1% of all the Army aviation accidents worldwide for the seven-year period. This
figure seems to be a good descriptor of a fairly stable year-to-year distribution which
only ranged from 3.4 to 6.5% of the totals as shown in the right side of Table 3.

Costs

Table 4 shows the number of fatalities, injuries and materiel costs for both the
fatigue-indicated and the fatigue-related accidents by aircraft type, either fixed wing
or rotary wing. The 112 fatalities and the 190 injuries in the fatigue-indicated
accidents each represent over 17% of the respective total losses in all accidents
during the seven-year period (112 of 649 fatalities and 190 of 1111 injuries). The
$27,724,000 total of materiel cost for these 134 fatigue-indicated accidents represents
13% of all the materiel losses for the seven years.

The fatigue-indicated accident rate for fixed wing aircraft was .15 per 100,000
flying hours. In terms of materiel cost, nine of the aircraft in the 22 fatigue-
indicated fixed wing accidents were classified as total losses. These accidents included
the loss of two significantly higher cost aircraft (0OV-1's), accounting for over 73% of
the total materiel costs ($3,091,600 of $4,244,000).

The fatigue-indicated accident rate for rotary wing aircraft was .78, Eighty-four
percent of the accidents (112 of 134) involved rotary wing aircraft. The rotary wing




accidents accounted for 88% of the fatalities, 97% of the injuries and 85% of the
materiel loss in all fatigue-indicated accidents over the seven years.

TABLE 4
US ARMY AVIATION FATIGUE-RELATED ACCIDENTS AND THEIR COST BY CALENDAR YEAR

%

Fatigue Indicated Fati
Fatigue Related
Calendar . . o Material Cost 8 * Material Cost
——atfdr__ Accidents Fatalities Injuries (§ Thousands) Accidents Fagslities Jnjuries  (§ Thousands)
1971 3 0 3 $ 1,177 2 0 3 $ 1,158
1972 3 0 140 2 0 0 40
1973 4 2 [ 2,229
Fixed ! ! 0 ° H
Wing 1974 3 0 0 31 1 0 0 23
1975 3 3 2 286 2 3 2 281
1976 3 3 0 221 1 0 0 103
1977 3 3 [1] 160 1 0 0 24
Total 22 13 5 $ 4. 244 10 3 S $ 1,643
i
1971 41 64 98 9,577 17 44 18 3,989
1972 17 13 24 2,718 7 2 14 1,112
,
1973 13 6 18
Rotary 1,985 5 3 10 1,036
Wing 1974 9 1 13 1,374 ) 1 6 1,062
1975 11 8 12 1,928 4 0 8 956
1976 13 3 13 4,868 3 0 4 263
1977 8 4 6 1,060 2 1 3 169
Total 112 99 185 $23,480 42 51 63 $ 8,587
Grand 1971-
-lotal 1977 134 112 190 $27,724 52 54 68 $10,230

Thirty-five percent (39 of 112) of the fatigue-indicated rotary wing accidents
occurred in Vietnam. These losses were not attributed directly to hostile fire but
were categorized as combat zone accidents. They accounted for 58 deaths (34 of them in
a single CH-47 accident), 96 injuries (50 of them in another CH-47 accident) and over
$10.5 million in materiel losses. Twenty-one of these Vietnam accidents resulted in
total losses of the aircraft. All but one of the 39 accidents occurred in the years
1971-72.

The 54 fatalities resulting from the '"fatigue-related" accidents account for over
8% (54 of 649) of all the fatalities in Army aviation accidents during the seven year
period. The fatigue-related injuries made up over 6% (68 of 1111) of all injuries for
the same period. The $10.23 million in materiel cost for these 52 fatigue-related
accidents represents 4.8% of all the materiel lossess for the period.

The fatigue-related accident rate for fixed wing aircraft was .07 accidents per
100,000 flying hours; and for rotary wing aircraft it was ,29. Eighty-one percent of
the fatigue-related accidents (42 of 52) involved rotary wing aircraft. These accidents
accounted for over 94% of the fatalities, almost 92% of the injuries and 85% of the
materiel 1loss in all the fatigue-related accidents,

Thirty-three percent (14 of 42) of the fatigue-related rotary wing accidents occurred
in Vietnam. These 14 accidents accounted for 40 fatalities (34 of them in the CH-47
accidents already mentioned above), 16 injuries and over $4,160,000 in materiel costs.
Eight of these Vietnam accidents resulted in total losses of the aircraft.

Model Aircraft

The fatigue-indicated and fatigue-related aviation accidents are categorized ac-
cording to the model aircraft in Table S.

The approximate number of flying hours, the overall accident rates, and the fatigue-
indicated and fatigue-related accident rates for each of these same model aircraft are
listed in Table 6.
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TABLE 5
US ARMY FATIGUE-RELATED AVIATION ACCIDENTS AND THEIR COST BY MODEL OF AIRCRAFT, 1971-1977

e S ————
e ————————————

Fatigue Indicated

Accidents Fatalities

Material Cost

Injuries ! Thousands ]

Accidents

Fatigue Related

Material Cost

Fatalities lnjuries {$ Thousands)

—————

0-1 1 0 1 s 19 - - . $
ov-1 3 2 Q 3,124 1 e 1 1,058
T-42 6 6 0 270 2 0 0 43
u-1 1 [ 2 166 1 0 2 166
Fixed
Wing u-3 1 0 0 6 . - - )
u-6 4 H 2 222 2 0 2 120
u-8 2 3 0 140 2 3 0 140
u-10 1 0 0 14 1 0 0 14
U-21 3 [1] 0 285 1 [1] 0 103
Total 22 13 5 3. 4,240 10 3 5 $.1,043
AH-1 14 4 8 3,226. 4 2 4 1,636
CH-47 3 40 50 4,413 1 34 0 1,675
CH-54 1 2 3 3,025 - - - -
OH-6 4 1 1 188 - - - h
Rotary
Wing OH-13 H 0 2 21 2 0 2 21
OH-58 31 12 3 2,683 14 3 10 1,165
TH- 55 3 0 3 79 - - -
ﬂ:_l 54 40 B8 4, 840 21 12 41 4,090
Total 112 99 185 $23,481 A2 51 u3 $ 8,587
Grand 1971-
Total 1977 134 112 190 _$27,727 52 54 [} $10, 232
TABLE 6
US ARMY AVIATION ACCIDENTS DURING THE YEARS 1971-1977 AS A FUNCTION OF AIRCRAFT MODEL
Model Egu:: Flying g:::aé:tAcdt Fati i
Aircraft ’Thousands) Accidents 100,000 Hrs Accig::tlgg::ated ::Z;g::tR;::;cd
0-1 198 28 14.1 .5 -
ov-1 208 25 12.0 1.4 .5
T-42 218 24 11.0 2.8 .9
Fixed u-1 29 11 37.7 3.4
Wing U-3 61 5 8.3 1.7 -
U-6 204 19 9.3 2,0 5.9
U-8 341 35 10,3 .6 .6
U-10 11 6 54,9 9.2 9.2
u-21 396 20 5.1 .8 .3
Others 433 25 5.8 - -
Total 2,099 198 9.4 .1 .05
AH-1 694 146 21.0 2.0 .6
CH-47 481 32 6.7 .6 .2
Cil-54 64 5 7.9 1.6 -
Rotary OH-6 469 127 27.1 .9 -
Wing OH-13 sS4 7 13.0 3.7 3.7
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On the busis of the numbers of aircraft in the inventory and the number of flight
hours logged, four fixed wing aircraft are of special interest to today's Army: the
OV-1 Mohawk, the T-42 Cochise, the U-8 Seminole, and the U-21 Ute. The overall accident
rates for each of the first 3 of these was over 10 per 100,000 flying hours while for
the U-21 it was considerably lower at only 5.1 (Table 6). Pilot fatigue did not stand
out as an accident factor for any one of these four aircraft (Tables 5 and 6). Although
fatigue-indicated accident rates varied somewhat, the fatigue-related rates for these
four aircraft were all less than 1.0.

Some of these fixed wing aircraft are regularly flown by a single pilot while
others are rarely flown with less than two pilots aboard. However, eight of the 22
(36%) fatigue-indicated accidents were single pilot flights. Four of the ten fatigue-
related accidents were single pilot flights,

Nine of the 22 fatigue-indicated fixed wing accidents involved a total loss of the
aircraft. Four aircraft were classed as total losses in the fatigue-related accidents.

In the rotary wing category, seven of the eight helicopters listed in Tables 5 and
6 are still of interest to the Army. The OH-13 and OH-6 helicopters are no longer
found in the Active Army inventory, but the OH-6 is flown in many USA Reserve and
National Guard units. Table 6 shows that the overall accident rate for the AH-1 Cobra,
the OH-6 Cayuse and the OH-13 Sioux were each over 10 per 100,000 flying hours. The
fatigue-indicated accident rates for all the aircraft models of interest were less than
2.0. The fatigue-related accident rates of interest were all less than .7.

Twenty-seven of the 112 (24%) fatigue-indicated rotary wing accidents were single
pilot flights, Twenty of these involved the OH-58 Kiowa., Ten of the fatigue-related
accidents (eight for the OH-58) were single pilot flights.

Sixty of the 112 (54%) aircraft in the fatigue-indicated rotary wing accidents were
categorized as total losses. These total loss accidents included 29 of the 54 UH-1
Iroquois utility helicopters, 20 of 31 observation helicopters (18 OH-58's, 1 OH-6 and
1 OH-13), five of 14 AH-1 attack helicopters, all four cargo helicopters (CH-47 Chinook
and CH-54 Tarhe) and two TH-55 Osage trainers. Fourteen of 21 UH-1's, eight of 14 OH-
58's and three of four AH-1's involved in fatigue-related accidents were categorized as
total losses.

In terms of the relative cost of fatigue accidents (Table S), the OV-1 materiel
losses were high. Both the human and material costs were high for the AH-1, CH-47, OH-
58 and UH-1 accidents,

Time-of-Day

The fatigue accidents are listed in Table 7 according to the time-of-the-day of the
occurrence. The 112 fatigue-indicated accidents were not evenly distributed over the
eight three-hour periods of the day shown in Table 7 (Chi-square = 25.90, df = 7, p < .005).
In fact, 69% of them (93 of 134) occurred during the 12-hour period from 0700 to 1900
hours (Chi-square with Yates correction for discontinuity = 19.41, df = 1, p < .005).
This seems reasonable since the greatest number of Army flying missions is accomplished
in daylight hours.

However, the 52 fatigue-related accidents were evenly distributed throughout the
eight time periods listed (Chi-square not significant).

Day-0f-The-Week

The accidents are categorized by the day-of-the-week of the occurrence in Table 8.
The fatigue-indicated accidents were not evenly distributed over the seven days of the
week (Chi-square = 15,3, df = 6, .01 < p < ,025). It can readily be seen that most of
the fatigue-indicated accidents occurred on the four busiest work days, Tuesday through
Friday.

The occurrence of the 52 fatigue-related accidents was evenly distributed over the
seven day week (Chi-square not significant).
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TABLE 7

FATIGUE-RELATED ACCIDENTS AS A FUNCTION OF TIME-OF-DAY OF OCCURRENCE

Number of Accidents

Fatigue Fatigue
Aircraft Type Period of Day Indicated Related
0400-0659 - -
0700-0959 2 1
Fixed 1000-1259 3 1
Wing 1300-1559 2 -
1600-1859 6 2
1900-2159 8 5
2200-0059 1 1
0100-0359 - -
Total 22 10
0400-0659 7 3
0700-0959 19 3
1000-1259 22 7
Rotary 1300-1559 22 7
Wing 1600-1859 17 7
1900-2159 9 4
2200-0059 11 9
0100-0359 5 2
Total 112 42
Grand Total 134 52

FATIGUE-RELATED ACCIDENTS AS A FUNCTION OF DAY-OF-THE-WEEK OF OCCURRENCE

TABLE 8

Number of Accidents

Fatigue  Fatigue

Aircraft Type Day-of-Week Indicated Related
Sun 2 0
Mon 2 2
Fixed Tues 3 2
Wing Wed 5 0
Thur 3 2
Fri S 3
Sat 2 1
Total 22 10
Sun 13 7
Mon 9 3
Tue 19 8
Rotary Wed 24 7
Wing Thur 22 10
Fri 16 5
Sat 9 2
Total 112 42
Grand Total 134 52

Aviator Activity Levels

Table 9 lists the mean and the range of the number of hours the aviators spent in

various activities prior to the accidents.
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TABLE 9
AVERAGE ACTIVITY LEVELS OF AVIATORS INVOLVED IN FATIGUE-RELATED ACCIDENTS

Fatigue-Indicated

Fatigue-Related
Fixed Wing Rotary Wing

Fixed Wing Rotary Wing

Flight Time Avg = 4.1 hr 3.9 5.4 4,7
Last 24 Hr Range = (0-8 hr) (0-10) (0-8) (0-16.5)
Work in 11.0 11.4 12.3 13.4
Last 24 Hr _(7-15) (2-21) (10-15) (3-21)
Work in 20.0 20.0 20.7 23.0
Last 48 Hr (7-24) (2-40) (20-24) (6-40)
Continuously Awake 11.3 8.5 13.1 10.6
Prior To Event (3-16) (1-19) (5-16) (2-19)
Sleep in 7.1 6.6 7.1 5.4
Last 24 Hr (4-9) (2-11) (4-8) (2-10)
Sleep in 14.6 13,9 14.4 12.6
Last 48 Hr (4-18) (8-21) (4-18) (8-21)
Duration of 6.9 6.0 7.1 4.7
Last Sleep (4-9) (2-11) (4-8) (2-11)
Flight Time 29,3 46.9 32.7 43.0
Last 30 Days (0-62) (0-138) (7-55) (0-133)

The numbers cited are those for aviators who were listed as having played a primary
role in the accident. Row 1 of Table 9 summarizes the number of hours of flight time
the aviators logged in the 24 hours immediately preceding the accidents. The grand
mean for the pilots involved in all 134 fatigue-indicated accidents was 4,0 flight
hours in the last 24 hours. The standard deviation (SD) was 2,8. The average number
of flight hours for the pilots in the 52 fatigue-related accidents was slightly higher
with a mean of 4.8 and a SD of 3.2 hours. The large standard deviations and the broad
ranges cited in the table describe the wide variability of these measures. These data
demonstrate that one cannot infer aviator fatigue solely by knowing the number of
flight hours the pilot logged in the last 24 hours.

When making determinations about fatigue factors influencing aviator performance,
it is important to consider both the pilot's duty and off-duty activities for several
days prior to the accident. Rows 2 through 7 of Table 9 summarize work and sleep
activities for the 48 hours preceding the accidents. The hours listed in Rows 2 and 3
represent military duty hours. On the average, the pilots worked over 11 hours in the
last 24 hours and they worked over 20 hours in the last 48, Again, the variability in
these data was high. Twenty percent of the pilots (26 of 129) worked 15 or more hours
during the 24 hours preceding the accidents., Fifteen of these pilots were involved in
accidents judged to be fatigue-related. As the ranges indicate, there were some pilots
whose ~hronological histories listed a small number of duty hours prior to the accident.
Unfortunately, the descriptions of their off-duty activities were not always complete.
Some were very spacific, for example, listing "four hours of reading" and some were
quite vague, as "I went out for the evening." It was not easy to gauge the impact of
some of the off-duty activities on these pilots.

How long a pilot was continuously awake prior to the accident (Row 4, Table 9)
played an important part in making fatigue factor determinations. One-third of the
pilots involved in fatigue-indicated accidents (45 of 129 case histories which included
data on this question) had been awake for more than 12 hours. More importantly, fifty-
s1x percent (28 of 50) of the pilots in the accidents judged to be fatigue-related had
been awake longer than 12 hours; 12 of these pilots were awake longer than 15 hours; 7
of them longer than 17 hours.

The mean number of hours of sleep which pilots obtained in the 24 and 48 hours
prior to the accident (Rows 5 and 6, Table 9) is not very informative by itself. The
serages approximate the number of hours of sleep obtained by many adults on a regular
“~avis. fxamining the number of sleeping hours for each pilot on an individual basis
«» not much oure informative. One fixed wing pilot slept only four hours in a 48 hour
e g However, the next lowest amount of sleep for the fixed wing pilots was 13
¢+ -ie¢p 1n a 48-hour period, Of the 105 rotary wing aviators for whom data were
v e .e onlv 12 slept less than four hours in the last 24 hours and only four slept

e« +ight hours in the 48 hours preceding the accidents., The data for the number

<irep obtained during the 48 hours preceding the accidents clearly do not
~eve . ves as fatigue determiners.
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Some of the explanations for the seemingly non-utility of knowing the number of
hours of sleep in the last 48 hours become apparent in an examination of the data on
the duration of the last sleep (Row 7, Table 9), Twenty-five percent of the pilots (31
of 126) involved in the fatigue-indicated accidents slept for less than four hours
their last "sleep session" prior to the accidents., Forty-two percent of the pilots (20
of 48) in the fatigue-related accidents slept less than four hours at a time. Thus,
although pilots were getting a total of six or more hours of sleep per 24-hour period,
many were not getting sleep of adequate duration in a single sleep session. Their case
histories cite 'nap taking" frequently.

Man's sleep cycles usually alternate periods of light dreaming sleep necessary for
psychological restoration with deep sleep needed for physiological recovery. One such
cycle generally lasts on the order of 90 minutes.,® It is very possible that the short
duration sleep periods of many of the pilots involved in these accidents prevented them
from getting enough '"restful’” REM sleep prior to the accidents.

The total number of flying hours a pilot accumulates during a 30-day period is
usually considered in the interest of determining if chronic fatigue is involved (Row
8, Table 9). There has not been universal agreement as to how many hours per month a
pilot should be allowed to fly. The policies regarding such limits have changed several
times with increasing attention to combat fatigue losses. During the 1971-73 involvement
in the Vietnam conflict the Army aviators who accumulated 90 flight hours in a 30 day
period were to be monitored closely by both the unit commander and the flight surgeon.
A certificate of the crew member's fitness to continue accumulating flight time above
110 hours had to be signed by the flight surgeon and the unit commander and placed in
the crew member's flight records.® The present Army Regulation, AR 95-1,!° says that
"in combat, 140 hours per 30-day period has been considered a safe and effective
performance ceiling and as a general rule aviators flying beyond 90 hours in a 30-day
period must be observed frequently by a flight surgeon."

Sixteen percent of the pilots (21 of 134) involved in fatigue-indicated accidents,
seven in the fatigue-related category, accumulated over 90 flight hours in the 30 days
preceding the accident. All 21 of these accidents were in rotary wing aircraft, and
all occurred in Vietnam. Since the Vietnam involvement, only 2 of 67 pilots accrued
over 70 flight hours in the 30 days prior to their accidents. It seems that tracking
the number of flight hours per 30-day period is not a very sensitive measure of aviator
fatigue in peacetime operations.

Not shown in Table 9 are the data on missed meals. Irregularity of food ingestion
and lack of hot meals may influence a pilot's capacity for sustained optimal performance
and contribute to conditions of fatigue.® Seventeen percent of the pilots (23 of 134)
in the fatigue-indicated accidents missed one or more meals during the workday of the
accident. Nineteen percent of the pilots (10 of 52) involved in the fatigue-related
accidents missed at least one meal,

Analysis of Errors

One of the implications of the search for pilot fatigue is that fatigue will some-
how cause a pilot to modify his performance. Performance changes may come in the form
of slower reaction times, lapses of attention, errors of omission or increased variability
in performance of known tasks.!!

Categorizing accidents into those which involve detrimental pilot performance
changes is almost as difficult as making pilot fatigue determinations. Without elabo-
ration as to how the decisions were made, 42 of the 52 fatigue-related accidents were
categorized as involving pilot errors. Table 10 lists these pilot error situations.

As examples of errors of omission and lapsed attention, two pilots landed fixed wing
aircraft with the gear up, and one pilot failed to place the prop lever in position
prior to takeoff. Four pilots allowed their aircraft to run out of fuel, Slowed
reaction times were apparent in late attempts to take corrective cation in degrading
autorotation conditions. Variability in performance was exhibited in sloppy hovers and
landings which resulted in accidents.

TABLE 10
PILOT ERROR IN FATIGUE-RELATED ACCIDENTS, 1971-1977

Error Situation Fixed Wing Rotary Wing

Takeoff 1
Landing 4
Fuel Starvation 2
Hover

Autorotation

Poor Visibility/Weather

Wire Strikes

Low Level Flight

L X~ W RV, N L]

Total 7

w
wr




CONCLUSIONS

Pilot fatigue is very likely to have been a contributing factor in 4,1 percent of
all US Army aviation accidents worldwide from 1971 through 1977, Fifty-four fatalities
and 68 injuries resulting from the 52 fatigue-related accidents account for over 8 per-
cent of all fatalities and for over six percent of all injuries suffered during the
period. The $10.23 million in materiel losses for the fatigue-related accidents
amounted to over 4.8% of all materiel losses during the seven years.

On the basis of accident rates of .07 fixed wing and .29 rotary wing accidents per
100,000 flying hours, fatigue-related rotary wing accidents were four times more
common during the seven year period, The 42 rotary wing accidents accounted for over
94 percent of the fatalities, almost 92 percent of the injuries and 85 percent of the
materiel losses in the fatigue-related accidents.

Fatigue-related accidents did not occur in one model helicopter more than in
another. However, one-fourth of these accidents (10) occurred in single pilot flights
and eight of these involved the OH-58 Kiowa. Sixty percent (25 of 4®) of fatigue-
related rotary wing accidents resulted in a total loss of the aircraft.

Fatigue-related accidents were evenly distributed throughout the 24-hour day and
the seven day week.

The chronological history of a pilot's activities prior to an accident was useful
in determining whether or not pilot fatigwe contributed to the accident. The duration
of a pilot's last sleep and the number of hours he had been continuously awake prior to
the accident seemed to be the indicators most relied upon. By themselves, the number
of flight hours logged and the number of hours slept the 24 hours prior to the accident
were not adequate determiners of pilot fatigue. An assessment of all the information
cortained in the case history was integrated into the rest of the accident investigation
report in making determinations of fatigue factors.
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SUMMARY

Monitoring of physiological parameters is meant to be of value for the assessment of workload in
laboratory and also field studies.

In~flight recordings of ECG, breathing rate and amplitude, EMG, EEG, EOG and Gz were transmitted
telemetrically from the helicopter crew station to the ground receiving station.

The investigators were provided with some objective data on the increase in biological cost for
an Agusta/Bell 204 helicopter pilot trying to maintain a given level of performance. In fact, the same
task was performed by the pilot in two <uccessive phases of an operational flight mission, the latter
being more demanding.

However, it still remains that the attempt to assess aircrew's acute fatigue calls first for the
solution of the methodological problem of the identification of parameters proving to be best adapted
to encompass the biological impairment and weariness sometimes associated with flight profiles.

INTRODUCTORY REMARKS

Fatigue is a global concept to denote those changes in bodily physiology, decrease in work output
(either quantity or quality) and characteristic subjective feelings of tiredness or disinclination to
work which are all associated with a continuous activity (Perry).

The range of operations which rotary wing aircraft have to perform has become more and more
complicated. The helicopter has now become an all-weather vehicle in civil and military operations that
involve, for example, the transport or placing of heavy suspended loads, landing and takeoff at high
altitude in mountainQus areas, rescue and research missions flying over inhospitable wooded or rocky
land or heavy seas. This nerve-racking psychoemotive experience of the helicopter pilot in conditions
of a continuous state of vigilant expectation and fear of danger, a tension that by itself 1s sufficient
to wear out the psyche, is compounded by psychosensorial stimuli more or less specific to helicopter
flying such as flickering lights and vibration phenomena caused by the rotation of rotor blades, and
disorientation proving far more serious than in the case of fixed wing aircraft because accelerations
may occur simultaneously along all three of the aerodynamic axes of the vehicle (Rotondo).

Recently, new low altitude terrain flight techniques (nap-of-the-earth, contour and low level
flight) have become routine thereby further increasing the helicopter pilot's workload (Sanders).

MATERIAL AND METHOD

Subject A pilot of the IAF, stationed in Milan, with about 4,000 hours of flight experience in
both fixed and rotary wing aircraft, free from mental and physical disease at the last checkup made
within the previous year and of normal behavioural patterns.

He was briefed about the general nature of the project and his role, then given a Bottlang Airfield |
Manual map (scale 1:200,000) on which the navigation course had been plotted.

3 Hellige electrodes were fixed on the heart region, 4 symmetrically on the mm erectores trunci,
2 on the forehead and 1 on the left suborbital region. A sensor was adapted to the microphone in front
of the right nostril.

Task 120 min operational flight misgion, VMC,
VIS =5 NM, wind: variable 240 (£10),
521 KT, A: helicopter landing area

lst phase A-9B : HDG 1609, IAS 90 KT, climb rate 300 ft/
(20 min) min, 3 min

: 1st 3 min hovering, 450' AGL
B-#D : zig-zag flight, 100' AGL, 8 min

:  2nd 2 min hovering, 90' AGL, 3 min
winching operation
D-pA :  straight flight, 1 min

2nd phase A-#F : low level flight, HDG 115°, IAS 90 KT,

(50 min) 50' AGL, %13 NM -- Sarnico (lake of Iseo) ;
11 min ;
F<4F : following of lake contour anti-clockwise, :

®42 NM, 15 AGL, IAS 90 KT, 28 min,
secondary task "identify all the boats
on the lake"

FepA : return flight - overflight of TWR, 30'
AGL with 25° bank, 11 min

1 3rd phase A-$C : map route flight, 100' AGL, IAS 40-80 KT,

) (30 min) 30 min, secondary tasgks "count the cable-
cars operating on the slopes”, "count the
gliders flying in Valbrembana", “count
the vehicles on the highway"

Fig.l Navigation couree utilized for the
4th phase : ddentical to the 1st phase experiment
(20 min) A. helicopter landing area
D. winching operation point
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Apparatus - Messerschmitt-BSlkow-Blohm 8 channel PCM telemetry system
- Racall Store 7 FM tape recorder
- Galileo conventional 8 channel electrograph
- G-meter
- Agusta/Bell 204 helicopter as test vehicle

RESULTS
The following physiological and flight parameters were recorded at the ground receiving station
when the helicopter crew station was within a range of about 7.5 NM (some 14 Km).

Phases 18t 2nd 3rd 4th
of beginning of hovering winching operation low terrain flight winching operation
flight at 15.54 hrs end at 16.08 hrs at 17.24 hrs end at 17.51 hrs

M0 . 2 - ® __ @ |

v BN b |
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Fig. 2 - Physiological and flight parameters recorded in flight.

It is evident that in the 4th phase of the mission, at 17.51 hrs, the respiratory volume with
irregular breathing rate, the amplitude of EMG patterns and the amount of eye movement and blinking
recorded from the helicopter pilot showed an increase as compared with the same parameters recorded
when the pilot was performing the same task (winching operation in hovering) in the 2nd phase, at 16.08
hrs. In fact, in the 4th phase the task was performed after 103 minutes of operational flight mission
including, for most of the time, secondary high vigilance tasks such as identification of boats whilst
flying along the meandering shore line of the lake, at 15' AGL, counting of cablecars on the slopes,
gliders in the valley and cars on the highway.

CONCLUSIONS

The pilot in command of the helicopter was a '"desk pilot”, experienced but out of practice.

During the low terrain flight he reached a state of high vigilance and alertness as shown by the
rare blinking and reduced eye mobility whilst he was looking outside the vehicle (pattern No.3,EOG at
17.24 hrs).

During the winching operation in the 4th phase (pattern No.4,E0G at 17.51 hrs) in hovering following
the performance of a 103 minute almost continuous vigilance task, the eye movements monitoring the
winching are probably less complex as compared with those recorded in the 2nd phase (pattern No.2, EOG
at 16.08 hrs).

This could be regarded as a sign of recollection of past skill, however the clear-cut increase in
blinking gives probably a hint of the onset of fatigue. The physical exhaustion, in particular backache,
of which the pilot complained, was not associated with feelings such as weariness and boredom, because
of his high motivation.

The crucial question is which physiological parameters prove of practical value in revealing the
onset of a state of acute fatigue. Undoubtedly, breathing rate and amplitude show relatively early
changes with the increase in workload during helicopter flying (Pettyjohn) as well as EMG and EOG.

However, adequate computerized analysis of other physiological and behavioural parameters will
possibly provide the investigator with more subtle tools for the identification of fatigue.
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CHANGES IN THE ROTARY WING AVIATOR'S ABILITY TO PERFORM AN UNCOMMON
LOW ALTITUDE REARWARD HOVER MANEUVER AS A FUNCTION OF EXTENDED
FLIGHT REQUIREMENTS AND AVIATOR FATIGUE

M. A. Lees, R. R. Simmons, L., W. Stone, § K. A. Kimball
US Army Aeromedical Research Laboratory
P. 0. Box 5§77
Fort Rucker, Alabama 36362

SUMMARY

The US Army Aeromedical Research Laboratory (USAARL) has long
recognized the importance of the aircrew as a critical component
during extended operations of the man-helicopter system. To pro-
vide the local flight commander with information describing the
effects of aviator fatigue on mission performance, USAARL has
developed an in-flight research program which examined changes in
man-helicopter system performance for a variety of flight maneuvers,
The current report describes the system performance changes in
the rearward hover maneuver across five days of an extended
flight schedule. Observed system performance has been categorized
into measures of the pilot's control performance, measures of the
aircraft's stability, and combined measures of total system
performance for each primary aircraft control channel. System
performance changes across the five flight days and within the
flight days were examined using multivariate analysis., Sig-
nificant changes in each aircraft control channel are presented
and the overall changes in system performance are discussed.

INTRODUCTION

The requirement to develop around-the-clock operational capability is well recog-
nized within the US Army Aviation community.® ? To satisfy this requirement several
major developmental efforts have been initiated to improve the effectiveness of various
helicopter subsystems during tactical utilization including the development of night
vision, navigation and communication devices., One component of the man-helicopter
system that may be heavily affected by extended operations and the addition of tactical
subsystems is the aircrew, and in particular the pilot. Determining the effect of
extended flight requirements and aviator fatigue on mission performance is an area of
major concern to the local flight commander who now has the responsibility to establish
flight time limitations and crew rest requirements for his flight crews.?

The US Army Aeromedical Research Laboratory (USAARL) has long recognized the im-
portance of the aircrew as a critical component of the tactical helicopter system.
USAARL has also recognized the need to develop critical information regarding the
aircrew's extended flight capability and the requirement to relay this type of infor-
mation back to the local flight commander to aid in the effective management of avia-
tion resources. In response, USAARL has developed an in-flight research program to
examine realistic mission performance and to identify those changes in the man-heli-
copter system performance resulting from extended flight requirements and aviator
fatigue. The goal of this research program is to provide the local flight commander
with specific information that describes the critical time periods during extended
flight missions where man-helicopter system performance will be degraded. In addition,
this research is directed toward identifying those aspects of the mission performance
that are most heavily affected by changes in the aviator's performance, what type of
decrement can be expected, and to what degree the performance will be degraded. It is
anticipated that these results which focus on the changes in the aircrew will com-
plement other research and development efforts on helicopter subsystems in providing a
comprehensive estimation of the man-helicopter system capability.

As a part of the ongoing aviation fatigue research program, USAARL has conducted an
extensive field investigation to determine the effect of extended flight requirements
on helicopter in-flight performance and on biomedical, physiological and psychological
parameters which reflect the pilot's flight ability.* ® ¢

This report presents an examination of the rearward hover--one of the maneuvers
performed during five days of an extended flight schedule. This maneuver has several
characteristics which make it particularly relevant in assessing changes in the pilot's
flight control capability as a function of fatigue and extended flight requirements.
The rearward hover is a demanding precision positioning maneuver used in avoiding
obstacles, One possible application of this maneuver is in leaving or returning to a
position of maximum terrain concealment, In addition, the rearward hover, as conducted
in the research investigation, is not heavily practiced in the training environment and
thus provides an opportunity to measure changes in the pilot's performance while en-
gaged in a relatively unfamiliar maneuver.

i
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The current report describes the system performance changes in the rearward hover
maneuver across five days of extended flight requirements. The measures of the man-
helicopter system performance have been categorized into measures of the pilot's con-
trol performance, measures of the aircraft's stability during the rearward hover and
measures of changes in the total system performance as measured by values which reflect
a combination of the pilot and aircraft performance,

The current report is the third in a series which examines the fatigue related
changes in helicopter system performance observed during a large-scale fatigue investi-
gation.* ® ® The major goal of the fatigue research program is to develop predictive
indices which will enable the local flight commander to judge the existing level of
aircrew fatigue and the potential impact on mission performance. The current report
concentrates primarily on a description of system performance changes as a function of
extended flight requirements. Future reports from the fatigue research program*
will be used to determine the relationship between the measures of helicopter system
performance, as presented in this report, and measures of pilot fatigue.

METHODS AND PROCEDURES

The major fatigue research investigation, which provided the data for the current
report, was conducted at the USAARL field test facility located at Highfalls stagefield
near Ft. Rucker, Alabama. The subjects for this investigation were six US Army aviators
who had recently completed the Initial Entry Rotary Wing (IERW) flight training course
at the US Army Aviation Center, Ft. Rucker, Alabama. The six aviators were divided
into three pairs of test subjects and each pair of subjects participated in a 12-day
research program. This research program included five flight days during which the
subjects completed 13 one-hour flight periods per day performing as the aircraft com-
mander or first pilot., The experimental schedule implemented during the five flight
days and the list of maneuvers performed during each one-hour flight period are pre-
sented in Tables 1 and 2 respectively. A more complete description of the testing
procedufes and schedule is available in previous reports on the major fatigue investi-
gation.

TABLE 1
SCHEDULE OF SLEEPING, EATING, AND TESTING

atmatlliccriciic

TIME SUBJECT

FRAME ACTIVITIES EXPERIMENTAL MEASURES
Flight 1P Pupilo- Reaction Mood Fatigue
HIMS Urine Blood Rating meter DVA Time Scale Rating
0100 to Sleep
0430 Period X
0500 to X X
0600 Flight X X X X X
0615 to Breakfast X
0800 § Testing X X X X X
0800 to X X X
0945 Flight X X X X X
1000 to X X x
1145 Flight X X X X X X
1200 to Lunch ¢ x
1400 Testing X X X X X
1400 to X X x
1545 Flight X X X X X
1600 to X x X
1745 Flight X X X X X X
1800 to Supper § x b
2000 Testing X X X X
2000 to X x X
2145 Flight X X X X X
2200 to X X x
2345 Flight X X X X X X
2400 to Snack § X

0100 Testing X X X X




TABLE 2

FLIGHT PROFILE

Bad Weather

1. 3 ft, Hover - 1 minute (Measured)
2. 360° Pedal turn - left about mast (Measured)
3. 360° Pedal turn - right about mast (Measured)
4. Slope - right skid (Measured)
5. Slope - left skid (Measured)
6. Hover taxi (Measured)
7. Lateral hover
8. 360° Pedal turn - left about nose
9., 3600 Pedal turn - right about nose
10. 3600 Pedal turn - left about pilot
11. 360° Pedal turn - right about pilot
12. 360° Pedal turn - left about tail
13. 360° Pedal turn - right about tail
14, Rearward hover (Measured)
Marginal Weather
15. 10 ft, Hover - 1 minute (Measured)
16. 25 ft. Hover - 1 minute (Measured)
17. 50 ft, Hover - 1 minute (Measured)
18, Simulated max-gross takeoff (Measured)
19. Traffic pattern 300 ft. AGL (Measured)
Crosswind (Measured)
Downwind (Measured)
Base (Measured)
Final (Measured)
20, Shallow approach (Measured)
Good Weather
21, Normal traffic pattern (Measured)
Crosswind (Measured)
Downwind (Measured)
Base (Measured)
Final (Measured)
22, Normal approach (Measured)
23, Max performance takeoff (Measured)
24, Low level flight (Measured)
Heading (Measured)
Altitude (Measured)
Airspeed (Measured)
25. Confined area landing (Measured)
26, Max performance takeoff {(Measured)
Heading (Measured)
Altitude maintenance (Measured)
Airspeed (Measured)
27. Shallow approach (Measured)
IFR !Hood!
28, Standard rate climbing turn left to 180°
29, Maintain straight and level flight 15 sec.
30. Standard rate descending turn right to 180°
31, Deceleration to 40 knots
32. Acceleration to 90 knots
Objective measures of the pilot's control performance and the changes in the sta-

bility of the aircraft were measured through the use of the Helicopter In-Flight Mon-
This research system provides for the real time acquisition of
HIMS monitors and records

itoring System (HIMS).
all major aircraft motion and pilot control parameters.
aircraft movement in six degrees of freedom as well as pilot control movements on the

cyclic, collective and pedal controls, Measures of rates and accelerations along each

aircraft axis

continuously track the research aircraft's position within the 100 square mile test

range. HIMS continuously monitors and records 20 channels of information using an on-
board incremental tape recorder, Complete processing of the HIMS data provided 440
direct or derived measures of aircraft and pilot performance.

tion of this system and the resulting system performance measures are available in

USAARL Report

are also obtained., An on-board radio ranging system is utilized to

No. 72-11.7

A more complete descrip-

For the current investigation of man-helicopter system performance during the
rearward hover maneuver, subsets of performance variables were selected for examination,
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Each of these variable subsets (Table 3) examines one important aspect of the total
system performance. These subsets are further categorized into variables which concen-
trate on the pilot's control performance (Set A through D), those which concentrate on ?
the aircraft's stability during the rearward hover (Set E), and one set of variables

which has been created to describe changes in the total helicopter system performance
during the execution of the rearward hover (Set F).

TABLE 3
EXPERIMENTAL MEASURES OF HELICOPTER SYSTEM PERFORMANCE

Pilot Control Measures

SET A

Cyclic Fore-Aft Average Control Movement Magnitude
Cyclic Left-Right Average Control Movement Magnitude
Collective Average Control Movement Magnitude

Pedal Average Control Movement Magnitude
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Cyclic Fore-Aft Average Control Movement Magnitude Standard Deviation
Cyclic Left-Right Average Control Movement Magnitude Standard Deviation
Collective Average ;Control Movement Magnitude Standard Deviation

Pedal Average Control Movement Magnitude Standard Deviation
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Cyclic Fore-Aft Average Number of Control Movements Per Second
Cyclic Left-Right Average Number of Control Movements Per Second
Collective Average Number of Control Movements Per Second

Pedal Average Number of Control Movements Per Second

wn
m
=)

Cyclic Fore-Aft Percentage of Total Time in Control Movement
Cyclic Left-Right Percentage of Total Time in Control Movement
Collective Percentage of Total Time in Control Movement

Pedal Percentage of Total Time in Control Movement

Aircraft Stability Measures

1. Pitch Axis Standard Deviation
2. Roll Axis Standard Deviation
3. Heading Axis Standard Deviation

Combined System Performance Measures

SET F
1. Cyclic Fore-Aft Combined Performance (Cyclic Fore-Aft Pitch Control, Cyclic
Fore-Aft Percent of Time in Control Movement/Pitch Standard Deviation,
Cyclic Fore-Aft Average Control Movement Magnitude)

2, Cyclic Left-Right Combined Performance (Cyclic Left-Right/Roll Control, Cyclic
Left-Right Percent Time in Control Movement/Roll Standard Deviation, Cyclic
Left-Right Average Control Movement Magnitude)

3. Pedal Combined Performance (Pedal/Heading Control, Pedal Percent Time in Control
Movement/Heading Standard Deviation/Pedal Average Control Movement Magnitude)

Variables in Sets A through D describe various aspects of the pilot's control
inputs as determined through the processing of the changes in the aircrafts' control
positions.® Variable Set A describes the size of the control movements and Set B
indicates the consistency or changes in the average distribution of these control
inputs for each of the primary helicopter controls, Variable Set C measures the average
number of control movements per second introduced by the pilots during the rearward
hover. Set D describes the percentage of the total flight time used by the pilot in
introducing control movements.

Each of the variable Sets A through D measures one aspect that is important in
describing the quality of the pilot's control performance. Thus, the size of the
control input as measured by the average control movement magnitude (Set A) is one
dimension of control quality. Relatively small control movements represent precise
control of the helicopter. Another important dimension, the consistency of the pilot's
control performance, is reflected in the measures of control movement standard devia-
tion (Set B), which describes the distribution of the pilot's control movements,

Measures of the number of control movements per second for each of the control
channels (Set C) and the measures of the percentage of time spent in control movements
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(Set D) both describe slightly different aspects of the control effort utilized by the
pilot during the execution of the rearward hover.

Variable Set E describes the stability of the helicopter during the accomplishment
of the rearward hover. These variables measure error from an absolutely stable heli-
copter attitude that could be expected from a hypothetically perfect rearward hover
maneuver.

Variable Set F contains variables which are not directly obtained from the measure-
ment of man-helicopter performance. These variables are ratios of objective performance
measures created to assist in further describing the system relationship between the
pilot's control performance and the resulting aircraft stability, as a function of ex-
tended flight requirements and aviator fatigue., These variables (combination perfor-
mance) were constructed to adjust the measures of control effort by the measures of
aircraft stability to more clearly describe changes in system performance. The com-
bination variable for the cyclic fore-aft control channel is defined:

(Cyclic Fore-Aft Percentage of Time in Control Movement/Pitch Standard Deviation)
Cyclic Fore-Aft Average Control Movement Magnitude

This variable uses a description of the pilot's control effort (% time) and then adjusts
it by dividing by the value of the system stability (Pitch SD). Thus, given a relatively
constant value of control effort, an increase in system stability for this control axis
(as reflected by a decrease in the Pitch SD) would result in a higher value for the
numerator of this combination variable., &he numerator of the variable is further
adjusted by the average size of the control movements under the assumption that the use
of relatively small control movements reflects more precise control of the helicopter's
attitude. For the interpretation of this combination performance variable, and those
which describe the other control channels, it is assumed that higher values reflect a
higher quality of precision helicopter control. Although these combination variables
have not been rigorously validated as measures of man-machine system performance, they
have been useful to the authors in obtaining a clearer description of the relationship
between the pilot's control performance and the aircraft's attitude stability for each
of the primary helicopter attitude control channels. For the present investigation a
combination variable for the collective control channel was not developed. It was felt
that the dynamic resolution of the altimeters used to measure changes in the collective/
altitude relationship did not afford the same precision as did the measures of pitch,
toll and heading used to adjust the other control channel combination variables.

For the current investigation the in-flight performance on the rearward hover
maneuver was examined across the first four complete flight days of the fatigue in-
vestigation. The in-flight performance for the morning, afternoon, and evening flight
periods was also examined across the four flight days. In this manner changes in the
man-helicopter system performance both across flight days and within the flight days
was investigated, Each of the six sets of system performance variables were examined
separately using multivariate analysis of variance techniques® to test for performance
changes across flight days, performance changes within the flight days, and for a day
by time of day interaction effect. Each of the six sets of performance variables were
also tested using a multivariate analysis of covariance® to determine if the measured
covariates, presented in Table 4, demonstrated a significant relationship to observed
performance error. Any overall analysis which determined that a significant change in
pilot or aircraft performance had occurred was further examined to determine the per-
formance trend using orthognal polynomial contrasts.®

TABLE 4
COVARIATES MEASURING ENVIRONMENTAL AND EXPERIMENTAL EFFECTS

1. Wind Speed

2. Wind Gusts Speed

3. Degrees of Crosswind

4. Fuel Minutes (Measures Fuel Burn Off)

5. Maneuver Sequence Number (An Index of Accumulated Daily
Flight Time)

RESULTS AND DISCUSSION

Examination of Pilots' Control Inputs

The first characteristic of the pilots' control performance examined for changes
both across and within the four flight days was the size of the control movements as
measured by the variables in Set A. The results of these analyses are presented in
Table S and demonstrate that there were no significant changes in the average size of
the control movements during the execution of the rearward hover maneuver. In addition,
the regression of the five covariates on each of the main effect error terms has indi-
cated that there was no significant relationship between the measured covariates and
the ouserved differences in size of the control movements. Examination of the other
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pilot performance variables has shown that the covariates did not demonstrate a sig-
nificant relationship with observed performance error for any of these analyses. In
addition, it was found that there were no significant results for the day by time of
day interaction term for the pilot performance variable sets. Thus, for the sake of
brevity the results from each analysis of covariance regressions for variable Sets A,
B, C, and D have not been presented. The results for the tests of performance change
across flight days and within flight days have been combined in Table 5. The nonsig-
nificant results for the interaction terms have also been eliminated from this table.

TABLE 5

MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY
PILOT CONTROL PERFORMANCE VARIABLES

Degrees of Degrees of

Mean Freedom Freedom
Squares for for P Less
F-Ratio! Tested Hypothesis Error Than* Root
Set A: Average Control Movement Magnitude
1. Day Effect (D) 1.662 D/DS 12.00 32.04 .123 1
2, Time of Day Effect (T) 2,138 T/TS 8.00 14,00 .102 1
Set B: Average Control Movement Magnitude Standard Deviation
3. Day Effect (D) 1,798 D/DS 12.00 32.04 .091 1
4, Time of Day Effect (T) 3.004 T/TS 8.00 14,00 .035% 1
Test of Trend for T
5. Linear 5.712 4,00 61.00 .001%* 1
6. Quadratic 1.760 4,00 61.00 .149 1
Set C: Number of Control Movements per Second
7. Day Effect (D) 2.294 D/DS 12.00 32.04 .030% 1
Test of Trend for D
8. Linear 22,338 4,00 61.00 .001% 1
9. Quadratic .428 4.00 61.00 .788 1
10. Cubic 1.928 4,00 61.00 .117 1
11. Time of Day Effect (T) 5.653 T/TS 8.00 14.00 .002% 1
Test of Trend for T
12, Linear 13.024 4,00 61.00 .001* 1
13. Quadratic 1.450 4,00 61.00 .229 1
Set D: Percentage of Time Spent in Control Movement
14, Day Effect (D) 3.359 D/DS 12.00 32.04 .003* 1
Test of Trend for D
15, Linear 22.716 4,00 61.00 .001% 1
16. Quadratic 1.433 4,00 61.00 .234 1
17, Cubic 3.981 4.00 61.00 .006* 1
18. Time of Day Effect (T) 2.048 T/TS 8.00 14.00 .115 1

lF-Ratios are an approximation using Wilks-Lambda criterion. Only significant roots
or first roots are presented.
*Significance test accepted if P less than .05,

When the standard deviations of the control movements were examined (Table 5.3 and
5.4) it was found that there was a significant difference between the morning, after-
noon and evening flight periods although there was no significant change across the
flight days.

The changes within the flight days on the measures of control movement standard
deviation were also analyzed for trend information. The results of these analyses
(Table 5.5, 5.6) demonstrate that there was a significant linear change within the
flight days. Additional examination of the estimated mean values for each time period
has shown that there was a modest decrease in the control movement standard deviation
values for each of the control channels. The largest average change from the morning
to the evening flight periods was less than .1 inches standard deviation. Further
analyses of the changes in control movement standard deviation within the flight days
are found in Table 6. The standardized discriminant function coefficients presented in
this table reflect the relative contribution of each of the individual variables in
describing the most important dimension of performance changes between the morning,
afternoon and evening flight periods. These coefficients clearly show the cyclic fore-
aft control movement magnitude standard deviation as being the most important variable
in discriminating between flight periods, This finding is alsoc supported by the uni-
variate analysis results in Table 6 and in the correlations of this variable with the
multivariate composite scores. These findings suggest that there was a gradual decrease
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in the variability of the control movements from the morning to the evening flight
periods and that this improvement in control movement consistency was observed pri-
marily on the cyclic fore-aft control channel.
TABLE 6
SET B VARIABLES--CONTROL MOVEMENT MAGNITUDE STANDARD DEVIATION

FURTHER ANALYSIS OF THE TIME OF DAY EFFECT 1

Univariate Mean P SDF
Variables F-Ratio Square Less Than Coefficient! Correlations?

Time of Day Effect--No Covariates (df = 3, 15)

1. Cyclic Fore/Aft
Control Movement
Magnitude Std
Deviation 9.012 .037 .006% 1.466 .812

2. Cyclic Left/Right
Control Movement
Magnitude Std
Deviation 2.044 .006 .180 -.866 . 387

3. Collective Control
Movement Magnitude
Std Deviation 4,745 .010 .036% .361 .578

4, Pedal Control
Movement Magnitude
Std Deviation 5,453 .016 .025% -.109 .580

!Standardized Discriminant Function Coeffieient.
ZCorrelations Between Variables and Composite Scores.
*Significance test accepted if P less than ,05.

The Set C variables were analyzed to determine changes in the number of control
movements introduced by the pilots. The results (Table 5.7 and 5.11) demonstate that
there were significant changes both across days and within the daily flight periods.
The tests of trend (Table 5.8 through 5.10, 5.12, 5.13) showed that there were sig-
nificant linear changes in the number of control movements. The standardized dis-
criminant function coefficients displayed in Table 7 identify the cyclic fore-aft
control channel as showing the most important change across flight days. Examination
of these coefficients and the estimated cell means for each flight day has determined
that there was a gradual increase in the number of cyclic fore-aft control movements
across the flight days, a decrease in the number of control movements on the collective
and pedal controls and little change in the number of movements on the cyclic left-
right control.

Examination of the standardized discriminant function coefficients for changes in
the number of control movements within flight days (Table 7B) and the average number of
control movements for the morning, afternoon and evening flight periods has determined
that the cyclic fore-aft, cyclic left-right and the collective controls all showed
important differences, with little change in the pedal control channel. Within the
flight days the observed trend was for an increase in the number of cyclic fore-aft
control movements per second and a progressive decrease in the control movements on the
cyclic left-right and the collective control channels,

The findings on changes in the number of control movements per second strongly
suggests that the pilots reallocated the usage of the four control channels as a func-
tion of increased flight time and the accompanying aviator fatigue. Within the flight
days there is a trend toward increased utilization of the cyclic fore-aft control and
decreased control effort on the cyclic left-right and the collective controls, with
little observed difference in the pedal control. When the performance across the first
four flight days is examined a clear trend again emerges suggesting an increased use of
the cyclic fore-aft control and a decreased usage of the collective and pedal control.
The above results show no substantial change in the number of the cyclic left-right
control movements across flight days.

The results of the multivariate analysis on the Set D variables (percentage of the

total flight time spent introducing control movements) are presented in Table 5.14 and
) 5.18, The only statistically significant change in this aspect of the pilots' per-

formance was across the four flight days (Table 5.14). Further examination of these
performance changes (Table 5.15 through 5.17 and Table 8) demonstrate a marked linear
trend toward an increased percentage of time spent in control of the cyclic fore-aft
channel. In addition there is an observable trend toward a reduction in the percentage
of control time on the cyclic left-right control channel and the pedal control channel.
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TABLE 7

MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY
SET C VARIABLES--NUMBER OF CONTROL MOVEMENTS PER SECOND
FURTHER ANALYSIS OF DAY AND TIME OF DAY EFFECT

Univariate Mean P Less SDF
Variables F-Ratio Square Than* Coefficient! Correlations?

A. Day Effect--No Covariates (df = 3, 15)
1. Cyclic Fore/Aft

No of Control Movements

Per Second (CM/Sec) 1.490 .037 .258 1.216 .275
2. Cyclic Left-Right CM/Sec .765 .011 .531 -.420 .173
3. Collective CM/Sec 5.317 .160 L011% -.77 -.586
4, Pedal CM/Sec 4,243 .522 .023% -.586 -.448
B. Time of Day Effect--No Covariates (df = 2, 10)
5

. Cyclic Fore/Aft

CM/Sec 1.135 .022 . 360 2,498 .101
6. Cyclic Left-Right

CM/Sec .424 .004 .665 -2.297 -.021
7. Collective CM/Sec 6.327 .116 L017* -2.253 -.329
8. Pedal CM/Sec 3,283 .443 .080 .578 -.233

!Standardized Discriminant Function Coefficient.
2Correlations Between Variables and Composite Scores.
*Significance test accepted if P less than .0S5.

TABLE 8

MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY
SET D VARIABLES--PERCENTAGE QF TIME SPENT IN CONTROL MOVEMENT
FURTHER ANALYSIS OF THE DAY EFFECT

Univariate Mean P Less SDF
Variable F-Ratio Square Than®* Coefficient! Correlations?
Day Effect (df = 3, 15)
1. Cyclic Fore/Aft
Percentage of Time
Spent on Control
Movement (CM$) .563 142.36 .648 -2.586 .003
2, Cyclic Left-Right CM% 1.769 472.38 .196 1.329 . 222
3. Collective CM% 5.620 157.52 .009* .636 .432
4, Pedal CM$ 3,843 1715.56 .032* 1.143 .384

!Standardized Discriminant Function.
2Correlations Between Variables and Composite Scores.
*Significance test accepted if P less than .N5.

The series of analyses presented immediately above have examined four aspects of
the pilots' control movement performance--the size (Variable Set A), the consistency
(Set B), and two measures of control usage or effort (Sets C and D). The integration
of the information obtained from each type of performance measure strongly suggests
that the pilots reallocated some portion of their control effort in response to ex-
tended flight time and fatigue. Analyses of performance changes between the flight
days and within the flight days have demonstrated that the cyclic fore-aft control
channel tends to receive more of the pilot's effort and as a result, one or more of the
remaining control channels are allocated less control activity. The lack of any sig-
nificant differences in the size of the control movements serves to indicate that there
were no drastic changes in the size of the control responses for any of the four
primary control channels--a finding subjectively affirmed by the authors who observed




each flight. It is also interesting to note that the consistency of the cyclic fore-
aft control movements improved (i.e., a smaller standard deviation) as the usage of
this channel increased throughout the flight day.

Examination of Aircraft Stability Measures

The analyses of the aircraft stability measures are presented in Table 9, These
results indicate no significant difference between flight days on the measures of
attitude stability found in Set E. However, the results in Table 9.3 show that there
were two dimensions of aircraft stability change within the flight days. Inspection of
the standardized discriminant function coefficients in Table 10 and the average stan-
dard deviation values for the pitch, roll and heading axes (not presented in this
report) has demonstrated that the first multivariate aircraft stability dimension
describes an increased stability of the pitch channel from the morning to the evening
flight periods accompanied by a less significant decrease in the heading stability.

TABLE 9

MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY
AIRCRAFT STABILITY MEASURES - ATTITUDE STANDARD DEVIATION (SET E)

Degrees of Degrees of

Mean Freedom Freedom
Squares for for P Less
Source F-Ratio! Tested Hypothesis Error Than* Root

A. Day Effect (D)
1. D 1.540 D/DS 9.00 31.79 177 1
2. D Adjusted for Five

Covariates 2.032 D/DS 9.00 19.62 .091 1
B. Time of Day Effect (T)
3. T 5.265 T/TS 6.00 16.00 .004% 1

T 4,751 T/TS 2.00 8.5 .041% 2
4, T Adjusted for Five

Covariates 1.785 T/TS 6.00 6.00 . 249 1

Test of Trend for T
5. Linear 8.170 3.00 62.00 .001 1
6. Quadratic 2.707 3.00 62.00 .053 1
C. Day by Time of Day Interaction (DT)
7. DT 1.247 DT/DTS 18.00 79.68 . 246 1
8, DT Adjusted for Five

Covariates 1.344 DT/DTS 18.00 65.54 .191 1
D. Regressions
9. Five Covariates on Day

by Subject Interaction
(DS) 1.804 15.00 22.49 .100 1

10. Five Covariates on Time
of Day by Subject Inter-
action (TS) 2.034 15.00 8.68 .146 1

11. Five Covariates on DTS
Interaction 1.629 15.00 63.89 .091 1

!F-Ratios are an approximation using Wilks-Lambda criterion. Only significant
roots or first roots are presented.
*Significance test accepted if P less than ,05.

The second multivariate dimension of change in aircraft stability is statistically
unrelated to the first dimension and accounts for a significant but less important
amount of the total performance change between the daily flight periods. Examination
of the standardized discriminant function coefficients (Table 10) and the average
standard deviation values has determined that this dimension portrays a gradual de-
crease in the stability of the aircraft's heading stability,

The combination of the analytical results from both multivariate performance dimen-
sions suggests that during the course of the flight day both the pitch and roll at-
titude becomes more stable at the expense of the heading stability. It is appropriate
to point out that the changes in aircraft stability was not exceedingly large, with the
largest average change from morning to evening being approa mately 0.25 degrees for
pitch standard deviation (SD), 0.1 degrees for roll SD, and 0.5 degrees for heading SD.
However, it is clear that there was a consistent change in the stability of the air-
craft's pitch attitude between the flight periods. It is noteworthy that this finding
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complements the trend toward increased usage of the cyclic fore-aft control found in
the analyses of the pilot's control movement,

TABLE 10
MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY

SET E VARIABLES--ATTITUDE STANDARD DEVIATION
FURTHER ANALYSIS OF THE TIME OF DAY EFFECT

SDF
Univariate Mean P Less Coefficient!? Correlations?
Variable F-Ratio Square Than* Root 1 Root 2 Root 1 Root 2
Time of Day Effect (df = 2, 10)
1. Pitch Standard
Deviation 4,989 .668 .031% 2.207 .049 ,555 -.126
2. Roll Standard
Deviation .416 .030 .670 -.747 1.724 .114 .194
3. Heading Standard
Deviation .956 1.494 .417 -1.174 -1.859 .120 -.361

!Standardized Discriminant Function.
2Correlations Between Variables and Composite Scores.
*Significance test accepted if P less than .0S.

One relationship that is surprisingly absent in the above analyses is the relation-
ship between helicopter performance as reflected by the measures of pilot's control
performance and aircraft stability and the effect of environmental conditions. Exami-
nations of other maneuvers performed during the major fatigue investigation® > ® have
demonstrated a clear relationship between wind conditions and the resulting helicopter
performance. For this investigation no aspect of pilot performance or aircraft sta-
bility has demonstrated any significant relationship between performance changes and
the environmental effects. The lack of wind effects on performance may be due to the
fact that this maneuver inherently contains some attitude instability due to the aero-
dynamic characteristics of a rearward moving helicopter and the fact that the pilot
cannot directly see the upcoming flight path.

Examination of Combined System Performance Measures

The results of the examination of the combined system performance variables (Set F)
are presented in Table 11 and show that there were significant changes both across
flight days and within the flight days. The significant changes in overall performance
were observed across flight days when the performance measures were considered alone
and with covariates, However, the relationship between the five covariates and the
appropriate performance error did not exceed the predetermined significance level (P
less than 0.05). Therefore the analyses were again conducted using the two covariates
which showed the highest relationship with the performance error, wind speed and the
daily maneuver sequence number, which is an index of how many previous flight hours had
been completed during that day of testing. The results of these analyses are found in
Table 11.3 and 11.14, and again demonstrate a significant change between flight days as
well as a significant relationship between the two covariates and the performance
error. These latter tests (11.3 and 11,14) were used in the further description of the
changes in system performance.

The standardized discriminant function coefficients, presented in Table 12, show
that the predominant change in combined system performance across flight days occurred
on the pedal/heading relationship. This finding is also supported by the univariate
tests (Table 12.3). This significant change in pedal/heading control is presented
graphically in Figure 1 which displays the average control performance quality value
for cach of the first four flight days. This figure portrays the predominately linear
trend toward a reduction in the pedal/heading control relationship across flight days
and also demonstrates a pronounced reduction in control quality from the third to the
fourth flight days. The standardized discriminant function coefficients (Table 12.1
and 12.2) indicate that the cyclic fore-aft/pitch control relationship and the cyclic
left-right/roll control relationship showed a relatively modest improvement in con-
junction with the degraded performance on the pedal/heading relationship.
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TABLE 11 i

MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY !
COMBINED PERFORMANCE MEASURES - SET E )

Degrees of Degrees of '

Mean Freedom Freedom :
Squares for for P Less !
Source F-Ratio! Tested Hypothesis Error Than* Root ’
A. Day Effect (D) i
1. P 3.198 D/DS 9.00 31.79 .007% 1 :
2. D Adjusted for Five !
Covariates 4,194 D/DS 9.00 19.62 .004* 1 :
3. D Adjusted for Two !
Covariates? 3.312 D/DS 9.00 26.92 .008* 1 :
Test of Trend for D
Adjusted for Two Covariates?
4, Linear 24.763 3.00 60.00 .001¢% 1
5. Quadratic .954 3.00 60.00 .421 1
6. Cubic 2.838 3.00 60.00 .045% 1
B. Time of Day Effect (T)
7. T 5.336 T/TS 6.00 16.00 .003* 1
8. T Adjusted for Five
Covariates 1.034 T/TS 6.00 6.00 .484 1
Test of Trend for T
9. Linear 22.475 3.00 62.00 .001* 1
10. Quadratic 3.676 3.00 62.00 .017% 1
C. Test of Day by Time of Day Interaction (DT)
11. DT .952 DT/DTS 18.00 79.68 .521 1
12, DT Adjusted for Five
Covariates .830 DT/DTS 18.00 65.54 .660 1
D. Regressions
13. Five Covariates on
Day by Subject Inter-
action DS 2,076 15.00 22.49 .057 1
14. Two Covariates? on
DS 3.693 6.00 22,00 .011% 1
15. Five Covariates on
Time of Day by Sub-
ject Interaction (TS) .442 15.00 8.68 .921 1
16. Five Covariates on
DTS .752 15,00 63.89 . 732 1

'F-Ratios are an approximation using Wilks-Lambda criterion. Only significant
roots or first roots are presented.

’The covariates (1) Maneuver Sequence Number and (2) Wind Speed were used in
these analyses.

*Significance test accepted if P less than .0S5.
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afternoon to the evening flight periods the cyclic fore-aft control relationship con-
tinues to improve--this time at the expense of the cyclic left-right/roll control
relationship and a continued deterioration of the pedal/heading relationship.
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The analyses of the quality of system performance as defined by the combined per-
formance variables in Set F have provided a useful tool in describing changes in man
and machine components of the helicopter system. In the course of combining and inte-
grating the pilot control and aircraft stability measures, a view of the comprehensive
perfcrmance change is presented. The major finding in this investigation has been the
evidence describing a shift in the amount of control effort allocated to each of the
four primary control channels (cyclic fore-aft, cyclic left-right, collective, and
pedals) as a function of extended flight and the corresponding aviator fatigue. In
addition, results from this investigation strongly suggest that allocation of more
control effort to any one control channel requires some reduction of control effort on
one or more of the other control channels. Examination of the pilot's control per-
formance has demonstrated that there was an increase in control effort on the cyclic
fore-aft channel both across flight days and within the flight days. These findings
were complemented by the analysis of the aircraft stability which demonstrated in-
creased stability in the pitch axis. However, when the measures of the pilot's per-
formance and the aircraft's stability are combined, it becomes apparent that the major
changes across flight days was not only the allocation of more control effort to the
cyclic fore-aft/pitch control relationship but also the cost of this allocation to the
other control relationships; noteably, the pedal/heading control realtionship. System
performance changes within the flight days clearly indicate that the stability of the
pitch attitude is maintained and improved at the expense of the heading attitude and
later the roll attitude. The authors would suggest that a similar relationship holds
in system performance changes across the flight days, although this investigation has
not presented direct support of this view.

CONCLUSIONS

In conclusion, this investigation has demonstrated that there are changes in pilot's
control performance and aircraft stability as a function of extended flight require-
ments and the corresponding aviator fatigue, The separate and combined analyses of the
primary man and machine components of the helicopter system strongly suggest that there
is a reallocation of control effort in response to accumulation of extended flight time
under a demanding schedule. These changes in control effort are highly consistent with
previous research on fatigue and human performance and provide a classical indication
of the degradation of secondary task aspects to maintain or improve primary task per-
formance. These findings have demonstrated that the control of the pitch axis, using
the cyclic fore-aft control, is maintained at the progressive expense of the remaining
control channels, Precise control of the aircraft's heading is most heavily affected
by the reallocation of control effort, 1In addition, these findings have demonstrated
that there is a clearly accelerated decrease in heading control from the third to the
fourth flight days under a rigorous flight schedule,

It must be noted that the changes in the pilot's performance measures and the
aircraft stability measures were modest and clearly not life threatening to those
pilots who participated in this investigation, However, the consistent changes in
performance that are related to extended flight requirements may take on increased

e
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TABLE 12

MULTIVARIATE ANALYSIS OF VARIANCE SUMMARY
SET F VARIABLES--COMBINED PERFORMANCE MEASURES
FURTHER ANALYSIS OF THE DAY AND TIME OF DAY EFFECT

Univariate Mean P Less SDF
Variable F-Ratio Square Than* Coefficient! Correlations?

A. Day Effect Adjusted for Two Covariates (df = 2, 13)

1. Cyclic Fore/Aft
Combined Performance 1.870 11840 .184 .184 ~-.582

2. Cyclic Left-Right
Combined Performance 3.201 28805 .059 .259 -.228

3. Pedal Combined
Performance 10.602 1003 .001* -.907 -.037

B. Time of Day Effect (df = 2, 10)

4, Cyclic Fore/Aft
Combined Performance 5.815 47536 .021* 1.937 .442

S. Cyclic Left-Right
Combined Performance .956 4802 .417 -1,608 -.010

6. Pedal Combined
Performance 1.750 616 .223 -.684 -.186

!Standardized Disc. iminant Functionms.
2Correlations Between Variables and Composite Scores.
*Significance test accepted if P less than .0S.
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The changes in control performance quality within the flight days were also sig-
nificant (Table 11.7) although there was again no relationship between performance
error and the measured covariates (Table 11,15). Examination of the coefficients
(Table 12.4, 12.5 and 12,6) clearly show that the major system performance changes
within the flight days involved an improvement in the cyclic fore-aft/pitch control
relationship, a reduction in the cyclic left-right/roll relationship of nearly the same
magnitude, and a modest decrease in the pedal/heading relationship. The average control
performance quality values for each of the daily flight periods are presented in Figure
2. This figure shows several interesting changes in the performance quality for each
of the three control channels. These data suggest that both the cyclic fore-aft/pitch
control relationship and the cyclic left-right/roll relationship improves from morning
to afternoon flights while the pedal/heading relationship deteriorates. From the
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importance when it is considered that the pilots in this investigation concentrated
strictly on precision performance and had no auxillary duties such as navigation,
communication, target acquisition, and weapons delivery. In addition, it is suggested
that some aviators may not be as proficient, as were the recently graduated subject
pilots, when their skills are urgently required.
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IMPLEMENTATION OF A DIVISIONAL AVIATION PROGRAM
TO DECREASE FLIGHT CREW FATIGUE

by

Dr William C.Wood
5200 Oak Meadow
Memphis
Tennesee 38134
USA

SUMMARY

Pilot error remains the leading cause of aircraft accidents. Pilnt fatigue due to
multiple stresses is a primary cause of pilot error. A vigorous and continuing
program to recosnize aviator fatigue has been implemented in the U.S.First Armored
Division in Europe. Aviators are given lectures which review the various stresses
inherent in aviation. The two types of aviator fatigue, acute skill fatirue and
chronic skill fatigue, are discussed in detail. The emphasis is on reco~nition
by the aviators themselves of svmptoms and signs of fatigue. Flight hour 1limit-
ation is an important part of a crew rest program, but does not replace the other
elements as presented in this paper. Prevention of fatisue and recognition of
fatigue which has developed is an essential component of an aviation safety
program. Prevention of aircraft accidents will result in the saving of lives and
increased combat readiness of aviation units.

The cause of most aircraft accidents remains "pilct error.” Under the term
"pilot error" are many different problems which have led to aircraft accidents.
Doubtless, pilot fatigue is a problem which in many aircraft mishaps has either led
to the accident directly or has contributed to other coexisting conditions which
together resulted in an error in human judsgement or performance. Since aviator
fatizue is a factor which is amenable to recosgnition and treatment, it is a particular-
ly crucial area for our attention.

In the U.S.First Armored Division a comprehensive pro~ram has been initiated to
recornize aviator fatigue and to manage it medically to prevent aircraft accidents.
Education of the aviator and of the non-aviator commander in the importance of fatigue
as a factor in aircraft mishaps, the causes of fatisue, and in the recornition of
fatirue are crucial components of the program. Each of these areas will be covered
in detail in the following discussion. This material represents the factual basis
for our stress and fatigue presentations. Althoush flight hour limitations will be
discussed, it is essential for the reader to understand that flieht hour limits are
merely one component of a multifaceted program to prevent, recognize, and deal with
stress and faticue in the aviation environment.

Modern tactical doctrine emphasizes the all-weather, twenty-four hour a day
combat capability of our armed forces. Today's U.S.Army is prepared to fight in all
climates for prolon~ed periods of time in sustained hish intensity combat. The tactical
battlefield is more complex, more dangerous, more demanding, and more stressful than
ever before. Fatigue, an ever-present component of combat since ancient times, will be
a crucial factor in combat effectiveness, since modern military equipment has become
more sophisticated. 1In particular, advanced airborne weapons systems such as the AH1S
attack helicopter require considerable expertise to reach maximum combat effectiveness.
Fatigue will degrade pilot performance, with consequent decline in combat effectiveness.
Newer devices, such as the AN/PVS-5 night vision goggle, place increased demands on
an aviator already beset by stresses due to tactical conditions and aircraft complexity.
An increased emphasis on night operations has been essential, yet fatigue may well be a
determining factor in these tactical exercises. Recognition of fatigue is essential to
prevent aircraft accidents, to save life, and to maximize combat effectiveness. Lives
saved through recosnition of pilot and crewmember fatigue will return individuals to
combat units who can theri more effectively perform their mission. A crew rest program
which is effective will increase combat readiness, preserve life, and decrease aircraft
damage and loss due to accidents. Our present First Armored Division interest in crew
rest has been stroncly influenced by these considerations.

Limitation of flight hours has *‘raditionally been a crucial component of crew rest
programs. However, equally important is recognition of individual aviation crewmember
variation and a unit commitment to close observation of individuals for sirns of
fatigue. Fatigue is frequently seen at flying hour limits well below those which will
be given later, and fatigue does not follow our guidelines precisely. Furthermore,
flight hour limits are to a certain degree arbitrary. Inadequate data exists on lar e
groups of pilots to define the time of onset of fatigue. Data on aircraft accidents,
collected in larsge volumes over the years, fails to define the limits of flight time
beyond which fatigue predisposes to or results in an aircraft accident. Individual
variation amons aviators makes suidelines for fati ue difficult to apply unless we
monitor each and every aviator individually.

We emphasize to our aviators that stresses are the cause of fatijue. We further
emphasize that there ls no laboratory test to detect fatiiue, and that fatigue is
only demonstrable throush identification of a performance decrement.
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It is important that aviators at the unit level be able to identify stresses in
the aviation environment and that they become aware of which stresses can be decreased,
. which eliminated entirely, and which cannot be altered. Appropriate action for each
y identifiable stress should then be part of the crew rest program. Identification of
the two types of fatigue, acute skill fatisue and chronic skill fatigue, by the
individual aviators in the unit is a key to the success of the prosram. Manarement
of each type of fatigue is then undertaken as will be discussed later. Non-aviator
commanders who employ aviation units in their operations should also be familiar with
these problems in order to employ aviation in the safest and the most efficient manner
possible.

Historical Perspective

A review of pertinent experience in the field of stress and fatigue throuzh
aviation history is important to avoid repetition of previous errors. Aviators in the
First World War flew aircraft with restricted performance capabilities, and were
retained in active combat for prolonged periods of time without adequate rest away from
dutv, The vast majority of aviator losses in that war were related to aircraft accidents,
many of which were fatisue related. In many cases, accidents occurred durin the
take-off or landing sequences of flight. Syndromes known now as chronic skill fatigue
were reported then even among experienced aviators. Adequate corrective action to
prevent aviator fatigue awaited increased knowled~e in aviation medicine.

In the Second World War, -lobal conflict placed climatolozical stresses on

f aviators which ran-ed from the extreme cold of the arctic area to the tropical heat of

the Pacific and North Africa. Reverse cycle nicht training operations were undertaken

prior to World War II and the night air war in Europe was particularly stressful to those

aviators involved. Refular rotation from flizht combat duty to non-combat assignments

was a significant component of U.S.Army Air %orce policy at that time. '

f During American involvement in the Republic of Vietnam conflict in recent times,

‘ work done by Dr. Philip Snod§rass showed the importance of days free from fliszht duty
in reducin- aviator fatigue.ll This finding is used in current First Armored Division ‘
crew rest policies. Limited tours of duty were helpful in reducing aviator fatigue, }
as was reular rest from flying duty within the >perational area of the unit. Ik

The conflicts in the Svria-Israel-Esypt arv.s have demonstrated that modern warfare !
among highly mechanized armies may well be of considerable ferocity and of limited ;
duration. Today most of our current crew rest problems occur during relatively short '
periods of training, usually seven to ten days. It is during these periods of time that ;
crew rest guidelines, including flisght hour limitation, are most crucial.

Stresses in the Army Aviation Environment

It is bv approaching stresses in army aviation that we can best decrease fatigue. ;
B Many of the stresses in Army aviation are listed in Appendix I. Although army
F rotorcraft characteristically fly at flight altitudes below 10,000 feet above sea level,
! hypoxia can occur due to carbon monoxide poisoning or hyperventilation. The aviator
, who is a smoker has decreased night vision capability. Chan-es in aircraft speed and
direction are stressful. The NOE(nap -of-the earth) flisght techniques now in use
require almost constant pilot alterations in speed, heading, and altitude, creating
a more stressful situation. Temperature and humidity factors can create additional
stresses which are additive to other problems. Vibration is an ever present faticue-
producing component of helicopter operation.

Cockpit environment plays an increasingly important role in aviator stress.

Complex weapons systems such as that in the AH1S Cobra attack helicopter place
increased demands on aviators and increase cockpit workload. Marked differences
exist between the cockpits of the OH58 scout helicopter, the UH-1H utility helicopter,
and the AH1S Cobra attack helicopter. Significant differences in cockpit workload
and comfort are present amonz these aircraft types and must be recognized in implement-
ing flight time limitations. Dual pilot helicopters allow division of cockpit duties
and reduction in stress, whereas single pilot helicopters do not allow this reduction
in individual workload. Aircraft differ in their handling and flight characteristics.
The OH 58 requires considerably more control movement than does the UH1H, and
appropriate reduction in maximum flight hours allowable is therefore indicated.

< Weather and night flying place increased stress on the aviator and should receive

: reduced flight time maximum limits. Changes in work/rest cycle,poor meals,poor
accommodations, command responsibility, and poor maintenance support all contribute
si-nificant stresses. Unit level aviation medicine support is absolutely necessary
in treatinsg psycholo-ical and medical problems in aviation personnel.

Self-imposed stresses are remediable stress factors. These include poor diet,

fatiguinz recreational pursuits, alcohol use and abuse, smoking,and improper use of

; drugs. It is important for unit level safety officers and flight sur-eons to assess

Y the mission of each aviation unit in determining fatijue factors and in locally

i tallorin-— crew rest recommendations. Units involved in VIP missions often have long
stand-by periods which decrease crew rest. Aviator experience and level of training

l affect each individual's response to stresses. Less experience and inadequate

l trainin~ will result in increased stress upon that aviator, which will mandate lower
flisht hour limits for this individual until adequate training and experience have
been obtained. Reco-nition of mission completion is an important morale factor.




As weapons systems increase in complexity, increased attention to human factors

will be essential within our operational units. The increasing capabllltles of
the "TAS and Advanced Attack Helicopters of the cominz years will require new and
innovative studies at the unit and individual level of crew rest and fati:.ue factors.
Modern tactical training now includes the use of the M24 protective mask. "he ANL/PVS-5

nicht vision <osgle is a highly stress-producing device whose employment must be
coupled with meticulous observation of aviators for fatlgue related problems. Aviator
awareness of these stiressful factors must be stressed again and again., Attempts to
eliminate or reduce the effects of these stresses are a crucial component of a unit
aviation safety program. These stresses acting on the aviator result in fatigue.

Tvpes of Fatisue and Their Management

Operationally, we define fatisue as a state of decreased aviator performance due
to stresses operant on the individual in the aviation environment. Only by recor-
nition of performance decrement can the aviator discover the presence of fatigue. We
emphasize in our crew rest program that it is the individual aviator who must detect
fatisue in himself and in others. Aviation safety officers and flight sur-eons are not
present in units in adequate numbers to effectively make these identifications. The
key factor is for the aviator himself to look for and recognize the si:ns and symptoms
of fatisue in himself and in others.

Acute skill fatirfue is the initial stage of fatisue seen in aviators. Its causes
are multifactorial and almost always it is due to multiple stresses. It is the initial
sta%e of performance decrement. Overcontrolling and irritability are easily recognized
sisns of acute skill fatisue. Errors in timins# may occur, and are particularly common
in the take off and landing sequences, the times of occurrence of many if not most of
both military and civilian aircraft accidents. Pilot workload is highest at these
times and the consequences of error are at their most critical point.

The faticued aviator is prone to overlook important tasks in a series. Use of the
checklist is essential at all times to prevent this occurrence and is particularly
important during takeoff and landins periods. A decrease in control smoothness is a
sign of performance decrement. The fatigued aviator is more likely to be distracted and
has decreased attentiveness to cockpit and extra-cockpit tasks. This aviator is more
likely to develop target fixation, which can be a lethal mistake for the aviator.

The fatisgued aviator is often unaware of his performance deficiencies. He will
frequently deny his fatigue and, due to "mission orientation,"” may attempt to fly
missions in which he should not participate due to fatigue. A unit recognition of
fatigue as a safety hazard will assist the fatigued aviator in verbalizing that his
fatizue is indeed present,and will support him when he is allowed rest to restore his
aviation performance. wati~zued aviators conduct poor instrument cross checks, and may
ignore peripheral instruments and secondary tasks. [Flight maneuvers may become less
coordinated. A little emphasized effect of fatigue is the inability of the fatigued
aviator to resist vertigo-inducing factors. Spatial disorientation is more readily
induced in the fatigued aviation crewmember. This can occur at any flight altitude, from
NOE to high level flight, and its consequences may be ‘disastrous. Transition to
instruments immediately if vertiso oucurs is mandatory.

Prevention of acute skill fatigue should be a primary zo0al. Each stress factor
should be addressed in a crew rest program. Adequate training is important. Sufficient
time must be provided for aviators to allow them rest and natural sleep, the primary
deterents of acute skill faticue. Limitation of flitht hours is a helpful component
of a crew rest program to prevent fatisue, but each individual must be monitored by
other aviators to detect early signs of fatigue. Management of acute skill fatirue in
aviation personnel is by the unit itself, and primarily consists of rest and natural
sleep.

If acute skill fatigue is not recognized and adequately managed, a more severe
form of performance decrement known as chronic skill fatigue will result. 1In this
condition, poor judament, poor appetite; weight loss, sleep difficulties, and
alcohol abuse may be seen, alone with any of the sisns and symptoms of fatigue previous-
ly listed. The difference between acute skill fatigue and chronic skill fatirue is
one of degree, for the two conditions are not qualitatively different. Both result
in performance decrement. Acute skill fatigue is a step in the evolution of fatigue,
which may further progress to chronic skill fatigue. Management of the aviator with
chronic skill fatisgue requires medical restriction from flying duty. Several weeks
are usually necessary for recovery, during which time rest, removal from duty, and
adequate sleep are rzquired. Prevention of chronic skill fatigue includes the same
elements as prevention of acute skill fatigue. Again it must be noted that limitation
of flight hours is only one component, albeit a si#niflcant part, of a comprehensive
crew rest program. Aviator monitoring of each other is a critical necessity. A
listine of the sians and symptoms of fatigue is found in the Appendix.

CREW REST POLICY IN THE U.S.FIRST ARMORED DIVISION

The above material is presented in briefing form using slide presentations to our
aviators, who are operationally organized as the 501 Combat Aviation Zattalion of the
U,S.7irst Armored Division. Crew rest guidelines have been provided which identify
flizh* hour limitations for carrison conditions and also for tactical conditions,such
ag field exercises and actual combat. These flizht hour limits are summarized in the
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Appendix to this article. Because adequate baseline data for determination of flight
hour limits is scant, the flirht hour limits given here represent the best available
estimates from our aviation safety officers, flisht sur-eon, aviation commanders, and
the previously published data. The less strinzent limitations on flight hours for
tactical conditions allow unit commanders considerable flexibility in flisht operations
conducted during field exercises.

If flight hour limits are exceeded, the crew rest program requires that a written
report of justification to be forwarded to the aviation battalion commander with an
explanation of why flying hour limits were exceeded. This report will then be reviewed ]
by the battalion aviation safety officer and the aviation medical officer to assess ;
the impact of this action cn aviation safety. These staff members will then report to
the aviation battalion commander regarding their findings. Direct contact by these
individuals with the aviators involved in the event could provide valuable backsround
information and highlight aviation safety problems which could then be constructively
approached to prevent further safety hazards. Each individual aviator is given the
responsibility of employing his non-duty time to obtain adequate rest. Commanders
dealing with the employment of aviators for missions must consider all pertinent
stressful factors related to the flisht, includinz flight duration, weather conditions,
mission type, aircraft type, and opportunity for adequate rest at intermediate stops.

Attention to rest facilities and adequate meals is a worthwhile aviation safety E
consideration.

The crew rest program emphasizes that the fatigued aviator should inform his unit
commander if he feels that his fatigue may hazard a mission. Considerable responsibility
rests on the aviation unit commander in weighing aviator fatigue against mission )
requirement. The crew duty dav, listed under the headins in the Appendix of "Maximum
Duty Hours," begins when the individual arrives at his duty station and ends when the
individual leaves his designated duty station to return to his residence. Garrison !
duty days are limited to a maximum of 12 hours. Tactical condition duty days are '
. limited to a maximum of 16 consecutive hours. Exceeding these time periods can only i
be authorized by the aviation unit commander, again weichinzy all applicable factors '
and with consideration for aviation safety.

The crew rest period is defined as the time in which an individual will be allowed
‘ to rest before assuming crew duties. Tor garrison duty, the minimum crew rest period is
] 10 hours. Under tactical conditions, the minimum crew rest period must include 8 hours :
sleep in a 24 hour period. It is particularly important that individuals who perform !
duty officer or other nighttime or after duty tasks receive compensatory time off to ’
obtain 8 hours of uninterrupted sleep prior to performance of further flight duties.

Flight hour limits are shown for sarrison conditions in the Appendix. Maximum
duty hour limits for 7 days and for 30 days allow time for days off in order to !
reduce and prevent aviator fatigue. Specific limitations of flight times for |
particular mission types are also listed in the Appendix. NOE(nap-of-the-earth) :
day and night missions are particularly stressful and require limitation of flying .
hours to those given. Althousgh not specifically listed in our current crew rest i
document, current recommendation in our units is for a limit of 45 minutes on use of :
the M24 protective mask, with one unmasked pilet always in a pilot or copilot position !
and prepared to assume control of the aircraft. Also, our current recommendation is |
for a maximum time for use of the AN/PVS-5 night vision soggle per evening to be one i
hour for non-instructor pilots.

Flicht hour limits under tactical conditions are also given in the Appendix.
These limits allow considerable flexibility for unit training under simulated combat
conditions.

T T T N A e e

: We consider these flight hour limits a rational initial program which will require '
meticulous monitoring and on-g0ing reappraisal. These limits are consistent with
the mission of the U.S.First Armored Division, which must maintain a high standard
of combat readiness and training. TFeedback from aviators and aviation units will
be essential. Army aviation constitutes a masificent capability for success on
today's battlefield. Crew rest programs are life-saving and cost effective.

Their development and implementation is an essential task for the army aviation !
team. 7Bv implementing an effective crew rest program in all its aspects we in

the U.S.Pirst Armored Division beliazve that we will save lives, increase unit

effectiveness, and maintain combat readiness.




10.

11.

12.

13.

14,

23-§

REFERENCES

AGARD ADVISORY REPORT No. 69.0N HELICOPTER AIRCREW FATI"UE. NATO, May, 1974.

Barreca, Micholas E. LTC. "Human Factors in Nap-of-the-Earth Flyin~. Part I:
Perception of the External Environment." U.S.Army Aviation Digest. Vol.20,
Mo.6(June,1974), p. 16.

Barreca, Nicholas E.L"C, "Human Factors in Nap-of-the-Earth Flying. Part II:
Protection Against the External Enviromment.” U.S.Army Aviation Dizest. Yol.20,
No.7(July,1974), p.15.

Barreca, Nicholas E.LTC. "Human Factors in Nap-of-the-Earth Flying. Part III:
Flying Fatigue." U.S.Army Aviation Digest. Vo0l.20, No.8(August, 1974), p.14.

Barreca, Nicholas E.LTC. "Human Pactors in Nap-of-the-Earth Flying. Part IV:
Crew Selection, Training and Coordination." U.S.Army Aviation Digest.Vol.20,
No.10(October,1974), p. 18.

Barreca, Nicholas E.LTC. "Flying Patigue." U.S.Army Aviation Digest. Vol.18,
No.1(January,1972), p.14.

Berliner, Daniel S. "Crew Rest and Nap-of-the-Earth Flying." Aviation, Space
and Environmental Medicine. Vol.XLYI, No.10{October,1975), p.1267.

Clark, Alan. Aces High. Great ’ritain: William Collins Sons & Co.,1973.

—_—

Hurst, Ronald, Ed. Pilot Error: A Professional Study of Contributing Factors.
London: Cranada Publishin~,Ltd.,1976.

Karney, David H.,L™C, and Thompson, Patsy. "PFatigue." U.S.Army Aviation Digest.
701,22, No.2(February, 1976), p.28.

Neel, S.,Major General. Medical Support of the U.S.Army in Vietnam 1965-1970.
Washington, D.C.,: Department of the Army, 1973.

Wood, W.C.,Maj. “The Human Factor." Armor. Vol.LXXXVI, No.5(Sept.-Oct.,1977),
p.20. I

Wood, W.C.,Maj. "Operational Aspects of Stress and Fatigue."” U.S.Army Aviation
Dizest, Vol.22, No.9(Sept.,1976), p.30.

1.S.Army Flight Surgeon's Manual. Special Text ST 1-105-8. Vol.I. U.S.Army

Aviation School, ¥t.Rucker, Al,,1970, p.16-1.




236

Table A.

Table B.

APPENDIX I.

STRESSES IN ARMY AVIATION
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20.

21.
22.

23.

Altitude stresses (including hypoxia)

Changes in speed (acceleration)

Temperature and humidity changes and extremes

Vibration

Cockpit environment

Aircraft handling and flight characteristics

Weather and night flying (includir- all IMC)

Circadian rhythm changes

Work/rest cycle changes

Meals and accommodations

Command responsibility

Ground organization and maintenance activity

Psychological problems

Medical conditions

Self-imposed stresses (diet,recreational activities, alcchol use and
abuse, smoking, drugs)

Nap-of-the-earth flying

Anticipation, inactivity

A high accident and aircraft loss rate

Degree of aviator experience

Degree of recognition, praise and rewards to the individual and
to the unit

Human factors problems related to weapons systems

Aviator performance in the CBR environment {including use of the
M24 protective mask)

Stress related to human factors aspects of the AN/PVS-5 night vision
goggle.

SIGNS AND SYMPTOMS OF FLYING FATIGUE
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Overcontrolling

Irritability

Errors in timing (particularly during take off and landing sequences)
Overlooking important tasks in a series

Loss of accuracy and smoothness in control

Easy distraction . )
Preoccupation with one task component (including target fixation)
Decreased attentiveness

Unawareness of performance deficiencies

Loss of correct sequences

Neglecting peripheral instruments and secondary tasks

A tendency to split complicated tasks and maneuvers into component parts
A growing inability to correctly interpret sensory input and an
increasing susceptibility to vertigo

Slowed reaction time

Poor judgment

Poor appetite

Weight loss

Sleeplessness (often manifested by arriving early for duty)
Overindulgence in alcohol.

L




APPENDIX II.
FLIGH™ HOUR LIMITS

GARRISON FLINH™ HOUR LIMITATIONS WOR AVIATION UNITS OF THE U.S.<*IRST ARMORED
DIVISION
Maximum Flight Hours

Time Period Maximum Duty Day Night Day-Night
Hours Dual/Solo Dual/Solo Du-1/Solo
24 hours 12 8/6 6/4 6/5
48 hours 24 16/12 8/6 11/9
72 hours. - 36 22/16 12/9 15712
7 days 60 35/25 20/15 25/20
30 days 2140 90/70 50/40 70/60

TACTICAL FLIGHT™ HOUR LIMITA™IONS FOR AVIATION UNITS OF THE U.S.FIRST ARMORED
DIVISION

Time Period Maximum Duty Maximum Flight Hours
Hours Day Night Day-Night
Dual/Solo Dual/Solo Dual/Solo
30 days 320 140/100 70/70 100/100

MAXIMUM SLIGHT HOUR LIMITS BY MISSION TYPE UNDER GARRISON CONDITIONS

1. Night missions. Maximum of 6 hours total night flight during the duty day
period.

2. NOE {(nap-of-the-earth) Missions. &4 hours total flight time during the duty
day period. Training period not to exceed 2 hours. At least 1 hour ground

23-7

time tetween periods. During NOE training, the NOE segment of the total flight

period should rarely exceed 75 minutes,

3. Instrument Missions and/or Instrument Training. Maximum of 4 hours per
duty day period.

L, Night NOE flight. Maximum of 2 hours during duty day period. Night NOE
flights are limited to 1 hour periods with at least 2 hours ground time
hetween periods.

MAXIMUM FLIGHT HOUR LIMITS BY MISSION TYPE UNDER TACTICAL CONDITIONS

1. Eight flying hours per duty day is maximum allowed except when approved by
the aviation unit commander.

2. Maximum flight hour limitations per crew duty day must be adjusted by the
aviation unit commander when flight will be conducted in the proximity of
unusual weather phenomena, hazardous terrain or while in high stiress

situations- formation flight, extreme hot weather or cold weather operations.
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DISCUSSION

| should like Dr. Kimball who is a psychologist, as | am, to pinpoint for us what
he means by fatigue. Make explicit the word fatigue. Is it a question of a trans-
itory state; is it operational fatigue; or is it a question of an asthenic syndrome
that just occurs momentarily? Is it a question of the level of activation of the
nervous system and vigilance or, on the other hand, is it a matter of a purely
behavioral phenomenon and subjective phenomenon? In the way of criteria, we
find that operational parameters are proposed coming from the machine itself;
and, on the other hand, we have neurophysiological parameters. We're told
nothing about the development of the neurophysiological parameters, in par-
ticular, the electroencephalogram.

We are defining fatigue as performance degradation. We are concerned here at
the Aeromedical Research Laboratory in the performance aspects of pilot func-
tioning because although we do feel there are many indicators of fatigue that
can be used to address the flight environment, we are concerned with the output
of the aviator. In other words, if we see a degradation in flight performance,
we are in essence assuming that this is evident in fatigue in the aviator himself.
We have used mood scales, fatigue scales; we have monitored the heart rate,
looked at heart rate variability. We have not done EEG's. We have not found

a successful way to utilize this technique in the helicopter environment. Per-
haps you have one. This is a multifaceted problem. There are correlates in
the physiological sense that can be helpful to mesh with the performance cor-
relates to give us a better measure of what fatigue really is in the helicopter
environment.

Have you addressed the effects of aircrew equipment on fatigue; specifically,
helmet, flight suit, survival vest, that type of thing?

No. The aviator in this particular study that Dr. Lees described came fitted with
the normal gear. No survival vest was utilized. He wore the same SPH-4 hel-
met, etc.

You mean all the aviators do wear the same equipment?

In this training environment, yes. Since we've completed this study, they have
added a survival vest to their normal gear because of the NOE missions and the
possibility of going down in trees where they couldn't be found quickly.

Do you wear any cold water exposure suits?

No sir, not in Alabama.

Dr. Wood, you confine your recommendations, as far as | understand them, to
limiling total flight hours. [ haven't seen the handout and all may be evident in
that, but are there recommendations in regard to other factors like the number of
sorties flown and the total number of hours on standby and duty hours?

Sorties limitation in particular is discussed for night flight and for daytime nap-
of-the-earth flight. The type of TOW missile missions that we might be called
on to fly, a maximum time of about two to three sorties of NOE work per day,
limiting the NOE time period to about 75 minutes per sortie--this is covered in
detail in the handout. We've gone into a number of areas for both tactica!l and
garrison conditions.

In summary of these papers, we've heard data which have demonstrated evidence
of fatigue as an accident cause. We've discussed methods to evaluate aircrew
fatigue and have been provided with research findings obtained in the helicopter
environment relating aircrew fatigue to long hours of flight and pilot performance.
And, we've had a description of a comprehensive program to describe fatigue
symptoms to aviator personnel and to delineate work/rest cycles in the intent

of increasing safety, pilot efficiency, and combat readiness.
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ADVANCEMENTS IN HELICOPTER
COCKPIT TECHNOLOGY
by
Howard P. Harper
Human Factors Engineer
Sikorsky Aircraft Division
United Technologies Corporation
100 N. Main Street
Stratford, Conn. 06602

SUMMARY

This paper discusses the requirements of future missions ir terms of the need for advanced controls
and displays and improvements in cockpit vision, workload and comfort. A number of technological areas
are reviewed as candidates for inclusion in an advanced cockpit. A cockpit design incorporating this
technology is presented.

INTRODUCTION

Every two or three years a paper is published attempting to predict the future of the helicopter
cockpit (References 1 and 2). This paper will continue that tradition, but with a slightly different
emphasis, This will involve an examination of mission demands, a review of currently maturing technol-
ogy, and a look at the constraints which must be overcome. The intent is to put forth a number of
advanced concepts and to consider the cockpit integration implications of each. Nothing can change in
a cockpit without reverberations which have a potential effect on all other systems. The intent is,
therefore, to consider the most probable advances in terms of their effect on the total cockpit.

MISSION REQUIREMENTS

The increasing demands of future missions consistently pressure the cockpit designer to keep pace.
Three mission categories are considered: land warfare, sea warfare and commercial operations. The
intent is to discover whether efforts directed toward one of these areas would have beneficial appli-
cations in the others.

Land Warfare The Army is moving NOE flight out of the experimental stage. It is no longer the
province of the test pilot - specially selected and trained - but the normal operational technique of
every pilot. The problems of night operations, navigation, formation flight, and instrument flight have
not been completely solved. Needless to say, the demands on the crew are extreme and it is equally
obvious that a major part of the solution rests with improved cockpit design. The AAH and ASH mission,
for example, mean more than just NOE flight between points. They require precision navigation, close
coordination within and between aircraft, complex tactics and accurate weapons delivery.

Sea Warfare The Navy's anti-submarine warfare missions are demanding from the point of view of
crew information processing, time on station (up to 8 hours with hovering in-flight refueling) and need
to return IFR to a small destroyer flight deck under heavy sea conditions.

Civilian Usage Civilian usage has been, and will continue to be, a demanding operating environment.

In particular, operations such as logging or ship off-1oading which require precise hovers interspaced

with short, low altitude dash segments are very fatiguing to crews. A recent article (Reference 3)

described the rigors of helicopter logging where pilots are paid by the board foot of lumber transported.

: The record holder for one company moved 437 loads in one flight shift with 75 loads being transported in
one 78 minute period. Profitability in these operations requires quick turnarounds and maximumizing

] flight hours each day. IFR operations in high density air traffic areas are also high workload conditions.

Landings on 011 rigs and ship platforms require a high degree of maneuvering precision under adverse wind

and visibility conditions.

Table I summarizes some of the most demanding tasks from these military missions and points out
parallels in civilian helicopter usage. The mission requirements consistently show a need for sustained,
precision aircraft control under extremely difficult environmental conditions. Long term successful
performance of these tasks is questionable with today's cockpit technology. Table I relates these high
demand mission situations to cockpit areas which are candidates for improvement. As shown here, the
demands are similar across missions and thus efforts directed toward improved visibility, comfort, dis-
plays and controls and workload reductions will have applicability across the mission categories.

COCKPIT DESIGN CONSTRAINTS

In order to understand how we can get to an "advanced" cockpit from where we are now requires an
understanding of the web of military specifications and standards which govern cockpit design. Heli-
copter cockpit geometry is governed by MIL-STD-1333 and MS-33575. They specify, for example, the loca-
tion and clearance of controls, the seat height, the back angle, the height of the panel off the floor,
and most of the other cockpit geometry parameters. Visibility is covered by MIL-STD-850. This defines
the angles of up and down cockpit vision which must be available at each azimuth angle. A key require-
! ment is the 250 over the nose vision. MIL-STD-250 locates different functional panels within the cockpit.

MS-33785 describes the basfc "T" arran?ement of primary flight instruments. If the aircraft is to re-
ceive civilian certification for IFR flight, Part 91 of Civil Air Regulation tells us specifically which
‘ instruments must be available. All of this establishes the cockpit geometry rather firmly. In an IFR
f afrcraft with a 5" (12.7 cm.) Vertical'Situation Display and a 5" (12.7 om.) Horizontal Situation Display
X the designer is pinched between keeping the panel lower edge 16" (40.6 cm.) off the floor and staying
below the 250 over the nose vision line. Figure 1 shows visibility obstructions due to the pilot's ams,

A
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hands, feet, pedals, sticks and the minimum package of conventional primary flight instruments when all
of these specifications are adhered to. This shows that to improve over the nose visibility significantly,
the primary instrument package must change in size or location. It also shows that the feet and rudder
pedals are in an area where vision may be required. Therefore a significant improvement in vision will
require a change in primary flight instrument concept and perhaps a change in cockpit seating geometry.
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The Influence of Mission Requirements on the Cockpit.
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Figure 1.

Cockpit Vision Constraints with Current Military Requirements.
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COCKPIT TECHNOLOGY

Many technological areas have matured to the point where they can have a significant impact in new
helicopter cockpits. Among these are display media, display software, fly-by-wire, voice synthesis,
on-board computation, and advanced seating concepts.

Head-Up Displays (HUD). Head-Up Displays have been widely used in fixed wing fighter and attack
aircratt. Their primary usefulness is the ability to superimpose computer generated symbols onto fixed
areas in space. This is particularly useful for forward firing weapons where the computer is generating

a weapons trajectory solution or where the HUD superimposes symbols over a ground point as a landing
aid (References 4 and 5).

The greatest potential for helicopter HUD's is in the weapons sighting role. Forward fired weapons
generally stay within the HUD field of view. The use of a HUD for approach guidance in a helicopter
poses genuine problems because of the need to keep the approach path within the HUD field of view.
Helicopter flight paths can exceed the field of view of the widest angle HUDs. A 200 vertical and 359
horizontal field of view is considered to be an extremely wide field of view. A 20° crab angle in a
helicopter low speed approach is not unusual.

The HUD display has several characteristics which affect the cockpit geometry. The combiner glass
itself must overlay the portion of the real world where symbols will be superimposed on targets. The
vertical dimensions will be centered on the horizon line or the aircraft longitudinal axis in some
normal condition, i.e., cruise flight or approach. Typically, there is an area below the HUD, housing
the CRT and optics, which blocks a large portion of prime display space. These displays require a
rigidly held eye point to insure that both eyes are within the exit pupil. The increased field of view
requires close mounting and therefore the display begins to approach the head strike zone.

Helmet-Mounted Displays iHMD). Conceptually the helmet-hounted display is ideal for a variety of
helicopter display and control functions. As a weapons sighting system it can be used for forward firing
weapons, for missile tracking, and for controlling turret mounted weapons. The instantaneous field of
view can approach 459 (Reference 6) but can be increased to encompass all of the normal unrestricted
head motion of the crewman (+ 900 of azimuth, + 900 of elevation). This is done by sensing helmet line
of sight and driving a gimbaTled sensor system to that position. In addition, symbology can be gener-
ated and superimposed on the visual image over the entire system field of view. This, of course, lends
itself well to displaying FLIR imagery or Low Light Level Television. The HMD offers the possibility
to create a visual display with all of the desired elements positioned and scaled appropriately for the
full forward visual hemisphere. These systems have not yet achieved their full potential. However,
there is enough on-going research in this area to provide reasonable confidence that current problems
will be solved. Among the questions which remain are problems of monocular viewing of the display and
of the cockpit with the other eye, the need for stabilization of the image in roll, the means of creating
an aircraft oriented visual frame of reference, and the requirement for a head tracking system with a
dynamic response which is both accurate (to insure precise superimposition) and quick and stable (to
provide stability to the visual image to prevent vertigo and motion sickness). The additional helmet
weight (about one (1) pound, .45 Kg.) reduces survivability in crash conditions due to the greater loads
applied to the neck. The HMD opens the possibility for elimination of a large part of the conventional
display space. This means using areas not required for external vision as locations for systems monitoring
information. In the extreme, with a dependable HMD system, it is conceivable that normal cockpit
windows could be reduced in area in favor of a greater dependence on HMD imagery.

Panel Displays. This category includes both vertical and horizontal situation displays. In the
next cockpit generation we envision some form of electronic implementation. It appears that through the
80's displays with enough resolution to be used for FLIR or LLLTV imagery will be CRT's rather than
solid state matrix displays. Color is desirable and is certainly available in penetration phosphor
systems. These however, are not amenable to raster scanning to produce a high quality FLIR or LLLTV
picture. Therefore, we can look for a CRT-type vertical situation display capable of portraying
pigtoria}limagery with superimposed symbols to provide cueing for aircraft control in both marginal VFR
and IFR flight.

If there is one area where technology can reduce workload, it is in eliminating paper maps from the
cockpit. Map-type horizontal situation displays have been available for years but their cost, weight
and size have precluded their use in production helicopters. The Sikorsky S-67 Gunship evaluated a
system in 1972 and it exceeded all expectations. The moving map display may be considered merely a
convenience when cockpit workload is low, and Yighting is good, but it is a virtual necessity for NOE
flight over unfamiliar terrain. One feature needed in a moving map display is the ability to annotate
the map before and during the flight. The crew should be able to do such rudimentary things as draw a
course line or note a destination or a target area on the map. The map display should be available to
each crewman, it should smoothly transition from one map frame to another, and it should provide an
image that is equivalent in detail to current paper maps.

Systems Monitoring Displays. Under this category we will cover engine and systems monitoring instru-
ments and caution/advisory systems (discrete messages). With our current technology there is no reason
why a flight crew should have to monitor the positions of pointers on scales in round instruments to
evaluate the health of the aircraft systems. This approach is exactly that used in World War I.

One approach to an improvement in this display system was taken by Sikorsky in providing a vertical
scale instrument system for the BLACK HAWK. This system made use of vertical columns composed of a
number of lighted elements. These elements were color-coded such that when parameters were in the nor-
mal operating range only green 1ights were lighted. When a parameter exceeded the green zone the lights
would become amber or red depending on the magnitude of the deviation from normal. This provides a
color cue to the pilot that one of the systems is operating out of tolerance. This is an approach to
combining quantitative information with qualitative information in one display system. It has worked
very effectively in the BLACK HAWK. In future developments one might eliminate the analog vertical
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scale functions and replace them with green, amber, and red lights for each channel, supplemented by a
digital readout which the pilot could call up if he desired to see it. The colored lights might be
triggered by signals more sophisticated than merely a temperature or pressure which has exceeded a limit
but perhaps by a rate of approach toward a 1imit which would produce an out of tolerance condition at
some point in the future. Current caution, warning and advisory systems are candidates for major change.
The current concept of reserved space for each potential message is being made obsolete by the number of
systems we are monitoring. A survey of recent he]ico?ters shows an average of 80 message capsules or
about 39 square inches of primary pane! space. The alternative is non-dedicated display space where a
number of caution or advisory messages could be shown in a smaller area such as a CRT or flat panel dis-
play. This would require a computer based system to prioritize messages occurring simultaneously. An
even better solution would use the computer to analyze the pattern of signals to determine a probable
cause and present this processed information to the pilot along with a course of action. Such a system
is clearly within the bounds of current technology.

Auditory Displays. The concept is certainly not new and, in fact, auditory displays are already
used in almost every current aircraft. They are usually tones presented in conjunction with warnings
such as gear up or low rotor RPM. Their usefulness is best determined by an analysis of the relative
levels of visual and auditory workload. Generally visual workload becomes a problem before auditory.
Data from the Army's NOE experience, however, seems to indicate that the crews are overloaded in both
modalities. In those cases where auditory signals are deemed appropriate, the new development in voice
synthesized displays would be considered. These systems are light, and can, with a reasonable computer
interface, reproduce s?eech with high intelligibility, (Reference 6). In the past vioce warning systems
have often used a female voice to distinguish the warning message from normal interphone traffic. Since
we are finding so many more women in cockpits, the robot voice quality found in these systems will be
useful for discriminating between conversation and priority messages. Possible applications include voice
warning, voice navigation commands, automatic checklists, and systems monitoring functions.

Controls. The current positions of the cyclic, the collective and the pedal controls all could use
improvements. The current cyclic position impedes entrance and exit, blocks the view to the lower portion
of the instrument panel and poses a crash hazard which has increased with the advent of stroking crash
energy attenuating seats. In addition, the current position of the control is set low because pilots
want to fly with their forearm resting on their thigh. This contributes to a forward leaning position in
the seat which leads to lower back fatigue and discomfort. The current collective grip typically moves
through about 10 inches of vertical travel. This often results in an uncomfortable position at its upper
and lower extremes. The collective is also an obstacle to normal and emergency egress in the left hand
seat of the side by side configured cockpit. The pedals and feet in typical current cockpit geometry are
positioned such that they block vision in an important area.

There have been investigations of a number of advanced helicopter controller schemes over the past
ten years. These have ranged from sidearm controllers with up to 4 control axes to 3 axes yoke controls.
Among the most promising is the U. S. Army Human Engineering Laboratory's 3-axis yoke. This system,
currently in developmental flight test, provides lateral and longitudinal cyclic and collective control
so that the pilot can control all three axes with both hands or with either hand alone. This has the
advantage of allowing the pilot to reach other controls in the cockpit with either hand and improves the
crew's chances of flying home if the pilot is hit in either arm. Another advantage is the reduction in
width of each pilot position by 5 or 6 inches and the resulting reduction in frontal profile of the air-
craft due to eliminating the collective stick. The system has one of the disadvantages common to yokes
in general: visual blockage of prime panel space.

Another promising scheme is the use of sidearm cyclic, collective, and yaw controls. Consideration
has been given to both moveable controls and isometric (Pressure) controls. With either method a means
of synchronizing the controls at two crew stations, must be provided. The problem is difficult with the
moveable controls because of the need to keep the frictional forces low and yet back drive a second set
of controls so that the second crewman can assume aircraft control without introducing transients into
the system. With isometric controls the problem is worse because they cannot be mechanically back driven
to a synchronized position, For this reason an electronic synchronization system is required. The
proper installation for these controls requires an integration with the seat. Armrests are essential
because the greater sensitivity and shorter travels requires firm forearm support. The controls would
move with the seat when it was adjusted or when it stroked to attenuate crash loads thus avoiding the
head strike hazard posed by & conventional cyclic with a stroking seat. In addition, the controls and
armrests would hinge out of the way to allow good ingress and egress. With an escape system the controls
would probably remain with the aircraft. Among the other advantages are improved panel visibility, easier
ingress/egress and an extremely comfortable seating position. Each crew station width will be about 3
to 4 inches narrower than with a conventional collective control. The sensitivity of these controls is
well-suited to vehicles with good handling qualities but further testing would be required to establish
their capability with degraded AFCS modes. The vision blockage due to the pedals could be eliminated
by adding the yaw control function to the collective sidearm control. This would allow the feet to be
positioned further aft and flat on the floor thus opening the vision through the chin window.

Seats. Since the first generation of production crashworthy seats is just about to be introduced it
is dTfficult to foresee what the next generation will look 1ike. It does seem that in a cockpit with
sidearm controls, the seat will become the focal point for cockpit integration. The seat will have a
greater back angle, probably 170 - 200 which will, when combined with the sidearm control, provide a
much more comfortable position than found in current helicopters. The next generation AH and OH heli-
copters have the technology available to include an escape system. The Sikorsky RSRA has now fully
qualified its escape system out to a velocity of 160 kts, (258 Km./Hr.).
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ADVANCED COCKPIT

Figure 2 shows a generic side-by-side cockpit of the mid 1980's which has been put together from the
concepts previously discussed. There are two CRT displays on each crewman's centerline. The upper unit
is a vertical situation display and the lower a horizontal situation display. There is no instrument
panel in the traditional sense. The lower console extends forward only as far as the knee and houses a
smaller flat panel display and the controls for aircraft systems, navigation, and communication. The
seats have a back angle of about 200 and incorporate sidearm controls integral with the adjustable arm-
rests. On the right is a 2-axis cyclic control and on the left is a combined collective and yaw control.
As a result there are no pedals to obstruct the lower forward vision.

Figure 2. Advanced Cockpit Using Side Arm Controls, Helmet-Mounted Displays
and Electronic Vertical, Horizontal, and Console Displays.

Figure 3 is a plot showing the visual obstructions resulting from this cockpit arrangement. The over
the nose vision is 350 and the foot and pedal obstructions are eliminated. The sidearm controls allow
an unobstructed view of the CRT displays. Table II summarizes the functions assigned to each of the
display surfaces. The HMD will be required in AH and OH helicopters for all missions and in UH heli-
copters when operating in night NOE situations. When used, the HMD will display the night vision system
imagery and supplementary symbology required for aircraft control. In addition, the HMD will be used
for weapons control, navigation and high priority caution and warning information. The VSI primary
function will be display of aircraft control symbology for flight in IFR or marginal VFR conditions.

The map disglay will appear on the HSI. In-flight annotations will be recorded digitally and stored in
a cassette located on the center console. The flat panel display will be used for systems monitoring,
~aution/advisory and communications functions.

RECOMMENDAT IONS

As can be seen, the advanced cockpit discussed here is quite different from the cockpit designed by
rigidly following military specifications. It fs recommended that the government review these require-
ments to determine whether they are unduly restrictive of technological advancement and design innovation.
One approach might be the funding of preliminary cockpit designs with relaxed specification requirements.
These could be evaluated in mock-up form to gain confidence in this design method. Then, in future
procurement programs, the customer might just describe the mission, its performance requirements and the
anthropometric range to be accommodated and let the afrframe cockpit design teams apply, without
unnecessary restriction, the best of available technology. This will, in the long run, greatly accelerate
progress in crew station design.
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Figure 3. Cockpit Vision with Advanced Technology Cockpit.
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SUMMARY

A helicopter is useful as a mobile platform for launching guided missiles but its high manoeuvrability presents
problems for the missile operator. The aim of these studies was to identify and analyse the problem areas
associated with the guidance of command-to-line-of-sight missiles from helicopters and to assess them experi-
mentally. The weapon system considered employed a sight which was stabilized in pitch and yaw and which
incorporated a manually operated servo control for moving the sight in azimuth and elevation.

Four interactions likely to degrade performance were studied. These were (1) The simultaneous use of sight and
missile controls (2) Helicopter vibration (3) Helicopter forward motion and (4) Helicopter manoeuvre (roll, pitch
and yaw). Results of a first series of simulation experiments established that, in general, helicopter vibration and
forward motion did not degrade the operators’' performance and that an operator could use the sight and missile
guidance controls simultaneously without loss of accuracy. However, any helicopter manoeuvre which caused the
field -of -view through the sight to roll was found to cause considerable degradation of performance, regardless of
any previous flying experience of the subjects.

This effect of roll phasing (cross coupling) was investigated in a second series of simulations which contained some
experiments where a system of roll compensation was used. This compensation caused the missile axes to appear
and remain parallel to a graticule in the sight and the field-of-view retained its attitu%e at launch throughout the
engagement. Provided the compensation was able to reduce roll phasing to less than 20" there was no degradation
in performance.

The realism and validity of the simulations used and the possible value of operator training are discussed.




INTRODUCTION
1.1 General Scenario

The superior long range accuracy of modern anti tank missiles (A.T,G.W.) gives them many advantages
over conventional armament despite the longer flight time of a missile compared to a ballistic round and
the higher cost per round. It was therefore inviting for the military decision makers to consider the heli-
copter as launching platform for A.T,G.W. systems in the late 196(’s and early 1970’s. The high mobility
and manoeuvreability appeared to offer tremendous advantages over land vehicle systems which are normally
static during an engagement. In theory at least the helicopter can use its mobility to seek out the enemy
whilst staying out of range of conventional enemy armament. The high mobility would be useful also from
the logistics viewpoint allowing a swift return to forward bases for servicing and replenishment or role
change. The high manoeuvreability would also prove useful for evasive action when under enemy fire.
Thus, several N,A.T.O. countries began development of A. T.G.W. for helicopters and produced systems
such as AS1], HOT and TOW. In the U.K. also it was proposed to develop the In Service Swingfire system
for helicopter usage.

However, it was recognised at an early stage in the development programme that to make full use of heli-
copter mobility it would create new problems which were not encountered in the land based systems.
These problems largely centred upon the airgunner’s ability to cope with weapon aiming in the helicopter
environment.

This paper describes a programme of work which investigated important aspects of the air gunner's per-
formance during an engagement for the helicopter borne variant of Swingfire, with particular reference to
high manoeuvre effects.

1.2 Programme Objectives

In ATGW missile systems the operator has a high work load during an engagement; his full concentration
is required to achieve good performance. Thus, there was some concern about the potential performance
in weapon guidance from helicopters due to an increased task loading and the presence of additional environ-
mental stressors caused by the high mobility and associated vibration. At the time this study commenced
there was considerable emphasis on maintaining the weapon aiming performance in a wide operational
envelope including fast forward speeds and high levels of roll and heading change.

The first programme objective was to highlight and assess the main factors which were potentially per-
formance degrading. Four main potential factors were identified:-

(i) Increased task loading due to the operation of a sight slew control in addition to the missile
control.

(ii) Relative motion of target and helicopter causing apparent motion or parailax between the missile

and target.

(ii) Visual effects due to rolling of the field of view about the sightline axis (the pitch and yaw sightline

axes were to be gyro-stabilised). .
(iv) Performance degradation due to the vibration and accelerations experienced by the operator.

A preliminary experiment was set up to investigate the relative contribution of factors (i), (ii)and (iii) in
degrading performance.

An examination of vibration effects was omitted at thig stage in the programme as it was considered
unlikely to have a significant effect at the levels encountered in helicopters. This experiment (which tested
ten B.Ae. personnel asg subjects using the simulator described in Section 3) found that factor (iii), the visual
effects of roll, to be potentially the most important factor degrading performance. Thus the subsequent
programme was oriented towards a quantitative assessment of the degradation in performance associated
with these visual effects.

Four experiments were undertaken as described below. In brief, the first two aimed to demonstrate that
visual roll could cause a significant degradation within the operational requirements. The final two experi-
ments aimed to provide data for minimising this degradation.

Whilst the prime objectives were quite specific to the proposed weapon system; the rindings have much
broader implications to the understanding of human performance and the design of simulators.

To provide some beckground information an outline of the proposed weapon system is given in the following
section.
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1.3 An Outline of The Weapon System

Features of the Swingfire system and the proposed helicopter borne version which are relevent to this paper
are outlined below. (Adapted from "Janes", Ref. 1). Swingfire is a long range command-to-line -of - sight
(C.L.O.S.) anti-iank system. The missile is wire guided, command signals being generated by the
operator's joystick control. Those commands are interpreted by the missile as demands for a change of
heading referred to the roll and heading gyros in the missile autopilot; thrust vector control is employed.
The operator uses a periscopic sight (alternative x1 and x10 magnifications) to maintain visual contact with
the missile during the engagement. After launch the missile is gathered into the operator's field of vision
by the automatic gathering phase in the guidance programme. In this way the missile is guided approxi-
mately onto the target sightline and final guidance is carried out by the operator. Swingfire has a velocity
control system and maintaining the joystick stationary once the missile is framed in the target is sufficient
to maintain the collision course.

The helicopter borne system (designated Hawkswing) was proposed to be a readily removeable system,
primarily for installation in the Lynx and Gazelle helicopters. The main difference between this and the
land based system lay in the use of the periscopic sight which was gyro stabilised in the pitch and yaw axes
referenced to the sightline. A controller enabled the operator to slew the sight in azimuth and elevation in
order to search out and maintain the target centrally in the field of view, compensating for the forward
motion and change of heading of the helicopter.

A feature of the proposed system was that operational capability was to be maintained at high forward speeds
and during evasive manoeuvres.

ROLLING FIELD OF VIEW EFFECTS

The concept of "up” and "down" (or left and right) is relative to a particular system at a particular time.
This is known as the frame of reference of the system. In our everyday life we have few problems in
deciding our vertical frame of reference since the cues from our visual and vestibular senses normally
agree which way is "up". We have a little more trouble with left and right since they depend upon which
way one is facing at the time and the bilateral symmetry of the body does not aid differentiation. Oa terra
firma, frames of reference do not present much of a problem. However, this is not true for airborne
situations where the frames of reference of the aircraft and crew may well be different from that of Earth.
The best known example of this is the flying "inside-out" or "outside-in" (Johnson and Roscoe, Ref. 2) which
occurs on the changeover from instrument flying in cloud to normal visual contact. Conflict of the visual
cues in judging frames of reference has been examined by many scientists, Witkin in particular (Ref. 3).

However, the weapor aiming situation poses an additional problem, namely, the frame of reference of the
missile in flight. Firstly it must be emphasised that this paper is concerned solely with the remote vision
type of missile as opposed to the "on board" vision, type; the differences between which are illustrated
below in Figure 1.

When the missile is launched its gyro axes are referenced to the helicopter. A helicopter manoeuvre
after missile launch may introduce a misalignment between missile and helicopter axes, more particularly
between the operator's reference axes (when tied to the helicopter) and those of the missile. It is those
manoeuvres that roll his field of view which impair performance. This is illustrated below in Figure 2.

Thus, the missile does not respond to the operator's intention. The effect produced is for the path of the
missile to spiral around the target sightline as it goes down range, despite the operator's best efforts.
However, the consequences of helicopter manoeuvre are not so simple since it cannot be assumed that the
operator's frame of reference is rigidly tied to the helicopter when outside visual cues clash with what his
other genges tell him. Thus the effect depends upon the misalignment between the operator's frame of
reference and that of the missile which is caused by

(a) the relative rotation of the missile and helicopter after launch.

®) the operator's interpretation of the visual cues.
Although this effect is similar to cross coupling between the pitch and yaw axes there are several subtle
differences. For this reason engineers who were working on the project coined the term 'visual roll
phasing’ to describe this phenomenon. Nordstrom (Ref. 4) was the first to study this phenomenon during
manual guidance.

EXPERIMENT 1 - ELECTRONIC ROTATION OF CONTROL AXES

3.1 Introduction

This was a preliminary experiment to pave the way for a more detailed investigation. However, in the
present context it enables a comparison to be made between the subjects’ performance when the roll phasing
was produced by rotating the control axes electrically rather than visually as in the later experiments.
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3.2 Description of Simulation and Experiment

A closed circuit TV system was interfaced to the weapon aiming controls via an analogue computer to
represent the air gunner's task.

The subject was seated in front of the display, with his preferred eye looking through an open eyepiece at
the TV display which subtended a 20 f.0.v.

A scenic monochrome background (including a static target) was displayed on the C.C.T.V. which moved
across the screen to represent the helicopters froward motion at 100 km /hr. This was achieved by signals
directed onto the scan coils of the TV tube. The subject used a light joystick control, operated by his left
hand, to keep the target area centralised on the screen.

A small bright square was electronically generated to represent the missile. A gather programme brought
the missile close to the target sightline at the start of each trial after which the subject operated the weapon
aiming control with his right hand to hold the "missile" on the target. The analogue programme simulated
the basic flight characteristics of the missile (in the presence of wind gusting) at a given range in computing
the position of the missile on the screen. Thus the control characteristics were similar to those of the
Swingfire system which had a velocity (lst order) control with control demand shaping. The control /display
ratio was not constant but diminished as the "missile" went down range.

Two weapon guidance joystick controls were tested:-

(i) thumb operated displacement stick

(ii) finger operated displacement stick
The former was the current In Service GM controller and the latter a modification of this, fitted with a
longer shaft and held vertically in a pen-like grip by the index finger and thumb (see Figure 4). The sight
slew control used was identical to the weapon aiming control; later tests revealed that a thumb operated
sight control gave less interference with the weapon aiming task then the finger operated one but the effect

was small enough not to invalidate the present experiment.

The simulation had no facility for rolling the field of view therefore the effects of roll phasing were pro-
duced by electrically rotating the joystick demand vector.

Joystick Demand Output to missile
Yaw:- -x X cos@ tysin@
Pitch:- y y cos@ -x sin 6

where © is the angle of rotation of the control axes defining the level of roll phasing (or cross coupling).
Four fixed values of 8:- 7.5°, 15°, 22.50, 30° were used with zero roll as control condition.

Seven subjects were used in this part of the programme. Four were air gunners who were being trained
for AS11 operations and the remaining three were BAe engineering apprentices.

All subjects were given a minimum of 100 training trials before commencing the experiment. In the experi-
ment. In the experiment ten trials were undertaken by the subjects for each joystick/roll phasing combi-
nation; these were presented in a balanced order to minimise learning effects. Each trial was alternated
with the control condition. At the end of each run the time on target score was given to the subjects. The
trials were presented in blocks of thirty per session with a minimum 2 hour rest period between sessions.
During the experiment the direction of phasing was set on altemate trials for clockwise, then anticlockwise,
rotation of the control axes. The three BAe subjects undertook an extra set of trials in which the direction
of rotation was changed twice during an engagement guidance (by the operation of a switch).

3.3 Results

For brevity only a summary of the results are presented here. The mean time on target scores are given

in Figures 4a and b expressed as a percen.age of the control condition scores. These graphs show clearly
the linear degradation in performance associated with the phasing error level. A less significant quadratic
trend was also o