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STWNARY

This volume contains the text. discussions ard Chair:an’s Sumsaries
of 26 papers presenied at the AGARD Aerospace Medical Fanel’s three dxy
meeting on the sedical aspects of helicopter orerstions held at NATO
Heasdquarters, Paris, France on 22-24 ¥ay. :367. The cCelegates included
clinicians, physiologists, engineers anid operators; sy of them were
serv¥ing officers cf NATC countrizs. The pspers are gruvuped under four
sain neadings: The Helicopter <3 a Carrier of Fersonnel and Material,
The Helicopter as a Casualty Evscuation Veaicle, Aircrev Probleas in
Helicopter Operations, and Hazards of the Helicopter. In additicn,
there is = paper on Tke Hovercrai® sna its Poteantialit:es.

RESUNE

Dans le vrésent ouvrage ou publie le texis de 25 comwurications
présentées a la réunicn de trois jours organisée 1er la Commission de la
Nédecine Aerospatiale de 1° AGARD et consacrée aux aspects médicaux de
1' exploitation des hélicoptéres qui s’ est tenue uu siége de 1'OTAN, &
Paris, France du 22 au 24 mei 1967, ainsi oue le texte des discussions qui
ont suivi les exposés et des résumés faits par le Président. Parui
les delegués se trouvaient des cliniciens. des physiolcgues, des
ingénieu.s, des exploitants, dont plusieurs étaient des représentants
des forces armées des pays de 1'OTAN. [=5 expcsés se groupeat scus les
quatre titres suivants: L' Hélicoptére comme Moyen de Transpor Je Personnel
et de Matériels; L' Hélicoptére comme VéPicule d' Evacuation des Blessés:

Les Froblémes que, pose pour le Persoanel Navigant 1’'Exploitation des
uélicoptéres; et Les Dengers présentés par les Hélicoptéres. Un mémoire
a également €té fait sur L’ Afrog:isseur et ses Possibilités.
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1966. The aim was to bring together clinicians, physiologists., engineers and operators
tc exchange informatiorn and ideas on aero-medical aspects of a2 currently highly tcpical
field of operations. From what was initially considered = basis for a possible two-day
meeting there sprang a packed programme for three working days. and evep then some
papers had to be curtailed, or declined and discussion curbed.

If enthusiasa of participants is a measure of success., this meetinz must be regarded
as octstanding. AS project officer I am perscnally deeply grateful to ail who took
part for their kind forbearsnce irn tailoring their presentations in accordance with my
suggesticns. It is hoped that the outcome was a successfully bdalanced programme.

So fsr as this published account is concerned, I ar indebted to all those authors
who so xindly co-operated towards its relstively speedy production. 1 have taken
liberties here and there with the text - I Lope that the results are acceptable.

The discussion sessions after each parer are recorded in susmary from my notes. If
speakers xre misinterpreted or aisrepresented this fsult is entirely mine. 1In the
interest of speed Y nave not subteitted drafts to speakers or used direct trensciptions
from tape-recordings. I trust that the results are an acceptable version .f the
actual] discussion.

FREFACE
The symposiue which is the subject of this report was coaceived during a meeting of
the Technical Programme Commitiee of the Acrospace Medical Panel of AGARD in October,

Pinally I must thank not orly all the session chairmen, speakers and discussion
participants, but 2lso all those members of the AGARD and RAF Institufe cf Aviation
iedicine staffs who have worked so hard in typing manuscripts, preparing translations,
re-drawing illustrations and performing the myriad other tasks without which publication
wouild uot have been possible.

D. I.Fryer
¥ing Commander
Chairman, Editorial Committee
Aerospace Medical Panel
Project Officer
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OPENING APDRESS

Dr W.P.Jcnes, the Director of AGARD, opened the meeting bty exrisining briefly the
origins of the project and its sims. He was delighted to see s0 many countries
represented and hoped that all present woulc enfoy the programse, which iooked
extresely interesting.

He took pleasure in incroducing Hajor General Strosberg, MCREP, shose presence was
& maluable indicaticn of the interest shown in the meeting by the Military Committee
of NATO.

WELCORE ADBRESS BY NAJOR-GENERAL STRONBERG

“Gentlewen:

In weicoming you in the name of the NATO Intermestlionxl Staff, our hosts, and on
behalf of the Military Committee which I am representing here at the NATO Council,
I have the honour to address myself to you as the leading personslities of the NATO
nations in the field of Aerospace Medical Science.

The results obtained already in the past, by AGARD as a whole, have demonstrated
that the particularly flexible working system of the various Panels, representing and
saking use of the individusnlity and freedom which are precious and necessary to the
scientist, gives to those who are responsible for defence, the best scientific advice
and the chance of exploiting its immediatz or future possible applicatioms.

However, AGARD's activities are not limited to studies for the exclusive and direct
benefit of the higner Military Authorities. It is indeed this fleribiliiy which
enables you to offsr your brilliant scientific knowledge and inspiration to all the
other NATO bodies involved in defence research.

May I recall here the recent resolution of the Naticnal Delegates Board of AGARD,
endorsed hy the Military Committee and brought to the attention of the North Atlantic
Council (MCM-137-66, dated 1 November 1966) which stresses thet from our side, whilst
maintaining AGARD's efficient structure and working principles under the aegis of the
Military Committee, we &re endeavouring not only not to lose but even to increase the
harpony which always governed the fruitful co-operation between AGARD and other NATO
bodies concerned.

As regards your symposium todey, may I assure you that your discussions will be
followed with the highest interest. In fact, this is the first time that the entire
medical sspect of tactical helicopter operations will be studied in the light of
recent experiences made hy a large number of countries here represented.
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I am especially grateful that such s study is being undertaken by AGARD which has
already produced, a year ago, & verv copcice report on the tactical sspect of helicopter
develcpment.

There certainly exists an inter-relationship between the conclusions of both this
technical report and your studies and it might well appear that the outcome of these
two exercises, complementing each other, would stimulate the concept of the designers
as well as Gf the users of heiicopters.

The detailecd preparation and, I am sure, the most useful resuits NATO can expect from
your symposium, will put into the right perspective once more AGARD'sS ability and
capability in the field of defence research. 1In leaving somewhat aside this time the
pure *“space” aspect and coming down to the “ground”, which applies to a number of
specific problems concerning Army Aviation, you =ill give also another example of
AGARD’ s flexibility and its willingness to contribute to NATO Defence wherever feasible
and possible.

In closing. permit me to coavey the Military Commiitee’s wishes for a profitadble

peeting. On its behalf, I would like to assure you of the interest it has in your
work and I wish you a complete success in the accomplishment of your mission.”
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US ARMY HELICOPTERS AS PERSONNEL

AND MATERIAL CARRIERS

by

Colonel R.L.Cody

Aviation Directorate, OACSFOR
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RESUNME

L’utilisetion des hélicoptéres au Vietnam - leur rdle d'appui
dans le domaine de la mobilité tactique, de reconnaissance et de E|
surveillance, de puissance de feu, de logistique, et de commandement
at de contrble. L’ influence de la nature du terrain et des conditions
météorologiques sur leur emploi. Les hélicoptéres sort utilisés
pour une gapme variée de missions connexes telles que le soutien
d’ avant-postes isolés et 1’aide 3 l1a guerre psychologique grice au
largage de iracts et au transport de Laut-perleurs.
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US ARMY RELICOPTERS AS PERSOMVEL
AND NATERIAL CARRIERS

Colonel R.L.Cudy

I hope today to be able to give you an appreciation of the extraordinary develop-

nents we are experiencing in Vietnam in the application of helicopter capabilities to
the conduact of lacd coambat by the US Army.

I shall present this subject in these five phases:

1. Combat environment.

2. Helicopter employment in Vietnam.
3. Tactics and techniques.

4. Associated helicopter missions.

5. The nature of the US Army helicopter effort in Vietnam.

THE ENVIRONMENT

With respect to environment, I feel sure that mecst persons present are generally

familiar with the area so I will emphasize only those aspects which most affect
helicopter operations.

South Vietnam is marked by three general types of terrain, the Mekong Delta area,
the Coastal Plain and the Central Highlands. The open rice paddies and small amount
of vegetation in the delta region facilitate the selection of landing zones, both
primary and alternate. However, the lack of obstructions makes it easier for the
enemy to fire ca our aircraft with their automatic weapons. The coastal plains have
many of the characteristics of the delta region, however, landing zones often are more
difficult to locate. Roads arc fewer and more poorly maintained. Eas*-west ridges
extend from the inland mountains to the shore making north-south land movement extremely
difficult. The central highlands terrain presents the greatest hazards to airmobile
operations. Rugged mountains coupled with vast areas of jungle severely limit the

selection of suitable landing 2ones. The high trees surrounding landing zones present
real hazards during approaches and departures.

The weather of Vietnam stems from two monsoon cycles; the Northeast and Southwest.
The Northeast monsoon season occurs generally between the months of September and
April. It brings the wet season to the coasial plains and the dry season to the delta
and highland regions. Heavy clouds along the coastal mountains restrict air movement
in that area while hot, dusty conditions exist in the delta and highlands. Conversely,
the southwest monsoon, which occurs from April to September, is marked by low ceilings
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s&nd poor visibility most of the time in the central highlends, frequent reduced
visibility in the delta and generally good weather along the coastal plains. We
have gained a great deal of experience over the past year and & half and can now
operate successfully under much worse conditicns than previously.

THE ENEXY

In general the Vietcong (VC) and the North Vietnamese Army soldiers sre tough,
tenacious and ingenious. They fall into three categories with respect to their
cverall effectiveness. At the top of the scale are the North Vietnamese Army
soldiers. They are %ell trained, well equipped end are better organized and led
than the Vietcong. They possess more antieircraft automatic weapons in their units
than the VC and sre adept in their location and employment. Next in the scale are
the hard-core Vietcong. They are organized into military-type units; however, their
weapons and equipment are inferior to those in North Vietnamese Army units and thus
1imit their overall effectiveness. They are particularly well trained in guerrilla
tactics and are ingenious in their use of mines, booby traps and other field
expedients. At the end of the scale are the local Vietcong cells or units. They
lack adequate arms and equipment to make them effective as military units; however,
they excel in guerrilla actions such as azmbushes, sabotage and acts of terrorise.
All of the enemy forces have the distinct advantages cof being thoroughly familjar
with the terrain in which they operzte, and they are physically well adjusted te the
climaté. As a result, they are able to 3ake the best use of the terrein by selecting
the most advantageous time and place for offensive actions and, when desiring to
escape being trapped, can cover great distances in areas where detection is rext to
izpossible. For these reasons, the tacticel mobility of allied forces in Vietnam has
become an sbsolute essential and the helicopter has done much toward giving us that
mobility.

THE USE OF HELICOPTERS

The use of tne helicopter as a personnel and material carrier in the US Army has
been designed to meet the mission requirements of what we consider to be the five
major functions of land warfare. These are:

1. Tactical Mobility.

2. Pire Power.

3. Reconnaissance and Surveillance.
4, Logistics.

5. Command Control.

Our fundamental consideration in developing Aviation orgenizations and the techniques

for their employment has been to assign aircraft and their operators at the lowest
possible command level, so that they will be readily available and quickly responsive
to the needs of the ground commander. With this in mind, we have designed certain
helicopters with the flight capabilities to fit the requirements of the five major

funrtions of land combat. We also have organized these helicopters in units which are

designed to give the rapid responsiveness the ground commander needs.
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In relating the use of the various helicopters in the five functions of land warfare
I would like to illustrate with film from Vietnam the versatility of sevaral .f the
sircraft in that they are used to accomplish twn or more of these functions.

The execvtion of airmobile operations requires careful plapriing, meticulous coordina-
tiz: ard close command control.

In discussing the techniques of GS Army airmobile operations I must eaphasize that
heiicopter egpicyzent is geared directly to the plans and needs of the ground commander.

In thke Plannirg und Reconnaissance phase, the ground comsander develops a tentative
plan to accoaplish the missior assigned him. This is usually done on the basis of a
eap reconnaissance with the assistance of the aviation commander., Tentative landing
zones are selected and plans are mede for pickup of troops at the forward operating
base, loading and unloading, fire eupport, comeunications and command srrangesents.
This is followed up by a reconnaissance by nelicopter, during which the ground commander,
air cosmander and air- or artillery-liaison officer confire nlans already zade or make
changes to the plans which actual viewing of the terrain may dictate. Upon return
from the reconnaissance, appropriate commandsrs confiram arrangements for fire support
by tactical air, armed helicopters and grourd weapons such as artill:ry and mortars.
Plens for the air movement phase are confirmed to include take off time, loading time,
tine for the prestrike on the landing zone, landing time and the requirements for
follow-up delivery of weapons, amxunition and suypplies. Communications proced:res are
agreed upon and published.

On the day of the airmobile operation the aircraft are assembled at the forward
operating base in time to load troops and equipment and take off at the agreed time.
The flying time to the landing zone has been carefully calculated so that the aircraft
formation arrives at the landing zone at the exact time the air or artillery preparatory
fires terminate. Armed helicopters escort the troop carrier aircraft into the landing
zone and deliver suppressive fire on the edges of the landing zone while the troops
are unloading. Spzcial medical evacuation helicopters usually accompany the formation
and stand-by in the event there are casualties requiring evacuation.

fter all t-oops and weapons are delivered to the landing zone the armed helicopters
are often kept on station directly overhead to deliver immediate fire support for the
ground combat units. Aero medical helicopters also often remain in the area during
the early stages of the operation, and then later go on a standby basis at the forward
operating base to be called in as required.

Should the operation fail to make contact with the enemy, new plans are made and
the troops are shifted to a new area of operation to continue the search.

Up to now I have discussed only preplanned operations in which a deliberate planning
and reconnaissance process was followed. There have been numerous instances of
immediate reactior in which large numbers of troops have been rapidly moved in res-
ponise to intelligence on enemy activities or in reaction to actual enemy attack on
friendly units of outposts. In cases of this type planning and reconnaissance steps
are compressed in time so that reaction is nearly immediate. Success of this type
operation depends on good communications and understanding on the part of all partici-
pants of standing operating procedures for airmobile operations.
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Upon termination of the operation, helicopters recover troops, weapons and supplies
from the battle ares and return them to base camps.

SPECIAL NISSIONS

Now a few brief comments on other special missions accomp!ished by our helicopters
in Vietnam.

One of the most appreciated types of support is that given to isolzited Allied out-
posts of varicus types. These camps are located manr riles froe centers of population
and have no surface means of transporting supplies, personnel and mail. If it were
not for the frequent hclicopter flights which reach thes easily, they would aot be
able to accomplishk their mission.

Another major collateral mission is the support of consolidation operations. These
opersations are primarily the responsibility of the Vietnamese and arc designed tc re-
establish friendly control over large areas and a great number of the population
previously under control of the Vietcong. We support the ailitary operations that
cause the Vietcong to leave the areas; we position friendly forces that insure local
security and we airlift the special advisory teams such as medical, agricultursl,
commerce, and construction that assist the liberated villagers in restoring order and
prosperity to their areas. Lozal and National officials are transported so as to
supervise the accomplishment of these tasks.

In recent months Allied forces have been increasingly successful in implementing
the ‘Chui Loi" or ‘Oper Hand” program. This program is designed to encourage members
of the Vietcong to lay down their arms and to join the side of freedom. Our helicopters
have given outstanding support to this program by mounting loudspeakers for transmitting
messages to the Vietcong wherever they are or by dropping leaflets which inform them
of the advantages of joining in the Opern Hand program.

I have generally covered the specifics of our airmobile concept and the functions
our helicopters perform. The means with which we accomplish this mission include
helicopters crganized into various types of units, such as air cavalry, utility,
medium cargo or heavy lift helicopter companies. Esach is designed to accomplish a
specific task and is assizned to support those ground combat units having the highest
priority at any given time. Their speed, range and versatility allow them to be
shifted quickly and effectively from area to area thus respending to the actions of
the enemy or in accordance with the plans of ground commanders.

To give you an insight into the scope of these operations, I would like {0 quote a
few statistics.

During the months of January and February 1967 our helicopters flew approximately
180, 000 hours in the performance of our 630,000 sorties. We carried over 70,000 tons
of cargo and lifted over 870,000 troops. To do this each of our pilots averaged
90-110 fiying hours per month and many of them flew as much as 130-140 hours. Such
accorplishments are unprecedented in US Military history.
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I recognize that this has been a fairly limited view of the use of US Army hrlicopters
as personnel and meterial carriers in Vietram. However, I trust it has given a fair
insight into these operations as a means of measuring the problems and requirements
inherent to organ’zing, training, deploying and supporting the orgarization required to
accomplish these missions. Subsequent presentations in this symposimm will addrsss
many of the problems of safe operation, pilot training, fstigues, motivation and
operational techniques - all of which relate closely to successful mission accomplishment.

DISCUSSION

Wg Cdr Eley, congratulated the speaker on the excellence of this overall review of

US Army equipment and techniques. He noted that in an illustration of the attachment
of a heavy under-slung cargo to the heavy-lift helicopter, no head protection was worn.
Was there not a very severe degree of turbulence due tc down-wash below such a large
rotor disc, and was there not & danger of head injury?

Col Cody replied that the turbulence way in fact less than that below the tandem-rotor
Chinook helicopter, and that this particular ‘flying-crane’ type machine was generally
operated from reasonably well-prepared areas. Head protection was clearly advisable
put was extremely difficult to provide. %g Cdr Fryer stated that the RAF had under
development a one-size protective helmet and Capt Perry confirmed that samples had been
received by the Army Air Corps. Col Cody expressed interest in this development and

emnhasised the difficulties even with multi-size eircrew helmets in the achievement of
adequate fit.

aii >

Col Kriebel asked whether night operations were widely used in Vietnam. Col Cody stated
that they were severely limited by lack of adequate navigational techniques and the
; hostile mountainous terrain. It was felt that it was roo hazardous to attempt to land

. pathfinder teams to set-up landing zones in the face of the type of enemy disposition
; encountered.

PERIY

Sy B f

Wg Cdr Eley expressed surprise at the mention of operating figures for pilots of as
high as 130 to 140 hours per month. He asked whether there was much evidence of fatigue.
Col Cody replied that fatigue was sometimes a problem - it would be dealt with later in

% the programme. Ideally he would like to see a limit of 90 hours per month set for :
f aircrew on operations.
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RAF EXPERIENCE OF HELICOPTER OPERATIONS IN BORNEO

by

Wg Cdr D.Eley, RAF

Chief Flying Instructor, School of Army Aviation,
Middle Wwallop, Hants., UK
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RESUME

Conditions gérérales & affronter.

R6le des hélicontéres dans le soutien des forces terrestres.
Conditions op¢rationnelles: terrain, conditions métdorologiques.
Problémes de recherches et de sauvetage, atterrissages brutaux.

Tdches aux altitvudes élevées.

Certains problémes posés au pilote d' hélicoptére au cours d’ opérations

dans la jungle: naviration, communications, langue, stress thermique,
brilures par contact, insectes et maladies.
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RAF EXPERIENCE OF HELICOPTER OPERATIONS IN BORNEO

Wg Cdr D.Eley, RAF

A BRIEF HISTORICAL BACKGRUUND TO CONFRONTATION

Like earlier political leadzrs of Indonesia, Dr Soekarno’'s dresm w¢ .0 unite all
the islands of that Archipelago to form s Greater Iadonesia.

After the failure of the internal revolt in Sumatra in 1959 he gradually gained
sufficient power t~ absory West Irian; this he achieved by August 1962. After this
success he turned bis attention to swallosing up the remaining part of th- Island of
Borneo. He was essisted by A~3hari, the Brunei political leader, who, with the help
of Indonesian traiied cadres, initiated a revolution in December 1562. The uprising
%as soon suppressed, however, by British trcops rapidly deployed from Singapore.

The Confrontation Campaign which then followed was directed initially against the
formation of, and subsequently against, the Pederation of Malays:a. In Bornes it took
the shape of sporadic incursions across the ill-defined 1000 mile torder dividing the
Malay states of Sabah and Sarawak from Indonesian Kalimantan. Later i: was stepped
up and both parachute drops and sea-borne landings were made at various places on che
Malayan mainland, notably in Johore State.

THE DEVELOPMENT OF HELICOPTER OPERATIONS

Naval and RAF helicopters, later supplemented by Army helicopters, were committed
to supporting the ground forces patrolling the border and defending strutegic points.
Of necessity, the troops were very chinly spread with many patrols cou i3ting of
only four or five men with a frontage of several mjles to police. Thelr role was
really that of a trip-wire and their task was to see the enemv and radio back
information without themselves being detected. Without helicopter suppo:“ to move
men and supplies this operation would have needed many times the number o, troops,
or taken many more years to complete,

To give a typical, first hand, instance of the initial effort -~ I was at the time
commanding No. 110 Squadron equipped with Sycamore heiicopters at Buttesrworth in
North Malaya. On Christmas Eve, 1962, shortly arter the Brunei revolt, a detachment
of three Sycamores was ajir-l1ifted by Beverley transports into Labuan in Sabah. On
the following day they commenced operations,

Soon the pilots were fiying throughout all hours of daylight in a strange country,
out of radio contact, with very limited distribution of fuel stocks and with very
crude maps.
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Fcllowing cur experieacss in ¥alsya certain “knoss” routes were adhered to at tae l
expease of extra flying tize to aid Search and Rescue oparations ia the ovent of a

crash. Xew piiots were “checked ouat’ along these rcutes and later used thes as base

: lices froz shich 10 explore new sreas. OUre jusgle is yuch 1like asother it in con-

L
trast G the xanr seell helicopter clearings in ¥Walsgs, 30t of the early sites used
in Borneo were ‘village™ football pitckes. 1 never saw any footbell bat, luckily fer

: us, I gather that the people of the “losg hnuses™ boasted of their pitch ss some kind
: of statos syxbol.

S
PRy
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Tith the arTival of the Wairlsind ¥&. 10 four noaths later, larger payloads and
5 longer sorties tecame possible. \EP md (HP radios provided better range bat evea so, ?
p oace out of iine of sight, radio coatact was lost. A stroang plea was sade for HP-SSB

: radios and these were eveatuglly fitted to all Wijrsinds ~ finally giving a very 1
good radio cover for tke whole operation.

1 sy 2 N2 e Bana 21N

As the incursions increased in size and freg@ency smd were better orgamised the
natber of Bhirlwirds, Relyederes and other service heiicopters was slso increased.
After oae or two had been shot at, extra precastions were taken:- fluorescent paint
=a5kicgs vere removed, “flsx-vests™” were I3sued to pilots and zachine gims and
gunaers were carried. Wen operating zear the border. two pilots ware crewed in case
cne ¥ss incenscitated aad where possibie sircrat flew in pairs. it {irst pilets
were dirided over whether to sear their flak-vests or sit on thee.
issued with slabs of armoured plate for the sests.

8o raang
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Later we were

0y
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Clearings becake most importast — for, ss the struggle doveloped the ground forces
wished to be dropped or lifted zuch nearer to the borser i order 1o effect a
3 “cut-off™ after an incursion or to carry out & rick patrol in s suspected sres.
% Clearings were therefore cut all along tie border.

TR TSI [ T

Deployaent wes 2 problem — iz order tc facilitate servicing and to easure a cotrect
priority for tasking, al} our aircraft cperated out of Labuan. This also mesnt that
the aircrews had the benefit of a higher standard of messing ard accoemodation. On
the other hand., this was westeful of sircraft hours because of the lopg transit times. 3
Later to reduce “reaction time”., forsard bases were set up and the aircraft opersted
frca these wntil due for tkeir nmext schedulzd servicing. Aircres lived with local
Aray Units, in improvised caeps or in long-houses.
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Fisel problexs — were overcoze by ueving fuel supplies para-dropped or air-lifted 3
; by fixed wing into the clearings or strips to provide geographicaily spaced stocks ;
3 covering the areas most commonly used. For tacks off the norsal rouvtes fuel was
either dropped or lifted in by under-slung load frea helicopters.

GENERAL OPERATING CONDITIONS

Z Usually a jungle mist covered the valleys and low plateaux until about 0830-0920 ;
r ip the moraings. This then burned off to give clear skies until approxiEately
1330-1430 hours, after shick time & Cumulus build-up occurred, covering all Ligh

-3 ground and possibly giving rise to thunderstorms with torrential rain later in the
day. It was therefore essential that the best possitle use #as made of the excellent
flying conditions between 0900-1400 hours. Op a troop-lift there could weli be a
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remirement for six or seven journeys with three or four aircraft between the two
locations, and tkerefore every endeavour was asde t0 schieve a zinimum turnround time.
Originally. because of the fire risk, it was mandatory to stop engines when refuellirng,
and s turnround jiusrection wss necessitated. This meant delays of up to 30 minutes
compared to only asbout 4 minutes when, later, refuelling with engines running was
authorised.

Apart from visibility and heat problems, when the weather had been dry for mcre than
a few hours dust was picked up by the rotor domm-waesh and covered everything, whereas
in wet weather, mud took its place.

On the gromd fiies and leeches abounded but did oot prove a serious problem.

BIGN ALTITUDE OPEEATIONS

Helicopter clearirgs, such as I described earlier, were usually cut on a hiil top
or ridge rather than in a valley. In this way a minigua number of trees hac to be
felled and the approach and take-off routes were safer. This practice was nlso used
vhen we were tasked to support an Arxy survey team fixing certsin know points in
rolatijor to one another so that s series of aerial photographs could be used for the
producrion of better zmaps. The pin-points for the ground survey were, of necessitz,
on the highest available features, sose almost ineccessible due to their shape, the
presence of trees, or botk. The technique then used was to lower a man with a power
saw, by winch. onto a iedge or through the nearest g2p in the trees. He would £-11 enough
trees to enable the helicoptaer to be balancad precariously on one or two wheels while
tke remainder of the surver ‘ess wmere offloaded together with their theodolices etc.
Three *“trio-psints” haed to he manned simultaneously to obtain the correct measurements,
then the “rear” party was taken forward to the next point, leap-frog style, until the
next seasurement was cozpleted, and so on until zost of Sabah and Saraxak was covered.
The whole task was completed in weeks compared with perhaps several months or even a
year by surface means.

Anothe: interesting high eltituae task wae air-lifting Sabah Radio Station. 1In
order to counter the propaganda tracsmitted from Djakarta it was planned to move this
Radio Staticn up to a site on Mount Kinabulu, which rises 14,500 ft above sea level.
I uplifted the first reconnaissance pavty and, after waiting some time for the cloud
to cleer, landed at 6500 ft et the road head. Literally within seconds of touching
down there was a wind chenge which brot .. the cloué down, reducing visibility to 2
gatter of a few yards. There we were stranded froz 1100-3730 hours when naving
ccmpleted plans for an ovemight stop, it cleared just as suddenly as it had closed
in. Before returning to base we reconnoitred the site for the Station at about
9500 ft. It was interesting that when flying betveen layers of broken cloud, and
with rain on the windscreem 1 experienced for the first time, the secsstion of
“vertigo”. I also realised kow careful one had to be to keep within the operating
limits of the aircraft at those heights.

Search and Rescue - was always a precccipaiion. When an a2ircraft is forced tu land
in the jungle the main difficulty is in pin-pointing the wreckage. 1 was for some
time 2 Member of a Board of Inquiry investigating the crash of a twin-rotor Beivedere
in which nine men were Xilled. It was extreamely difficult to spot the wreckage
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through the small hole in the jungle canopy, evea when the approximate positicn was
known. I had the novel experience of being lowered 90 ft on a winuch cable from a Haval
Wessex and, after leaving the strop, climbing down & 30 ft rope and then dropping the
iast 10 or 15 it onto the fallen trees. Having carried out u survey of the wreckage,

I had to march out 6 miles through the jungle in a blinding thunderstorm. Some days
later, in the company ¢f an Accident Investigation Branch Inspector I was flown back

by Sycamore to within 450 yards of the wreckage. This was achieved by flying down a
river so Iow that the trees overhung the rotor disc on either side and then jumping
down onto a boulder in the river bed whilst the aircraft was in the hover. When the
jinvestigation was completed, scme 3 or 4 days later, having manhandled seversl tons of

rocks into the river to clear some sort of helicopter pad, we made the very tricky
recovery by Sycamore.

Some months later we carried out trials with parachutes with the object of perfect-
ing a system of marking a crash site. The idea was to plice a parachute attached to
8 box of rations on & static line in the cabin. If the engine failed the box and ’chute
were to be jettisoned at s height of between 20 and 40 ft above the tree tops. The
weight of the box was just sufficient to deplc. the parachute. It was quite successful;
the ones that were dropped near the crash site lay bdillowing on the trees and could be
seen for miles. However, trials are shortly to be conducted on a crash-indicating
radic beacon that will automaticaily be thrown clear and activated on impact.

PROBLENS ERCCUNTERED

Generally, as expected during these undoubtedly successful helicopter operations,
many problems were highlighted and some still remain to be solved.

Just to mention a few:-

Navigation ~ was one of our chief difficulties, due to the lack of suitable maps.
Jungle navigetion, when cloud or tactical considerations often precludes flying high
enough to adhere to fixed courses and times, becomes just a question of getting to
know the area, wentally orientating the more premipent features and following the line
of contours or rivers. Pyrotechnics, balloons, and radio beacons have proved useful
for the location of L.Z.s. Night operations were not undertaken except in emergeancy
due to the lack of aids and the risks involved.

Communications -~ as indicsted, HP Single Side Band equipment proved a great break-
through in this sphere. With a phenomenal range and efficiency, even from ground
level 1n a jungle clearing at the bottom ¢f a valley, it proved irvaluable after the
first few months of teething troubles. Adequate ccmmunication between the helicopter
and ground troops was cften not possible due to incompatibility of sets and this proved
a considerable embarrassment st times. Finally, communicstions between the pilot’'s
cabin and the passenger compartment was found to be highly desirable. Even so, the
problem of language remained if the Ghurke or Malay troops were unatle to speak English,
for very few pilots spoke these languages.

Weight ard Centre of Gravity - unless every passenger and item of freight was
weighed on the specially provided (bathroom) scales and the pilot maintained a con-
stant exercise of mental arithmetic there was slways a risk of exceedirng the limits
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of All Up Weight and C of G travel. It is now technicelly possible to fit strain
gauges to all undercarriage legs of fixed or rotary wing aircraft which would indicate
the weight of the aircraft and its C of G position prior to take off.

Absailing — Clearly in jungle operaticus there is a requirement for a safe type of
absailing equipment with a drop, and preferably a lift too, «f 2-300 ft in order to
penetrate the canopy of trees. Although many experiments were carried out we never
discovered a really safe method for lowering or lifting men more thaz 20 to 30 ft by
rope or 60 ft by winch. However, we did successfully lower boxes of asmurition, food,
radio sets and even tracker dogs on long lengths of lashing tape which we jettisoned
as soon as the load was sately on the giound.

Heat Stress - few aircrew experienced heat exhaustion, probably because of the pre-
cautions taken. A progressive exposure to the sun until a good tan was acquired gave
protection if inadvertently exposed later. Scme of the personnel took salt teblets,
others none. It is difficult to say who was right, but provided a normal amount of
salt was taken with food, there was little risk of heat exhaustion.

If aircraft were left out in the direct sunlight the cockpit temperatures could
reach 120°C and skin contact burns could well result. These were prevented by fitting
aircraft cockpit covers or blinds, turning seat cushions upside-down and wearing
adequate clothing.

Insects and Diseases - strangely enough the least of our worries: yet judging by the
chorus of sounds at night the jungle was teeming with animals, insects and reptiles.
Apart from mosquitoes, against which nets, “fish-coils’” and anti-malarial pills were
quite effective, and leptospirosis which was guarded against by boiling drinking water
and avoiding stagnant pools, relatively little trouble was experienced. Personnel
were at time subject to minor stomach upsets and one near epidemic of hepatitis which
was said to be due to water contamination, but otherwise kept surprisingly fit.

This reflected creditf, on personal hygiene and showed the value of the jungle survival
training given to all aircrew at the Jungle Survival School in Singapore.

In Cenclusion - there just isn’t time in a short talk to describe all the many and
varied activities undertaken by RAF helicopters in Bornev. So - having given you some
of the background p ctre and a sketchy outline of one or two of the tasks, I would
sum up by saying that in this type of terrain and under very testing conditions the
heiicopter again demonstrated its unique abilities and extreme versatility. The
enormous advances made over the last few years have made even the quite sophisticated
aircraft that we finally operated in Borneo seem quite embryonic. The achievement
and capabilities that I have only had time to hint at, therefore, represent only the
first falteringz rootsteps of an infant predigy whose potential is oniy now being
tentatively prohed and whose future is undoubtedly assured.

DISCUSSION

Brig. Gen.Lauschner thanked Wg Cdr Eley for his ipteresting review of operations under
extremely arduous conditions. He asked what was the nature of enemy fire-power in
Borneo. Wg Cdr Eley replied that the enemy forces were armed principally with rifles,
light machine guns and mortars, mostly of East European origin.
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ROYAL NAVAL EXPERIENCE WITH HELICOPTERS
OPERATING FRCM COMXANDO CARRIERS AND

AS PLANE GUARDS
by

Lt Cdr P.J.Williams, RN

RN Air Station
Yeovilton, Somerset, UK
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{a) Principe fondamental du Porte-Avions de Commando

(b) Le Porte-Avions de Commando et ses possibilités

(¢c) Héliccptéres embarqués; nspects divers de la sécurité en vol
(d) Utilisation de . ' Equipags:

(e) Opérations sur le pont d’envol

(f) Protecticn diurne et nocturne d'avions par hélicoptéres
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ROYAL NAVAL EXPERIENCE WITH HELICOPTERS
OPERATING FROX COMMANBO CARRIERS AND
AS PLANE GUARDS

Lt Cdr P.J.Williams, RN

Before discussing Royal Naval experience in operating helicopters from Commando
Carriers I think it would be .elpful to explain what the British understand by a
Commando Carrier and to suggest the types of operation to which it is best suited.
Without such explanation I thought it might be «ifficult for you to relate our
experience to our progress and difficult for you to reflect on the future.

Varicus operations in the nineteen-fifties demons:rated to the British Government
that a coacept which joined kelicopters 2ad soldiers together on board a ship would
be an e#fficient and effective method of dealing quickly with limited military tasks
over a wide area. So by 1960 two light carriers, no longer suited to the operation
of heavy jet aircraft, had been allocated to the new tasx. Royal Naval helicopters
were specially prepared for the new role, which was at variance with their ysual
anti-submarine wcrk, and the Royal Navy’s own “sea soldiers” -~ the Royal Marine
Commandos - were chosen as Britain's sea borne and heiiportable, quick reaction force.

As would be expected considerable fighting efficienmuy is achieved on board a Commando
Carrier when the Royal Navy helicopters are continually operating with one particular
unit of the Royal Marines: however it would be wrong to gaiit the impression that this
concept is entirely dependent for success upon highly specialised units. Any helicopter
force with any military unit is capable of effective operations from a Commando Carrier.
To this end Royci: Air Force and Arny helicopters periodically embark in the Commando
Cerriers to operate with units of the British Army.

The type of operations to which the Commando Carrier is best suited is of the “Brush
Fire" variety where quick reaction creates the correct bzlance of power necessary for
a recognised Government to maintain control and restore law and order. Actual examples
of such employment were the Kuwait crisis ip 1961, the rebellion in Brinei in 1962 and
the Maiaysian confrontation with Indonesia which has only recently ei tad.

For the purposes of this presentation the Commando Carrier is being considered in
isolation in order to concentrate on various helicopter operating aspects. (n reality
the Commando Carrier comprises the spearhead of a composite force which is capable of
providing air superiority over the battle area, of screening itself against submarine
attack and of carrying the additional armour, troops and logistic support necessary
for a military build up.

Britain has two Commando Carriers, the “Albion" and “Bulwark”. Both are of the
same class and both have been extensively refitted to meet the requirements of military
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helicopter operations. All the original heavy fixed wing launch and recovery equipment
has been removed and the resulting space used for additional military accommodation.
The carriers have an endurance of over 5300 miles at 20 knots and each is equipped with
eighteen helicopters. Each has full living accommodation for 750 soldiers but the
nuaber carried can be increased to over 2000 men for short periods. One of the great
advantages of using an ex fixed wing carrier for this tesk is that all the hangars and
maintepance facilities remain intact and none of the aircraft have to rexain on deck
during non flying periods for servicing.

This arrangemsent lLas the addea advantage of allowing the military to use the
“flat-tcp” as a sports arena and so keep tit. One of the biggest problems facing the
military commander ir a Commando Carrier is keeping his men in top physical condition
during extended pericds at sea.

The ship carries its own landing craft for a variety of support tasks. It alse
has motorised rafts for landing heavy trucks which are beyond the lifting capacity of
our prresent helicopters.

The Carriers have retaired all their radar equipment and the operations rooms
originally used for controlling fixed wing activities.

In consequence the control of helicopters between the ship and shore is positive
both by day and by night and in all weathers. The ship i1s also equipped so that the
helicopters can be 1ecovered to the deck in blind flying conditions.

An embarked miliiary unit is equipped with Land-rovers snd & variety of anti-tank
and other guns up to and including 105 mm howitzers =11 of which are helicopter
transportable.

These are stowed either on deck or in the hangar depending on flying requirements
and all this equipment is maintained in good condition because the extensive aircraft
workshops are available to the military mechanics.

Mechanical failure of military equipment ashore is normally more readily rectified
by flying the equipment back t.» the ship rather than attempting fiela repairs. The
carrier has its own hospital equipped with an operating theatre, dental surgery and
wards with twenty beds.

In addition, operational arrangements are immediately available tc expand the
medical capability to two theatires and 100 beds as the wounded are brought from the
battle area by heliccpter and quickly routed via the aircraft lifcs and through special
wide doors to the hospital. Normally the ship carriers two doctors and a full support-
ing recdical staff. Feeding and domestic facilities for the combined sea air and land
force present nc great difficulty to the ship since the total number of men on poard is
roronally not much greater than the number originally required for fixed wing operations.

The helicopter used on board the Commando Carrier is the Wessex Mk 5. This helicopter
is based on a Sikorsky design but has been re-engined and modified to suit British
requirements. The power in the Wessex 5 is provided by two free power turbine engines
and these give the aircraft a much better overall performance when compared with the
original piston engined American S58. The Wessex 5 has & full single engine capability
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throughout all normal phases of flight, the only exception to this ability occurring
in very hot and high cornditions with the helicopter hovering at full all-up weight. It
may be cf interest to note here that with the introduction of turbine power plants
into Naval helicopters came the opportunity to implement a long standing intention;
that being, to remove the nced to carry high octane gasoline on board carriers.

The ¥essex 5 is a corventionally arranged single rotor helicopter with 2 pilot
positions forward and a rectangular cabin, for up to 14 passengers and an aircrewman,
below and behind the pilots. There is no reasonable access during flight between the
two compartments. The cabin has only one door cn the right side and this is a restric-
ting factor when considering the speed at which troops can bte embarked or disembarked.
It is expected that future helicopters in this role would have doors on both sides with
the trcop seats outward facing down the centre of the cabin. Apart from the operational
advantages of such an arrangement it is thought to be much safer during a forced landing
at sea.

Much thcught has however been given to flight safety in the Wessex 5 since the
helicopters of the Commando Carrier spend a considerable amount of time over water
with relatively large numbers of passengers on board. Apart from the single engine
performance already mentioned. the Wessex 5 is fitted with flotation equipment which
is packed on the wheel hubs and infl:ted when required. It is fitted with very large
windows on the left side for easy exit and all escape routes from the inside of the
ajircraft are marked by flourescent hand rails to aid passengers when submerged or
escaping at night. Each passenger has a properly stressed seat and wears a lap strap.
He is not required to wear any protective headgear although the aircrew wear normal
flying helmets. Troops wear specially desigred lightweight life jackets when flying
over the sea.

However the most significant contribution towsrds passenger flight safety is the
inclusion in the crex of an aircrewman who is carried at all times. He is responsibie
for all aspects of passenger control and safety. All aircraft are fitted with rescue
hoists and the crewmen are all trained in search and rescue techniques.

Since the Commando Carriers carry only one type cf helicopter it is necessary for
that type to be capable of various roles. Fortunately the Wessex 5 is versatile and
apart from normal troop carrying it is used for crane work, search and rescue, air
ambulance, with up to 7 stretchers plus a medical attendant, and for parachuting, a
technique used with pathfinders at night.

Also it can, very quickly, be armed with a variety of weapons which include machine
guns, rockets, wire guided missiles and illuminating flares. To complete the description
of the Wessex S helicopter I think it is only necessary to mention that it is well
instrumented and well stabilised. this latter pcint being of marked 1nterest when
considering aircrew fatigue.

The main aircrew problems facing the aviation command during any extended operations
are fatigue and availubility. Current technical reliability permits a high percentage
of heiicopters continually on line and so military p'anning must take close account of
the pnysical capabilities of the pilots. Squadron sircrew complement is planned at
two pilots per aircraft, a total of 36 for an 18 aircraft squadropr and ut. isation is
reckoned at 6 flying hours per pilot per day. Calculations on thi: basis will show
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that the abiiity of the aircrew to satisfy military requirements will depend largely
on two main points

(a) The range of shore operations from the ship.
(b) Whether one or two pilots fly in eaci aircraft.

The two points are closely related. On straight forward daytime operations with one
pilot to each aircraft and with the ship-to-shore distance not exceeding 30 wiles
sufficient s~rties, both logistical ané tacfical, can be flown to satisfy all usual
military requirements. The question of range from the carrier is most important, not
so much as might be imagined because of the fuel to military payload ratio, but because
of the frequency with which the helicopters can be used. Over a 15 mile radius of
action cne aircraft achieves 5 sorties evary 2 hours, over a 70 mile radius only one
sortie every 2 hours. Viewed with 18 helicopters over an 8 hour period the short
range offers the military 360 sorties, the longer range only 72.

The decision as to whether one or two pilots should crew the helicopter is related
to both flying and operational conditions. The rapid expansion of the Royal Navy's
helicopter activities in recent years has resulted in a preponderance of young,
relatively inexperienced pilots and in their guidance much stress is laid upon the
responsibilities of aircraft captaincy and the néed to inspire the many and warious
military passengers with completc confidence in the aircrew. To this end it is usual
to fly a crew of two pilots for:

(3) Night and instrument flight conditions.
(b) Aiming and firing weapons.

(c) Areas where there is know to be ground fire and the wounding of a pilot is likely.

(d) On extended flights where navigation is expected to be difficult.

The only other consideration of account when discussing Commando carrier aircrew is
pilot and aircraft availability when, for some overriding tactical reason, it is decided
to establish an air base ashore which is divorced from immediate currier support. Upder
such circumstances, where aircrew and maintenance ratings are under canvas and beset
with numerous domestic and technical problems, & reduced availability must be expected.
Royal Navy experience in the problem of whether or not to establish aircraft ashore now
clearly indicates that tactical daylignht operations from a forward air base present no

particular difficulties but there is rarely any advantage in keeping aircraft ashore at
night.

The keystone of efficient and safe Commando carrier operations is the organisation
of the flight deck. Aud this applies not only to the obvious activities but also to the
the detailed support routing required to ensure that the correct men and stores arrive
on the flight deck in the right order at the right time.

The Flight deck is divided by a red line into a Flying Area, which includes the
aircraft lifts, and an Assembly Area. No military or their stores are allowed into
the flying area except under the positive control of marshallers and guides. The
influence of the guides does in fact extend beyond the flying avea but this is purely
to ensure that the military do not become lost within the ship.

The flight deck is controlied from a position in the bridge overlooking the complete
deck and the controlling cfficer is in radio contact with all his flight deck team.
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So that the various responsi:ilities on the deck are easily known the men wear
different coloured jerseys. For instance yellow is for marshallers, green for guides
and various other colcurs for the different technical trades, the refuelling crews,
the crash crews and armanent parties.

4
r
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The flight deck has nine helicopter operating spots, of which eigh. are used and
one is kept spare for emergency. For a pre-planned assanult 14 helicopters can be
ranged close together but this arrangement can only be used for take off.
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When an assault is in full swing the aircraft are 4%ept running for hours on end
and the aircraft are fuelled ard loaded with the rotors still turning so that the

pilots may thus be changed in readiness for the next flight. A normal turn round
would be about 4 minutes.

Smge wotre bear EmeM e - o

That concludes my outline picture of the Royal Navy's current operations with
helicopters embarked in Commando ships but before going on to discuss briefly helicopter
planeguard I would like to comment that I have not attempted to detail the trail of
experiences which have resulted in our present assault capability but only to show how
we are doing the job, in the hope that it will provide a suitable operational hackground
for your future discussions.

Search and rescue at sea nr, more specifically, “planeguard” is a straightforward
utilisation of a helicopter and I do not intend to elaborate on the basic concept which
is -essentially to provide a rescue service for fixed wing aircrew during the launch and
recovery stages of deck operations. However there are two recent refinements in the
task of planeguard tc British carriers with which you may not be familiar.

Initially helicopter planeguard was a daytime only capability because without visual
reference the helicopter could not hover, and clearly, no such reference is available
at sea at night. However the anti-submarine helicopter has a very real need to hover
at night and the doppler flight control system developed to satisfy this requirement E
has been adapted to night pianeguard so giving it a coumplete 24 hour capability. 2

Another development is the addition to the planeguard crew of a free diver whose
task is to give assistance to fixed wing aircrew when in the water. This may be as a
result of ditching or a low level ejection but in either case the rescue helicopter
positions itself alongside the downed aircrew and the free diver jumps into the sea to
give assistance.

The types of assistunce of which the diver is capable are k

(2) Clearing unconscions ov eatangled aircrews from an aircraft which has gone into J
the sea during land on cr take off and giving immediate mouth to mouth resus- :
citation to a survivor whilst still in the water.

(b) Clearing aircrew from enveloping parachutes after low level ejections.

(c) Operaling the iife saving equipment of unconscious or injured aircrew.

(d) Marshalling survivers in the water into the appropriate type of rescue strop
or net for winching up into the planeguard helicopter.
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BISCUSSION

Capt. Buckley asied shet cable leagih mas sveilable ir tke winch gear of the RN Lziicopter.
Lt Cdr ¥illiaas replied that notrz=ily 60 ft w»ere availeble, bgt the: this could be
extended to M0 {2 for over-jrngle operations. Bg Cdr Siey expressed saryrise at tie
height frog shich the diver appeared to be j=rping into the sex ix cme of the pAntograpis
shown: it appesred to be of the orser of 25 2. Lt Gir Billiams replicd that thi: was

routine procedeore and Capt Sackley 2dded that TSAF para-rescte men mere traiced Io jup
frem 35 ft.

Se ©27 Fryver enguired whether it was possible in the poisy eavirooment of the Belicopter
to re-briey zssarlr trocps if 2a in-flight chaoge of operaticozl plan was indicated.
Lt Cdr Billiams replied that Zhis was possible. At all tipes the cresnen aoz tkhe

zilitery troop leader ca board each helicopler were comnented to the aircraft inter-
coonunication systexm.

Lt Cdr Hill enquired akout the efficacy of flotation aids in EN assazlt helicoprers.

In his osn service there h2d been zuch cozcern seceatly with the problex of the provisico
of flotztiocn pot zmerely for tke i:ghtiy-clad passenger but for the hexvily lcaded and
armed zan. Lt Cdr Williaxs replied thet adeguate towrancy was provided by life-savin
scistcoats, shich were som by all persconsnel daring over-water flights. and discarded
just before touch-down. 1In addition the Wessex helicopters kxd buoyancy aids in the

forz of autcratically inflatable sponsoans on the sheel hubs and a flotation beg iz the
rear {uselage. These aids, which weighed a total of 14€ 1b, would zaintain the helicopter

in an approximately half-submerged attitcde, aiding escape considerally. Unfortunmately
the attitude lacked full stability.

Brig. Gen. Lauschuer commented that aircres were provided »ith special protective helmets -
were the standard troop’s steel helaets at all cospzrable 2s igpact-protection devices?
Lt Cdr Williams stated that for in-flight communicaticn sith non-cres mexbers only normal
head-sets mere avcilabie. Capt.Ireiand comeented that military helmets were of little or
no crash-pretection value. There was need to Gevelop helmets with btoth ballistic

and impact protection. Capt.Perry stated that the Britishk Aroy w=s curreatly assessing

a one-size passenger helzel of crushable material for passenger impact protection.
C2pt.Buckley stated that USAP rescue personnel in Vietaas woald not wmear protective
helmets shen being winched - they insisteé on being able to listen for enexy =moveeent.
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RAF SEARCH AND RESCUE GPERATIGNS
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RESUNE

1. Orzanisation

Flan de recherche et de scovetage du Rovaume Uni.

Teche essentielle - saavetage du persoonel sprés accidents aériens civils ou
rilizaires, sor terre 92 sur =er.

Tecke secondaire - aide asx autoritds civiles dans la mesure o2 le perset i° exécution
de la ticke essentielle: navires ou plateformes de forage de pétrole en détresse; marins
malades ou blessés; incidents cdtiers - nageurs, chutes du hact de falaises, accidents
de batescx 2 proxinitd du rivage, cis d isolemest par la zarée; mabtulance aerience; aide
médicale ou ravitaillement de régices distantes ou isclées; recherche de personnes
dispartes.

2. Limitaticas

Maeent da jour ou de la nuit oa se produit 1" sccidest — conditions sétéorologiques
et visibilité - distancz - vents — poids.

3. Problémes
kecherche d°un médecin;
Choix de Y’ éguipement aédical a transporter:
Sode de transport de 1’ équipement;

Trazewigsions — donnfes sur la sitaatioo avant décoiiage communicaticns entre
hélicoptére et batesu langage;

Recherche du bateau - icdentification sur la route de navigation - orientation;

Systéme de hissage par trecil - direct, ou i partir d’un canot, d’unc baleirniére ou
de la mer;

Cheix du mode de trajtemsent du patient: & bord en restant avec lui, cu transfert a
1’ hépital par hélicoptére;

Attilcde da patient - peur - refus:

Transfert du patient -- difficultés posées par son transport & partir des ponts
inférieurs, type de brancard & utiliser;

Protidmes posés a bord de 1'hélicoptere: vibrations, bruit, exiguité de la cabine.

4. Choix du Convoyeur

Médecin exercé aux opérations de hissagze, ou spécialiste des manoeuvres de hissage
par treuil possédant un entratnement de secouriste. Méthodes de formation.
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RAF SEARCH AND KESCUE OPERATIONS !

Wg Cdr M.W.B.¥atson

The Search and Rescue Service is operated in the Unitod Kingdoa by the Coastal
Coxmand of the RAF and is based on 2 Rescue Co-ordination Centres (RCC' s) — one near
BEdinburgh and the other in Plymouth.

aevne ame v o

These can be alerted frok numerous civii sources ard can cossunicate with foreign
RCCs. They direct all operaticns and have close l1inks with organisations such as the
Lifeboat Institution, the Coastguard and the Police.

The helicopter element is only one psrt of the organisation and consists of 2 singie-
engined #hirlwind Mk 10 helicopters at each of eight airfields around the coast - the
majority being in the East and South coasts - sometimes helped out by Royal Navy and
USAP helicopters (Pig.1).

The primary task of the helicopter service is the recovery of personnel from military
or civil aircraft crashed on land or sea. The secondary task is to give help to civil
suthorities in various ways. This includes help to shipping (including offshere oil-
drilling rigs) in distress or to personnel on them who are sick or fnjured.

¥any calls for help come from along the coastline where swimmers or boats get into
difficulty, or people are stranded by the tide. Cliff falis ~ often involviang serious
injury - are guite common. Particularly in winter help is asked for remote areas
either to take medicri siaff to islands or to take supplies to areas cut off by snow
or floeds.

¥e are often asked to provide an Air Ambulance Sc#vics within the UK at short notice i
when suitable aircrart are not available from Trans;~v: Command and some of the sites -~

particularly at Hospitals - are inaccessible to fixed wing aircrsft.

These requests are usually for a patient going to & smHecial treatment centre such as
for spinal or head injury. In general it is not considered worth using a heliccpter
&s an ambulance where a road journey of less than 50 miles would otherwise be necessary.

The police occasionally ask for help too ~ not just iosking for dangerous escaped
convicts but for mental patients or lust persons. Recently we picked up an sld man
who had wandered off from home and was found on the moors, exhausted, 2 days later.

Each 1light seems to have a siightly differen? role due to their geographical
position. At Leuchars in Scoiland, the accent is on mountain and island work, at
Acklington mountain and coastline, at Leconfield on fishing trawlers, at Coltishsall
on coastline incidents and some trawlers, at Manston - Air Ambulance, holiday makers
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and channel shipping, at Thorney Island and Chivenor - coastline and at Valley -
mountain work at Snowdonia.

Perheps the best way tc explain the job I kncw best is to given an example of a
typical mission - which fortunstely is not to crashed aircraft but more coxmonly tv a
sick or injurad seaman on a trawler.

On receiving a call for help from a trawler, perhaps 100 miles out to sea, the Rescue
Co-ordination Centre order off a Searci: and Rescue Shackleton aircraft from a Coastal
Command airfield. This aircraft should be on its way to the scene of the incident
within 20 minutes. At the same time the Co-ordination Centre alerts the helicopter
flight nearest the incident, giving them all the available information which normally
includes some idea of the condition of the casualty on the trawler.

The flight on the Staticn calls for the Service Medical ufficer, who decides whether
he should go with the crew of the helicopter to render immediate medical aid and super-
vise the transfer of the patient tc hospital. This nearly always means that the K.0.
has to go as the information from the ship is so vague.

The flight also warns the hospital at ahich the casualty is likely to be landed,
and the police in thet area, who prepare the landing ground by the hospital aud prevent
an influx of sight-seers at the critical moment. Each hospital in our area has a
designated landing site (usually a nearby sportsfield) which is inspected regularly
and pnotographs and details of each are carried by the navigator in the helicopter.

The waiting period for the nelicopter crew and M.0. then starts, for it may be some
hours before the Shackleton locates the trawler, having first to investigate each radar
contact in the area visually to find the right ship.

As soon as positive identification has been made, the Shackleton aircraft signals
the Co-ordination Centre which orders the helicupter to “Scramble”, giving the position
of the Shackleton. If this position is within range the helicopter sets off, at first
using the Decca Navigator and later being homed direct on to the trawler by the
Shackleton. With full fuel and crew of three plus the Medical Officer and all the
gear carried for the Search and Rescue role the helicopter is at maximum take-off load
of 8C00 1bs.

Maximum conservation of fuel is essezntial as it is impossible to est.imate beforehand
how long the helicopter will have to remain with the ship whilst the casualty is made
ready fer transfer to the aircraft.

In some cases this may only taxe a few minutes — on one occasion the casualty
suffering from pneumonia was found walking on the deck and it only took the winchman
a few minutes to 1ift him with & double strop.

On the other hand, the casualty may have a broken limb or severe head or internal
injuries so that some medical attention may be necessary before he can be strapped into
the Neill-Robertson stretcher, which is our standard equipment, and lifted into the
helicopter.
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Absence cf a suitable ares on the ship for landing the winchaan and M.D. may waste
time - mary trarxlers are too sxall and tco ciuttered with masts and rigging to make
direct winching to the deck possible.

In this case the winchran and M.0. may have to be dropped in the sea alongside
the vessel and hauled aboard. They prepare the casualty for 1ifting, then lower him
into a dinghy or life raft trailed asterr the vessel and winch him up from there.

I should say we do wear suitable clothing for these escapades and everyone wears a
waterproof immersion suit and warm underclothes. The suits are buoyant and all crew
wear life saving jackets as well.

As 8 result of all these hinderances allowance is made for & stay of 30 minutes with
the vessel. Even when the vessel has a clear area to get the winchzan on board

casualties have the habit of occarring in very storay weather, and the ship reaains
far froa steady.

Once the casualty is aboerd the helicopter all that remains is to fly him to the
nearest shore hospital and keep him as ccmfortable and alive as possible on the way.

The Shackleton ususlly accompanies the helicopter bacik to land, giving some comfort
to a8 crew almost always out of radio touc: with the shore and acting as a radio relsy
station, so that the hospitel finally selected may be told the expected time of arrival
snd the police may make final arrangements for the landing ground. This often involves
positioning vehicles to illuminate the touch-down point, since the operation which may
have started initially during the morninmg is by this time running into night.

This description of a typical mission as you see has already explained some of the
limitations and problems of the task.

The time of day is one, as the Whirlwino cannot maintain a hover without a horizon
to work from. Where there are lights along a shore or a little light along the norizon
from 2he setting sun it may be possibie for the pilot to hover cver the ship for winch-
ing, but this rarely is the case at night. Landing at night is not such a problem with
the help of the police and prior knowledge of ihe general layout of the hospital landirg
sites from pictures taken by day.

Mzay successful missions have been carried out at last light and sometimes when the
light is neerly gone, there may be just time to put the doctor down to the ship and
leave him on board to give treatment rather than come back with the helicopter.

Another way round the night problew which we have used, is to take the doctor to the
nearest lifeboat station and there lower him to the shore. The helicopter carries
flares, and a good landing light allows landing on the shore whence the doctor can go
by 1ifeboat to the ship. The helicopter awaits his return with the patient to contiuue
the journey to the hospital by air.

The range limitation in our area has been reduced recently with the arrival of the
oil drilling rigs scattered around the North Sea. Previously any ship much over
70 miles away was unreachable, but now we can almost double this range if there is a
suitable o0il rig for refuelling on the way to the ship and on the way back. We did
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such a journey to a trawier last month by refuelling on the American sand Norwegiszn oil
rig “Ocean Viking™ 60 miles off the cosst.

Is there room for a Ductor to go at 1i? He sxy have to be left behind as in the
case of the disaster to the Sea Gem 0il rig 18 months ago. One non-essential person
on bosrd means one less survivor can be picked up frog the 3ea.

One has to find a doctor too! Not =ii the helicopter flights have service medical
officers and there may not be a doctor availsble or willing to go. In such circce-
stances the crew will have to do the best they can. On my Station there are two well-
sbove-average nursing attendants who have voiunteered to go if a doctor is not available.
They can carry out regular training in winching and dinghy drill with the aircrew and
have been on operational trips.

¥hat Medical Eguipaent does one take? We use s simple hardwearing canvas bag in
which we put the drugs and eguipment which experience tells us are most likely to be
needed and modify this if we know that sosething specis! is needed for a particular
incident (Pigures 2 and 3).

Por »xraple, we took 2 pints of Group O Rh, Negative blood from the local hospital
to a Dutch seaman with haemetemesis from bleeding duodenal ulcer. We also take an
oxygen risuscitator if tkis is likely to be required. This is fully automatic and adepts
itself to differing vital capacities of adults and children.

The me: icsl bag is not carried by hand. By using cur bag clipped to the nook of the
winch cably, the doctor’s hands are left free to help ward off any obstruction coming
his way or winching by a form of bosun’s chair to an unsteady ship (Fig.4). The docter
always sho ‘1d wear & protective helmet, as it is not at all uncommon to get a bang on
the head from some part of the ship on the way down arnd up.

Comnunication with the ==ip in order to get some idea of what sort of case we are
going to is a problem. 7he situation is usuelly described as a “Sick searan” or
“Injured seaman’” on 2 motocr fishing vessel. This is a typical request and further
details are often nv: ava‘.ab.c making it very difficult to know what equipment to tsake.
The request for a %eli_opter is not always made bty the ship to the Co-ordination Centre
but is relayed f’:st tv a doctor near the shore radio station who is in my opinion
often not the most suitable to give advice.

I think thet the radio doctor should be an experienced Port Medical Officer or the
doctor who is being asked tc go with the helicopter and who should make the decision
on the type of 2id needed. The Junior Casualty Officer at the nearest hospital who
happens to be on call (sometimes with a limited knowledge of English) I think t> be
quite unsuitable and w~ have been let dcwn on several occasions by this system.

We have had a very wide selection of cases to collect since I have been at Leconfield
as you can see from this list:-
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EESCUE AND CASUALTY TRANSFER CALLS

Atrcraft Accidents Typ2 of Incident Injury
Hunter Pailed escape )
Lightning " .
Sea Hawk (German) Crash ¢ Fatal

Varsity
Light-aircraft {civil)
Meteor

Bucceneer

Jet Provost

Bunter

Tiger Moth

Auster

Mid-air collision

Collision-ejection
Double ejection
Ejection

Ejection

Overturn

Descent intc sea

~

All fractured lumbar

or dorsal spine

Air Ambulance

Type

Nuember

Transfers to special

treatment centres

Fractured spine
Practured skull
Status asthaaticus
Coronary thrombosis
Fractured jaw
Chest injury
Exposure

2 (one cervical)

w

T N I

Seall vessels 12 calls

and trawvlers

Large vessels 3 calls

Diving vessel 1 call

01l rigs 2 calls

Shipping Calls

Two “called off” in flight. Otker included
coronary thrombosis (2), drowning, epilepsy,
fractured pelvis and spine, respiratory
obstruction, urinary retention, fractured
hand and shoulder, fractured maxilla,
perforated duodenal ulcer.

Poisoning by fumes, haematemesis and hand

injury.

Decompression sickness (fatal).

Drowning and abdominal emergency.
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It is sometimes possible to check on the situation before take off by radio link
throughk the shore station to the ship direct from the helicopter crew room. After take
off, communicaticn between the helicopter and the ship is virtually impossible .5 we
have different radio frequencies, so we need a third party to act as a link. The
Shacidetor can sometimes do this and give some idea of what is goirng on, but by then,
it is too late to change your equipment. Language differences may make commurnicaticn
more difficult not only tc the ship but also with the patient and we have picked up
Dutch, Danish, German snd Polish seamen.

Somet imes we have a probles finding the ship. If it is nearby we take off immediately
and get to the area before the Shackleton does. The ships are very bad at letting you
know which one wants you. If you fly close to 2 trawler, ail on deck wave and you think
you have the right trawler, but they are just being friendly. So have to go round each
one trying to read the aaze to be sure.

As already explained getting on to the ship at all may be difficult and direct
winching off may not be possible. In such a cise the doctor may have to remain on board
until the ship reachas port, as in the case of che diver with deccmpression sickness,
with whom I had to remaia in his compression chember.

The patient’ s attitude to being winched up into an aircraft varied 2 lot and you
can understand the patient being a bit apprehensive on seeing a figure approach from
the air, tie him into a straight jacket and whisk him away on a wire to the machine
hovering above. The patiernt may even refuse to come after your efforts to reach him
and may not be as {11 as was suspected. On the occasion on which I went via helicopter
to a liteboat in a gale I was very glad the patient (with injured thumbs) refused to
leave her ship as after three hours in the lifeboat I am sure I was sicker than she was!

Getting patients up from the interior of a ship is often difficult especially if they
have ar injured back or are heavily built and tucked away in a burk below decks. Tying
the patient into a Neill-Robertson stretcher in a confined space and then wriggling him
through the corridors and gangways to the deck of a little trawler requires a lct of
strength and it is impossible to carry on with any sort of treatment in these
circumstances.

The helicopter just cannot hang around for long whilst the decision is made on what
to do and by the time we reach the patient first aid treatment is not really relevant.
The best thing to do in nearly every case is to get the patient tied into the stretcher
and winched up to the helicopter, and then to get back as soon as possible.

Vibration in the aircraft is not much trouble except perhaps on starting or stepping
t- otors. For example, if a patient has to be taken in or out of a helicopter on the
ground it is best done whilst rotors are running. A patient with a fracture of the
cervical spine would be shaken unreasonably if in the aircraft during “wind-up”.

Communication with the patient is very difficult in the aircraft because of the noise
and although we do provide ear muffs, one of the patients told me that his trawler made
more noise, so he didn't want them. Auscultation is impossible.

I was asked to discuss who should go on a rescue operation. Should doctors go who
are trained as winchmen or should all the winchmen be trained as “super firstaiders”.
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1 think thst a compromise is the answer and we find that this works very well. The
doctors rust 4o regular training in dinghy drill and winching and tk> wiachman must have
regular First Aid training. If a doctor is not available, nursing attendaats (particu-
larly those with aercaedical experience in casevac role) can be trained in lieu. We
think thet this arrasgewent is very wcrth-while as it takes the responsibility of looking
after the patient from the aircrew — they have enough else to worry about.

We think that the winchman — and the rest of the crew too - should be teught extra
First Aid for often ihey are on .heir own. Most of the winchmen are relatively old,
exgerienced, very conscientious - and keen to learn all they can to improve their
First Aid. On a small detachment surh as ours this is done by regular discussions in
the crewroom and in fligint with the Medical Officer on training trips. Fiims on First
Aid, resuscitation and cardiac massage are shown regularly.

¥We don’t encourage aids to resuscitation such &s plastic airways or Brooks gpparatus
lest personnel get the idea that mouth to mouth resuscication is impossible without them.
But if the patient is vomiting and one is full of sea water as well it is difiicult to
bring oneself to do it direct. The automatic resuscitator is a big morale aid to the
crew apart from its usefulness where cardiac massage is needed at the same time.

The crew do worry about whether they sre doing the right thing or whether any mis-
management on their part might make a patient worse. For example, in the case of a
man with the fractured Cervical Spine where careful selection of transit height could
cut air turbulence to a minimum. In such a case the presence of e Doctor helps to
relieve the aircrew of responsibilities for the patient and they appreciate this. We
find mutual co-operation very worthwhile and although the incidents are often rather
unpleasant at the time there is a great job-satisfaction and the morale of all the crews
is extremely high.

I am very grateful to have had the privilege of joining such men during my time with
202 Squadron. Having given you a rough idea of how we work, I would like tc leave the
remaining time free foi discussion and to hear your views.

The discussion following this paper appears on page 36.
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Fig.1 RAF search and rescue organisaticn

Fig.2 Medical equipment bhag
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DISCUSSION

Cdr Yackie commented on tze value of hearing of >z Cdr ¥artson's experierce in this
field. In his om opinica, the Neill-Robertson stretcher was not suitable for winching
purposes — the RN hud had 2 severe case of bhead injory caused by sirixing the kelicopter
in the final stage of wirnchirg. He ssked whetter ¥z Cdr ¥atson felt thit the Stokes
iitter might not be better. Bg Cdr Watsoa thcoght that the Neill-kobe tsoe stretcher,
althooea far from ideal, was readily available oa ships etc and ther the risk of head
injury wes. in his experience, miniwziscd since the winchwma>’ s majn responsibility at
that stsge ir winching when the patient was beirg lifted was teo protest the head.

Capt Buckler stated that the USAP use the Stokes Jitter with reasczable satisfactioa.

He asked whether any metica present had developed suitshle flotation aids for suca
litters. USAP had beer working wiih buoyancy bazs for the Gemini support task but

early trials bad reveaied a risk cf assymmetric infisticn with inversion of the litter.
This vould be disastrous since the inflatica was rerforaed after insertion of the
casgalvry. A mannficturer was workirg on this problex curreatly. Capt Ireland commsented
that the US Navy was at present studving & very proeising new rescse net syst:g.

Brig Gem Lawscheer ssked alort recospressios chambers for iiving c.soalties such as that
aentioned by Wg Odr Watson. In Gerewar there was arajlatle a light-weight single zan
portable chamber of limited depth capacitr aad endurance but eminently suitable for
helicopter use.

Brig Gea Lauschmer asked absut the trainicg of winchwen in first-asid tecknigues and of
doctors in winching drills. g Cdr Eatson stated that he personally cerried out the
first-aid training 2rd joined-in with winchaan training. He ensared that ail SAR
helicopter crews on kis station were converssnt with current first-aié sethods.

Capt Adams was unconvincesZ about the advantages of sending a doctor on such missioas.
Capt Buckiey felt that a doctor was often a iiability in such circuzstsnces. lie had
trained 200 to 250 cremmen in the specisl first-aic techniques necessary in the USAF
Rescue and Recovery Service role and was w2ll-satisfied with their level of ahility.
Wg Cdr ¥ataona replied that in Lis type cf mis<ion the doctor's services were often ot
necessary but that the pascity of inforpation given by those calling for 2id geperally
zeant that it was impossible to judge in advance the type of telp reguired. On small
ships there was often a good deal of sxilled aid reguired before the patient zouid be
brought to the deck, let alcne winched off.

Col Shamburek esked whether casualties were generally carried in stretchers whilst on
board the heliccpter. Wg Cd- Watson replied that this was so in his work; Le found

the stretcker to be an excellent splint to maintain immibilisation of any fracture.

Col Shamburek stated that in US Army experience their preference for the prone position
fo- patients meant that stretchers were rar:2ly used.
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THE HELICCPTER

A TACTICAL RESCUE OR RECOVERY VEHICLE

by

Captain C.J.Buckley, USAP, WC

Aerospace Rescue and Recovery Service,
c/o Aerospace Medical Division,
Hqs USAP, ¥ashington DC 20333, USA
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La Service Aérospatisl de Ssuvetage et ce Récupération (azrospace
Rescue and Recovery Service) de 1’ Arrmde de 1" Air des Ztats-Unis a trois
missions essentjelles:

Loy

{a; la premiére de ces missions —enées pser héiicoptéres, et sussi
Ia plus active. est le sauveiage sur ure base locale, avec lutite
contre !’ incendie et opérations de sauvetege sur les Lases
sériennes tactigues.
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(b) Il existe easuite un service 4’ évacuation par hissage 4" acci-
dentés se trouvant sur un terrain ennemi oi la preparation de
=cnes 4’ atterrissage est impossible.

R

{¢) La sissicn is p:. . difficile consiste enfin a aller rechercher
des équipages de coebat & de grandes distances (équipages
d’ avions zanquant a la suite de sorties opérationelles}.
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L’ auteur étudiera les plans actuels et futurs ¢’ exécution de ces trois
réles.
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THE NELICOPTER ¢
A TACTICAL RESCUE OR RECOVERY VERICLE

Captain C.J.Buckley, CSaAP, ¥C

As the largest sirgle user of rotary wicg aircraft in the United States Air Porce, :
the Aerospace Rescue aad Recovery Service (ARRS) has geined zmuch insight into the
tactical emplosment of these craft as rescue vehicles thro.gh support of cozbat efforts in
Southeazt Asia. The mere existence of a combat recovery unit has bad an extresely
beneficiil effect as 2 hunwnitarian, morale and confidence fa~>or for our aircrews.

It foccers 2 sense of security for both the man and his famiiy at hose. The Gollar

and ceats profit from this activits is resmdily apparent. The cost of basicaily quaiify-
ing oze USAF piiot or pavigator is spproximately tso hundred fifty to four hundred
thousand dollars. The majority of our tactical cozbat aircrew personnel coze from the
pilot or nsvigator category and the recovery of one of these individuals regresents &
considerable monetary saving for our country. »hen orne notes that wme have effected
over fcur hundred cosbat recoveries in the past year zlope, the dollar value importance
of the rescue cperaticn becomes nore evident.

The ARRS combat recovery mission profiles extend {roa the short-range quick reaction
crash rescue/fire suppressinn activity, to the longer range combat aircrew recovery
operation. We have 21so had experience in the hoist evacuation of multiple battle
casuaities fraz extrezely hostile areas, and in cff-shere personnel recovery from the
Gult of Tonkin. A discussion in pore detail of each of these varjous missions will
identify the problems which we have encountered witn Hur helicopters and should also
serve to desonstrate how effectivelr the helicopter fuactions as a rescue vehicle.

The first and bdusiest of our helicopter missions ir Southeast Asia is the iocal base
rescue activity, We rely on the HH-43 Kaman Huskie, a tw#in rotor, single jet powered,
irelicopter which is capable of deploying approxiuzately seven hundred gallons of standard
coz foam from a Pire Suppression Kit (FSK) suspended beneatk it. The twin intermeshing
two-bladed rotor assemblies are mournted ia a side-by-side arrangement on individual
rotor pylons. These are counter-rotating, eliminating rotor torque reactions and pro-
viding an aerodynamically balanced rotor system, referred to as a ‘synchropter’. This
design lends itself to the use of longer rotor blades for a given size helicopter and
this produces a zuch grester lifting capacity per horsepower. In a synchropter, all
available power is converted into lift with none diverted for driving a tail rotor. It
is this efficient use of power provided by its Lycoming T53-L-1 gas turbine engine that
enabied the Huskie to establish a world helicoptzr altitude reccrd of thirty thousand
feet.

“his aircraft with a crew o four stands daily alert at most of our tactical air
bases, responding immediately to impending or actual disaster upon notification by the
primaiy craslL communication net. After flying to a crash site, the two asirborne fire-
fighter crewman are placed on the ground. Combining both the foam from the FSK and
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judicious vse of rotor downwash from oar helicepter shich hovers above them, the fire-
sen are able to cut s pxth through the fire to the cockpit of the barning sircraft to
rescae tne periled cremmen. Since tkey carry only & liaited quaantity of fire suppres-
sion agent, these firefighters make nv attempt to extinguish the Llsz» unless it appears
within their capability to do so. As might be expected, ar ordinsnca lnden aircraft
adds considerably greater risk to this type of aission, and precisica timing and close
teamwerk are essential for its safe, successful accomplisheent.

A arsor plated version of the Kaman HH-43 helicopter is also used for our second
and, I believe, our most hazardous combat recovery activity. I am referring to thoe
heist evacuation of aultiple casualties from acutely hostile areas. Ground combat
tnits operating in denase jungle regions frequently request our assistance in evacuating
casualties remiring immediate medical attenticn. These ground forces may lack the
capability or determine that it is not operationslly feasible to clear a landing zoue
to acconplish pedical evacusation in the nsusl manner. HH-43 recovery teams are then
called to sction.

This helicupter has exceptionally gocd hover capabilitr in the low density atmosphere
at altitade encountered over the jungle highlands of Vietnam. It is held in hover over
the tom of one hundred fifty to three hundred foot jurgle trees while the casvalties
are hoisted to the helicopter through a small opening in the vegetation canopy. Prior
to the actuxl casualty evacuation, a pararescueman is usually loweres to the ground to
sct as evacustion controller. expediting the recovary operation aad often rendering
medical sssistance to wounded in the immediste ares. It is during the fifteen to thirty
minute hover time required for accomplisnment of this mission that our aircraft and crew
are most vulnerabie to enexy ground fire. Repest perforsances in the same hostile area
are generally necessary tc comaplete the removal of all casualtics os the litter capacity
of the HH-43 is quite limited. We have encoustered considerable difficulty supporting
this type activity.

The armor plated HH-43, or P &odel as it is better known, is also used for aircrew
recovery activity within South Vietnim and its near coastal waters. The lixited range
and single engine vulnerability of this helicopter make is undersirable for use in the
conbat aircrex recovery mission over North Vietnaz and aost of the Gulf of TonXin.
However, equipped with a two hundred twelve foot hoist and forest penetrator, (s plumb
bob-shaped device constructed with fold-down seat panels and pe:sonnel restraining belts,
acd specifically designed to penetrate easily the thick jungle canopy) the HH-43F has
done a most effective recovery job (Figs.1-2). Deployed in pairs, two helicopters will
speed to locate the site of a downed aircraft, usiiag both electronic and visual means.
If a landing area is available the helicopters will land and depioy pararescue personnel
to inspect aircraft wreckage and recover survivors. However, if the terrain is unsuitable
for helicopter landing, as is much of the Vietnamese jungle, 2 hoist recovery wili be
necessary. The survivor's position must be accurctely located, often a time consuming
and dif€icult task. When this has been accomplished, one of the helicopters will hever
over the jungle as near to him as possible, and lower the forest penetrator to effect
the rescue. The other helicopter will remain &«. sufficient altitude to observe the area
for hostiie action.

If the survivor is incapable of assisting in his own rescue or is in need of medical
aid, a pararescueman will be lowered from tse helicopter to help him and thus expedite
the recovery. The pararescueman is one of the most important members of our rescue
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team as it is usually through him that the actual rescue is physically accomplished.
Approximately two handred of these highly trained experts in every aspect of survival,
are assigned to ARRS units worldwide. As precision parachutists, capable of jumping
by day or night into difficult terrain or izto any body of water wearing full Self-
Contained Underwate: Breathing Apparatus (SCUBA), they are unsurpsssed. All are mountsin
clisbers and proficient medicsl technicians skilled in emergency medical kncwledge and
procedures. 1If the survivor cannot be contected or lccated, the peraiescueman way be
lowered to conduct 2 land search of the wreckage and the ixmediate area. 1f hostile
fire forces his hovering helicopter to withdraw, he is trained to evade ard survive on
his ows untii his rescue can be accomplished at a iater tize and another place. Agein,
close roordination and teamwork are vhat mskes this operation a success.

Our last and most difficult helicopter mission rrofile in Southeast Asia is the
oct-of-country ccmbat aircrew recovery cperation. This activity hes taken basically
unarwed and unarmored rescue forces deep within the land mass of North Vietnam to effect
the recovery cf dosned tactical fighter-bomber crempza. The rescue vehicle used for
this mission is the Sikorsky HH-3E, a twin jet, single rotor, long range helicopter
instrumented for all-weather flignt and equipped with sophisticated electronic personnel
tracking and location devices. Its twin engine reliability afforded by two GE T58-5
engines mad 2 new variable speed hoist with a two hundred forty-six foot cable khave
extended our jungle rescue capability considerably. Tnrough coordinsted prapositioning
of our personnel and sircraft to give minisusm access distance to projected Lrouble
areas at the time of bosbd strike raids, rescue forces can be at the dowmed aircrewsan’s
position as rapidly &s possible. The distance to and from the rescue site is frequently
great and adequacy of fuel for the return trip is always of prime considerarion. All
unnecessary equipment xust be removed from these helicopters to reduce weight and con-
serve fuel. This consideration dictates the deletion of all but a minisum of armor
plating protection which is afforded the pilot, copilot and certain vital mechanical
elements, and negates the possibility of having any substantial weapons system on
board. As a result, we must rely on & very well coordinated fire power support effort
ranging from high performance jet fighters for protection from enemy aircraft to slower
reciprocal engine pnwered close air support planes for suppression of hostile forces
in the area where the rescue is to ba accomplished.

Once the downed ai-crewmman has been contacted, his ground position identified, and
hostile fire ir the izsediate area suppresced as much as pessible, the rescue heli-
copter moves into a nover position and lowers its forest penetrator and, if necessary,
its pararescuemar to effect the recovery. Minimum delay must be experienced during *
this part of the operation as it is the time when the helicopter is most vulperable
to enemy fire. The dual helicopter deployuent concept is used on most of these out-
of-country missions to add an immediate rescue capebility for our own forces should
one of the close air support aircraft or the actual recovery helicopter be downed
This precautios has proven its value or several occcasions.

One of the biggest rescue problems encountered thus far has been accurately locating
the surviver on the jungle floor. Personnel locator beacons will direct recovery
forces to the general area of the downed man but actual recovery depends upon visual
contact with him. A better visual marking and signalling device is needed to transcend
the one hundred fifty to three hundred foot trees and their dense canc)y. This would
identify the individual from the air and decrease local search and loiter time pricr
to rescue contact, thus conserving fuel and decreasing exposure to hostile ground tire.
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Beginning this year, the Aerospace Rescue ard Recevery Service will offer a most
effective coebat o1 peacetime recovery team. This tess will consist initially of the
Sikorsky HH-3E helicopter and the Lockheed EX-130P turtoprop long range search and
rescue tanker. Through the advent of successful operational asir-to-air refueling of
the belicopter from fixed wing aircraft, weight and distance are ro longer the limiting
factors governing the success of a recovery effort. Truly, rescue capability can now
be extended to the limits of the globe with a reasonable access time periocd. Tae
addition of the Sikorsky HH-~53 heavy lift helicepter to augment this team yields even
greater capability. The increased size and power of this helicopter will permit it to
carry larger pay loads or sophisticated weapons systems. Its proposed heavy lift capa-
pility of ten to twenty thousand pounds will permit recovery of current spacecraft
from ocean landing areas. Air-to-air refueling will afford these helicopters the
potential to recover a space capsuie similar to the Apollo vehicle and return it to
the nearest land mass for ultimate return to the USA via jet cargc transport aircraft.

Looking to the future, we of Rescue envision a V/STOL aircraft as the backbone of
our operation. It will combine the hover capability of the helicopter with the speed
and range of current fixed wing jet aircraft. When it too can achieve aa inflight
refueling potential, it will represent the ultimeate in all purpose rescue vehicles.
Access time will be decreased to the absolute minimus throvgh intelligeat deployment
of these :rcraft on a global basis. Coabined with simultaneous development of im-
proved survival and persontel locator equipment, the Code of the Pescueman — THAT
OTHERS MAY LIVE - will become a more complete reality.

The discussion fcllowing this paper appears on page 44.
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DISCUSSION

Col Hoogvliet asked about the techniques for in-flight refuelling of helicopters.
Captain BPuckley stated that this manoeuvre was possible up to 10,000 ft but that it
was generally performed between 5000 and 7000 ft. sSpeed was the major problem; the
H53 could achieve 185 kt, the HH3E 110 tc 125 kt. At these speeds the C130 tanker
pilot was presented with an exacting task.

¥g Cdr Eley enquired about the forest penetrator cable length. Captain Buckley replied
that 246 ft were usable. The rate of winching was rather slow for many circumstances
and there were hopes that the time for full-length wind-or ccuid be reduced to some

30 seconds.

Ir reply to a question by Brig. Gen.Lauschner, Col Malone stuted that he thought that
the helicopter in the long-range recovery mission was at lesst thecretically protected
by the Geneva Convention.

Lt Col Lgil asked about the utilisation by the Huasky’ helicopters of the Pire Suppres-
sion Kit ‘the ‘Sputnik’). Captain Buckley replied that only in a very smali minority
of crash fires had it proved instrumental in saving life. However, as Col Malone
pointed out, the medical profession should support strongly the development and pro-
vision of any device capable of saving life and limb, even if its atilisation might

he extremely rare. Captain Buckley pointed cut that a very serious problem in the
airfield crash rescue role was the fatigue and boredom engendered in crews who need

to sit in their machines at readiness, day after day for very long hours with a high
ievel of vigilance although in the knowledge that their services will be required

very rarely.

Maj.Ascdahl asked whether vibration was a major problem in helicopter carriage of
casualties; in particular he was interested in the ‘synchropter’ configuration
helicopters. Captain Buckley commented that it was rarely severe, although there
were some conditions of altitude and load in which it was quite marked.
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THE USE OF HELICOPTERS DURING THE FLOOD OF

NOVEMBER 1966 IN ITALY

by

Brig. Gen. Dr A.Paganelli, IAF, NC
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RESUME

La présente communication concerne la situation dans laquelle s’est
trouvée 1’ Italie en novembre 1966, lors des inondaticns qui ont ravegé
les régions dont le relief est pourtant trés différent et ol les popula-
tions n’ étaient pas toutes également habituées & supporter des catas-
trophes naturelles, d’ une telle envergure.

C est dans ces circonstances gque les hélicoptéres ont joué un
role important dens les opérations de sauvetage. Leur intervention
est venue & temps, s’ est réalisée avec rapidité, ce qui a eu des
répercussions favorables sur le moral des populations victimes de
cette catastrophe.
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THE USE OF HFLICOPTERS DURING THE FLOOD OF
NOVEMBER 1966 IN ITALY

- e

Brig. Gen. Dr A.Paganelli, IAF (MC)

The flood which struck Italy in November 1966 war of unexpected viclence in
several regions. To confront the critical sictuation, all means of available

assistance were employed: among those airborne means, helicopters had a particularly
important role to play.

1 will not dwell on the drama of the sitiation: the information media - the press,
radio, television - gave the world a realistic picture of the event, especially for

that which concerned Florence, the ctstodian of not only Italian, but universal
treasures.

The stricken regions present a diverse orography; from the Florentine hills to the
Grossetc nlains in Tuscany; from the southern slopes of the eastern Alps of Cadore, to

the mountains of the Trent region; end finally, the lowlands at the delta of the Po
river.

The populetions of these regions are variously prepared to confront floods. The
inhabitants of the Po delta, used to recurrent floods, are equipped, especially with
water-going means to defend themselves, helped by state oiganizations and by constant
surveillance of the level of the river. These people are thus psychologically prepared
for the adversities of nature.

The Alpine populations are toughened by the harsh life of the mountains; they are
psychologically habituated and physically resistent to nature difficulties.

The popuiations of Tuscany, from the soft rolling hills of the Arno valley to the
plains of Grosseto, living on land re-clainmed from the marshes, are also strong and

hard-working, but psychologically unprepared fcr sudden and grave adversities such as
that of November 1966.

From this first consideration, we draw the first conclusion: that the populatiocns
more exposed to danger are those of Tuscany. For centuries they hed never been struck
by such a grave natural disaster. Prooi of this is that artistic works, as for
exampie, the Crucifix of Cimabue, painted in the 13th century, had never suffered
damage from meteorclogical events as has happened now. However, the strong character
of these people anc their well-known lively intelljgence brought to them the will for
reconstruction that has aroused the admiration of all and has given vigor to Italian
and foreign volunteers who have offered their useful help.

The work of helicopters in these crargencies has been invaluable,
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Helicopters aof the Air Force, the Argy, the State Poiice (Caratizesrs), the fire
degartnect and the American comvand of SETAP were mchilized; organized air reoconamissance
gave precise Inforzatica sod the localities which remained isolsted were able rapidir
to receive first aid

Tezs of tens of essentisis were trmsported by the helicopters; more than 2,060
persons were saved from dacger: ir some casss, Joctors were carried axd drofped down
in isolated Bouses to assist persoes skom it wes not posiible to traasport.

In a11, sboct 3900 xzisslozs were flown. Fheve the beiicopter cocld mot land, persces
were Jiftéc from the roofs of bocses by u specisl brace fitting coder i2e srms, with
the kelicopter rovering: wken necessaty a meaber of the crew went down £0 the bugse snd
task care ¢ (ke attactment of ike lifticg Erace to tae injured pesson, encooragzicg
the timoMmaus.

Frcr in adverse atmospheric conditiozs, there was rot £oo mnch trochle. Ay fore-
sec obstacle to the assistamce operatiocs mas gaickly overcome. I cite, for example,
the incomvexience represemted by television azteznse which Irpeded easy spprosch £o the
roaftops; the anten=ae were immedistely taken down with the jztelligzect cooperation of
the flood victiizs, cooperstiom waich facilitated to 2 great exteat the assistazce
operatic=s.

Aad bere it ssexs 5 us that we sbegld point ozt ooe fact, perksps tie mcst isportast
of a13 tie cperztion in regard to the ksliconter: its ripid aclice, =speciaiiy in the
comity axd in the szall cesters, represeatsd s psyckological Incto— cf privary
Isporiazce. It let ihe indabiients koow that they were nct sloce; 1t zavre them faith
and cairved them: 1L xade orderly work pessible; it avoided dazgerous coliective pesoic:
it sijowed irraicable cooperaticn. The continoous poesence of those bezeficient
“dragon-flg*” friends zave courage sad will to p2ople %0 could bave absndoned thep-
sclves t0 terror mnd desperstion. Tois, perbaps, was tZe least-reslized wvalue of the
kelicopter, & psychological vaioe of inestimsble ivrth

All this kappened principally jn the flooded zmes of the cld Toscany marsh-land,

In tde Po delta, it was z matter of helpicg to get people on boets and to trazsport
rapidiy tke sick

In the mountainors regisas, helicopters were able to land and get pacple in reed of
assistaace on board with more sgility. Helicciter assistance in the mcuntains deserves
a seperate discourse: in Italy work is peing carried ont in this sector, especizily in
the Alpine regicns. Buot this {s getting smy frox the subject of the floods.

Scazarizing, =e can zake the followxing points:

1. The helicopter, in cases of such emergency as described above, is tke most
imediate and valid means to exploy, that is, of means which zre currently
available. I exphasize the word “currestls”™ sirce other means, more perfect
and safe, wili certainly be buill by msr in the future.

2. The psychological factor bas a great importance; a group of peojle seized by
panic can be more dungerous to thexselves tian a flcod. The helicepter,
annulling this feeling of isolation, trings serenity and faith once again,
facilitaticg the assistance.
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3.

4.

5.

No particalsr difficulties were eacounterad in sssisting = hetercgensous
porclstion, urprepared for helicopter essistance.

Bac weather, within ceriain limits, was not a grive ctstacle: it pat the
fligkt crews to = Lard test without, Lowever, the operstions eing suspeaded
(sometines the winZg resched 30 km/h): bat it is obrions tkat aore serices

metecrolcgical cozditions would have represeated lizitations to the possibilities
of the helicopter.

Zooperatico with gromad vehicles, or amphibiocs vehicies or esbarketicas is
valmble. In casex of interrmpiices nf comwnications, air recomsufssance gives
indicaticn of tie mest desirable places to travel, or the mest sppropriate means
of assistemce; it Informs essistsnce organization centers, thos melirg ikem able
tc carry ouat ike necessary mezsures; to ipdicute the passabie areas; rezulate the
flow of materixls; provide for hygieaic and sanitary aeasures. In this field
al=o, I is clear that ths perfection and th= zadspiation of rsdio comricsticns
will more great’y 2id zir reconasisssnce, allowirg disvet ~~mmicaticn.

TABLE £
() Nzxder of kelicopters esployed - e . 193 l
(Lt} Nomber of perscas saved - e e« - < 1796 i

(c) Ncmber of sick, invalids asd wounced carried 935
£d) Nzzber of civilians rrersported urgeatly . 479

(e) Fatal accivdents — 1 (2 person sho raised ber
ares just prior toc cospleticn of winch
rescre, and fell from the strop) . . . 1

(f) Totai live and material cargo weight
transported . . . . - . . .133,540 xg
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DISCUSSION

Wg Cir Satsom commented that he hed seen ns flotatica aids ca She illcztraticas of

the helicopters in use in the Italian floods. ¥ere no such iids sveilabie?

Brig. Gem. Pagamelli repiied that tha cmergerncy wmas scch thrt o the spst isprorisation
wr.s essential, aad thet 12 time was available for the e.uisition and fitting of such
(i4s.

B “Ir Fryer atked how instructicas bed beea given to the refugees xith regard to the
clearance of ‘obstracticas and the utilisaticn of rescve aids. Briz. Gem. Pagmelli
replied that prblic-address londsprikers were casried by many of the heiiconters; others
had used lsrge placsrds. Fortuma’ely zary of the popnlation in the Po delta owned

boats and were =ble to ro¥ into clea- areas before rescze.

Nrig. Gem. Lawscimer ssked whetler there bad been proniexs #ith priorities and whether
necple had wanted to tske witk thex zoods and chattels. Brig. Gea. Pagamelll replied
that the helicoprer rescoe was generally resiricted to the sick, women 2 childrea
There had beea iittle irouble with ihe populace mith regard to acceptance of this
principie and few had nroved difficult over the questica of their poss=ssicus.

¥g Jdr Eley asked about wind sirengths. He had read in English newspapers about wind
stréngths of 80 w.p.h. Brig. Ges. Pagmaelli repliel that these reports wesld appear
to 2aye arisen from failure to ccevert units; to it knowledge the maxizix wird speeds
in which they Ead cperated nsd been 89 kx per bour.
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OPERATION SKAGERAK
by
Xajor K.S.Petersen, ROAF
Air Statica Vedbaekx, Denwark
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Les hélicoptéres S-61 e Yesrwirilie N0.722 PDAP cat €58 £7p=145 pour 2 :
-vepir ag secours du ferzy “Siceenad™ gul conlali i 25 xilles fio In-cSte.
Dazs des cooditions difficiles, zvec srances laxes, et par faible A
visibiiité, 69 passagers st &uipsge cot €t sauvks par Eéifccptires; et
75 par pevires. Le coamandant é= bord Su presdsr kélicsptér=rsar les :

lieux prit e rtle Jde “commandant sur lés 1iox® posr tovie 1Mopératicn.

Des observations soat faites sor les difficcités veccoplzees éans co
cirounstances urgeates, et les Samsioas [ysigues et piysioiogiques
isposées azx szuveteurs et aux rescapis sont discatdes,
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OPERATION SEAGERAR

¥ajor K. S.Perersen, RDAF

Eefore I star. to describe the “Skagerzk™ operation, I would 1ike to give you sae
inforiaticn atout the squadron and its Sikorsky S-61a-2 Lclfcopter.

N5.72Z Squadron Roya! Dazish Air Porce is the ocly rescue sqezdrcn in Denxzark, and
se cover the Copenhagen Flight Inforratioa Regica. ¥e have permanently 3 S-61°s on
an arceni-the-clock SAR-dioty within this area. 7They are all under operatiszal control
of the Res:tue Po-ordination Centre {RCTC) at Karup. 7Tie sguadroa itself is based at
air station Vaerloese. 90% of our missiozs take place over open sea, ang consist of
pick-ups of wounded fiskermer, the rescue of pecple frox capsized saliing craft,
rescuing downed pilots and rescaing people who have drifted to sex on “air mattrezses®,

The S-61 is docsloped fros the USN SH-34, shich is used Yy severai forces in the
anti-subearine rele.

Thse major differences zre:

1. Fuel capacity is incressed to 6,200 1bs whick zllows about 6 hours flying tize.

2. Bigger sponscns, not anly for emergency lsnding, but slso for shut-dosnm on water
in waves up to 2-3 feet.

3. A higher tail cone.
4. Two batteries for start-up independent of ground supplies.

Nor=al grossweight 19,10C ib. SAR cverlcad 2i,500 lb.
Mazigus coat cruise 120 kts,

Normal cruise 100 kts.

Max. range 650 -700 NM.

¥ith bucket-seats installed there wili be rooa for 25 persons on board, including
crew.
May. altitude 10,000 - 14,00 feet depending on weight.
SAR crew: 2 pilots
1 radio operator
1 hoist operator
1 rescue man.

Occesionaily on special rescue missions a doctor will take part.
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Special equipaeni: :
Agtcemtic stebilisation eguipmsent &
Decox K8 A ¥itn roller =ap :
Sarah type R6Z5
IPE/SIF APX 25. T

UVHF/ARC 34 (225-299.3 w’c) wits P¥/121 shich gives s howing capability in ADS a
position cn-any transmissicn with the *hover” indicator in mcde “H™.

APB8T — 28,000 channels ~ 2 — 29.699 ¥c/s.
Radiccompass ADF 72 ¥ith homing caradility on 2182 ke,
Padsr altimeter APN 117.

-’x}'pos of hoist operations perforned are single, deobie
and stretcher-1ifts.

baVieunt s

OPERATION SKAGERAK

After this short introduction to' the squadron and ite equipxent, I will continue .

with the operation “Skagersk™, the greatest missicn eves required of the Denish rescue ’
orgasisation.

. The 7th of Septexber 1965 was a showery and sIorny day with wind speeds cf 3045 ks
i from the west, ceiling sround 2000 feet, visibility of 5 ¥ aad waves of 20 £ to 30 ft.
: The RCC at Xarup received, at 10.37 brs Z, 1nformation {hat the ferry “Skagersk” was

leaking at a pasitien cf 5735N —CSO2E (approximately 25 MM from the cosst of northern
Jutland}. It was on its ®ay from Xristianssazd (Norway) to Hirtshzls (Densarkx) and was
sending distress signals. The SAR helicopter at Aalborg was scrambled imsedistely, and
within the next 29 =in the rest of the 5AR helicopters were scrawbled and farther
helicopter assistarce was re.uested frem the squadron in Vaerloese. Furthersore, RCC
requested assintance from Norssy, Germeny, and Sweden.

At 11.12Z the SAR heiicopter
frox Aalborg arrived in the area, and the Pilos renorted that the ferry had launched

3 - all its lifersfts and wooden lifeboats and that the situation appeared io be very

] serious. They started right away to pick up survivers. The pilot in comeand of this
Y - first beiicopter was ordered tu stay In the zrea ustil fthe rest of the nelicopters
i arrived. He was alsc appointed “On-scene Coemander”, ¥%hen ke got 2 couple of ships
: s in sight he dirscted them fowards the disabled vessel.
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Meanwhile srraggenznis were eade for the landing and unlcading of survivors at &
= erall grass airfisld in L¢nstrup, shich wus the ¢ 5sést point on the shore from the
: ferry. Also closing of roads to normal treffic was ordered, so thst the ambulances

could have a “free way”™ for their epproxizate 15 km drive te the nmearby hospital in
Hidrring. Arxbulances and doctors from the whole ares were called to glye assistance
and the hospitai was prepared for the expected enormous invasion of more or less

injured survivors. Refueling fucilities were made svailable at Lgnstrup airfield.

Yo Y

At 11.25Z it was reported that sl) passengers hsd ieft the ferry. False informetion
was received at 11.362 saying that tle ferry had sunk. This inforzation was immediately
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corrected from the helicopter. Owing tc the streng head winds tha 2 other SAR

helicopters ané the 2 extrz kelicopters, which had been sent frox the squadron, did
not arrive on the scene until 12.40Z to 12.49Z

The first 18 survivors were landed in Idostrop at 12.55Z. Until now it had not bees
possibie to get inforaation efther from the ferry or the owners how zany persoans were
on board the ferry, bat at 13.04Z information v: = given that there were 170 people on
poard. After coepletion of the missiocn; the final figure was 144 persons. At 13.15%
(approximately 23 hours after the arrival of the first helicopter) it was reported
that only 11 people (211 crew members) remained on board the ferry.

At 14.42Z the “on-scene commsander” reporied the situation under cosplete control,
end he asked the ships in-the area to pick up emptiy liferafts and lifebozts, so they
were not searched unnecessarily. At 16.43Z no other survivors were sighted. 7The

11 crew pezbers on beard were asked to lesve the ferry if they wanied to be picked up
before dark.

At 17.35Z the last man =2s picked up and at 18.15Z the whole search was cancelled
due to derkness. All kelicopters landed at airstation Aalborg at 18.462 after a
stccessfel missfion in which 69 survivors had been picked up. A farther 75 survivors
were picked up hy 3 different ships in the area.

As 1t appesred from the helicopters that the wooden lifeboats had most difficuity
in the cruel ses, pick-ups were started from thess. It was decided to spare the
rescue-gan and use single 1ift instead of double lift — which we normally perform -
due to the possibility of having the rescue =an injured hy & ccllision with the boats,
as they were completely unstable in the high sea. A little later the helicopters were
requested to evalnate the possibility of picking people uvp direct from the ferry, but

that looked far too risky as the ferry rolled violently 30° —45° snd alsc pitched a
great deal.

A1l swimming survivors were picked up in “doubie 1ift”, as nearly all of them were
completely exhausted from fighting the sea. In such cases the survivolrs were fiown
directly to the airfield for gnick medical attention.

On one occasion a capsized liferaft which was expected to be empty, suddenly becane
alive when one of 12 persons oa board cut a hole in the bottom of the inverted liferaft
with his phcket knife, so that they could get ocut. They had been standing on the roof
of the liferaft, gro-n ups and children among each other, hardly able to brezthe because
of the crowding. Some of them jumped into the water »-d were picked up from there,
others were rescued direct from the dinghy.

Blankets and flying jackets were used to protect the most exhausted survivors, and
everybody was engaged in heiping to preserve his or her seif. It was evident that the
engagepent in helping meant a lo% to the instinct of self-preservation.

Even the ship’s dog and the ship’s money box were picked up.

Fifteen of the pick-ups were made as double 1ift.
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The maatal conditicn of the first crew in the area, as ther were alone for the first -
1% hrs, was thzt they werz a bit nervous and afraid of not being able to overcome their
task, by pot being sble to make the pick-vps cuickly encugh. All survivors were waving
- their areS and i was almost impossible to decide where to start, as you could not be
sure who would ke first tc give up and drown. The crew hoped they corld keep sil their
equipeent working for the whole operatioa. Frok the tremor in their voices cne could
hear that the crew mesmbers were working under a bigh pressure.

[T VISV

None of the crers had bad sny special education or training in how toc stend the stress
¢f seeing severely wounded or sick persons. They are 21l able to concentrate on pick-ups : %
of 1 or 2 persons, as this only takes a short time, but this was going to be s long-
lasting and fatiguing affeir. One’s insufficiency in this fight with the elesents was
realized right avay. It mould be hard not £o feel sope guilt if the situation worsened
and zauy cf the survivors were not picked vp in tide.

It »ill always be of grest nelp to have 2 dector con board oa speciul missicns such :
as this when serious casuaslties are expected. That is ~ he can tske the responsibility s
for the patients-when they get on Loard the helicopter.

The rescue man had. to withstand severe stresses while doing his job. He was often
ragged through and under the :surfsce of the water and maybe hit by different objects. g
All this exhausted him so much that after just one double-1lift he could hardly stand.
The hoist operator »ho uses his right hand to guide the hoist wire and reduce the
ascillations became very Tired and tensed-up in all muscles as he aslso had to help
people into the helicopter.

[OQPRICETININ
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One of the surgeons who tookx sart has sent me a few notes on the state of the
survivors.

T avata

Most of the patients were severely physically affected by the unpleasant experience. RS
Mest of them were exhausted and wet and many were worried about the unknown destiny of
other meambers of their families. All this induced a light stage of shock, which for
the most of them was quickly relieved by friendly treatment, warm clothes, warm food
and a feeling of security, especially when they got information about their relatives.

FRRNAN

All together, 19 patients (10 women, 8 men and 1 boy) were sent to the hostpital.
Nationalities reprecented were: Norway, Holland, Italy, France and Germany. Only 5
of these patients were affected by the ccld water. One had & small rather insignificant
injury of the spine, 5 others had ainor abrasions, but were not seriously affected and
. had no fractures. Two had serious bruises of the ribs, spine and feet, but no fractures.
] : One had a broken arm and 2 showed signs of minor concussion. Thvee had heart-trouble
‘ an’l a couple had water in their lungs. Cne showed early pneumonia. Some were very
depressed, and one had lost her hushand, who was dead on arrival although he had received
sprcial treatment all the way from the very minute he got insidte the helicopter.

TV T A SO — o AWHVAY T PN

What charscterized all the casualties was the influence which the cold water and
wet clothss had had on them. The state of fear, which for some came close to a nervous
break-down, was marked in all.

D7 DA AN

Only one needed to be kept at the hospiial for longer than a period of 24 hours.

All were discharged in good condition, though some required further treatment at their
hometown hospitals.
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From a medical point cf view the whole operation was an easy affair without major
probless.

A very impressive thing happened vhen all the survivors got pevmission to buy new
ciothes. This, coupled with good news about their relatives, iemproved the condition
of waverybody right away.

Food for thought: A 12 year old boy sitting in the siing holding on with only one
nans, waving and laughing to the whole crew end with a repartee on his lips; 15 minutes
later the fir=t pilot looked at him, and told me later that he now knows what the boy’s
appearance wili bs when he reeches an age of 50 or 60 because that was what he locked
iike then.

After 2 to 2% hours in the cold water — temperature below 10°C — a 24 year old
married Danish girl was rescued. Her story in short was that when she jumped overboard
wearing & life-vest she had her little dog in her arms. This dog meant as much to her
as & baby to other wives. She was dressed in s rather heavy coat and walking shces.
She tried to keep the hesd of the dog clear of the sea, but some time later she had to
admit that the dog had died, and that she had o let it go. Suortly aiter she had left
the ferry she had kicked her shces off as they felt uncomfortable. Now, as she no
longer had the dog fo-think of, she realized the creeping coldness spreading up through
her legs ané body. She was floating further and further away from the ferry, but all
the time trying to draw attention from either one of the aircraft or one of the ships
taking part in the rescie. Once she wes very close tc a Russian ship, but she passed
it on the side on which no look-out was being kept. She screamed for heip in Danish
and waved her arms. A little later it came to her mind, why did she scream for heip
in Danish? If they had heard her they would not have understocod her anywey. Once she
got entangled in bladder-wrack; it got arourd her neck and body. She remembered tkat
she, as a little girl, had had much fun in “popping” the bladders in the fronds of this
type of seaweed. Doing this again kept her active for some time, and drew her thoughts
away from her more and more critical situation. Then she discovered the seagulls. At
one moment was completely aware tnatv there were gulls flying around her. The next
moment she thought that they were vultures and that they were attacking her like the
birds in the Hitchcock film “The Birds”. All these and many other things which heppenei
to her during her long stay in the cold water might have played a part in her success
in stsying alive for so long, by keeping her mind occupied with different activities
and her thoughts away from her more and more critical situation.

One hitherto unmentioned factor which is probably of the greatest importance in the
success nf her survival is that up to an age of 20 she had taken ©vart in all sorts of
swimming, more or less every day. She had taken part in several contests and was a
swimring certificate holder.

A lot of peopls would probably have given up long before due to panic, the cold water
and the hopelessness of the situation. In fact the cold water affected this girl so
much, that one arm more or less froze in a fixed waving position over her head and at
the moment of rescue she could move ncthing but the distal part of her little finger.
She cannot remember a thing from the beginning of the rescue until her arrival in
hospital, and was probably at the moment of the rescue as close as she could come to
unconsciousness. The next month or so, she was broken in body and mind, but after
perticipation in a paper on the “Skagerak” operation where she heard about others’
dizficulties and about the whole operation, she started recovering.
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Szt she xill £ot for & very loemg pericd take ® bath Iim 2 Bathinh, visit 2 seimmizmg-
pool or swizdath, o take a swiz from a besch doe o tde peyctic Ianfloence of the whole
disaster aod her loog sixy In the cold wager.

The crews of tEe Belicoptess did’ ¢ Eate 3 Beelthy and scund slees ihe first comple
of xS due to tke mimy Inpressices, mastly of frighteced people’s farces, Mot also =
Tew cases of uxxs belcgy belaviour aben they tom into, »22f you oould c2ll = sort of
desperaticn, Dot to say suinals, in thelr fight for 1ife Ny being first ip leing
rescged atead o childres an? womem,

DISCUSSION

Cel Meleme, tiorking Major Petersea for his paper, said that Le »as stre that be was
reflecting the views of the andience in stating tiat Major Petersen Fad gives z
re-rnt;is fize zccormt of the piysical sod mental effects of exposere z=d éanper.
His was 2 most valzable first-Basd sccommt of the type of sitzation which a=y rescoe
ergaaisation mxst be prepared to desd with.
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SCNWAKY OF SESSION I

bz Coi R.S.Malcne, USAF, NC

Fe Exve reviewsd the develotment of beliccplers in militery aod medicel tsctics,
moticy box their incressing versatility iy clever design lesSs o moze widespread
arplicatice. Indeed, it is throcgh this mediom tkat the tecknologpical skills cf o~
societies ave applied to meintzin tte freedmm cf those w50 stroggie to monid their
owz Zestiny.

(ol Cocdy Ess shosn thke order of Late?z zs keliecpiers sre exploged: tactics,
moSility, fire poser, logistics, cummex2. Wp O Eley B2s traced the vicissitodes
cf cgenaticas in wmapped, to = Jdegree winown, aress, »Ezre mes overcome the lirits
of their egzipment Ly Ingsnicre tecknicres. I believe here w2 mere told of the wlti-
mere capahilities of cress in tersns of fiyirg Borss axd fatigos. Thes Lt ©fr Willisas
somarised the ficzl prodfsce of z rapidly movicg evoluticnary [socess — the creatien
of z tack force which is c2iquely modile &=d yet carTies Its oz logistic stoport.

At this point we exanmined the speciai a;plicatices of the helicopier in rescoe
cpersticos. t.Buckley iodicated tke pse of rescunze parsoxnel abo were trained as
medics, parackutists and in the vse of SICBA.  Alr refeellin w»as siowa to be fezeible.
Gz Pagioeiii demonsiTated the practicebility of khelicomter operatioes in civil disaster
caszzity cootrxol. Be coafirned the problemws of air beist, at the sape zjne re-
egrizsising the psrchological boost shich orbiting rescpe rersgmoel provide tke stricken.
Major Petersen described a knze operatica condncted in a shors ime oder difflcuit
ceeditions. He deliceated psyckologicai problens preseated by cascalties.

Valperadility cof man has really bSeen the voderlzing theme of 211 these preseatatioos.
It bas been shown repeatediy that there must te a welding of ran with mechine - that
meticslors training of flight cre¥s and commacders is, as usvzl, tke esseatial ingredient
to assure success. Man's {railties are both ewmotional and pigsical. He fuxbles zhen
afr2ié — tut his fear can be eradicated with trziningz. Under operatiozal circuzstances,
oaly strict discipline with regard to field sanitztion can control diseases. Aa eateric
wpset, particolarly 2 diarrhocal disease, can abort 2 zission just as surely as gunfire
or fcel lack. While he may spend much tizme in the air, man’s natural epvirorn=zent is
still the eartn =here he lives in ecological balance #ith bacteria.
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LES CONVENTIONS DE GENEVE ET LA PROTECTION
JURIDIQUE DES TRANSPORTS SANITAIRES PAR
HELICOPTERE DANS LES CORFLITS ARMES

Général Major Médecin E.Evrard

Conseiller Mddical
Délégation Belge au Conseil de 1’ Atlantique Nord
Caserne Géruzet, Brussels 4, Belgium
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- Tke juridicial protectioa of helicoptérs os seromedical missicns comes under articles
35 and 37 nf the Pirst Geneva Cosveaticn date? 12th Angust 1949, aad article 39 of the

g Secozd Coavention.

:31 The presext juricdiciz! status is ineffectrz® acd iooperestive dze fo gaps, axbiguities
g and defects. These are:

k.

{1) Lack o~ precisicn in the definitioa of protected aircrsft.

(2) Insaf<icieat means of signallirg and icdentification of helicopiers o2 an aero-
redical missSica.

{3) The obligaticn of = prelixinary agreexent on flight rovtes between parties at
wAr.

{4) Lack of precision in the practical delimination of the sreas gbich caa be fiom
over, especiaily in forward missions.

To £ill these gaps and remedy these lacks of scccracy, the author suggests:

(1) that protected helicopters incicde not only saaitary helicopters proper, but
also helicopters on occasionsl or temporsry medical missions;

{2) tkat these two categories of helicopters b2 signalled, in addition to the tradi-
tional and distinctive red cross sigr, by 2 direct visual system of lights;

{3) that the obligaticn of any preliminsry agreement on the flight route betweea
parties at war be vemoved for medical missions;

(4) that it should be prohibited to fly over eneay territory, the territory occupicd
by the enemy and the contact areas of cozbat units. Provisions should be laid

, down to specify the fate of an aircraft having landed, by accideat or necessity,
( in a forbidden area or a neutrsal zone.

The author will present the text which was written out in Juue 1966, in conformity
with these principles, Lty the medico-legal Committee of Monaco, at the request of the
International Red Cross Committee, with a view to modifying the texts concerned with
medical avistion in the First and Second Geneva Conventions of 12th August 1949.
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LES CONVENTIONS DE GENEVE EY LA PROTECTION f
JURIDINUE DES TRANSPGRIS SANITAIRES PAR
BRELICCPTERE DANS LES TONFLITS ARMES

Général Major Wllecin E.Bvrard

1. GENERALITES

Les voeax éeis par diverses sccidrés or commicssions juridigues (5Ce Cenféreace de
1’ Internstionai Lar Associstion, Commission de Droit International Médicsl de I.L.A.
dans s& rémion de jaavier 1962 & Liéze, Socidté fraageise de Droit International
Nédical daas sa séance du 3¢ juin 3962) oat sttiré 1°attention sur le probléze, im-
portant poar le foactiocnement dn Service de Santé ea temps de guerre, de laprotection
de i*héiicoptére sanitaire. Ils complétent 12s cris d alamze lances par des médecins et
des juristes. Citons notamment des Cillevls (Revue Internationaledes Services de Santé,
aolt-septesbre 1562, p.407-410). Xounier (Revue dt Corps de Santé Xilitaire, 1957,
D.362-4013, Petchot-Bacqué (Le Médecin de Réserve, mars-avril 1960, p.43-49), de La
Pradelle P. (Bulletin Internatioral des Services de Saaté, aoft 1953, p.376-330),
Schickelé &. (Revue Générale de 1*4i- . 1950, No.4, p-847-854). de Lasala Secper (La
proteccior a 1os heridos, enfermos 3 naviragos de las fuerzas armadas en cazplna -
1964) etc.

La Socidté Internationale de Droit pénzl militeire et de Dreit de la guerrs 2 =mis
cette question d 1°ordre du jour de ses travaux en 1964. Eile 2 chargé son grospe de
travail pour la protecticn de la vie humaine dans la guerre moderne d’en faire une
étude spprofondie.

La Commission médicc-juridique de Monaco a consacr€ & ce probléze une partie im-
portante de sa 5e Sessien en juin 1966.

L'hélicoptére est un aéronef, puisqu’ il s’agit d'un véhicule se déplagant au dessus
du sol. Lorsqgu’il eccomplit une mission sanitaire, sa protection relédve des articles
36 et 37 de la Premidre Convention de Genéve du 12 aodt 1949 et de 17 article 39 de 1a
Deuxidme Conven:ion. Ces textes constituent actuellement le statut juridique pre-
tecteur 2 ‘?’aviation sanitaire dans le droit international.

L’ aviation sanitaire a ét¢ introduite dans la Convention de Gendve lors de sa re-
vision de 1929. Un statut protecteur particulier lui fut accordé. A cette dpogue,
le terme ‘adronefs sanitaires’ dont il est fait usage dans le teste de la Convention
ne s’adressait en pratique qu’aux avions. L'hélicoptére r’édtait pas encore né.

Les conflits armés qui surgirent aprés 1929 mirent tous en évidence les difficultés
insurmontables de la mise en applicaticn, des dispositions particuliéres du texte de la
Convention de 1929.
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Durant 1a Jdeuxidmse guerre mondiale, notsement, tous ies belligfrants rospirent avec
ies principes du transport des blessds sous le couvert de la Convention J2 Gendve.

A défact de possibilitds de foncticanement et de raodesent d'une aviation sanftaire,
répoadant ea vue de sk protection, aux cisuses de 1la Convention de Gendve, 1'aviation
unilitaire de transport se vit confier 1’ &vacuation des biessés per vole adrieane.
Cette évacuaticn deviat ains! une mission militzire absoloment normale.

L’ éracuation mussive des blessés £ malades par air est certsinemeat 1’ une des
réslisaticas les pius importantes de 1a Deuxiéme guerre mondiale dans le domaine médico-
nilitaire. Sans docte, présents A& bord d'avioans de transport miiitaires, aménagée
tespersirezent er avions senitaires et effectuant leurs vols sans tenir compte des
exigences de 1a Coavention. le per<aanel ssaitsire ct les bless€s ne pouvaient pré-
tendre, an cours do transport, i une garantie quelcongue de protection. Force était
doac d' acecpter le risgue cue cosporte 1’empleoi en tesps de guerre d’un avien silitaire
de traasport ne répondant pas sux condifions d'immunité. Mais les évinements ont
proavé que le risque était minime, 1 condition que le belligérant possédat la supér-
jorité€ de 1’air dans 1a zcne ol s’ effectuait le transport et durant 1z période de son
accoaplissement et 4 ,ondition d¢ ne pas survoler des zones défendues par 1z DCA
ecanesie.

An contraire, les risques deriennent énoraes en cas de méconnaissance de ces om-
ditions gui sont indispessables pour 12 mise en jeu des moyens de transport aériems
avec le souci 4°un degré suffisant de la sécurité du vol.

Lorsgue s'ouvrit en 1549 la Ccnférence chargée de préparer le revision de la Con-
vention de Gendve, la formule de 1’aviation sapitaire telle qu’elle figurait dans la
Conventiod de 1929 apparaissait, & la lumidre des événements de lz Deuxiéme guerre
mondisle, sans grande portée pratique.

Néanmoins, les mémss principes turent rzpris dans les Conventions du i2 aolt 1949,
I1 est vrai que quelques dispositions nouvelles tentérent d’spporter un peu de souplesse.
Les 2éronefs ne doivent plus aécessairement étre peints en blanc, mais 1ls doivent
porter la croix rouge sur fond blanc sur leurs faces inférieure, supérieure et latdrales;
ils sont autorisds & survoler les pays neutres sous certaines conditions. Hais, par
contre, pour pouvoir bénéficier de la protection, non seulement 1’ interdiction de
survol du territoire ennemi ou cccupd par 1’ ennemi, déjd prévue au texte de 1929 est
renforcée et précisde, meis, changement capital, les adronefs sa.’taires ne seront
respectés que ‘pendant les vols qu’ils effeciueront & des altitudes, & des houres et
sujvent des itindraires spécifiquement convenus entre tous les belligérants intéressds’.

Cette clause. pour reprendre 1’ expression d*un juriste ¢minent qui est un des
pionniers du statut international de 1’aviation sanitaire (Paul de La Pradelle), ‘cloue
1’ aviation sanitaire au sol’.

La guerre de Corée ne fit que confirmer d'une maniére éclatante, le réle irremplagable
et 1a valeur considérable de 1’'avion militsire de transport pour 1*évacuation rapide
des blessds vers les hopitaux de traltement définitif dans les zones de i’'arriére et
de 1’ intérieur, o’cat-d-dire & des miiliers de kilométres des zones d’ opérations. L’on
n’ assista A aucune tentstive de protection juridique de ces transports adriens. Ceux-ci,
de méme que pendant la Deuxiéme guerre mondiale, furent intégrés dans les plans et las
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principes de 1a logistique adrienne, et, dans les conditions de ce conflit trés localisg,
furent mends & beans fin smas qu’cn ressentit le besoir d'un status international de
protection. A
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¥ais en afme teaps, la guerre, de Corde marcua 1'apperition de 1'hélicoptére comae i
‘abulance du ciel’, et cela, mfme dans lam zone des cozbats. Véhicele sanitaire parti- 3
culidrement comsode et efficace, il manifestz des trillantes qualitdés pour le ramassage
du bless€ sur le terrain et son évacuation primsire.

Ls faible altitude 4' emploi de cette machine, sa vitesse relativeaent peu élevde,
son utilisation sur le terrain Efxe du combat sont autant de caractdristiques qui
1’exposent & des risques d'attagues par les armes &' infanterie et d’artillerie au cours
de sa mission sanitaire. Il p’est donc pas dtonnant que ce soit A propos de 1°emploi -
de 1'héliriptére en teeps de guerre que des voix autorisdes se soieat fait récemment
entendre pour déplorer les graves lacunes qui subsistent dans le status internativnal
juridique de 1"hélicoptére sanitaire.

En 1954, le juriste frangais Paul de La Pradelle, déj& cité pluc haut, ddclarait:

‘r'on le veuille ou non, dans leur état actuel, les Conventions de Genéve condax-
nent 1’ emploi de 1’hélicoptédre en temps de guerre. L’articie 35 est inapplicable
au cas de 1'hélicoptére.” (Bulletin International des Services de Santé, aoQt 1954,
p.376-389.)

Dans des publicaticus récentes, médecins et juristes ont continué de demander une {
solution & cette situation prdoccupantd. Le bien-fondé de leur argumentation repose ’
sur des faits: Les gueryes d’ Algérie ct du Vietnam ont montré que les conceptions qui
avaient été baties au cours de la guerre de Corde sur 1’emploi normal de 1’helicoptére
pour des missions sanitsires dans la zone des combats dtaient en fait trés optimistes:
ies pertes importantes en hélicoptéres, abattus au cours de ce genre de missions, par
le tir d armes légéres en provenance d' éléments avancés ennemis et de petits groupes
iso0lés et camoufléds en tdzoignent.

Dans un rapport préparé pour la 50e Conférence de 1’ International Law Association
(Juin 1962), le Médecin Géndral R.Jovanovic (Yougoslavie) éderit:

‘Les hélicoptéres, d’aprés les régles qui sont en vigueur, ne sont pas suffisammeni
juridiquement protégds, étant donné qu’ils ne seuvent pas s’ adapter aux conditions
orévues pour les avions sanitaires et ce sont précisdment ces conditions qui constituent
la base de la protection juridique.’

I1 faut souligner que des progrés techniques cvonsidérables ont encore permis d’ élargir
st de diversifier la gamme des emplois militaires de 1’hélicoptdre. Outre les missions
d’ observation, de renseignements, de photographie, de transport de troupes, 1'hélicoptére
peut aussi accomplir de vdritshles missions de combat: des types d'hélicoptére sont
actuellement qualifiés d'hélicoptéres d’ assaut.

Vouloic rédserver 1'hélicoptére uniquement 4 des missions sanitaires, comme certains
médscins et juristes 1’ont propesé avec une certaine candeur, pour sortir des impasses
actuelles, est une pure vue de 1'esprit, doublde de naivité. C'est méconnaftre la
réalité et s'enfoncer davantage dans le royaume des illusions. :
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Les dtudes, vceux et fravsax, qui se sont surtcut coacentrds sur le probléme de 1Is
protection juridique de 1’Lélicoptére, pourrzieant donner & penser que les médecins et
juristes, spécislistes du droit interaaticnal médical, décoursgds par les complications
de 1*élsboration d'un Sfetut pretecieur de 1’aviatjon sanitaire englobant tous les
adrenefs ou conscients de la profonde déseffection.montrde jusga’i présent par les
milieux militaires pour !’ imsunisation des avions en =issiou sanitaire, préférerajent
trouver une scluticn limitée & 1°hélicoptére, qui, lti, est particulidremsnt expcsé
dans ses-missions de ramassage 4 I’avant st d' dvecuation primaire.

Une telle -conception, tendant A donner un atatus particulier A& }*kélicoptére, sersit
peu heureuse.

En outre, techniguement, elle ne se justifie pas.

1. clle serait peu heureuse parce qu’eile retarderait encore la réglementation du
statut de I'aviation sanitaire. 711 ne nous paraft donc pas opportun de délaisser ie
ccncept géudral de 1’ adronef, pour s’engager dans les particularités techniques actuelles
d’un type d'appareil, sous prétexte que sa voilure est tournante et qu' il peut faire
du ‘sur-place’.

2. Cette conception de différenciation re se justifie pas. En effet, 1’ inévitable
réadaptation du statul de 1’aviation saniteire aux conditions actuellement.prévues pour
la conduite de le guerre perte sur quatre points essentiels. Ce sont précizégent ceux
dont les textes, dans les Conventions I et II, contiemnent des lacun.s, des €quivoques
et des imperfections. Ils se rapportent non seulement & 1’ hélicopiire, ueis & tous
les types d’aéronefs, quels qu'ils soient. Ce sont:

(8) la définition des appareils protégés: avions et hélicoptdres

(b) l’identification de la mission sanitaire par des moyens complémentaires modernes,
visuels ou non visuels. Ces moyens existent et pourraient &tre 2ppliqués & tous les
aéronefs, dont 1’hélicoptére. Certains sont simples et ne sont ni encombrants ni
pondéreux. Ifadoption de 1'un ou de deux d’entre eux répond & un réel besoin pour la
protection de tous les types d'adronefs.

(c) la suppression des exigences d’accord préalable portant sur l’altitude de vol,
l’heure, etc., exigences qui dépovillent 1’article 36 de la Premiére Convention de
toute valeur pratigque pour tous les types d'adronefs sanitaires. Si 1’identification
devient aisde et claire pour tous les combattants des armées de terre, air et mer dans
les deux camps, cette clause, mortelle pour 1’'emplci de 1’'aviation sanitaire, peut
ttre abolie, parce qu’elle est dépourvue de sa justification.

(d) la délimitation pratique de la protection juridique des aéronefs en mission
sanitaire cu-dessus des différentes zones des terrains d’opérations. Cette délimita-
tion doit Btre précisde pour tcus las types d’ adronefs. L'hélicoptére ne consti‘uve
pas une exception, bien que les médecins militaires et les juristes en droit ink~i-
national aient, semble-t-il, polarisd actuellement leur intdrét sur ce cas particulier
4’ eppareil parce que le probléme de la protection juridique de 1'hélicoptére en mission
sanitaire se pose avec une acuité pressante, dans la zone des combats, pour des missions
de vamassage sur le terrajn et d' dvacuation vers des formations de triage et de traite-
ment chirurgical d’urgence.
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Dans ces quatre différents sectexrs. c*est uniquement aux problimes de 1’helicoptere
que nous bornerons cette étude. .

Aprés s—ir pis en dvidence la nature de ces lacunes et dquivoques qu’ il importe de
faire dis; .aftre, nous proposerons une foraule de solution., en veillant non seulement
2 ce qu'elle soit valable pour assurer la protection juridique de 1’hélicoptére gani-
taire pais aussi 4 ce qu’ elle puisse s’intégrer a 1’occasion d'une révision des Con-
ventions dz Genéve dans des textes capables @’ 4ssurer 1" f==unjcation, sous certaines
conditions bien précises, de {out type d’céronefs sanitaires.

2. LACUNES, EQUIVOQUES ET INPERFECTIONS BU
STATUT JURIBIQUE ACTUEL

2.1 Définition des Appareils Protégés

Selon le ler alinea de 1'article 36 de la Convention I, ]la bénéfice de la protection
est accordé aux ‘adronefs exclusivement utilisds pour 1’évacustion des blessés et des
melades ainsi que pour le transport du persopnel 2t de matériel sanitaire’.

Cette formule est deuivoque, car elle peut désigner soit les aéronefs sanitaires,
au sens restreint du terme, ¢'est-a-dire les appareils affectds en permanence et en
exclusivité aux services de santé des armées, soit les aérenefs militoires opérationnels,
qui seraient occasionnellement affectéds & une mission sanitsire temporaire, alors

G’ 11s sont normalement utiiisds 3 des fins d’hostilitéds (transport de troupes ou de
matériel).

Cet alinea de 1’arcicle 36 a donnd lieu 3 des commentaires divergents qui ont encore

accentué i’ dquivoque. Cette derniére porte tout autant sur les avions que sur les
hélicoptéres.

Nous limitant & cecux-ci, nous devons constater la disproportion entre les disponi-
bilités en appareils et la variété croissante des missions que les Etats-Majors peuvent
leur confier dans la conduite d’'une guerre moderne. Cette disproportion ne favorise

pas actuellerent une tendance A leur dispersion ni 4 leur spécialisation exclusive su
profit d’'un service, notamment le Service de Santé.

Certes, outre 1'emploi d’hélicoptires bhanalisés & des fins occasionnellement sani-
taives, les Américains affectent des hélicoptires A& leurs unitds médicales. Ils
prévoient des compagnies médicales adro-sanitaires pourvues d'hélicoptéres dont les
pilotes appartiennent au Medical Service Corps.

Toutefois, le nombre de ces hdlicoptéres spécifiquement et exclusivement sanitaires
ne reprédsente qu’un faible pourcentage du parc d*hélicoptéres américains.

Par contre, en France et en Angleterre, pour ne citer que deux nations disposant
également d’un nombre important d’hélicoptéres, il n’est pas actuellement prévu d’unités

d'hélicoptéres militaires, exclusivement réservés au transport sanitaire.

C’ est égale-
ment le cas en Belgique.

Chaque pays a, dans ce domazine, sa conception particuliére.
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I1 est A présumer que la plupart des Services de Santd militaires, xtaes s'ils
possédent en propre des hélicoptéres sanitagres. devront surtout ccagter en teups de
guerre, pour ccavrir tous leurs besoins en matidre d’ dvacuation, =ur des appareils &
vsages multipies, convertibles en versicn sanitaire A 1a demande.

Certes, tous les Services de Santé militaires, conscients des missions qui les
attendent en temps de guerre, se rendeat compte @’ ils devraien: disposer d’'un parc
bien dtorfd d'hélicoptéres sanitaires, répondant 2ux exigences des Conventions. A
défaut de pouvoir atteindré cet objectif idéal, il importe que du moins les appareils
mis & leur disposition, sous quelque modalité que ce soiv (mise sux ordres, affectsticn
pour une ccitaine dutée A une unité addicale, etc.) portent alors ostensibleaent les
gignsx 2 identification vrévus pour les appareils saniteires, et actuellesent la croix
fouge, en attendant mieux, malgré les insdffisances Ju aystéme.

Ceci est particulilrement important pour les hélicoptéres légers affectds aux unités

gédicales pour des missions de ramascage et d’ évacuation primaire, dans la zoue de
1’ avant.

En tonte iogique, les Commentsires de la Convention No.I de 1949, publiés sous la
direction de Mr Pictet®, attribuent A un adronef temporairement utilis€ pour une wmission
secourable le béndfice de la protection s'il respecte les clauses de 1°article 36. Il
est dvident qu’'en temps de guerre on n’surait que rarement le ¢emps de peindre, d’éffacer
et repeindre des croix rouges sur fond blanc, selon la nature des diverses missions se
succédant an cours d’une méme journde ou &' une méme Dhase d’ opérations militeires.

11 est heureux gue la plupart des types d’hélicoptéres permettent une fixation aisde
et trés rapide de panneaux amovibles portant des croix rouges sur fond blanc. On peut
regretter que ce systéme ne puisse pas encore &tre généralisé sur tous les types
d'hélicoptéres. La vitesse de déplacement, moins grande que celle des avions, permet
d' dviter 1’arrachement de ces panneaux pen¢ wnt le vel. Etant donné 1’ absence d* empen-
nage chez les hélicoptéres, i1 n’y a pas lieu de redouter, csmme c¢'est le cas pour les
avions, que ces panneaux viennent bloquer ou détériorer des parties vitales de 1’ appareil,
s’ i1s viennent & se détacher en vol sous 1’ influence du déplacement d’air.

Pour la plupart des hélicoptéres, c’est & dire ceux qui sont demeurde hHanalisés et
peuvent étre convertis momentanément en version sanitaire, on se trouve donc devant une
situation beaucoup plus favorable sur le plan pratique que pour 1'avion en ce qui con-
cerne les exigences actuelles de 1’article 36, en cas d’'alternance rapide des missions

sanitaires et des m.ssions purement militeires, du moins pour ce qui regarde le signe
d’ identification de la croix rouge.

La premiére question qui doit 8tre posée et résolue suns ambiguitd dans les textes
est donc de savoir si cette pratique, basde sur 1’ expérience extrémement favoravle des
rdcents conflits doit 8tre confirmée en réservant le bénéfice de la définition de la
convention aux hélicoptéres banalisds, effectuant occasionnellement une mission
sanitaire.

11 est bien évident qu’un statut futur de 1‘aviation sanitaire ne peat condamner
une telle pratique ni y demeurer indifférent. Il doit au contraire la favoriser ot
garantir 1’ immunité de la mission sanitaire effectude dans de telles conditions.
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Mais ceci ne doit nullement exclure la recherche paralldle de la constitution d’un
parc d’hélicoptdres sanitaires au sens fort du terme, dans les Nations qui 1’ en possé-
dent pas ni son expansion dans les Eitats qui en disposent déja.

LA S AN ] "d\;:.‘.m‘!fﬁ‘.ﬂi‘kr-ﬂ&&’. AR 20)

Bien que 1’expérience des récents conflits n’ait gudre été Tavorable au concept d"un
parc d'hélicoptére- sanitaires exclusifs, les juristes promoteurs de ce concept en
défendent 1’idée sous une variante qui permettrait 1'institution en permanence, pour
le temps des Lostilités, d'une flotte adrienne sanitaire, placée scus la dépendance
des services de santé des belligérants et qui, en aucun cas, ne pourrait é&tre utilisde
pour des opérations de guerre. Il s’agirait de metire & la disposition des belligérants,
a 1a condition, sans doute, qu’}ls ne soient jemais banalisés 2 des fins militaires,
des moyeas adriens (avions et hélicoptéres) publics et privés, que les Etats neutres
et les Institutions internationales, placés par nature ou par foodation au dessus de
1a melée, seraient susceptibles de mettre & la dispositior des belligérants. Ces
appareils feraient 1’objet d’une immatriculation spdciale. L avenir dira si une tells
= ¢oncepticn est matériellement réalisable. Malgré les difficultds ,watiques qu’ elle
2 comporte, elie est, enm tout cas, juridiquement défendable. Elle avait déja fait 1’objet
d’ une proposition de la Principauté de Monaco et de laz Finlande lors de la Ccaférence
diploratique de Gendve de 1949, proposition qui fut alors repoussée, probsblement en
raison de soa csractdre de nouveauté.
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Notre conclusion sur cette anslyse de la situation, en ce qui concerne les appareils
: relevant de la définition de 1’article 36 sera nette. Le futur statut protecteur de
= 1'hélicoptére sanitaire doit lever toute équivoque em prenant en considération sans
23 ambiguité deux catégories d’sappareils:

(a) les hélicoptéres militaires banalisds, accomplissant des missicns sanitaires
occasionnelles, & ccudition qu’ ils se signalent pendant ces missions sanitaireg
par des moyens d’ identification internationalement prévus A cet effet. Cette
catégorie doit actuellement recevoir un rang prioritaire, puisque ces appareils
sont les pius nombreux.

(t) les hélicoptéres sanitaires, spdcialement et exclusivement réservés & des fins
sanitaires.

Cette solution polyvalente supprime toute équivnque et tient compte de 1o démesure
qui existera toujours, <ur un theatre d’opérations militaires actives, entre le nombre
d' hélicoptéres disponibles pour le service de santd et le nombre de victimes dont la
vie dépend d’une prompte dvacuation vers une formation de trajtcment.

2.2 Signalisation et Identification des
Hélicoptéres en Mission Sanitaire

I1 est clair que ce sont les blessds qui decivent &tre protégdés . Les moyens de
transport ne doivent pas étre protégés pour eux-mémes, mais, parce qu’ ils transportent
des blessés ou du matériel sanitaire. Il importe donc de pouvoir identifier clairement
et sans discussion 1’ adronef effectuant une mission ¢ transpuit sanitaire.

La Convention & cru rdsoudre ce probléme essentiel de 1* identification par 1’ imposi-
tion de 1’ embléme de ls croix rouge sur un fond de peinture bianche placé sur les faces
inférieure, supdrieurec et latérales de 1'sappareil. (Article 36 de la Premidre Con-
vention, alinea 2.)
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Le sigze treditiommel de 1z croix rouge et les sipes coccarrents sdmis (croissant
roznge, lioa et soleil rozges) conservervzti fonjoars pour lenrs nsagers =t pouaT les
tiers i oat zcceptéd do les respecter, wme valeur acrale €levée de syxiole d' imemitd.
Oa re peat doac gbjecter valablemest 2 lenr emploi.

Ce-xoyen & identification est-11 efficace Cacs le cas Ces aéronefs? Actuellexant,
il n= i*est certainement plus, pocr sotant @il Prait janmeis €¢€.

D-sbord, il va de soi que ce moFen n's aser sens po=r le vol d2 nniz.

Baos le vol da jour. il n'est pas tozjours possible de distinguey facilement la
coalenr blaacke et 1z croix rovge. C est notamment le cas sous 1" effet des reflsts
da soleil et par temps brumeTx.

L’ Eflicoptére vole praticeezent tounjours en-dessous de 350 mdires. L’ altitode en
opérations sera le plcs souveat voisine de 15 & 70 mdtres sur des itindraires, on des
chezinements camorflés su zaxizee aox yues ennemies. Sa vitesse de translstioa est
de loin infirieure & celle de 1’avjon.

I1 seablerait que 1’ identification par le signe distinctif de la Coavention (croix
rouge sur fend blanc) soit plus aisée que pour 1"aviond 1 n°en est rien. Remarquoems
d'sbord que les surfaces disponibles pour le signe de 1z croix rouge sont scuvent
m0ins vastes o1 moins visibles que celles des avions, puisqu> Y’ hélicoptire n’s pas
&'aile et @' txe partie de son habitacie comprend souvent vae importante surface
vitrée. Les difficuliés de détection, puis d'identification sont sujeties aux mfmes
aléas que.ceux de 17 avicn, gue 1'chservstear se trouve au sol, en 1"2ir ou i la surface
de la mer.

Par texps couvert, ou brumeux, ou sux approaches du crépuscule, 1’ identificatica
sera trés difficile, sinon isgossible. L’hélicoptére sera toujours une cible qui se
profile sur 2*horizon, qu'on entend de trés loin, qu’on ne peut totalement camoufler
et dont 1’identificsticn n’est possible que de trés prés, si cn se référe anx seuls
eignes peints ou placés sur sa surface.

Les mis:iovs sanitalres de 1’hélicoptére se déroulent dans des conditions de vol
extrémement différentes de celies ol évoluent les avions chargés de semblables missions.

5'11 seable exact g’ en pays montagneux ou de relief accidentd, ils peuvent échapper
assez facilement aux attaques afdriennes quand ils parviennent 3 éviter 1’attaque-
surprise, leur faible altitude &' opérations les rend beaucoup plus aisénent vulnérables
aux tirs d'armes légéres en nrovenance du sol.

Le survol des zones de combat risque de les plicer dans des situations extr2mement
dangereuses si le caractére de cette missicn n’est pas clairement et nettement signalé
aux troupes des deux caops, dés que 1’hdlicoptére est visible, c'est-id-dire longtemps
avant que 1’'on puisse discerner s'il porie des croix rouges sur fond blanc. Enfin,
1'hélicoptére, aux approches des éléments avancés ennemis, ou des groupes de guerrilla,

risque de devenir, meme lorsqu’ il est encore au-dessus du territoire ami, une excelleate
cible.

& Y e =




TS . Ry B ans
§ W il JF

ST I

DORT A

TP L A CRE O ST BTV PR

AT ac W TS

35

AT AD LT
‘e

I T
i - + e asaeae
. o

- S+ e bt bt comie e

71

Eaz ce qui concerne 1°identificetion par des patrouiiles adriences, il faut poter
Gae ¢*est en reison des défsuts de 1a conleur blanche que 1’on a récemment 2dopté ls
conleur jamme-cfange fluorescente pour les avions et bélicoptéres des services de
secours et repfchage, poar les avicas d'$cole et sussi pour les avions de transport,
afrectés au transport des personnazes importaats.

An surplus, 1’attaque des chasseurs d’ interception ne se fait plus 2 courte distance.
1’ sppareil, de quelgue nature qu il soit, est détecté€ par le radar, puis identifid
comse axi ou exnexi. MBme, 5”1l est reconnu & vue directe, le chasseur passe & 1’attaque

2 Ia limite de portée d= ses arxes, bien avast qu’ il soit possible de recomnaftre le
croix rouge o= 1= peinture blarnche,

La Jortde des moyens de déiection par radar et des armes d’ interdiction que sont

les missiles sol-air et air-air rend caduque et ddsudte cette notion d’identification
par le signe de la croix rouge. Y

Certes, la deuxilae phrase de 1’alinda 2 de 1*article 26 (Premiédre Convention) prévoit
e les aéronefs sanitaires ‘seront dotés de toute autre signalisation ou moyen de re-
connaiscance fixés par accord entre les belligérants, soit au début, soit au cours des
hostilités’. Mais, alers, c’est besucoup trop tard. C’est en temps de paix qu' il
faut pouvoir arriver 3 cet accord général. Les évacuations sanitaires par air auront
lieu dds le premier jeur d’une guerre, surtout celles par hélicoptéres.

Devant le caractére illusoire et utopique d’une identification uniquement basde sur
1a croix rouge peinte sur fond blanc, il importe de déterminer ces autres moyers de

signalisation ou d' identification susceptibles d’ étre proposés & 1’occasion d’une
révision de la Convention.

Dzns une étude (Ref.1) qui a ét€ publide en 1965, nous avons tenté d’ établir quels
seraient les moyens visuels et non visuels modernes qui permettraient une identificstion
indiscutable et rapide d’une mission aérienne sanitaire par tous les coumbzttants des
trois Forces, sant exiger des appareils inhabituels ou complexes. Et comme ia détection
précéde toujours 1’ identification, nous n’avons retenu que ceux pour lesquels 1’inter-
valle caronologique entre la détection et 1’identification est réduit au mirimum.

Pour 1’avion, la revue et 1’étude des différents moyens existants nous a permis de
retenir un moyer visuel indirect: un radar secondaire du type IFF - SIF, choisi, par
1’ intermédiaire de 1’ QACI, dans un des modes utilisés. En principe ce serait le mode
3A, commun aux civils et aux militaires. Ce moyen permettrait aux postes de controle
aérien opdrant pour la chasse d' interception et aux bases de missiles, d'identifier
intantanement, & trds longue distance, 1’appareil en mission sanitaire. Ce systéme,

dont i’ efficacité ne peut 8tre attendue qu'4d une altitude supérieure 3 1.000 metres,
ne conviendrait évidement pas aux hélicoptéres.

Heureusement pour ceuxci, un moyen visuel direct suffit, en raison de ses déplace-
ments & basse altitude: la signislisation par feux colords tournants ou clignotants.

Rien n’ emp&che d’ailleurs d’'adopter aussi ce moyen pour tous les aédronefs quel que
soit leur type.

Le distauce permettant 1'identification grfice & la couleur de 1’ appareil ou 3 des
signes de couleur sur la surface de 1’'appareil (bandes colorées, croix rouge, etc.)

est de 1'ordre du kilométre. Elle peut 8tre supérieure s'il s'agit de jaune-orange
fluorescent.
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L’ identification kesée sur la silhouette de 1’ séronef, la peinture de la totslite
ou d’une partie de la surface et sur la présence de 1’ croix rouge sur fond blanc est
insuffisante de jour et impossible de nuit.

1’ émission de signaux lumineux augacnte d’au moins trois fois, de jour comme de
nuit, la distance de détection et d’identification d’un aéroner par rapport & la dis-
tance basée sur la silhouette et la couleur, les conditions atmosphériques dtant
seablabies. Il serait donc désirable d’utiiiser ce genre de moyen. Pour le vol de
jour, c’est la lumiére rouge qui se voit le plus aisément sur un fond gria-bleu de
ciel ou dans la brume atmosphérique. La détection, de nuit, d'une lumidre rouge est
dgalement excelleate. De nuit, 1a détection des avions, rien que par les lumilres de
navigation, actuellement utilisées, est déja possible 3 700 mdtres par ciel couvert;,

4 1.400 mdtres par ciel clair, & 2.000 métres s'il y a quartier de lune, & 2.000 mdtres
par pleine lune, mais on annonce la procheine applicat:ion de systémeés ayant une portde
beaucoup plus grande. La cétection et 1’ identification sont bien plus aisdes quand on
utilise une succession de flashes plutot qu’une lumiédre continue. Comme les couleurs
actuellement utilisées pour les feux de navigation sont le rouge, le blanc et le vart,
il est probable que c’est 4 une autre couleur qu'on devrait avoir recours pour le feu
tournant d’identification de la mission sanitaire. Au surplus, les avions de transport
posseédent déjd un feu tournant d'identification rouge, visible jusqu’d4 10 kilométres.
I1 en résulte que 1’adoption d’un moyen ¢ identification par feu colord exigerait

¥’ accord préalable de 1’Organisation de 1’ Aviation Civile Internationale (OACI) mais
ce feu devrait aussi avoir des caractéristiques telles qu’il re puisse préter ni a
confusion ni 3 abus.

11 sppartiendrait donc % la Convention de déterminer ces caractéristiques comme,
par exemple, la fréquence des flashes par minute et leur durée. Rien n’emp8che
d’utiliser un systéme de code par flashes courts et longs. pour autant qu’'il favorise
1’ identification par tous les combattants.

L' intensité de cette iumiére devrait étre fixée dgalement. Il est certain qu'un
minimum, & déterminer par les experts, doit &tre imposé.

Afin de ne pas géner les qualités aérodynamiques de 1’avion ou de 1’hélicoptére et
d’ dviter les sources de confusion, il y aurait lieu de fixer 1’emplacement ou les
emplacements de ces lumiéres. Il semble qu’une localisation sous le nez de 1'avion
et & la face inférieure de 1’hélicoptére constituerait un emplacement de choix. Des
experts se mettraient aisément d’accord sur ces points de détail.

Un tel systéme lumineux pourrait 8tre installé 4 demeure sans difficultd sur tous
les hélicoptéres, et méme sur tous les avions de transport. Il fonctionnerait sur
1'alimentation dlectrique de 1’aéronef. Lorsque la wission présente un caractére
sanitaire, il suffirait au pilote d’enclencher le foncticnnement automatique jusqu’a
la fin de le mission sanitaire.

Dans la spécification relative & ce signal lumineux d’identification de la mission
sanitaire, nous proposons les caractéristiques ci-apris:
Couleur: rouge
Nature: feux internittents sous forme de flashes
Fréquence du clignotement: 60 éclats par minute
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durée d'un éclat: 0,5 seconde
pause d’un éclat: 0,5 seconde
Puj ssance: 500 watts minimum

Emplacement: (a) avion: 4 1’avant du fuselage un peu en desrous du
nez de 1’ appareil

(b) hélicoptdre: 4 1’avant du fuselage, face inférieure

Pour les deux types d’adronefs, le faisceau lumineux est dirigé en bas dans
le sens normal de transiation de 1’ appareil et forme avec 1’ axe longitudinal
de 1’ adronef un angle de 75 degrés.

On objectera peut-&tre que ce systéme d’identification, sans ignorer la croix rouge
sur fond blanc, s’y substitue dans une certaine mesure. La réppase est aisée. En effet
ce ne serait pas la premidre fois que 1’on apporte des variantes au signe distinctif
destind & assurer la protection des Conveations. N'a-t-on pas accordé une valeur
cfficielle & d’autres signes? N’'a-i-on pas admis le croissant rouge ou le lion et
soleil rouges, pour respecter certaines susceptibilitds d’ordre réligieux, alors que
le signe de la croix rouge, comme tout le monde le sait, est 1’embléme helvétique avec
inversion des couleurs, et que ce signe a été choisi en hommage & la Suisse, petrie
de Duncat et sens lui attacher la moindre signification religieuse? Puisque ce pré-
cédent existe et est consacré par les Conventions, pourquoi n’admettrait-on pas
universellement, en complément du signe traditionnel, un signe de plus, un code lumjneux,
sim\le, efficace, réservé aux moyens adriens? Au reste, les voitures d'ambulance des
services civils de secours de plusieurs pays et méme des services de santé militaires
n’ utilisent elles pas déji des feux lumineux pour faciliter leur passage dans les rues
encombrédes et franchir des carrefours sans devoir respecter les régles de la circuiation?

Si un moyen lumineux de ce genre était admis et universellement reconnu, il aurait
1’ avantage de pouvoir bénéficier des nombreux progrés que les recherches sur les méthodes
d’ illumination pour la photographie de jour >t de nuit permettent d’ entrevoir et
d’ espérer.

Ainsi donc, on dispose actuellement de dispositifs lumineux, simples et puissants,
valebles de jour, de nuit et par tous les temps. Leur portéz n’étant limitée que par
la ligne du regard pour le combattant terrestre, ils permettent la simultandité de la
détection et de 1'identification.

2.3 Suppression de 1’ Accord Préalable sw le Plan de Vol

I’ article 36 de la Convention No.1 de 1949 prévoit que les aérorefs sanitaires ne
seront respectés que ‘pendant les vols qu’ils effectueront & des sltitudes, 4 des heures
et suivaut des itindraires spécifiquement corvenus entre tous les belligérants
intéressés’.

Une limitation aussi sévére de 1’ emploi des appareils fut introduite en 1949, sous
prétexte d' assurer la sdcurité des vols, 1'identification ne reposant que sur le signe
de la croix rouge étant jugéde illusoire.

Le texte de 1l'article 36 de la Convention Mo.1 de 1949 ne précise cependant pas
1’ échelon auquel on devra recourir.
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Dans la guerre moderne, atomique ou conventionnelle, 1*évacustion des pertes par

voie adrienne est chose essentielle. Il en est de méme dans les opdrations du type
guerilla.

Le fonctionnezent du Service de Sani< n’est plus concevable sans elle. Aussi, i
est clair que les besoins d’une évacuation sanitaire dans un conflit armé important,
et, a fortiori, dans une guerre totale, se pourront jamais attendre gue puisse se
réaliser une convention préalable entre nelligéraats, convention cozbien problématigue.

I1 est permis d’ailleurs de se demander quelie est 1'utilité pratique d'une Conven-
tion qui préveit 1’ dtablissement d‘une autre Convention, plus limitée certes, mais &
établir dans les conditions difficiles d’un conflit, pour pouvoir sortir ses effets.

Les exigences de cette nature, a4 elles seules, font perdre & 1'article 36, toute
valeur pratique. Ces difficultés, qui tuent’ toute possibili{é ¢'une organisation
rationnelle des transports aériens sanitaires, juridiquement protdges, sont parti-
culitrement graves en ce qui concerne 1’emploi des hélicoptdres & des rins sanitaires.
Dans la zone de 1'avant, ¢’ est pratiquement poer la reldve et ic transport de cas
graves, non soignés cu sommairement soignds, que 1’on songera & appeler 1"hélicoptére.
On ne voit pas comment, dan:s ces conditions d’urgence, 1'on pourrait préveir les
heures, altitudes, itinérajres, cheminements, plsns de vol dans le cadre d'un accord

préalable entre les belligérants intéressés comme le demande 1’article 36 (Premidre
Convention).

Cette clause doit donc &tre radicalement supprimde. ¢’est elle qu. ‘cloue au sol’
1’ aviation sanitaire telle qu’elle est prévue dans le statut juridique actuel.

Si 1’ identification devient aisde et claire pour tous les combattants des armdes
de terre, air et mer dans les deux camps, cette clause, mortelle pour 1’ emploi de
1’ aviation sanitaire et plus particulidrement pour 1’ emploi de 1'hélicoptére en mission

sanitaire. en temps de conflit armé, doit &tre abolie, puisqu’ elle est dépourvue de
signification.

2.4 Délimitation Pratique de la Protection Juridique
des Hélicoptéres on Mission Sanitaire au Dessus des
pifrérentes Zones des Theatres D’ Opératicis

Cette délimitation doit &cre précisde pour tous les types d'aéronefs. L’'hélicoptére
ne constitue pas une exception, bien que les médecins militaires et les juristes en
droit international aient, semble-t-il, polarisé actuellement, leur intérét sur ce cas
particulier d’appareil parce que le probléme de la protection juridique de 1’'hélicopiére
en mission senitaire se pose avec une acuité pressante, dans la zone des combats, poar
des missions de rammassage sur le terrain et 1° évacuation vers des formations de triage

et de traitement chirurgical d’urgence. Pour placer le probléme sur des bases réalistes,
il faut tenir compte de deux Iicteurs:

1. Les hélicoptéres militaires non armés, tant lourds que légers, seront employés
au profit du Service de Santé, bien souvent dans d’autres circonstances gu'd l'extréme-
avent. Il s'sagira de 1'édvacuaticn de patients des hOpitaux chirurgicaux mohiles et
des hépitaux d' évacuation mobiles ou semi-mobiles, situés dans les secteurs division-
naires, vers des formations de traivement définitif ou des formations de traitement

v —yn

o A S B Rk Do Rl 4 bt i b

S hE as




- -

s o s

spécialisé, situdes dans 1a zvne des armées ou vers des terrains d’avialioa ea vue

d’' une évacuation par avion » grande distence. Les risques au cours de ces évacuations
sont variables. Ils sont fonction de la sup€rioriié sérienne du mczent. Ils seront
surtout constitués par i’éventuaiité d'une attaque-surprise, effectude pnr un avion

de cnasse ennemi isolé ov une patrouille aérienne eunemie, en mission d' ‘Intruder’ i
basse altitude. Si 1’ identification de is mission sanitaire en cours, grfce a une
signalisation lumineuse appropriés, est réalisde, une attaque dirigde rontre un héli-
coptdre ae peut plus avoir aucune justification ni excuse puisque 1’écuipage de

1’ hélicopidre pe peut, dans la zone qu’ {1 survole, se livrer A 1’observaticn des lignes
des mouvements de 1’ ennemi: il enr est beaucoup trop loin.

Au fur et & mesure que les missions d’évacuation sanitaires son: plus dloigndes de
1a zone des combats et de la zone de 1’ avant, les risques de ces nttaques-surprises se
réduisent dans des proporticns considérables, mais non pas 4 un point tel que 1’on
puisse négliger totzlement une protection juridique.

2. I1 er va tout autrement dans la zone de l’avent ou dans les régions & front

oy mouvant ou encore dans des régions tenues par des groupes dec partisans ennemis se

‘ livrant 3 la guerrilla. I’hélicoptére, comme tout aéronef, sera toujours consiaérd
par les combattants comme un magnifique observatoire, ayant vue vers 1'avant quand il

: se trouye & proximité des positions adverses. Méme s'il est porteur de la croix-rouge,
: les belligérants admettront difficilement cette possibilité d’observation et de recueil
| de renseignements que permettrait i’accomplissement de le mission sanitaire. ~ Au surplus,
4 ces mémes circcastances, déjd par elles mémes dangereuses, de reléve et traasport au
contact de 1’ennemi, risque de s’ajouter un nouvel élément, d@ aux évolutiors d basse
altitude de 1'hélicoptére. Si celies-ci sont interprétées comme recherche des’blessds,
. 1’ ennemi est en droit de refuser 1’ immunité 3 1’appareil. En effet, le Commentaire de
;; Gendve de 1949, publié sous la direction de Monsieur J.Pictet, cité plus haut, déclare:

‘Pas plus qu'en 1929, on p’a jugd possible d’ immuniser des avions qui procéderaient
3 la recherche des blessés et cela pour des russons de sécurité militaire.’ (Tome I,
p.320.)

Comme 1’article 36 dont il s’ agit parle d’ adronefs sanitaires et non pas d'avions,

4 ce commentaire s’applique égnlement, en bonne logique aux hélicoptéres. On peut se

: demander ce qui reste de la protection conférée par 1’article 35 4 un hélicoptére
sanitaire volant & basse altitude, & portée des armes des €léments ennemis, dans

1’ accompliscement de sa mission puisque 1la plupart de ses manoeuvres, et surtout ceiles

préparatoires & 1’atterrissage, peuvent faire 1’objet d’une interprétation de recherche
de blessés.
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Les conclusions découiant de ces considérations nous paraisseat nettes.
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(a) Le survol des territoires ernemis, des zones ou des positions occupées par
1’ennemi sera toujours denié aux hélicoptéres. Il est inutile d’ envisager cette dven-
tealité dans un statut protecteur international. On court au devant d'un dchec certain.
Le troisiéme alinea de 1’article 36 prévoit d'ailleurs que, sauf accord contraire, le
survol du territoire emnemi ou occupd par 1’ ennemi sera interdit.
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Nous croyons qu’il est important d’introduire dans le texte aa futur statut cette :
réserve de 1'accord contraire. En effet, un tel accord peut jouer dans les circon- {
stances particuliéres, (position encerclde par exemple) et permettre 1’ évacuation des ’
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blessés en survolant des lignes ennemies. Ce serait 1’ équivalent des cartels qui
aut;efois, aux 16 et 17 siécles eurent 4 leur actif maintes interventions charitables
en fsveur de blessés militaires des pisces fortes assidgées.

(b) En ce nui concerne las missions a l’extréme avant, 3 proximité immédiate des
unités au contact de 1’ennexzi, sur quelle base peut-on fonder les limites de la pro-
tection juridique aes hélicoptéres sanitaires? C’'est évidemment icii que se trouve un
des points les plus délicats du futur status envisagé. Pour éviter des abus, il n’est
pas possible de conférer 1a garantie de 1’ immunité aux hélicoptéres en mission sani-
taire pendant le survol des zones de contact des unités de combat des belligérants.

Toutefols, cette notion de zone de contact des unités dz combat exige des précisions.

Le Commentaire de la Convention de Gendve No. 1 (Pictet J. ~ Tome I p.320) stipule:
‘Les adronefs sont assimilés, comme les véhicules sanitaires terrestres, & des forma-
tions mobiles’.

Or. 1s protection des formdtions sanitaires mobiles est réglée par les articles 19,
21 et 22 de la Premiére Convention. En transposant aux hélicoptéres sanitaires, les
conditions exigdes pour la garantie du respect et de la prote ‘tion accordée par ces
articles, il semble que 1’on nuisse trouver une base raisonnable 4’ interprétation et
de solution.

En s’ inspirant de 1’article 19, onr peut exiger que: ‘les autoritds compétentes
veillent 4 ce que les missions secourables confides aux hélicoptéres sanitaires ne se
déroulent pas, 13 ol des attaques éventuelles ou en cours contre des objectifs mili-
taires peuvent mettre ces adronefs sanitaires en danger’,

Fn s’ inspirant de 1’article 21, on peut aussi considérer que ‘la protection due
aux hélicoptéres en mission sanitaire ne pourra cesser que s'il en est fait usage pour
commettre, en dehors de leurs devoirs humanitaires, des actes nuisibles & 1’ ennemi.
Toutefois, la protection ne cessera qu’ aprés sommation fixant, dans les cas opportuns,
un déiai raisonnable et qui serait demeurde sans effet’. Parmi les actes nuisibles &
envisager ici, 11 faut évidemment placer en tout premier lieu le repérage et 1’observa-
tion des positions et des mouvements de 1’ ennemi.

On est bien forcé de constater que si 1’on ddsire dcarter les reproches justifids
d' abus, la reldve des blessés dans la zone des combats est condamnde & demeurer le
plus souvent ce qu’ elle a toujours été: un acheminement lent et pénible du blessd vers
. poste de secours par des brancardiers qui se dissimulent au mieux et se mettent,
comme ils le peuvent, & 1'abri des feux.

On peut regretter que cette relédve se fasse dans des conditions si laborieuses, si
dangereuses et si lentes alors que 1'on dispose d'une machine volante dont les carac-
téristiques sont iddales pour simplifier et accélérer 1’évacuation des blesséds graves.
Mais ces regrets ne changent rien au fait que 1’héiicoptére, lorsqu’ il est une cible
2 vue directe pour 1’ enneni, est aussi, 4 ce moment, le plus souveut, un observatoire
potentiel des positions et des mouvements de cet ennemi. Si 1’'on peut ddplorer 1’ im-
possibilité de faire tomber toutes les restrictions qui entravent la protection juri-
digue de 1' ‘ambulance’, il faut reconnaftre que la présence d’une voiture d'ambulance
se déplagant sur une créte en vue de 1’'ennemi ou y stationnant, avec vue plongeante
sur les positions de cet ennemi serait, elle aussi, dificilement tolérde par ce dernier
en application de 1’article 35.
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(i)

Ces considérations n’ont envisagé, en ordre principal, que les aspects de 1’ emplioi
sanitaire des hélicoptéres en fonction des impératifs militaires et de ceux de la
tactique sanitaire. Certes, les propositions émises n’aboutiront dans la pratique
qu' 4 1’octroi d'une protection encore imparfaite des missions sanitaires confides a
1’ héiicoptdre, puisque celles de 1’ extréme-avant, au contact méme-de la ligne de fes,
seront souvent exclues de cette protection, en raison de la situation tactique. Mais
ces limites auront 1*avantage d’&tre précisdes par des textes. La situation sera donc
claire. Les missions juridiquement protégées représenteraient d’ailleurs la plupart
des missions que i’on demandera en temps de guerre ou de conflit armé aux hélicoptéres
mis 4 la disposition du Service de Santé. Celles qui s’ excluraient d’elles-mémes du
bénéfice de la protection juridique sont certes les plus spectaculaires, celles qui
reldvent le plus souvent de la prouesse. Il faut néanmoins admettre qu’elles sont
assez réduites ecn nombre.

Pour certains cas trés exposds de 1’'extréme-avant, il appartiendrait aux Etats-
Mejors et & leurs conseillers médicaux, 2 défaut d'une protection juridique, d'en
faire assurer la protection par les moyens armés, aériens ou autres, ou de prendre le
risqus calculd inhérent & toute opération de guerre.

(¢) I1 se peut qu’une hélicoptére sanitaire, en mission dans une zone de contact
des unités de combat des belligerants, survole un territoire ennemi ou occupé par
1’ ennemi, & la suite d’une méprise sur sa positicu rdelle ou sur celle de 1’ ennemi.

Dans ce cas, il n’est pas passible de contester & ce dernier la légitimité d’un contréle.

Le statut de protection doit néanmoins prévoir le respect de l’appareil, tout en
lui imposant d'obeir & toute sommation d’atterrir ou d'emerrir. Il y aura dgalement
lieu de prévoir, en cas d’ atterrissage imposé ou fortuit, le sort des malades et des

blessés, ainsi que celui de 1’ équipage, du personnel sanitaire et de 1’appareil selon
1a catégorie dont reldve ce dernier.

Des dispositions similaires doivent aussi &tre prévues pour le cas de survol du
territoire des Puissances neutres, accompagné ou non d’escale, d'atterrissage fortuit
ou par sommation..

Telles sont, selon nous, les bases essentielles permettant de reconsidérer la place
de 1’hélicoptére sanitaire dans .e cadre du statut juridique protecteur revisé et
modernisé de 1’ adronef sanitaire.

En résumé, les propositions contenues dans ces conclusions tendent 3 apporter des
modifications en profondeur dans le concept et les textes du status actuel puisqu’elles
touchent aux quatre doraines fondamentaux suivents:

(1) la définition précise des appareils protégés qui sont:

(1) des hélicoptéres sanitaires au sens strict, c’ est-a-dire ceux
affectés en exclusivité et en permanence au service sanitaire et

(2) des hélicopteéres occasionnellement et temporairement en
mission sanitaire,

(1i) la signalisation de ces deux catdgories d’'hélicoptéres protégds: outre le
signe distinctif des Conventions de Genéve, ils devraient disposer d'un
systéme visuel direct de signalisation lumineuse en tous temps et & toute
distance, qui permette de respecter leur immunité
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(1i1) 1a suppression de tout accord préalable entre belligérants concernant
le plan de vol des hélicoptéres sanitaires.

(iv) les modalitds de leur emploi en mission sanitaire et surtout leurs zones
d’ opdrations. Sauf accord spécialemeat conclu, les hélicoptdres sani-
taires ou en mission sanitaire ne pourront survoler le territoire eaneai,
le territoire accupd par 1’ennemi et les zones de contact des unitds de
combat des belligerants. En cas de survol d’uns zone interdite, 1'héii-

coptére ne sera pas 1’'objet d’une attaque, mais pourra &tre sommé
d’ atterrir.

En cas d'atterrissage fortuit ou imposé sur les territoires prdecités ou
en pays neutre, les hélicoptéres sanitaires au sens strict ne pourrait
gtre saisis qu'a la condition d'8tre utilisds par le capteur 4 des fins
exclusivement sanitaires. Les appareils des Institutions Internationales
devront 8tre remis & la disposition de celles-cl avec leur dgquipage.

3. PROJET DE NOUVEAU STATUT JURIDIQUE DE
L’ AVIATION SANITAIRE

Constater des lacunes est une chose. Feire des propositions constructives_et cohér-
entes pour les combler est une autre chose. C'est souvent la plus difficile. (' est
le cas certainement pour 1’ immunisation des transports aériens sanitaires en général
et celle des évacuations sanitaires par hélicoptére en particulier.

Mal posé en 1929, le probléme ne peut recevoir de vraie solution sur la base des
textes de 1929 et de 1940

Dans certains milieux militaires, 1’importance de cette question est parfois contestde.

11 est vrai que, dans les conflits des 30 dernidres snndes, pour autant que les missicns
sanitaires adriennes effectudes dans le cadre du transport militaire respectaient cer-
taines principes opérationnels, elles n’ont pas fait courir un rsique déraisonnable aux
blessés. Mais ces régles sont loin de pouvoir toujours étre suivies. C'est surtout

le cas quand on envisage les conditions ol 1’on désire employer les hélicoptéres légers

et les hélicoptéres lourds dans les zones de combat, avancées et arriédres et dans les
opérations de contre-guerrilla.

Aussi la situation a-t-elle ému des autorités des Services de Santé militaires, les

Sociétés de Droit international médical, et, derniérement, le Comité International de
la Croix-Rouge.

Ce dernier, aprés la parution en 1965 de 1’ étude mentionnée plus haut ol j’ avais
déja développé les arguments exposés ci-dessus, a demandé 4 la Commission médico-
juridique de Monaco de 1’ examiner et de préparer un projet de dispositions ayant pour
but de régler, sous la forme d’une revision des Conventions de Gendve ou d’un accord

spdcial qui serait annexé A leur texte actuel, un status d' immunité de 1’ aviation
sanitaire en temps de conflit.

Le texte dlaboré par la Commission médico-juridique de Monacc s’ adresse aux condi-
tions d’ emploi, non seulement des hélicoptéres sanitaires et des hdlicoptéres en mission
sanitaire, mais encore aux conditions d'emploi des aéronefs sanitaires en général.
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11 répond aux iddes qui font 1’objet de cet exposé. Il figure in extenso en annexe.

11 est 1’oeuvre de médecins et de juristes spédcialisés ep droit international. 11
constitute une réadaptation du status aux caractéristiques techniques et opérationnelles
de la guerre aérienne moderne.

§'i1 vient & &tre acceptd, faut-il conclure que toutes les difficultés seront aplanies
pour autant?

.

11 est & présumer que non.

Pour qu’une formule de protection ait des chances d’8tre appliqude en temps ds guerre,
deux choses sont indispensables.

(a) D’abord, la confiance des parties contractantes a4 1'égard d'un statut inter-
national protégeant dans le cadre des limites fixdes toutes formes de missions sanitaires
aériennes. La confiance se donne ou se refuse. En temps de guerre, elle est toujours
fragile. C’est une raison de plvs pour essayer de la bAtir avant tout sur une Gonception
nette des réalités techniques e militaires de la guerre moderne. La bonne volonté
est nécessaire, mais elle ne suffit pas. Négliger ces réalitds serait batir sur le
sable, comme on le fit en 1929 et en 1949.

(b) En deuxiéme lieu, chez les deux belligérants en présence, le souci du droit de
la guerre et des conventions humanitaires internationales. Or, la rédaction des Con-
ventions humanitaires et desstatats particuliers qu'elles contiennent est dominde par
une conception europdenne conventionnelle de la guerre, qui remonte pour le moins au
18e siécle. A c6té d’elle, un nouvel art de la guerre se développe sous nos yeux: mise
en appiication dans des pays du Tiers - llonde, la nouvelle cencepiion de la guerre re-
volutionnuire poursuit ses objectifs en ne recourant qu' A Is zuerilla et en supprimant
la distinction nette qui a toujours existé entre les civils et les miiitaires, les
non-combattants et les combattants. Dans une telle conception de la guerre, le belli-
geraat qui en suit les principes se prdoccupera-t-il d’observer a4 1'dgard de 1'autre
une convention qu’'il n’a pas signée puisqu’il n’en avait pas la facultd, et dont il
pourra toujours dire, par conséquent, qu’elle ne 1’engage pas?

Ainsi donc, alors que tout permettait de croire que les lacunes & combler dans
1’ établisscment d’un statut moderne de 1’hdlicoptére sanitaire ne relevaient que de
certains aspects purement techniques de la guerre adrienne et des conceptions d'emploi
des adronefs, on se trouve ramené, devant les textes juridiques des conventions, & ce
probléme vieux comme la guerre: la bonne fol des parties dans le respect des traitds

et des principes qui font honneur & 1’humanité, meme au sein de la guerre et dans
1’ atmosphére des combats.

Sous ce rapport, nous ne pouvons rien faire, nous les médecins et les techniciens.

Malgré les limites de notre té&che, nous croyons néanmoins que le texte qui vient
d’ 8tre soumis su Comité International de la Croix-Rouge par la Commission médico-
juridique de Monaco et qui tient largement compte, dans sa concision, des idédes et
des réalités qui ont été développdes ci-dessus, contribueru en fin de compie & donner,
un jour, une solution meilleure parce que plus réaliste, au statut iaternational
juridique de 1'hélicoptére sanitaire dans le cadre des Conventions de Gendve,
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ANNEXE 1*

Spécification des ¥oyens Complémentaires d' Identification
des Aéronefs en Mission Sanitaire

1. SIGNAUX LUMINEUX

Ccialeur: rouge
Nature: feux intermittents sous forme de flashes

Fréquence du clignotement: 60 éclats par minute
duree d’un éclei 0,5 seconde
pause d'un éclat: C,5 seconde

Puissance: 500 watts av mirimum

Emplacexnent: (a)} avion: 4 1’'avant du fusclage un peu en dessous du
nez de 1’ appareil

(b) hélicoptére: & 1’avani du fuselage, face inférieure,

Pour les deux types d’adronels, le fajsceau iumineux est dirige
en bas dans le sens normal de translation de 1’ appareil et forme
avec 1’ axe longitudinal de 1’ adronef un angle de 75 degrés et
avec 1’ angle de lacet un angle de 15°.

2. RADAR SECONDAIRE (SIF)

Mode: 3A

Code: rdéserver un ccde & définir, par eccord internaticnal, dans le mode 3A.

3. RADIO

Reserver une fréquence UHF, a définir par accord international, sur laquelle les
aéronefs en mission senitaire émettent pour signifier la presence exclusive de blessés
4 leur bord.

* Cf. article 4, Section 2, du ‘Projet de Régles relatives aux transports sanitaires par voie
aérienne en temps de conflit arme’. (C.M.J.M. resolaticn X, 4 juin 1866).
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ANNEXE 2

Commission ¥edico-Juridique de ¥omaco

Vése Session

1. PROJET DE XEGLES RELATIVES AUX TRANSPORTS SANITAIRES
PAR VEIE AERIENNE EN TEXPS DE CONFLIT ARMNE

DONSIDERANT que le principe du respect en toutes circosstsuces des biessds, malades
et nanfragés des Forces arwdes estun principe foadazental des Ccaventieas huxanitaires
de Gendve et e’ il izporte d'en assurer 1" apnlication avec le maxizuzm de moyeas et
d’ efficacité;

CONSIDERANT Gue cette préoccrpation zmsienre desrait inciter les Gouvernezents 32
cosviéter les dispositions des Coaveations du 12 2006t 1949, soit 2 Y’ ocession d'ume
1évisica de celles-ci, soft. sans attendre ceite revision, par le moyea d'un sccord
cozpléaentaire & conclnre sous la forge d'va Protocole annexd;

Qe Vaction ainsi recommazadée zarait pour bet en tenps de conflit amé:

1. de développer par V' utilisstios d'un plus grand nozbre ¢’appereils, le
transpert adrien des blessés et malades et du personnel et ds matériel sanitaires;

2. de garantir an maximas 1a sécurité des transports ntilisés 2 cette fin par
mne réglezentation technique et juridique appropride;

CONSIDERANT que les Progrds technigues sceorplis dans le domsins des transzissions
et des tdlécoz=unications intéressact 1z navigation et la défense aériemnes percettent
d* affecter aax aéronefs utilisés A des fins sanitaires des moyens @’ ideatification et
de signalisatfon susceptibles de renforcer 1’ effet de sauvegarde des signes traditicnnels
de protection; i

PERSUADEE, d’autre part, de 1a pécessité de libérer 1*ezploi des adronefs en mission
sanitaire de 1’obligation actuellezent prévue dans les Conventivns d’ établir an pré-
alable up plan de vol 2gréé par les belligdrants intéras-€s, en raison des difficultés
inhérentes aux circonstances cé=zes des hostilités;

La Coznfssion médico-juridique de Monaco souhaite que scient entreprises les dé-
parches nécessaires pour obtenir la mise en oeuvre des régles suivantes..

Article ler

Les aéronefs militaires des Parties au confiit, utilisés tezporairement mais en
exclusivité, pour 1’évacuation des blessés et des malades et le transport du personnel
et du matériel sanitaires, ne seront pas 1’objet d’attaques mais seroant respectds et
protédgés pendant toute la durde de leur mission.

* Tous coyens suggérés par 1’article 36. alinéa 2 de la Convention I d~ 1949.
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Article 2

Seront respsctés et protégés en toutes circonstsnces les aérorefs qui seront
exclusivement affectés, dés le temps de paix ou sr cours des hostilités, aux services
de santé des ermées.

Indépeadsmment des aéronefs d'Stat spécialement anénagés A cet effet, les adronefs
civils de toutes catégories pourront @tre transformés, au début ou au cours des
hostilité€s, en aéronefs sanitaires, & la condition de ne pas etre désaffectés pendunt
toute la durée du conflit.

Les Puissances neutres, les Sociétés Nationales de la Croix-Rouge, les Sociétés de
Secours officiellement Teconnues, pourront metire des adronefs sanitaires & la dis—
position d’'ure ou des Parties au coaflit.

Article 3

Les aéronefs des Organisations intergouvernementales, des Instituts spécialisdes
des Nations lnies, du Coxité International de la Croix-Rouge qui seraient affectés
aux fins précitdes, seront dégalement respectdés et protdgés en toutes circonstances.

Article %

Les adronefs visés aux articles précédents porteront ostensiblement, le signe dis-
tiactif de la croix rouge sur fond blianc (croissant, lion et soleil).

I1s seront dotés, en outre, en fonction des circonstances de laur emploi, d'un
systéze permanent de signalisation optique luzineuse ou d' identificztion instastande
électrique et radio-électrique , ou éventuvellement des deux.

Article 3

Est interdit aux adronefs visés par les présentes dispositions le survol du terri-
toire ennemi, d'un territocire occupé par des forces ennemies terrestres ou navales et
des zones de ccatact des unités de combat des belligérants.

Toutefoic des dérogations pourront &tre admises en application d'un accord spéciale-
ment conclu par les Parties av conflit, entre elles ou avec un organisme international.

Articie 6

Les adronefs visés par les présentes dispositions, survolant un territoire ennemi

ou cccupé par 1’ ennemi, seront respectds mais devront obdir 3 toute sommation d’ atterrir

ou d’ amerrir.

En cas d'atterrissage, fortuit cu imposd, sur les territoires précités et 3 woins
d’un arrangement contraire entre les Farties au Conflit, les blessés et malades trans-
portés pourront &tre faits prisonniers de guerre. Le personnel sanitaire, ainsi que
1’ équipage, seront traités conformément aux régles de la présente Conventiont.

—

* Voir annexe.
t Cf. Conventioc I, Article 24 et suivants.
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Les adronefs visds & 1’article 2 ne pourront 8tre saisis qu'a la condition d'eétre
utilisés par le capteur 2 des fins sanitaires.

Les adronefs visés A 1'article 3, ainsi que tout le personnel i bord, seront autorisds
& poursuivre, aprés vérification, leur mission.

Article 7

Les adronefs visés par les présentes dispositions pourrnnt survoler, en cas de
nécessité, le territoire des Puissances neutres et y faire escale. Ils devront signaler
% la Puissance neutre leur passage et obéir & -oute sommation.

Toutefois, la Puissance neutre pourra fixer les conditions ov restrictions tant au
survol de son territoire qu'd 1’atterrissage sur celui-ci. Ces conditions ou restric-
tions seront appliquées d’une maniére égale & toutes les Parties au conflit.

Article 8

Au cas d’atterrissage en pays neutre, par nécessité ou sur sommation, 1'adronef
pourra repartir ave¢ ses occupants, aprés contrSle éventuel exercé par la Puissance
neutre. Il ne pourra &tre retenu que dans les cas ol ce contr6le aura permis de con-
stater des actes incompatibles avec la mission humanitaire de 1’appareil.

Les blessés ou malades débarqués avec le consentement de 1’autorité locale devront,
4 moins d’un arrangemeant contraire de 1'Etat neutre avec les Parties au conflit, 6étre
gardés par 1’'Etat neutre lorsque le droit international le requiert, de maniére qu’ils
ne puissert pas de nouveau prendre part aux opérations de guerre. Les frais d’hospita-

lisation et d’ internement seront supportés par la Puissance dont dépendent les blessds
et les malades.

Si 1'appareil ayant atterri en territoire neutre n’'est pas en conditions de repartir,
son équipage et le personnel sanitaires seront res.itués.

Pour les appareils, dquipage et personnel sanitaires sppartenant a un pays neutre,
seront appliquées les régles géndrales de 1la Convention concernant les droits et devoirs
de Puissances et des personnes neutres en temps de guerre.

N.B. Les articles 39 et 40 de la TI&me Convention devront &tre remplacds par des
dispositions analogues.

L' article 22 de la IVéme Convention devrait étre modifid le méme sens.

DISCUSSION

Brig. Gen.Lauschner asied whether the Geneva Convention would extend to the protection

of search and rescue helicopters operating over water. Maj.Gen.Evrard replied that he
felt that this would be very hard to achieve since it would be very hard to differentiate
between such operations and anti-suhmerine operations. In reply tc an enquiry about the
value of the Monaco Conference, Muj.Gen.Evrard stated that the most difficult problems,

particularly those of definition of zones and identification had been solved at that
meeting.
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RESUME

Examen des probldmes posés par 1’utilisation des hélicoptéres
affectés au réle d’ ambulance aérienne. Ces probldmes sont particuliers
a chaque cas plutdt qu’'d 1’ hélicoptére employé en tant que véhicule
&’ évacuation. Parmi ceux-ci, citons: le manque de communications
standardisdes air-sol en situation tactique, d'ol difficulté
&' identification des forces allides et délais d' évacuation;

1' entrafnement insuffisant aux conditions de vol sur hélicoptére
(choix du lieu d' atterrissage, possibilités de 1’ eppareil);

1’ inaptitude & discerner les dangers tactiques aériens par rapport
aux situations .errestres.
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HELICOPTER AIR AMBULANCE PROBLEN AREAS

Major F.J.Xills, NSC

1. INTRODUCTION

It is universally recognized that the helicopter as a patient evacuation vehiclae,
a means to transnort vital medical teams, and a8 medical re-supply vehicl~: is an
intrinsic part of modern military medicine. Tne flight characteristics of the
heiicopter provide s versatility that is unsurpassed at this date. However, there
are problem areas involved in the employment of helicopters designated as air

ambulances. The problems are peculisr to individual situations rather than to the
helicopter as an evacuation vehicle.

Some of those areas, which I hasten to edd are not insurmountable are: air-to-ground
communications in & tactical situation, the employer’s (evacuation requestor) lack of
helicopter education and the employment of designated helicopter air ambulances as
tactical vehicles rather thea 2s ambulances. The reasons that these are problems that
particularly affect the air ambulance units is that the msjority of the evacuation
flights are single aircraft missions and not multi-aircraft assault type missions.

The mentioned problem areas are prominent and will be discussed in more detail at
this tims.

2. AIR-TO-GROUND COMMUNICATIONS IN A TACTICAL SITUATION

(a) Langusge barriers are a problem when participating in joint operations with
allied nations. Although tactical maneuvers are jointly planned thoroughly,
experience has proved that the classification of patients, i.e., urgent,
priority. and routine, is not thoroughly understood by all participating
units, thus causing improper utilization of air ambulances.

(b) The lack of standardized communicaticn equipment for ground snd air units.

(i) Separate patrols that might request an air ambulance, in many instances,
will be equipped with radios incompatible with the aircraft communicetions

system thus creating the problem of positive air-to-ground identification
of friendly troops.

(ii) This problem also causes the reaction time for the patient extraction to
he extended since the requestor usually does not have direct communication
with the air ambulance unit. This pertains to the small isolated units
rather than to units of company size or larger.
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3. LACK OF HELICOPTER EDUCATION

The extensive utilization of helicopters, in its infancy, has prnved that there is

& marked lack of knowledge on the part of ground troops concerning the capabilitics of
the helicopter. Specific areas are as follows:

(2) Selection of landing aress.
(i) The degree of slope.
(ii) The height of barriers.

{1i1) The overall length of individual helicopter types and thkeir rotor diameters.

(iv) The 1ift cupability of specific types of helicopter.
(b) General knowledge of the aerodynsmics of the helicopter.

(c) Failure to recognize tactical aerial hazards as compared to the ground situation.
(i) Approach routes over unfriendly territory.
(i1) The security of the landing zone.
(1i1) Aerisl identification of landing zones.

4. EMPLOYMENT OF HELICGPTERS DESIGNATED AS AIR AMBULANCES

Helicopter air ambulances, because of their mission, should be utilized exclusively
in the role of patient evacuation, the transportation of vital medical teams and medical
re-supply. The tactical situations that necessitate immediate employment of sircraft
probably will require immediate patient evacuation also. If the designated helicopter
azbulances are deployed as tactical vehicles, then, needless to sey, the slr ambulance’s
primary mission of patient exiraction is neglected and lives are lost.

3. CONCLUSIONS

The problems of helicopter ambulance units are wide and varied, as in any aviation
unit. Howzver, air-to-ground communications, lack of helicopter education, and improper
utilization of evacuation aircraft are important problems that are encountered. These
problems are not insurmountable and are in the process of being eliminated during the
norral day-to-day operations. The concept of helicopter evacuation is established and
its goal is to provide a better medical service to the patienv. Thus, by eliminating
the mentioned problems, future heiicopter ambulance units will be more effective.

Also, the ultimate goel of the Army Medical Service and Avmy Aviation will be combined
to “Conserve the Fighting Strength Above the Best”.
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DISCUSSION

Lt €dr Williams enquired about the mode of communication between the trocps in the
field and the helicopter ambulance. ¥as this direct or through a base controller?

In his experience commanders always wanted, rightly, to retain control of air move-
ments. WNajor Mills replied that in his type of unit control was exercised by the
mediczl group commander who in fact was the surgeon in control of the whole operation.

Lt Cdr Williams asked whether it was felt that the display of the red crogs was

sufficient identification for pretection of specifically detailed helicopter ambulances.

Brig. Gen.Lauschner replied that this seemed unlikely. He wished to emphasize that it
was only possible to use the helicopter as an air ambulance in an extensive manner if
the operating country had complete air superiority.
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HELICOPTER EVACUATION IN VIETNAM

by

Lt Col E.Lail, MSC

Aviation Branch, Office of the Surgeon General
Department of the Army, Fashington D.C. 20315, USA
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RESUME

Etude des opérations d’ évacuation de blessés au Vietnam par des
unités ambulancidres d' hélicoptéres appartenant au Service Médical de
1*Armée de Terre. Description des hélicoptéres, de 1’ équipage et du
patériel actuellement utilisée en Asie du Sud-Est en renfort des
forces anti-insurrectionnelles. Comparaison des avantages et des
inconvénients de la compagnie d° ambulances aériennes et du détache-
ment d' arbulances aériennes. Etude du soutien général par rapport au
soutien direct, avec description d’ une demande typique d' évacuation,
et de Y’ exécution de 1’ opération par 1’ équipage d’ une ambulsance
aérienne. Les statistiques d’ évacuation, 1'accroissement des missions
de soutien direct et des opérations de hissage, et la fréquence des
“gscortes de canonni2res” laissent pressentir une augmentation future
des activités pour les unités d’ évecuation par hélicoptéres au Vietnan.
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HELICOYTER EVACUATION IN VIETNAM

Lt Col E.Lail, MSC

Today in the Republic of Vietnam, history is being rewritter again by one of the
finest military medical teams in the world, that of the United States Army Medical
Service {AMEDS). A member ¢f that team is the Army Medical Service air ambulance
helicopter and its crew. It was in Korea that AMEDS helicoptar evacuation became a
reality, not as the result of any preconceived plan but rather the result of expediency.
In the early days of the conflict, helicopters were called upon to evacuate seriously
wounded casualties from the extremely difficult terrain. Hence the beginning of a more
rapid and efficient means of patient evacuation. Prom 2 very meager beginning with
the CH-13, we have progressed to the helicopter authorized today - the UH-1D.

The UH-1D helicopter, manufactured by the Bell Helicopter Company, is a militery
type aircraft of compact design, featuring a low silhouette and low vulnerability to
meet combat requirements (Fig.1). * A wide carge-passenger-patienc compartment, with
large cubic foot voiume, permits the helicopter fo be used i3 a variety of services;
for the transport of personnel, special teams, supplies and equipment, and for
aeromedical evacuation of casualties. This helicopter is capable of cperating from
unprepered take-off and landing areas and under instrument conditions by day or night.
It c== «lso be used to navigate by dead reckoning or by use of radio 2ids to navigation.
Maxzimum visibility is afforded the pilot and crew hy use of transparent plastic panels
at the top, front, bottom and sides of the cabin.

The helicopter is equippec with the 753-L-11 turbinie engine located aft of the
cabin and mounted on a platform deck to provide maximum accessibility for servicing
and maintenance. This engine is a free %urbine type designed for low fuel consumption,
minimum size and weight, and maximum performance.

Provisions for the installation of folding litter racks adapt the UH-1D helicopter
to carry six litter patients. Three standard Army Service litters are located on
each side of the transmission support structure, An alternate litter loading is to
position three litters laterally in front of the transmission. 1In this configuration,
four ambulatory patients can also be carried.

When six litters are installed, the center forward facing troop seat is used for the
medical attendant. When lateral litter loading is used, a single seat attached to the
floor behind the pilot or copilot and facing aft is used for the medical attendant.

Two blood-bottle hangers have been provided on the inside of the cabin roof structure
within easy reach of the medica't attendant for administration of blood to litter
patients in flight. There are six electrical receptacles provided to furnish 28 volt
direct current for heated biankcts. Although not a part of the aircraft equipment, a
resuscitator is available for those patients requiring this specialized piece of
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equipnenz. In zddition, the afr awbalesce aidzan bes avzail:bie to hizm a telescopic

splict set and 2n individval surgicel instrowent snd stpply set fer enronte csre of
the patient.

The crewx of an eir azbalance ccasists of s aircraft cosmander, pilor, crow chief
and ajdzan. 7The zircraft cocmander Is respeasible for a1l espects of the eveceriion
and zust be thoroughly competent in both the medical =22d sviatico aspecis of the
cperaticns. He must be cocpletely oriented te the gererel snd specific medical missien
and bave 2 theronsh knowsledge of the deteil pian of evacuation. E2 most also be
faziliar with the cezpabilities and the limitations of the raried patieat freatment
faciiities ctilized 4y the Arxy Nedical Service. Pilot persocael attend 2 special foor
weeks conrse of instruction entitled *“Essential ¥edicel Training for AMEDS Aviators™.

is course prepares tbe sviator for the medical rasks amx! decisicns be wili epooxmter
o a medical evecration mission. This crew is extremely well traiped, heving received
forzal ipstrecticn in sheck and heworrbege, mazintenaace of zirway, injuries of the bead,
chest and abdomen, buns, aad emergency treaiment procedores.

The Arxny Medical Service is currently authsrized 2ir ambalacce Cornpanies 224
Detachzents.

The Cozpany is operaticmaily self-safficiest 2ad is cspable of providipg a=sromedical
evacuatiop of patients from as far forward as the tectical sitvation »ill permit,
expeditious delivery of criticzlly needsd medical supplies azd transportation of iey
medical persconnel throughout the cochat zZome. Tke ccrpany cocsists of four 2ir azhelance
platoons, each equipped with six T-1D helicopters. Easch platson, aben augnented by
zaintenance and zirfield service persoanel, cxa operate in 2 separzte locatfioa. Homever,

the dispersed platoons resmin depeacdent upon the company hezdguarters for adsinistrative
support.

The Detachmenc is not operationally self-sufficiest, in that it dses pot have a food
service section an? must depend cn an adjacent unit for this stpport. 7This cnit bas
the same capability as one platooa of the Coxpany. However, it has the distinct
advantage of being able to take care of its own administration.

Air axzbulances in Vietnam provide both direct (unit) and general (arez) suppert to
combat forces in that war-torn country. The direct suppori air ambulance goes ¥ith che
deployed battaiion or brigade and is responsive only to requests froz that unit. Tais
decentralized control permits quick reaction time but does not zaximize the use of air

anbulance helicopters. ir ambulances contrciled at a higher level are respoasive
to more units and better utilization is therefore attained.

Requests for an aeromedicul evacuation must include certain information for it to
be processed expeditiously. This information will include:

Coordinates of the pick up site.
Number of patients and their condition.
Category (URGENT, PRIORITY., ROUTINE).
Tactical radio frequency.

Other, such as tactical situation, special equipment recuired.
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The category classificaticn is psriiculerly important. 4Aa Urgent <lassification
means that the woonded individssl aust be evactated immedistely in order to save life
or lixb. Tkis regoest will recefve the quickest response possibie from the evacration
zalt.  Tke heiicopter will vsmally be of? the gromnd within three sinntes after the sir
sebolmace cait bas beea notified of tde evacmztion request. Tbe Priority request is
less urzent aod mest be evecmated wxithin 22 bours. Tre Routine evaccetion request =ill
be respocded to ¥ilsHis 72 nozrs.

Tkis systen of ciessifying patiezts perxits the keadquarters coatrolling air a=sbolance
evacetion to employ its resciriss more effectirely and to ma¥e ceriain that sir
axbnlzzeés are siwsrs availadbie to eratuste thosc patients reguiring sa Urgent
evecoation.

The Vietrax story is replece with factcal sccecsts of the many life saving missioss
flown by the kelicopter. it has been said that 2 soldier woupded in combat in the
Republic of Vietrar hzs = better chmnce of receiving first class medical care nore
qaickly thas = motorist Injured in = highway accident i the United States. No injured
soldier in Vietnax is more than 35 zinuies swxy from & well eqnipped nedical fscility.
This is dre to the rescue belicopters that the Army first trizd Guring the Korezn ssr
ard row cozs in large peebers in Vietnan

The mortality rate amocg wornded fn Vieteanm Is ¢he lowest in recorded history of szmed
conflict. By applyicz ciassic wmilitery medical doctrines and utilizing new cperative
& cveluative technigues the following have been schieved; the fatality rate among all
wormdad reachiing bBospitse] facilities inp Vietran is 2.4% as coupared wiia the 2.5% in
Rorea, 4.5% iz Yorid ¥ar 11, and 8.1%Z in ¥orld War I.

The United Stales Arry pow has some 61 helicopters with pedical cress flying aboat
5,000 sortizs a month shile evacuating just over 8,000 United States, Third Comntrs. and
Vietnazese wounded per month. Duriag calendar year 1966, these €1 heiicopters evacrated
more than 64,00) cesuslties shile flying soze 33,000 combet hours. Approxizately 25%
of these »ere Vietnemzese patients and approxirzately 5% were froz other countries. These
izpressive statistics were =made with an alrcraft availebility of around 75%. There have
been probless bkuwever. Tne previous spesier (Yajor Mills) has allvded te the major ozes.

Because of the unprecedented vse of the helicupter in this ccaflict, there is xn ever
greater need for the cozbat %troops to be aware that the helicopter does indeed have
certain lipitaticns. Por exexzple, it can carry just so many patieats during any cane
lift, and this %ill be determined by the surrounding terrain and climatic conditicas.

In the heat of cozpat and because of the urgency to rezove the wounded froz the battle-
field this is sozetimes overlooked. This ssme sense of urgeocy (and it is not !magined
urgency) often leads the raquestor to call an air aszbulance before the wounded are

collected, or into an area too s3all for the helicopter, or before that area is secure.

One rcew item of equipment in the air ambulance units is being used to extract wounded
froz areas inaccessible to the helicopter. Provisions have been med2 for the installa-
tion of an internal personnel rescuc hoist (Pig.2). This installaticn may be made in
anr ane of four positions in the helicopter cabin. The hoist installation consists of
& verticel coviuvsn extending froz the floor structure to the cabin roof, a boom, and an
electrically operated winch. Two electrical controls for the operation of the rescue
hoist are provided, one for the 55ilot, and one for the hoist operator. The pilot’'s
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control switch is located an the cyclic control stick and provides up and down operation
of the hoist as wxell ss positioning the boom. The pilot can override the hoist
operator’ s coatrol. An electrically operated ballistic charge type cable cutter i3
provided with two guarded iype switches.

Tke boist has & usable cable length of 256 feet which is capeable of raising or
lowering & zaxizmum load cf 600 pounds. Tre hoist cperator has 2 variable speed control
for ruising or lcsering tha csble. The maxizum upward speed is 115 feet per minute
when fully losded.

Another item, the forest genetrator, bas becn made available, This anchor-lookiag
device has three scz2l1) retal seats wshich fold down for the less injured to sit on and
be boisted up throvgk the jungle canopy. Per the more serious litter patieats, a itter
hoisting device is available. This gives 3 certein axount of protection to tke patient
shile ke is being hoisted up to the hovering ajrcraft.

The hoist is being used frequently in Vietnas to remove the wounded which wouid
viherxise take hours to remove. In Jenupary 1957 alone, 75 patients were lifted from
the floor of the jungle by this item of equipnent. This rescue device wil: undoubtedly
be used mcre and zore in the months akead. Its increased use will regquire a grester
reliance oa erxed helicopters to protect the rescue helicopter during its critical time
of wvolrerability shile making the actual rescue.

In Vietnaz, the helicopter has becoze a vital, almost indispensable elepent of front
lire zedicsl service and patient evacuaticen. The extrezely rugged terrain and lack of
2 secure road petwork has made air evacuaticn an absolute necessity. The Arxy Medical
Service helicopter evacuation system has met the challenge br develeoping 2 very high
degree of =obility, flexibility and responsiveness in ifs units.

In the fuiure, Army ¥edical Service helicopters 2nd their crews will continue to
plar a vital role in evacoating the wounded from the battlefield. The speed of this
means and its insensitivity to terrcin make it an essentiul tool in accozplishing the
mission “To Coaserve The Fighting Strength™.

DISCUSSION

Lt Col Lail wished to add to his ovn paper scme up to date information. The large
majority of evacuations in Vietnsm were to take from any ome site three or less litter
cases and four or fewer smbulant petients.

¥g Cdr Fryver asked for sore deteil in the definition of duties of the four crew
pembers listed by Lt Col Lail. In reply Lt Col Lail stated that the aircraft
cocoander was a pilot with specific training and experience in the role. He was aided
br & second pilot, a crex chief who in fact maintained the aircraft and flew in all
missions in order to provide field servicing skills, and finally en attendant who was
a highly trained medicai first-aider.
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hoist

The UH-1 personnel rescue

Fig.2




ACUTE CASUALTY HANDLING

by

Msior I.Capperauld, RAMC
Royal Herbert Hospital,
Woolwirh, S.E. 18, UX
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RESUME

Le rdle du médecin militaire de troupe dans le triage, et la dispersion
des accidentds est décrit dans les conditions operationeiles. 7Trois degrés
de priorités pour'evacuation sont proposés et les avantages, 2t desavantages
de treasport par hélicoptére ou par route sont discutés.

Les principes de chirurgie militaire et le fagon dont ces principes
s’ appliquent & une équipe chirurgicale de campagne, sont décrit en bref.
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ACUTE CASUALTY HANDLING

Major I.Cappersuld, RAMC

1. INTRODUCTION

The complex series of pathological changes triggered off by wounding are in a
constant state of flux - altering minute by minute and hour by hour. Time is therefore
8 vital factor in the control of this dynamic state. Marked haemorrhage leads to
shock, while handling 22d mishandling thereafter accentuates this shock and may indeed
convert it to an irreversible state. How can valuable time be saved and yst the
casualty receive surgical treatment in accordance with fundamentel principles? The
answer to this depends on tk2 skill and experience of the Regimental Medical Officer
who first sees the casualiy and the surgeon frem the Field Surgicai Team who performs
the first of a definitive series of operations, backed uvp by a well organised and
smoothly functioring system of evacuaticn. ’The main aim of medical units in the field
is to relieve the fighting force of the encumbrance of the wounded by clearing them
from the battle area. This means however that the state of flux occasioned by wounding
is further complicated by the superimposition of the extra handling and movement
required by evacuation fror the Front Line to the Casualty Clearing Station and nence
to the surgeon.

2. THE ROLE OF THE REGIMENTAL MEDICAL OFFICER

Let us consider the part played by the Regimental Medical Officer and the problems
he has to face in Casually handling.

(1) Casualty Sorting

This aspect requires a8 great deal of experience, clinical acumen and skill. He has
to decide quickly on the extent of the injuries and classify them as serious or non-

serious. He must decide on priorities for treatment op an established triage principle.

(ii) Casualty Load

1f the numbers of wounded are very great, then his job is to keep clearing his
Regimental Aid Post rapidly. His equipment is limited and his time valuable. He is
taxed with the responsibility of stopping bleeding, ensuring an adequate airway,
splinting fractures, dressing wounds and relieving pain. He must decide on priorities
for evacuation.
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(ii1) Casualty Dispersal

He must have a sound knowledge of the routes of evacuation open tc his patients and
he must decide how best to utilise their potentiai.

In basic casualty sorting the patients can be readily grouped into one of three
categories.

Group 1 Minor injuries which can be treated by a regimental orderly or by the
patient himself. Treatment may consist merely of cleansing the wound with an aatiseptic
and applying an occlusive dressing. The soldier will be able to return to his umit
immediately 2nd hence back to duty.

Group 2 Patients with an injury which will not enable them to return to duty but
which is not endangering life or limb e.g. buras of the hands and face, simple fractures
of the upper limbs. These will require treatment in the Casualty Clearing Station and
the patient must be evacuated, not necessarily by the fastest route.

Group 3 Major wounds which will require am operation in the Casualty Cleering
Station. Some oY these will reguire rapid evacuation to have surgery performed
urgently on them. Ir this group are patients suffering from shock and who are in
need of resuscitatici. It is here that the Regimental Medical Officer faces a dilemma.
Should he start active resuscitation in his Regimental Aid Post, having tried to halt
the progress of shock by stopping haemorrhage, splinting fractures, dressing wounds
and relieving pain? By active resuscitation is meant the setting up of an intravenous
drip and the replacement of blood loss with Macrodex, Dextran, plasma or blood. How
much fluid is he to give the patient? When does he stop giving fluid? Does the half-
resuscitated patient travel better than the fully? - or does the patienf. who has not
been started on resuscitative measures at all travel better than one partially
resuscitated? What is the index to be used to show the return of circulating volume
to rormal?

In static centres cannulation of the external jugular vein and trarsfusion until
normal central vencus pressure is reached is ideal. So too, is the introduction of
red cells labeiled with radioactive potassium or chromium and measurement of the blood
volume from activity counts. Estimation of blood loss can be done by examination of
the clothing. but the modern combat kit is water repellent and does not absorb blood.

Tables have been devised to ccrrelate volumes of blood lust with the size of the
hand, a superficial wound being compared to the open hand which is the equivalent of
one pint loss, while the deeper wound is measured in terms of the closed fist, which
too equals a pint loss. Pulse rates and blood pressures ct be misleading as so many
factors influence these readings. To be of real value pulse rates and blood pressures
nust be done as serial readings for comparison. Replacement of fluid by more than 35%
of the normal total circulating volume (i.e. an infusion of more than four pints or
twc litres of a volume expander like Dextran or plasma) dilutes the oxygen carrying
capacity of the remaining blood and is also liable to restart haemorrhage which will
further deplete the circulation of its oxygen carrying potential. 1If the Regimental
Medicel Officer does not resuscitate the patient actively, then irreversible shock may
supervene. It is interesting to note the volumes of blood used in the treatment of
the wounded in the past. At the end of World War II, 67 pints of blood per 100 wounded
was used. In Korea the figure had risen to 90 pints per 100 and in Borneo the figure
was up to i50 pints per 100 wounded.
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Is irreversible shock then 2 manifestation of the under transfused? Post mortem
examination of patients dying of prolonged shock showed certain cerebral changes and
alsc areas of subendocardial haemorrhage on the left side of the interventricular
septun. Muscle and hepatic hypoxia lead f.o the production of circulating shock-
promoting substances which may well prolong shock and meke it refractory. At what
stage in this dynamic state then should the fight against shock be ectively commenced?
Should the Regimental Medical Officer resuscitate at once or should he wajt until the
case comes to the surgeon? The answer to this depends on factors which were previously
wantioned, namely casualty load and casuslty dispersal.

If the Regimental Medical Officer is swamped with cases then he will not have the
time to devote his attention to resuscitation on a large scale, because of sheer
numbers. He will have to clear his Aid Post rapidly to make room for more casualties.
Paucity of equipment too will datermine his efforts, as he usually carries tae minimum
of resuscitative fluid since it is bulky and weighty. Drips can be difficult to put
up under poorly lit conditions and with collapsed veins. He will therefore, under
these circumstances, have to derend on Tasualty Dispersal and on a Priority Grading
that will enable the petient tc be taken to the Casualty Clearing Station rapidly.

The conventional gradings are as follows.

Priority I Cases requiring resuscitation and urgent surgery. Asphysia due to
respiratory obstruction, for example. This obstruction may well require relief
before evacuation and f{irst aid in the form of endotracheal intubation er
tracheostomy by the Regimental Medical Officer. Cases of tension pneumothorax

or haemothorax interfering with respiration may require needling before evacuation.
This can be done by closed system drainage using a two-thirds empty saline infusion
bag in reverse as an emergency method £o remove the air or blood. Extensive burns
require rapid evacuation to the Casualty Clearing Station, wrapped if possible in
polyurethane foam. Large muscle wounds and major fractures should be in the hands
of the surgeon without delsay.

Priority II These patients require early surgery and possibly resuscitiation,
e.g. perforations of the gastrointestinal tract and genitourinary tract which are
not contipuing to bleed severely, and closed cerebral injuries with or without
increasing loss of consciousness. The Regimental Medical Officer must ensure an
adequate airway in these cases and also must make sure that the correct “coma
pcsition” is adopted in transit to the Casualty Clearing Station.

Priority III Includes spinal injuries requiring decompression, and minor fractures
and mincr wounds requiring the minimal of surgical treatment or surgical toilet.

3. THE MEANS OF EVACUATION

The Regimental Medical Officer, having decided on the priorities, is then faced with
how begt tc disperse his casualties back to the Casualty Clearing Station. Under ideal
conditions the patient should be back to the surgeon within six hours of wounding, if
he is to get the best out of his surgical treatment. Again in ideal conditions the
Regimental Medical Officer has the choice between two methods of evacuation; the
helicopter or conventional road transport.
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3.1 What Do Yelicopters Have To Offer?

1. They provide a more ranid form of evacuation and hence save time. This often
means that iv 1s possible to get the patient to the surgeon in under six hours. The
less time taken from the wounding to being in the hands of the surgeon 8lsc means less
time for the dynamic changes of trauma to gain a proper foothold and become established,
less time for shock to become prolonged and perhaps irreversible and alsc less time for
infection to establish a nidus.

2. They previde a comfortable journey, since there is no jarring or bumping which
to a wounded man mean pain, shock and the restarting of bleeding.

3. Their use aliows a reduction in the handling of the patient. The helicopter in
the idesl situation cap be brovzht right up to the Casualty Collecting Post and hence
eliminates some of the kandling which is required in conventional evacuation by road.

4., Their use saves valuable manpower as there is less handling. This potential can
be utilised olsewhere.

3.2 what Does Conventiona! Road Evacuation Have To Offer?

1. It is more time consuming and more traumatic to the patient, perhaps tipping the
case with incipient shock into fully established shock.

2. Repeated examination of the patient is performed in this chain of evacuation and
any deterioration can be picked up quickly at the Casualty Collecting Posts or by the
Field Ambulance at the Advanced Pressing Station. Attempts can then be mede to check
deterioration by giving intravenous fluids; analgesics can be administered; splints
adjusted and bleeding controlled if it has restarted.

There is no doubt which form of evacuation the Regimental Medical Ofticer would choose
for his patient if helicopters were unlimited. However if hslicopters are at a premium
then he must use them wisely and with discretion. Priority I cases are the classical
ones which require helicopter evacuation. Even using helicopters however, the Regimental
Medical Officer still must decide how much, if any, resuscitation is required before
the patient goes in one hop from front line to surgery, remeusbering that no checking
of bleeding or splinting and no check on deterioration will have taken place in flight.
This places a far greater onus on the Regimental Medical Officer than hitherto. He has
the task of forecasting rapldly tne immediate future of a wounded man caught in the
dynamic state of shock and deciding how best to evacuate him.

4. THE CASUALTY CLEARING STATION

The second espect of Casualty handling starts when the patient arrives at the Casualty '
Clearing Station and comes under the care of the military surgeon who forms part of the ‘
Field Surgical Team. The rest of the team is made up of 2 Theatre Sister, an anae-
sthetist, a Medical Officer trained in i1><cgication, thestre and laboratory technicians.

The tesk of the sucgeon here is simple to state; nauely to save life and limb and to
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prepare the way for further stages of surgery to take place at base hospital. Unlike
his civilian counterpart, the Army Surgeon has to cperate under difficult conditions
on patients who have often had a rough, tedious journey since their time of wounding.
They are often shocked and in need of blood. Depending on the battle area and terrain,
their clothing may be mud soaked or heavy with sweat. Cpe of the biggest boons of
helicopter evacuation has been the recepticn of the case by the surgeon within six
hours of wounding. This valuable time saved means that infection has not had very long

g%o become established and is worth more to the patient than any antibiotic umbrella

started by the Regimental Medical Officer with penicillin and streptomycin. In Berneo
the soldier carried capsules of tetracycline which he took if wounded, so as ¢o start
antibiotic cover at the earliest possible moment. It is doubtful if absorption from
the stomach after wounding would allow a high enough effective circulating level of
antiviotic, out this was the best we could offer in the circumstances.

5. MISSILE WOUNDS

¥hat are the principles of Military Surgery applied to the wounded soldier by the
Field Surgicel Team? It is proposed to deal with missile wounds in this talk, omitting
burns and fractures which do not vary much from civilian practice. Missile wounds are
divided into two groups.

Low Velocity Missile Hounds. These are usually spent bullets, fragments of
shells, mines, rock splinters and grenades. The danage done to the tissues in this
form of wounding is usually confined to the tract only.

High Velocity Missile Wounds. 1In these wounds the area surrounding the tract
has been badly damaged by a pressure wave set up by the passage of the missile,
which usually blasts the tissues outwards away tr:.- the tract. A vacuum is created
and on collapse of this blown out tract, .ufected riterial from the skin and clothing
surrounding the entry and exit wound are sucked inzc the wound. What may appear at
s rapid glance, as a simple through-and-through vound of a limb may appear at
operation to jnvolve an area of severe muscle damase to the tissues surrourding
the tract lerger than a fist. This internal blasting causes intense muscle swelling
and may lead to constriction of the circulation of the limb distal to the wotnd some

hours after wounding. It is therefore imperative that proper decompression be carried

out. It is important for the Regimental Medical Officer if possible to ascertain
the type of missile used in wounding and pass this information on to the surgecn.

6. THE PRINCIPLES OF WOUND CARE

In dealing with the wound itself, the following princinles are essential and basic.
They have evolved through years of experience of military surgeons and often require
relearning at the beginning of each new campaign, when the bitter lessons of past
nxperience have been forgotten.

1. Every wound is contaminated and this contamination increases with the passage of
time or with meddlesome interference with dressings which add iatrogenic infection.

2. Patients should be resuscitated full, before operation and additional b.ood must
be available for the replacement of blood lost at operation and for subsequent loss
into dressings.
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3. Ges CGangrene is an infection of deyitalised muscle and hence axything which
causes anoxig to the lizb will eacoursge its Jeveiopment. Tight Sundeges and badly
spplied splints corid Zead to gas gangrene. Inadeguate excision of devitalised xoscle
leaves a nidus and if closure of the wound &s 2 primary procedore is performed, then
the circexstances are perfect for the onset of ges gangrere.

§. Tourniquets shoald pot be used unless ia = dire ewergenssy shere direct pressure
will not stcp bleeding. If a todurnicret is in place it sdould be left there cntil
facilities for stoppirg bleedirz surgically are avillable, i.e. in aa operating theatre.

5. Indriven clothes and equipzent are dangerous socyces of irfectjon aad all attergts
should be m=ade toc remove ther at opercztion

6. The treatment of the woand Iis in two stages.

{c) Wourd excision. Skin is very valuabie and only cdazaged skin is excised. A
longitudinal incision is cade to allew exposure. 211 daxaged fet and fascia
are resoved and che {ssciz is openad widaely to allos deccmpressioa of the ander-
iying muscle. All dead muscie is excised uziil kealtiy, bleeding, coatracting
zuscle is seen. 7Tbe tract is fully expicred and all foreign msaterisl, especizlly
indriven clothing, is removed. Haemostasis is sscured and the wound is left open
to drain. A rcll of ganze is lightly la’d infc the wound. Tthe skin is not sewn
up. Tbe mourd is thea encased in w00l asd cdressings and is orten fired in a
Plaster of Paris mould. 1f it is 2 shoulder wournd then a thoraco-brachial plaster
splint is applied. A lez wound in & Thozas splint has this converted to a Tobruk
splint (a2 Thomes splint eacased in Plaster of Paric). Tnis eoabies the patient
to be moved for the second stage of the operation ot the base hespital.

(b) Delayed Prizary Suture. 1This is carried cut as a second stage operation in the
bass hospital three to five days after the initial wound excision. Tke wound
by this tize is clean and the swelling of the tiscues from the blast injury wiil
have subsided, allowing closure. If closure is not possible at this stage aand :
the wound is clean, a spliat skin graft cen be applied ic close the defact. !

”

7. Abdominal casualties should be retsined at the Casualty Clearing Station for at
least seven to ten days and should not be evacuated before this period. This fact was
established many years agc, but no proof or explacation for this aopears to be recsrded.

All other ceses travel well and can be moved for tne second stage of the operstion
within twenty four hours of the first operation. They can be moied by road or by air.

7. CONCLUSION

Cne of the new features of evacuation by helicopter is that patients wko would
normally bave died at the Regiwentad Aid Post or em route by conventional road transport,
way survive the short hop by helicopter. This may mear salvage of life which would
previously have been lost, but it may also meun the arrival at the surgeon of cases,
alive, but too far gune to survive. The surgeon faces the di<ficult decision with such
cases, #s he may spend too much of his valuable time on one hopeless patient when he

could be cdoing work on cases w»h:ich will survive with treatment. The decision is clear
but difficult.
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Belicopter evacnaiica is s grest sdvaace both for the wornded man sad for tke
¥edical Officers. sho cooe td depepd vpon ther. Scze cczcepts in casualty handling
regaire s2cond thornghts when censidering their use, end tizme and experience slone can
provida the best answers.

DISCUSSION

Tte sessioan cheirzsn proposed that discussion on this paper shonld be deferred vatil
2fter the paxt presentation, tket oy ¥g Cdr Browa, RAF.
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THE RECEPTION OF AIR EVACUATED CASUALTIES
¥g Cdr R.P. Brewn, FRCS, RAF
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RESUNME

1’ suteur read cozpte ici du fruit de ses expériences en tant que
Chirurgien Consultant dans les Hépitaux Militaires d’ Aden cu blessés
civils et militaires furent traités an cours des opérations de Radfer
en 1964 et des activités terroristes des mois sunivants daas 1la
Fédération d' Arabie du Sud.

En ce qui concerne le traiteaent des blessures csusées par des
missiles, il rappellers les principcs de base de la réanimation et des
soins 4 dopner aux plaies, et souligmera la valeur des traasfusioas
et des sutures primsires différées.

11 exposera les avantages et 1les problémes de 1’ évacustion aérienne,

ainsi que leur rspport avec les divers tesoins du patient et da
coirurgien.
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THE RECEPTION OF AIR EVACUATED CASUALTIES

¥g Cdr R.P. Brosn, FRCS, RAFP

Xt is with great pleasure that 1 bave the heaour to offer to this Symposiv= oy omn
comzents on casurliy evacuation by hielicopter, speaking as a general surgeon responsible
for their further hospital care, and in cany ceses for their ipitial treat=ent also.
¥uch of oy materis! zust overlap with that aiready presented by v medical colleagues
in the Arxy and the Poyal Navy. The co-operation between these three ares of the
British Arsed Forces was, and is, very close in South Arsbia whether working at the
saze jobs or performing dif{ferent parts of the saze task.

L e S Lo ey

Aden and its Linterland has alsays been one of the world’s trcuble spots. To endenmic
tribal rivalry and sporadic warfare have been sdded national disharmonies. Such 2
combination of circuastances led to the unrest of tribes in the Radfan area, in 1964,
which has continued with the Naticnalist terrorisa. This area of mountains and rocky
valleys 1les about 50 miles Nortkh and East of Ader and is approached via a sipgle
tarsaced road, shich at that ticme was not rozplete. Good co=zunications are thus
extrenely difficult and by narrow tracks only, totally unsuitable for wheeled transport
vpon which the Army generally relies for support and supply. For this reasen, ground
canpeigns in the past have been ippossible and the Royal Air Force has policed the area
from the air.

However, the advent of the helicopier has given the Army mobility. 1t is in its role
as an gir ambulance that se are concerned in this session. Air "ransport of casualties
was well esteblished Ly the end of World War II using conventional aircraft. 22,000
cases were flown from Normandy to the United Kingdom in the 3 momths after D-Day for
hospital treatment. After collection by rcad in France they asrrived at sirfields in
Wiltshire and were moved by road again to adjacent service hospitals or by rail far
wider dispersal. In these circumstunces thne cases received at Hosptials in UK should
not bave required urgent resuscitation (since they should not have been loaded in the
first instance). Severe sucking chest woinds and patients who had had exploratory
operations fo the abdomen were excluded, »seing retained at more forward surgical centres.

The chein of care was thus stretcher perty to Regimental Aid Post, for primary first
aid, and thence to an advanced cressing station and to a casualty collecting station
which functions as a surgical unit since it is linked with field surgical and trans-
fusion teams. Further moves to base aress are required later. In general the early
mcves are by ambulance, the later by road, rail or air. The principles underlying this
organisation can be stated as bringing medical care to the injured, as far forward as
is practic ble in the circumstancas at the time, principles enunciated hy John Hunter
and Larrey. The helicopter has aitered the emphasis and now it is possible to bring
the casunlty to the established medical centre - that is, to the base hospital outside

the area of immediate hostilities. The distances that are acceptable are measured as
before in time and not in miles.
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In Aden there are two Service hospitsls both staffed by the Royal Air Psrce, one
adjacent to the emain air base at Khorcaksar, the other about seven niles away. There
is also x large, well equipped civilian hospital for local nationals. Helicopters can
land close to each of these three Laspitals.

The incidents resulting in casuvalties are sporadic and frequently at dusk or at
dawn. All types of missiie ipjury are seen fro= landeines to small arzs fire, and from
portar shelling and grenade attacks on scattered military outposts. At such points
there are only a few servicemen and medical cere will be the respoasibility of an
crderly, zad he or comrades will carry out first aid smeasures and seek assistsnce. A
belicopter will be dispatched on the receipt of 2 radio message reguesting medical help
and generally a medical officer will accozpany it. The machines used are the small
Scout helicopters, the larger Wessex amd the twin-rotor Belvedere, and occasionally =
conventional aircraft, the Twin Picneer.

The points T wish to caphasise are that casualties arn picked up, ususlly at the
site of an incident, with the minimua of delay, if still under fire, after minimum
first aid. They eay not have been seen Dy any medical officer. Their condition on
arrival at our hospitsls depends entirely upon the nature of their injuries and the
tize 1ag since the acment of injury, taken in conjunction with the first aid measures
instituted in the short time available.

The essence of the probles lies in the speed at waich evacuation is possible. In
civilian road sccidents the aim is to call the azbulance and race the patient to
hospitel. In military operations this ideal is not always possible although it could
be organised at the expense of other flying commitments. if it cannot be gusranteeqd,
then forwerd medical services are still necessary to save life and to prevent the onset
of shock by starting measures of resuscitation in the field. The wounded travel well
if despatcbed shortly after injury and a rapid flight brings them to hospital. But
once a delay has occirred then & pause to set up an intravepnous infusion is time well
spent, and a stop at a forward aid post is preferable to immediate evacuation.

The flighkt duration to Aden is about 35 minutes. I believe it to be true that no
patient is unfit to travel by helicopter, just as no casualty is unfit to be placed
on & stretcher. Moving a patient requires care, and injuries (for exzmple a broken

spine) must not be aggravated. A casualty cannot be left where he is, without care at
all.

First aid messures to save life or to avoid losing a life unnecessarily must be
taught o all ranks. There are only a few situations where the care received afiects
the eventual outcome, but these must take precedence over all other aspects of treatment.

1. Con:rilling major haemorrhage. Torrential bleeding internally in chest or abdomen
may well be fatal. No first aid measure is effective and immediate transfer to hospital
gives the only hope of survival, with early surgery.

For bleeding from soft tissue injuries of the limb, direct pressure at the site, using
the field dressing tied firmly in place, is preferable,to the use of a tourniquet. If
blood soaks through a new pad is added to the outside of the original one. If conditions
permit, the accurate placing c¢f a haemostat on the vessel may help but some form of
sterile swabbing and good lighting is required to avoid injury to adjacent structures.
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The same epplies to wound-packing with through and through sutures, but this is
preferable to the use of the tourniquet and may well make the flight to hospital less
hazardnus.

I doubdbt if there is any place for the tourniguet except in the first moments after
injury whilst dressings are being applied, or to aiford firm pressure over z field
dressings. Certainly tc transport a casualty for any time with one in position is to
imperil the limb. Where I have admitted casuaities with tourniquets in place, relessing
thea has not resulted in catastrophic haemorrhage. There is little opportunity to care
for a2 patient in a2 helicopter and there is an argument c.nere for placing the tourniquet
in position to be tightered in an emergency, but other measures are preferable to control
bleeding before departure. In the dangerous injuries at the root of the limb, tourniquets
cannot be used enyway.

2. The sucking chest wound, This must be closed at the earliest possible moment. Air
entry into the open ckest wall is preventad by fixing & field dressing in place at once,
and leaving it undisturbed. These patients travel well once the leakage is controiled
and respend well to early surgery, provided mejor structure in the chest are not ipjured.

3. The maintenance of ¢ free airzay. This is possibly the major hazard to the life of
& casualty suddenly iifted and transferred as an emergency. 8lood and mucus in the
throat, vomit or foreign bodies such as dentures, or the tongue falling back will
suffecate the unconscious patient who cannot clear his own airway by coughing even if
the original wound bleeding is relatively trivial (eg a facial fracture with nose
bleed and concussion). The obstruction must be cleared before loading and the patient
laid prope, the face projecting beyond the canvas of the stretcher and the forehead
supported by bandages between the handles. Thus biood and secretions can drain away
and the tongue does not fall back. In the obstructed patient death can follow within
minutes, even & the door of the hospital.

4. Measures for resuscitation. GObviously some form of medical training is necessary
to set up an intravenous transfusion, but I do not believe that it should always wait
upon the arrival of a medical officer. A medical orderly can be trained for this duty.
In Aden we us2d reconstituted plasma rather than dextrun to avoid interfering with
subsequent blood grouping and cross matching. Using small pools of plasma in drying,
the risk of transmitting jaundice is much less, and acceptable.

The use of blood in the field was advised against. The time delay between injury
and admission to hosptial was not such that ansemia was a major hazard provided a
plasma expander was used. A medical officer was not always available and mistakes in

grouping and cross-matching could not be excluded, offering a further hazard to ife
with little gain.

However there is no doubt in my mind that patients travel better and arrive in a
nore satisfactury condition and are ready for operation earlier if plasma is given
as early as possible after injury and continued during evacuation. Normal saline is
a poor alternative and its effect short-lived.

It is not always possible to administer to patients during flight, and if they travel
in a pannier attached to the skids of the Scout helicopter it is impossible. Ffor the

future 1 believe that this factor should be taken into account in alloting helicopters
to the task of air evacuvation.
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Oral fluids are contraindicated ir all cases who are expected to require surgery
and anaecthesia. Sucking ice or & moist rag may prcvide comfort however. In hot
climates the relative dehydration of those exerting themselves aggravates the physio-
logical stresses of injury and makes fluid replacemeni even more urgent.

I do not need to dwell on the other measures taken in the field to help the wounded.
Practures ave splinted, norzally only minimal fixation is required such as a sandbag
or a wire splint to prevent accidental movement. Tetanus toxoid, penicillir and morphine
are given to all cases alaost routinely and I have no experience of tetanus infection.
Burns are covered: The Army has provided sterile-packed polyurethane foam sheets for
fixing as trausport dressings. The difficulty lies in having thea available at the
point of injury since the Battalion aid post is generally by-passzd en ronte to hospital.
The clesnest material available shoulcd be utilized as a temporary cover to protect from
the dust and dirt thrown up by the rotor blades of the neliccpter. Barns travel well
before the onset of shock, and an early start to resuscitation should be xade, agsin
giving intravenous plasxa.

Documentation shoulid Le very simple if casualties are being admitted virtuaily
direct for definitive care, since & further move is unlikely from the base hospital
until they are convalescen:c. Their owmn identity card records their personal details
and the field injury card need only indicate tise and cause and severity of injury
and whether morphine or other drugs have been given. In general, in the circumstances
we worked in in Adep we celdom needed the dozails this document provides.

The conditions fo the flight itself seems to have iittle effect on the state of the
patient on arrival at hospital. I have already comzmented that in-flight care may have
to be minimal but if the flight duration is only 20 to 30 minutes, this must be
accepted. However pre-flight preparation or an intermediate stop at a Battalion aid
post may be preferable to the longer dashk straight to hospital (if the patient’s con-
dition is serious). The time from injury is probably the determining factor on the
need for resuscitation messures. If this has already exceed 4 hours, a slightly
longer delay to start a transfusion is better than immediate evacuation.

The knowledge that proper hospital care with all the facilities of & civilised
community are available a few minutes away by air is a major help for morale and there
is no doubt that the helicopter is tlie ideal ambulance for war casualties and that
medical care should be planned around its ase. In World War II the use of supply
aircraft for air evacuation of casualties was generally subordinate to their other
roles as freight or transport planes. The air evacuation of casualties is a vital
factor in any battle and not a luxury. It is an essential part of the planning task,
and in my view, aircraft or helicopters should be allocated for this task alone as air
gabulance squadrons under the control of the Medical Staff. This should bring an end
to conflict between Field Commanders and the Medical Branch in assessing priorities.
The advent of the small support helicopter such as the Scout or the Wessex makes this
feasible, whereas tying a Dakota to this work wes unacceptabie.

t
If a base hosptial is to receive acute casualties, various planning and desigu
points must be considered. The helicopter landing area should be close enough to avoid
the use of ancillary transport, but at the same time, the ward areas should be protected
from noise and dust. The hospital reception area must be large enough to permit the
resuscitation, sorting and emergency care of multiple acute casualties, aad with all the
necessary equipment. In a permanent establishment this can be diverse and complex.
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Consideration should be given to the design of stretchers: they should be suitable
for air traansport and stowsge, designed to fit in aircraft bays but also suitable for -
hospital use to avoid repeatedly moving the patient, in particular they should be suitable !
for use in & Radiographic Unit and not be opaque to X-rays.

PRSI ES V PP,

The advantage of working at fixed beses are many. The standard of care that is
possible is higher and at the same time it is economical of medical and technical man-
power.

It is not my purpose to discuss the later surgical treatment of war casualties at
any length Lut to emphasise that ail our experience hes shown that wounded excisicn
followed by delaved primary closure 4 - 5 days later is as 2ffective todwy as it was
in 1945 and in 1912. The major advances in surgery over the last 25 years such as
operations on major vessels, the use of the artificial kidney, the care cf burns iu
the scute shock phase, chest and neuro-surgery and so on - a2ll have been dependent
upon expert, accurate ancillary services in lsboratories, radiological departments and
good anaesthesia. If we are to offer these advances to-thcse injured in war, then early
efficient routine evacuation to sophisticated fixed medical centres is essential. The
helicopter has made this possible.
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DISCUSSISGN

¥Wg Cdr Eley, commenting on the remarks about blood grouping and cross matching, asked
why it was not general for service personnel to carry their relevant data on identity.
discs. Wg Cdr Brown replied that in all services of which he was aware the risk of
error in the initial grouping or subsequent incompatibility for other reasons was of
such megnitude that grouping and matching after injury conld not be dispensed with.

Air Cdre Yerbury stated that improved techniques were being tried and that hlood group
data were to be recorded on identity cards in the near future, although he agreed that
subsequent field tests should be carried out whenever possible before bloo¢ vas ad-
ministered. Wg ©dr Eley disliked the idea of data recording on the identi., card and
felt it essential to record such information on a disc or plaque worn round the neck or
cn the wrist. Capt Buckley ccumented that US Ariy personnel have blood group and Rh
type recorded on identity tags. Capt Mattox stated that in spite of such data, it

was practice in Vietnam to use only group O, low Rh titre blood for immediate transfusion
if cross-matching was not possible. Wg Cdr Brown agre:d with this practice, which

had been used in Aden.

Col Thierschmann expressed anxiety at any suggestion that the use of the field medical
record card might be dispensed with in conditions where immediate casualty evacuation

to base areas was possible. In particular, this decument was invaluable where casual-
ties of one nationelity were transferred to the care of medical personnel from another
nationality. Col Neel agreed that a modest amount +f information was essential. The

first medical orderly to attend the casualty should initiate the card, but in practice
this was often deferred until the case arrived at a hosptisal.

Brig Gen Luuschner commented on the number of types of stretcher or litter in use, and
Col Cody added that at Anglo/US bileteral tiials which he had just attended incompati-
bility between British stretchers and US helicopters was a serious problem.

Considerable debate on the shortcomings of current stretchers followed, and it became
clear that much work was needed before such incompatibilities couid be overcome. Col
Neel pointed out that there could readily arise in field conditions aerious logistic
problems with shortages of stretchers either at base areas or in forward units. Wg
Cdr Brown urged development of a stretcher of stacking-basket type, cheap, disposable
perhaps and compatible with the concept of minimum handling of the patient. To this
end such a device should be acceptable in all stowages, translucent to X-rays, suitsble
for prone or supine nursing etc.

-
Wg Cdr Fryer asked about experience of the values of external carriage of casualties
in ‘panniers’. Col Neel stated that they would be unacceptable to the US Army who
based their casualty handling procedures on a mandatory requirement for en route access.
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SDANLRY

A portadle agparaits for the stoply of high pressure oxsgen is deseribed.
it is nxd=2 oo of peris rormally csed in sircrefc.
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UN INESLATEUR PORTATIF D° OXYEENE

Lt.Col. AL ndrain, BAP, #C

Les hélicoptéres de 1a Force Aérienne Belge oat, eatre artres missicas, celle de
porter secours & tout accidssté grave se troovant & 1 esdroit difficilemaat accessible,
principslemzat en mer o3 en moatagre.

11 est important gue ¥’ équipe de seconrs ait 2 sz dispssi<ion, ontre cae trousse de
soins urgeats, @ inhalatenr ' oxsgéce i parmetie va trax =ment réanimatenr.

1 systéme particolidrement i{ntéressant = €té coagu ot mis =3 point a la Force
Adrienns Beige. 11 s’agit 4" ure caisse métalliqre coatenmat toe boateille & oxygeés—
omprind & 450 psi, o rézulatenr &' avion D2 ou ¥X17, m mascae classique. DBans 1z
cheniile ¢ masque ést insérée tme valve de Barns éestinde 2 scpprizer 1" arrivée
&' oxygins an macqre nendent V" expingticn. Le poids total dz 1% appereil est de
10 X (Pig.1 et 2).

Sar 1e face supérieare poos trensoos le résulziecr, la vaone d’oaovertzre, le
nanomitre indiguant 1z pressfoz existznt daas iz bouteille, 1’ indicateur de débit,
le boaton de surpressiean.

Le levier de dilution ferme 1’ catrée d'air ambisnt. U autre c6té se irouve 1la
vacae de respiissaze et im Joirt permettant le remplissage i partir ¢'me source
d’' oxygéae a haute pression.

Dans 1a petite cassette centrale se trouve le masque classique et sa chenille, dans
lsquelle a €t€ incorporde une valv. de Burns destinée a supprizer toute arrivée
d’ oxygéne pendant 1’ expiration.

La sovrce @' oxsgdne est wne bouteille de 8 litres supportant une pression de
450 psi. Une valve de sécurité expéche toute surcharge.

Toutes ces pieéces, & 1’ exception de la valve de Burms, sont d’origine militaire.
Le montage de 1° sppereil ne présente sucune difficulté et peut &tre réalisé dans m
etelier de zaintensnce d'unité.

La sanoeusre de 1’ appareil est simple ot peut étre exécutée cerrectenent par toute
personne, mése peu initiée.

La surpression donnée par le régulateur est d’ environ 15 cent. d'eau. 1’ appareil
fonctionne sutomatiquement si le patient ne respire pas. La valve de Burns laisse
passer 1’oxygéne vers le masque sussi longtesps que la pression de 1’ air alvéolsire
n’ dgale pas celle débitde par le régulateur; au moment de 1’ égalisation de ces
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pressions, le déplacemect d’une membrane coump2 1" arrivée & oxvgéne; 1°élasticité
thoracique protceae une exviration qui ouvre s sconape & expiration du masqe.

L’ expiration terxinde et la pression pulsioacire étant tombée, 12 valve ve débiter
de 1’oxy inc en surpression, crésat 2inz¥ on rythee respiratoire artificiel. a
fréquence de ce rytlme est fonction de Is capacité pulmonaire et de le surpression.
17 sroazeil est congu peur m rythme reciirstoire d” esviron 15 mouvesents par minute.

11 va dr: s0i que les voies sériecnes doivext étre libres siron uze aspiration
préalable s’ iapose. La valve de Buns émel oo bruif rytind trds rapide ex cas
¢ obstrustion des voles respiratoires. L’ espace mort cu masqee zaintient o teux
coavensble & aohydride carbonigue posr zaintenir te excitation szffismte du centre
respiratoire. La réserve d"oxyziue -t de vingt minotes, a3 dédit zsximes,

I’ apparsi est léger, simple & xani=r, aisf & recharger, sa sécorizé est Zotale.
L= cozstruction et 1’ entretien =ost sizples et sont dane les possibilités des bases
sdriennes. Toules les riaités Iwdr-intes de 12 Force Adcicrne Belge en soat dotées.
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RESUNE

L’organisation, et le contrOle opératicanel des services &' évacuation
per nélicoptere sonl discutés, et des examples de problémes reccontsés
soat tirés de 1°expérience ez Sud Arabie et Bornéo.

La rdle vital ds I’ infirmier de coapagnie dans les premiers soins des
salxdes dxns ces conditions, est souligné ot I’ orzanisatico des services
de solns chirurgicaax est indiguée.
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RELICOPTER CASUALTY EVACUATION

Lt Cel A.M.Ferrie, RANC

Even before the end of the seccnd world war air evacuatica vas being increasiugly
used 20 get the wounded well clear of the battle zoze. Experience since 1945 has clearly
demonstrated thst air evacusticn is the method of cnoice in casuxliy transpertation and
>an be used in the battle zone as weil as in the sore resrward arcas.

The increased speed of air evacuation over any other form of casuzlty transportatico.
allows the sericus casualty to be takep repidly to the surgeon and, as a resul:, hss
saved many lives.

The increased use of the helicopter by the fighting troops for deployment has meant
that they are no longer dependent on roads for wovemeat or supply and, ss a result, the
helicopter in these cases is the only method of casualty evacusation avajlable.

The sobilily of zodern warfare is depending more on air movezent and less op motor
transportetion. If casualty evecuation is to be successful, it must conform snd utiiise
the helicopter. The increased cost and overheads of the helicopter can be to soxze extent
offset by:-

Reduction in motor aabulances needed, because of the increased speed of the helicopter.

Reduction in medical manpower needed, as the helicopter to a large extent replaces
the stretcher bearer and eliminates most of the intervening medical posts tetween the
infantry and the suirgeon which were previouysly necessitated hy road casualty
evacuation.

AVAILABILITY OF AIRCRAFT

The British Brigade has at the present time few helicopters within its organisation.
It has a Brigade Plight of six helicopters, each of which can carry two stretcher cases
in external pods and one stretcher internally. 1In addition each Battalion or Artillery
Regiment within the Brigade has its own flight of three light helicopters. These
helicopters can carry two stretcher cases in external panniers.

¥here the cperational situation sodictates larger helicopters are made availabie te
support the Brigade. These aircraft are suppiied either by the Royal Air Force or by
the Royal Navy.
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CONTROL OF CASUALIY EFACUATION

¥ith this mixture of helicopters both in iype, size, and source of supply, casualty
evacuetion is controlled centrally from an #ir Uperstions Ceatre at Brigade Headquarters.
Notification of casualties is ssde by Batialions to Brigade Headquarters whc are respon-
sible for tasking sircraft for casualty evacustion. This xay be done in thres ways:-

{2) By serding & helicopter forward from the resr Brigade area to collect the
casuaity.

(b) ¥hen the brigade ares is large, by tasking a helicopter which is already
deployed in tbe forward arex.

(c} By diverting a helicopter which is sirborme on another task.
¥aen considerable distances are invelved gl) three systexs zay be used.

®here larger formations are iuvolved, such as a Division, this in turn has ap Air
Operations Centre for tasking the aircraft under its direct contrsl.

This system meets wost of the criteria for efficient utilisation of the belicopter
effort.

(a) The tzsking of aircraft is controlled from-the army headquarters which is
directing the battle,

{b} The highest.priority tasks can receive urgent helicopter backing to the detriment
of less urgent tasks.

The fauit {rom the doctor's point of view however, is that he has only indirect
control over the tramsportation of casualties and therefore of medical evacuation.
In addition, the time when serious casualties occur is usually the tiwe when urgent
traop movement or resupply are required hy the forward troops.

RADFAN AND BGRNEO EXPERIENCE

The two most recent operations or police actions in which the British Army has heen
involved .ere the Radfan (in the Aden territories) and Borneo. In both cases much of

the troop movemcnt and supply was by air, and casualty evacuation had of nec:ssity to
be by air also.

RADFAN

In the Radfan the msin area of operations was within 50 -.80 miles of Aden and

consisted of desert and mountainous terrain. There werc no roads suitable for
ambulance cars.

Troops deployed basically as battalions to control an area by occupying strong
points. Having cleared one area they moved on to a new area, usually by night.
Sometimes the infuntry moved on foot, sometimes they were carried by helicopter.
The battalions were ressonably concentrated with outlying pickets or companies.
Behind the hatta)ions was a main base about 10 miles to the rear which had an air-
strip for fixed wing aircraft.
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Helicopters, by using the lie of the land and such rock cover 2s was avaiiable, were
sble to provide close support to the battalions, Helicopter laznding zones we~e no
problem except occasicnally in sountainous terrain, but even here they were able to
load at the hover.

Due to lack of cover, casualties usually had to be carried back a few hundred yards
out of the direct line of fire before they were loaded onto & helicopter. They were
then flown to the main base where a medical section of the Field Arhuiance was situsted.
The further 50 miles to hospital in Aden was normaily flown Ly fixed wing sircraft.

BGRNEO

In Borneo the situaticn was more difficult. The Medical Services were required to
provide meéical cover to iroops of approximately Divizional strength in periodic contact
with the enemy, along a jungle. frontier of rearly 1000 miles.

The infantry battalions were deployed in coxpany or piatoon positions. These
positions were static locations, well dug in for protection if attacked, and providing
bases for patrolling the border area. Some were in contact with the rear by road, but
the ‘sajority hnd no road-comsunicaticns, and were supplied end reinforced by air.

There were only two permanent surgical centrss to cover this fromt. A soldier,
wounded in the forward areas. might therefore have to travel between 3G and 300 miles
to reach-one of the two surgical centres. When the distance of evacuation was short
he was flown direct from the place of wounding to the surgical centre; vhen the distance
was longer he was first flown to the Battalion Aid Post where he received initial
treatment from the Medical Officer before continuing his evacuetion t¢ the surgica:
centre.

Some battalion areas were srall while cthers were over 1000 square miles in extent.
¥ith distances great and roads few and far between the medical officer usually had to
visit his forward companies by air. In the early stages in Boinmeo, with a relative
shortage of helicopters, the Medical Officer had difficulty in making frequent visits
to his forward companies. This left much of the resporsibility for the day to day care
of the sick on the Company Medical Orderly.

¥hen the battalion was relatively near one of the surgical centres the wounded were
normally flown direct from place of wounding to the surgical cencre. This situaticn
again left the Medical Officer sitting to cne side, and threw most of the responsibility
on the Company Medical Orderly. It was only in the later stages with the introduction
of the unit light helicopter, that the battalion medical officer really sturted to have
ful’ supervision of his sick and wounded, travelling round his company positions

regularly to see the sick, and going forward to attend the wonnded aricr an enemy attack.

THE COMPANY MEDICTAL ORDERLY

The use of the heiicopter has thrown increased responsibility on the Company Medical
Orderly especially in situations such as Borneo.
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Toe Compa=y Medical Ordeclies weve citker batislicn perscemel, traimed in medical
é:rties, or Nedicai Cor=; persanel attsched to the battslion. They raz the compeny
or platoom aid pord, soxd were respoasible for the 3ay (0 day treatsest of the sicx
tetwees visits of the ¥Nedical Officer. Ther accosgamied peirols Im the horder ares
a=d were respacsible for the Initisl ¢reatwest of the wonded. Uzless g Nedical
Officer conld get foxwasd, the decisicn o wheile~ a sick mam regaired evaccation
rested on them, »ith swch s+ ic2 as eo0ld be given iy radio. The ich called for a
soldier who was %it enocz: 0 g0 o patrol, ked g koowledge of Infaptry factics, kad
ood medical kmowledge, Esd initiative, and Bad <21f confidence. IL mas 2ot easy to
find sxfficient men of this calibwe who coaid be xade avsilshle for these duties.

EVACCATION FRON FORVARD IREAS

Faca forwsrd position bad a Eeliccpter lseding ped sed evactaticn of sick or wemded
from sach positices preseated 1ittle difficmity. Fracmating cssealties from patrols

which were mminly cperaticg in prisary joogle vszally iovolved first cotticg a helicopter

larding zeoe before the caszalty oxuld be 1ified ount. As operstices progressed an
increasing noxder 2f Jazding zcoes were cct in the border aress snd petrols or amiushes
were plazmed to allow for az essy withdrami 10 2 larding Zece shomld casuaities occar.
Altermatively a new lsading zcoe was cut early in the operaticn. This procedsre
incressed the speed of evaccaticn and aliowed patrols to quickly disencumber themselves
of csscalties.

Other factors which prodaced delsys in casualty evscuation were: -

Eeather

Aa afterncon boild up of cloud ¢ the hills and an early morning mist in the valieys
were roatine in the sountainoes commtry. Many 7orward positions vwere om high gromd
and got cloxded in. 7Yhis slowed, bLut did not prevent casuelty evacuzticn.

Pin Pointing Patrols

It was not alwasys possible for a patrol in prisary jungle to give their exact
position. Radio beacozs were not carried as a routire, and skort delsrs did occar in
finding patrols.

In the British Arxy it bas always beea policy to try and get the casualty to the
surgeon ¥ithin six hours ¢f wounding. VWith tke circumstances perteining in Borneo
this was not always possible even with the aid of helicopters.

SURGICAL CENTRES

The supporcing medical unit fn the British Arxy is the Field Ambulance. It is
designed to fore an Advanced Dressing Station which, when e Field Surgical Team is
attached can fora a surgical centre. In addition it can form three medical sectioms,
each with a Medical Officer, which car &* deplcyed forward in support of the infartry
battalions. ¥hile one medical sectio, wes 1sed in the Rudfan, in Borneo they were
split up and the individuals us2d as Company Medical Urderlies.
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Soth sorgicel ceatres in Borneo were staffed by Field Saivisuce persoonel, oge xith
2 Field Scrgicai Teax atiacked. They were situzted in civil EBespitals and sere in fact
xilitary wings of “kese hospitals,

A clese 1izisor was ssintaired with Brigsde Eeadgrarters and whenever caszalties
occrred in tke forward areas tke scrgical cexire mas Informed. Details of the type of
casaxlty and the expected time of arrival were passed cn by the Air Operations Room
before the casually acrived iy Eelicopier, 23 the surgical ceatre as a result was
felly prepared.

Caszaity rate: in both Bommeo and the Badfan were low bot even with limited helicopter
resources wE were able tc cope. == ¥ere not extended. Ead = major ircursion happened
in Borzeu we wocle khave been faced with the problex; troop movezent or the evacuetior of
caszelties. Fortunetsly we did not have to make this decisioa.

At the start of the first worlc =ar it was felt by some that agbulances were
wmecesaary. Trucks carrying ferward stores and amcmnitios could bring back casualties.
It was fcond that this systen did ot eatirely work. The saxe argrmeat kas heen used
zbort helicopters, the helicspter going forward with troops and stores can bring back
casealties. This again is not the complete answer and it is to be toped that in the not
too distant foturs, the British Arxy 1ike others may have a few medical helicopters.
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USE OF A COMPUTER SIMULATION TO EVALUATE

MEDICAL HELICOPTER EVACUGATION SYSTEMS

by

Major J.E.Bizer

US Armmy Combat Develcopments Command,
Medical Service Agency,
Fort Sam Houston, Texas 78234, USA
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RESCNE

Afin & svoir ©n aperga dn noszbre & ssbulances sériemnss et terrestres
nécessaire =u scutien d' tae divisica ¢ infanterie oa & utfifisi mn
roddie de sinulation par ordisateur congu pour évaluer 1’ efficacité
relative & un systéime & sppul sanitaire de division. Ce dispositif fait
pastie & une série de trois moddles de sizulation capables &' évaluer m
systéze & appul sanitsire Zepais le lieu de recueil & mn biessé jusg oo
trajtement et i 1’ exfat i un patieat bospiielisé. Les trois aodiles
scat coagus pour foactionzer sur vn ordinstear IeM 7020 ou 7094,
coaportant tne »émoire internz de 32,00 mots et 8 circuits de bandes
maiéticues. Pour procéder & cette évaluation, .or s’ est efforcé Ge
déterminer le dosage adéquat des moyers d' évacuation adriens et
terrestres ndcesssires au scutien &' une division & infanterie engsgée,
en Eurcpz Occidentale, dans une guerre terrestre classique généraiisée
st de grande envergure. On a procédé .k une série de 22 opérations sur
sisulateur en utilisant diverses combinaizons de possibilités
d' évacuation terrestras et sériennes. Chague opératior fournit des
dommées sur les facteurs de performance pour la coabicaison de moyens
terrestrss et aérisns dtudide. Les facteurs utilisés pour dvaluer chaque
systise de soutien étajent les saivsnts: (1) délais d’ dvacuation, dus a
1’ sbsence de mayens d' évacustion disponibles, (2) temps moyen écould
entre le moment de 1a blessure et 1" arrivée du patient dans une
izstallation médicale de 1’arridre, (3) temps morts des moyens
d’ érasuation et (4) chargesent moyen de patients par voysge. On n’a
pas essayé, au cours de ces opfrations de sizulaticn, d' évaluer
¥ influeace des conditions météorclogiques ou d’une action ennesie sur
les systémes 4’ $vacuation étudiés.
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USE OF A CONPUTER SINULAYION TO EVALUATE
NEDICAL NELICCPTER EVACUATION SYSTENS

¥gjor J.E.Bizer

1. INTRODUCTION

Tne US Arzy Coxbat Developments Oomxand Nedical Service Agency, located at Fort Sae
Bousten, San Aatosio, Texas, hes the missicn to determine “How the Army Medical Service
will be crganized. eqvipped enG support the fightiug forces”. To support this mission,
the agency has developed an operations research prograx designed to permit the
evaluetion of field amxy medical support systezs either as a whole or in parts.

Initially, as with any operations research effort. valid input date must be obtained.
To provide this type of dats, a study to determine the casualty potential of weapon
systecs is currently under way. The study wili investigate the casualty-producing
potential of krown wespon systess and assess the combinations of effects that¢ ray occur
shen one or =zore of the systezs are emplored.

Once the casualty data are obtained, che next logical step would then be a system
cspable of serforming a thorcugh evaluation of the impact this casualty load will have
on & given medical support crganizstion. This systes we bevz today in 2 serie= of
covputer simulation xodels. T wili tzlk more absut one of these models in a mozent.
Tae end result (output) would then be improved medical doctrine, tables of orgarization
snd equipment and the supporting field and technical manuals.

2. CONPUTER SIMULATION TECHNIQUES

Ever since it wes determined that computer simciation techniques could be used to
analyze the elezents asscciated with field army medical service systems, certain
uestions have arisen concerning the nature and use of such techniques. The questicns
most frequently asked are: (1) wihat is a computer simulation model and what features
should it have in order to be 2 usefui tuol for systems analysis, (2) why are stich
zodels being used in the anslysis of staffing requirecents, and (3) how are the models
to be used in the performance of tnis analysis?

Anything which assumes the appearance of an operating system can be described as a
“gimulation model”. A type of model in genersl use todesy is the computer simulation
zodel in which a general purpose high sp2ed computer is programmed to operate in &
manner representative of the way the system itself operates. 3o that we are all
talking the same language, I will define a “simulation model” as *“a simplified re-
presentation of an operation or process in which only the basic points or the most
important features of a typical system under investigation are considered”.
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A computer sixulatlon model is nede up of thé following components:

1. A representaticn of the coxpater’ s 2exory of esch of the elesents involved in
the systea to be studied.

2. A set of rules govercing the behavior of the individuals within the system.

3. The prugra= by which the given rules are applied to systems elements in order to
produce behavior and interactioas as they would occur during the actual operaticn
of the systeam.

Because of ike high spead and large memory capacity of modern coepuiers and the ease
with which they cxn be programsed, cosputer sisulation models can in most cases provide
s copvenient time-savirg and relatively inexpensive ameans of studying the opersation of
large complex systems and produce estimates of what a system can accoapiish. An
important sdvantage of a siculation model is the fact that its structure can be and
ususlly is, much sispler than that of the systex it represents. The many factors in a
system wiich have little or no cverall effect on its cperatior can normally be omitted
from consideration in the systexs model. The question arises of course as to which
factors are significant and which are not. This quesiion can often be answered by
someone familiar with the systeas operation, or iy means of a preliaminary opersiicnal
analysis., Howser, if any question remains concerning a factor’s significance, the
factor is retained in the aodel for further evaluation.

The purpose of anaiyzing any system is to detamine whether the system can be
modified in soke way to impro- z its effectiveness and/or reduce its cost of operation.
The purpose itself implies the c«istence of altemnate ways of organizing and operating
the system. Ideally such a mcilel should be so general that most of its specific fom

and structure in any particular application will be provided rather than by restrictions
within the computer program itself.

3. THE PROBLEM TO BE ANALYZED

¥ith this basic background of the asgency’s operations research program and mode!
definition in mind, I would like now to demonstrate how we approach the problem of:
“obtaining ar insight into the determination of the proper mix of air/surface ambulance
capabilities reeded to support an infant:y division".

To do this I will first describe the model used in a little more detail, the
scenario and evacuation systems studied ané criteria used for analysis.

Figure 1 is a brief schematic of the model as used for this evaluation. “his model
was designsd to simulate the medical activity from the rear of the maneuver battalions
through delivery of a patient at the frout door of a supporting combat zone hospital.
Within our series of models, we have one capable of evaluating the medical activity
of the maneuver batvalion and another which can evaluate the impact varyiag patient
ioads have on a hospis .al system., So in effect with the thres models available, we
can follow a patient fror site of wounding through his discharge at a hospital.

This model can follow approximately 400 patients at one time through the division

level treatment facilities and is specially programmed to determine the effectiveness
of treatment and evacuation systems. The schematic shown here is a representation of
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Fig.1 Schematic of simulation model

how the model was programmed to handle this particular problem. The model is flexible
however, since any. of the treatment facilities may be by-passed through use of

proper input. Tals gives the planner the ability to simulate the medicsl support
systems for preseint or any future organizations. You will note on the schemaiic

that we have two distinct evacuation systems outlined. The solid lines shkow th: move-
npent of patients from the rear of the battalion aid stations to the two supporting
clearing stations. The broken lines outline the evacuation of patients from the
battalior aid stalions (BAS) to a supporting surgical hospital. The reason two
separate systems are shomn is that the model treats these systems us separate emuities
and their activitirg are summarized independent of each other. The summary of resmaig
shown later in ths priefing will describe both of the systems shown on this schematic.

4. THE INPUT DATA

AR

There are approximately 2500 items of input required for each simulation run. These
inputs can be grouped into five basic areas as shown in Table I:

TABLE I

General Inputs to Simulation Model

Time Related DMoctrine
1. Time Step 1. Unit Relocation Criteria
, 2. Length of Daylight 2. Operstions of Evacuation Teams
: 3. Initial Time of Run 3. Emergeucy Evacuation Routine
| 4. Pick-up of Patients at BAS
: 5. Treatment and Patient Handling
‘ Routines throughout Area
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4.1 Time-Related

The Tine Step establishes the length of time which the computer assumes has passed
before rechecking the entire system. Other general time inputs describe tke hours of
daylight 30 that conversions can be made from day to night speeds for vehicle and
perscanel movement. The initial tize of day is used to orientate the coesputer in
determiniing when to coavert from day to night speeds.

‘Doctrine” inputs dictste how the model will cperate for the evsluation beirg per-
formed.

4.2 bDescriptive

TABLE 11

Geaeral Input Data {Continued)

Descriptive Information

Evacuation Team Loading Points
Description of Evacuation Network
Description of Communication System
Unit Organization -and Equipment

Lal ol Al

The data shown in Table II outline the various routines operating within the
doctrine established.

4.3 Patient Dats

TABLE III

General Input Data (Continued)

Patient Data

Frequency of Occurrence
Transportation Needs

Route Through Syctem

Treatment Priorities and Personnel
Survival Probability

Disposition of Patients

D b o

The majority of inputs are entered here. These inputs (Table III) support the
75 different types of patients which can currently be handled by the model. As a
patient reaches each level of treatment, specific informatlen is required. For
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instance, the frequeacy of oczcurrence refers to the aurber of times one of the 75 types
of patients can be expected to occur. The trmsporiation needs indicate whether a
petient is ambulatory or litter and if a special type of evacuaticn vehicle iz required.
The rcu*~ through the systex and treatmanft priorities dutermine whers treatment will be
recelve and how quickly treatment is regqaired and by »hos.

As a patient reaches a clearing station or & surgica® hospital, his survivability
increases and new treaters are available. Therefore, new curves, new treaters and new
treatzent times must be gvailable to the sinulatinn to accurstely describe the patient's

iapact as he passes throughk the system and finally wheve ¥11i the patient gn once
treatment has beea compieted.

4.4 VYehicle Classes

Ioputs associated with the types of evacuation vehicles being simulated are shown
in Table IV:

TABLE IV

General Input Data (Concluded)

Vehicie Classes

Alr or Surface

Speeds (day and night)
Canscity

Breakdown Probability

el N 5

5. THE SCENARIO

To performt an analysis and to provide the necessary inputs on the evacuatica system
within an infantry division, a scenario describing a division in an attack was obtained

from the Medical Field Service School at Fort Sam Houston, Texas and adopted to the
simulation model.

The scenario, shown diagrammatically in Figure 2 is briefly as {foil.ws:

The 20th Infantry Division is engaged in a large scale land mass conventionsal
war. The division objective is te secure a crossing of a river approximately
10 kilometers cast of its present position. It is the Fall of the year; the
climate is moderate; the area is farm land, rolling, with small trees; the road
network 1s falr., Dawn occurs at six o’ clock and there are tweive hours of daylight
per day. At 0600, the morning of the first day, the division begins an attack with
two brigades abreast on an enemy position along a hill mass approximately
1000 meters to the division's front. Heavy resistance is encountered; however,
by 1400 hours the initial resistance is overcome. The division moves slowly
against a stubborn enemy for the next four hours and by 1800 hours the objectives
have been fully secured. 1In this initial 12 hours, 240 patients were placed in the
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Fig.2 The scenario

system with the heaviest influx being 34 per hour between 06G0 and 1008 hours. The
division remains static during the next twelve hours of darkness preparing for the
attack in the morning.

Day 2 finds the division attaching a weakened enemy who has withdrawn 1600 meters
back from the division line. By ten o’ clock the initial resistance has been over-
come and the division advances rspidly. By nightfall the division has reached the
west bank of the river and is preparing to secure the river croasing the next
porning. The patient load in the 2nd day corresponds to the intensity of combat
with the heaviest load of 116 patients entering the system the first 6 hours.

THE EVALUATION

The evalvation of the division medical service evacuation system consisted of two

series, totalling twenty-two computer simulation runms.

The first series simulated the division evacuation system using 18 different

gir/surface combinations ranging from 3 to 15 helicopters and 8 to 40 ground ambulances
operating within the entire system at one time. These combinations were tested with a
patient load of approximately 420 for the two day simuletion. The second series tested
4 combinations vsing double the original patient load.

For the analysis of the results, the following five criteria were considered to be

an accurate measure in evaluating the effectiveness of the system:

1. Patients evacuated vs. those ready for evacuaticn.
Average evacuation team utilization tlae.

Average patient load per trip.

Average delay time awaiting evacuation.

Average time to arrival at clearing station or hospital.

Bl ol ol o

e e —

3 yreran e F TR ARGR PG WK TSR ol AW st g s 4 ]

4 o e s scame vy & T




B R T S

T

——r - o

e

139

These criteria were used because it is necessary to ascertain the following:

1. Was the system abie to handle the load generated? *

2. I so, did the =vacuation teans operate a reasonable number of hours? .
3. Did the patient load per trip approach the capacity of the evacuation vehicles?
4. Were tne evacuation delsys too great in length?

5. ¥ere any savings in time apparent as the mixes of vehicles zhenged?

7. RESULTS

After a tkorough analysis of the results, .we found that all systems were capable
of evacuating 99% of the patients. This wgs undoubtedly true because of the reduced
number of patients simuleted during the last 18 hours of thé scenario and the fact
that very few patients entered the system during the first 12 hour period of darkness.

This then lert us with the remaining four criteria for continuing the evaluation.
As was previously mentioned, two distinct evacuation systems were opeicting within the
nodel, one from the battalion aid station (BAS) to the clearing staticn and the other
from the battalion eid station to the surgical bospitai. Firstlr we consider the aid
to clearing station system, and see what effect air ambulances have on the systes.

Saown in Table V are the results of using ground evacuation only. Note that during
the two day simulation, of the total of 420 patients simulated, 372 (87%) were destined
for treatment at the clearing station. Across the top of the chart are the total
numbers of umbulances operating within this system and below, the results.

TABLE V

Ground Ambulance System Only

CLEARING STATIUN EVACUATION
48 hour system - 372 patients

Ground l=bulances

6 12 18 24 30
Utilization time
per ambulance 26 13 5 4 2
(hours)
Average load per | , , | ,, 2.0 | 2.0 2.0
trip
Delay
Awaiting evacu- 0.5 0.4 0.4 0.4 0.4
atic~ (hours)
Tizae wounding to
clearing station 3.4 3.2 3.2 3.1 3.1
{hours)
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As expected, the uvtilization tize decreases as the nusber of mtilances increases,
bowever, xa interestizy point 1s the failure of this pore gromd systex to reduce
below C.4 of sn hour the average patient wait tize. Bowever, the average tize to
deliver 2 patieat to the ciesring station did lower with mn increase beyond
i8 ambals.ces.

TABLE VI

Air mbulamce System Omly

CLEARING STATION EVACUATION
48 beur system -~ 372 patients

Air Azbulances

2 4 6 8 10

Utilizstion tiwe
per air ssbulance 29 17 12 9 5
{bours)

Average load per

2
trip 2.6 1.8 1.6 1.6 1.6

Deiay
Awsiting evacu- 0.8 0.2 0.2 0.2 0.2
ation (hours)

Tine wounding to
clearing station 3.2 2.8 2.6 2.5 2.5
i ‘hours)

Shown in Table VI are the rssults of a total air evacuation net. Again the results
are sipilar although a further reduction ian wait time is apparent through two air
axbulance ck~+ges and again a small reduction in delivery time to the clearing station
is appsarent.

Table VII shows the effect of a pure ground evacuation zystem, two combinations of
air and ground, and a pure air evacuaticn system. As noted, the pure air systexm cut-
performed any combination. This :is undoubtedly due to the increase Ir speed of air
evacuation teams.

s /NGO RN AR WA R o

The next three tables will now show, in the same sequence as the previous system,
the operation of the battalion aid station-to-surgical hospitel evacuation gystem.

Table VIII shows the effectiveness of a Ground Evacuation System only. Note that
the nuzmber of patients entering this system is 48 (13%) of the total patient load
generated.
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TABLE VII

Comsbined Systess

CLEARING STATION EVACUATION
48 hour system - 372 patients

Coxbination Air/Ground

6 Anb 6 Aab 6§ Amb 0 Anb
0 Hel 4 Hel 3 Hel 10 Hel
Utilization time
per evacuation 26 8719 2/ 18 5
vehicle {sours)
Average load per ~
trip 2.0 1.7/1511.7/1.5 1.8
Delay
Awaiting evacu- 0.4 0.3 0.3 0.2
aotion (hours)
Time wounding to
cleuring station 3.4 2.9 2.9 2.5
(hours)
TABLE VIII
Ground Ambulence System Only
SURGICAL HOSPITAL EVACUATION
48 hour system - 48 patients
Ground Ambulances
2 4 6 8 10
Utilization time
per air ambulance 43 24 16 11 8
(hours)
Aversge load per
trip 1.8 1.5 1.4 1.4 1.4
Delay
Awaiting evacu- 2.8 1.0 0.9 0.9 0.9
ation (hours)
Time wounding to
sutrgical hospival 6.0 4.4 4,2 4.1 4.1
(hours)
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TABLE IX

Air Ambulsace System Omly

t SURGICAL HOSPITAL EVACUATION
48 hour syster - 48 patients

Air Ambulances
. 1 2 3 4
’ Utilization time
per air ambulance 28 17 16 5
(hours)
’ Average load per
trip 1.4 1.2 1.2 1.2
[ Delay
Awaiting evacu- 1.1 0.3 0.3 0.3
ation (nours)
Time wounding to
surgical hospitsal 3.5 2.8 2.1 2.7
(hours)

TABLE X

Combined Systems

SURGICAL HOSPITAL: EVACUATION
48 hour system -~ 48 patients

i g e

e T

Combination Air/Ground
2 Amb 2 Amb 2 Amb 0 mb
0 Hel 1 Hel 2 Hel 4 Hel
Utilization time
per evacuation 43 12/21 12/13 4
vehicle (hours)
Averzge load per ’
! trip 1.8 1.0/1.4 0.8/1.2 1.2
§ Delay
Awaiting evacu- 2.8 0.9 0.6 0.3
ation (hours)
g
{ Time wounding to
surgical hospital 6.0 3.6 3.3 2.7
(hours)
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Table IX, illustrating an Air Evacustion System only, shows the increased effective-
ness of {wo air ambulsnces over one.

Teble X shows Zombinations of ground snd air evacuation systews. Here again, the
addition of one and two air ambulances to the system greatly “educed the waiting time
and time of arrival at the surgical hosplt

The similarity between the two systems tested is quite epparent. A logical question

row would be, just what type of air/ground evacuation mix might have evolved from this
evaluation?

Figure 3 shows a possible system using a total of 9 «ir and 16 ground ambuleaces,
operating frcm three separate locations. This system should not be considered the
best available since many other variations must he tested before a firm recommendation
could be made. The reason that a pure air evacuation system was not considered is
because weather and enemy action may in some cases preclude the use of air ambulances.

We feel as though this preliminary evaluation of the evacuation systems with an
infantry division merely scratches the surface. Additional runs consuming many more
hours of computer time are anticipeted. The outlook fcr continued uses with the
models is heartwarming. Future plans call fer us

1. to examine the relative effectiveness of the helicopter systems under varying
types cof conflicts and intensities,

2. to evaluate helicopter medical sysiems in conjunctiu.. vith typical ermor and
mechanized divisions scenarios,

3. to examine the relative effectiveness of the helicopter systems when locations
or types of treatment installations vary,

ﬁ*m
Y
4
Surgical
Hospital.

~— — — — Support — —
Clzaring
Stations.

BA.S.

Fig.3 A possible deployment scheme
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4. ia exsmine the effectivenes: of the systeas when the location and base cf
operations of the helicopters themselves vary, and

5. to exmaine the utilizstion and idle times for various helicopter evacuation
systems using scenarios of 20 days in length rather thamn short intensive combat
actions such as was used in this particular deaonsiratiox.
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SUNNARY OF SESSION II

by Air Coamodore R.0.Yerbury, RAP :

It was encocuraging to hear of the efforts that are being made in the task of
extending and modernising the provisiors of the Geneva Conventions, but it is apparent
that we still have 2 long way tc go. It will be some years beiore we can hope that

insurgent or gueriila forces, pertizularly in under-developed areas, will recognise
the Red Cross.

In the various presentations dering this session, we have heard excellent accounts
of the exployment of the helicopter in the rescue and casuslty evacuation roles in }
xzany parts of the world, from impeznetrable jungle to thz arid mountain-tops of Arabia.

I was particularly pleased that our Vice Chairman raised the all-important question
of Alr Superiority. 1In recent confiicts in which the Western Bloc forces have been
engaged, we have enjoyed a high degrze of, if not complete, air superiority. As a
result, this vital factor tends to be furgotter. ¥e must always bear in mind, when
planning operations or decidirg upon casualty evscuation policy, that a high degree of

air srperiority is essential to successful casuglty evacuation by air on any dappreciable
scale.

During this session we have heard of many advantages in the use of the Zelicopter
as a casualty evacuation vehicle. In general, these advantages were common to all
geographical areas, but Y suggest that three of these advantages are outstanding:

(a) The clinical advantage of transporting the battle casualty out of the conmtat
area back to a surgical unit with the minimum lapse of time.

(b) The heliccpter is invaluable in maintaining the morsle of the scldier going
into battle: he knows that snould he be wounded he will be transported tc a
safe area and into skilled surgical hands with mioimum dalay.

(c) The ability of the helicopter to extract cuwsualties from inaccessible locations.

It is apparent that much remains to be developed and improved:

(a) There is tremendous scope for co-operatiop in research and development of
equipment associated with evacuation by helicopter.

(b) Communications and signal procedure sre all-important and an attempt at some
degree of international standardisation secmz desirable.

(¢) Ground forces mvst be educated and trained in the requirements and abilities
of the helicopter pilot when landing in the combat aree or in difficult terrain.

I fear it will be many years before the smaller nations will be able to afford to
set aside helicopters specifically for medical us>. Nevertheless this must not deter
the medical services from doing all in their power to ensure that, in any operation,
sufficient helicopters are availnple for casually evacuation at the right time, at
the right place, and in sufficienf numbers.
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AN OVERALL SURVEY OF HELICOPTER OPERATIONS PROBLEMS
by

Colonel Spurgeon H.Nee2l, MC

Director of Plans, Supply and Operations,
Office of the Surgeon General
Dept of the Ammy, Washington DC 20315, USA
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RESUNE

Les pilotes d' hélicoptéres sont exposés sux méres types de stress que
les pilotes d'avions & voilure fixe. Les différences sont quantitatives
plutét que qualitatives, et directement lides aux différences que pré-
sentent les caractéristiques de vol des deux types d'appareil.

La portence, aussi bien que la poussée d’'un hélicoptére, sont assurées
par sa voilure tournante; la puissance requise est par conséquent supéri-
. eure et, dans la plupart des cas, le moteur et les systémes de transmis-
) sion sont situds & proximité de 1’ équipage et des passagers, les bruits,
les vibrations et la toxicitése trouvant atténués au minimum. L’héli
coptére est une plateforme dont 1’ instabilité relative est un facteur
indésirable mais inséparable de la souplesse que lui est inhérente. Ceci
pose d’ importants problémes d’ instrumentation et de stabilisation auto-
matique, problémes-qui contribuent dircctement & créer chez le pilote
fatigue et désorientation. Le poids de 1’ appareil est, au stade du
, développement, un élément pius.préuccupant pour un avion & voilure
tournante que pour un appareil A voilure fixe, et peut aboutir & des
“coppromis” en ce qui concerne les caractéristiques souhaitables, en
particulier, dans les domaines présentant ua intérét médical. Le type
de vol qui caractérise les opérations menéez par hélicoptire — vols en
rase-motte, vitesse et direction variables ~ exige du pilote des efforts
plus grands et contribue & créer les stress auxquels il est soumis.

w

et

Ces caractéristiques, inhérentes aux opérations par hélicoptéres, ont
pour résultat un accroissement (1) du bruit, (2) des vibrations, (3) de
la toxicité, (4) de 1la désorientation et (5) de la fatigue. Heureusement,
ces mémes caractéristiques impliquent une durde d’ exposition moindre 4
ces stress multiples., L’auteur examinera particuliérement ces problémes
dans la mesure ol i1s affectent les opérations par hélicoptéres, et ol
i1s peuvent 8tre influsncds par les conditions tactiques.
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AN OVERALL SURVEY OF HELICOPTER OPERATIONS PROBLEMS

Colonel Spurgeon H.Neel, MC 1

Has the helicopt:r created new medical problems? Do we need only apply the knowledge
of fixed-wing aviation medicine to the problems of the helicopter?

The answer to both questions is affirmative to an extent, but some explanation is i
necessary. Rotary-wing aviators are exposed to the same types of problems or stresses
as those flying fixed-wing aircraft but with certcin definitive differences. These

differences sre quantitative rather than qualitative; and are directly related to the
differences in flight characteristics of the two types of aircraft.

What are these differences in flight characteristics betwzen rotary-wing aircraft
and fixed-wing aircraft?

-

THE HELICOPTER

e A

Helicopters employ & rotating wing from which is suspended the personnel and cargo
compartment. Contrary to fixed-wing aircraft, the rotating wing must provide both
1ift and thrust; hence the helicopter’s relatively greaier power requirement, and

the resulting magnification of those problems that are directly derived from the
pover source.

The most impressive characteristic of the helicopter is its ability to move
independently (and theoretically, equally) in any of the three axes of motion, or
maintain stationary flight. This greater freedom of motion creates a relatively
unstable platform - to such an extent that instrument flight was initially considered
improbable except under very dire circumstances. Although advances in technology and
training now permit almost routine instrumert flying there is still no reai trimming
capability as in fixed-wing aircraft and as yet no auto-pilot.

Weight is = more critical factor in the development of rotary-wing than fixed-wing
aircraft, ond has frequently resulted in trade-offs of “non-essential ltems of
equipment or characteristics. Unfortunately, these trade-offs are often in areas
that compromise many of the desirable personal protective features of fixed-wing
aircraft, such as sound-proofing materials structural reinforcement, and the like.

The usual military employment of helicopters requiives flight at tree-top levei,
(“nap of the earth”, terrain or contour flying) with varying speed and direction.
This is necessary to reduce vulnerability to ground fire and to increase the element

of surprise, A substantial demand is placed upon the operator at an altitude that
leaves very little margin for error.
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These characteristics result in more noise, more vibratican, more tcoxiciiv, more
disorientation, and more fatigue.

THE MEDICAL PROBLEN

Noise, a by-product of energy, is directly related to the power plant of an aircraft.
Since, pound for pound, helicopters require more energy than fixed-wing aircraft, this
increased problem of noise becomes very appsrent.

Overall noise levels in Amy aircraft have been studied extensively by the United
States Aty Aeromedical Research Unit at Fort Rucker, Alabama. The results of their
study of the CH-47A helicopter, clearly indicate the magnitude of the probler we face.
The CH-47 is a large, 33-passenger, tandem-rotor helicopter powered by two gas-turbine
engines, each producing approximuately 2,200 shaft horsepower at 18,750 rpm at maximum
rated power. The overall internal noise levels during normal cruise at 500 ‘ft altitude,
350 psi torque and 100 knots IAS, have been recorded at 115 dB at positions directly
beneuth the forward and aft transmissicns., In the fuselage between these high intensity
areas, the overall noise levels arc 110 dB or greater Octave band analysis of the
noise indicate levess as. great as 115 4B in the 1200-2400 c¢/s range and as great as
108 dB in the 37.5 to 75 c/s range. The acoustical energy produced within the higher
frequency ranges, especially from 1200 through 4800 c/s, 1s characteristic+lly indica-
tive of noise generated by the forward and aft transmissions and gear-distributior
systems. The lower frequency ranges of 37.5 to 75 ¢/s reflect noise emsnating from
the rotors.

Studies of the single rotor UH-1D helircopter, resulted in essentially similar findings
but at somewhat reduced levels. The ncise generated by the rotors is aisc predominately
in the low frequency range but the noise produced by the anti-torque system is usually
distributed within the higher freguency ranges. Thus, any method designed to reduce
the total noise of & helicopter with main and anti-torque rotor systems must consider
both of these noise sources.

0f equal concern to the overall noise in helicopters in the loss of the noise
defense mechanisms of isolation and distance that are present in many fixed-wing
aircraft, GIngines on fixed-wing aircraft may be mounted outboard on the wings, providing
distance insulation from the crew compartment. This is not possible in heiicopters
because of the engine mounting within or on the fuselage.

“he noise problem is further aggravated by the fact that helicopters are frequently
flown with open doors and wiudows, again, eliminating any isolation of the aviator
from surrounding noise. )

It is readily apparent that ambient noise levels in helicopters exceed the accepted
damage risk criterion of 90 decibel. To reduce this hazard reliance must be placed
upon ear plugs, protective helmets, and, indirectly, the shorter duration of flight
presently characteristic of rotary-wing aircraft.

The probler of internal helicopter noise is not limited solziy to crewmembers.
Combat troops, carried into battle by assault helicopters, will also be exposed te this
same noise, plus one further possible effect that may easily be overlooked - the
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temporary threshold shift. Previously, air movenent of combat trcops hy fixed-wing
aircralt involved movement tu a site nearest their area of utilization. Voice communi-
cation, inflight and upsn ianding, was not of immediate concern. However, in a
heiicopter assault the finazi landing site say changed inflight or may not be determined
until minutes before landing. In either case, relaying this detailed information to
each member of the assault party is not made.easier by the high internal noise levels.

Further tbe delivery of troops to the immediate combat area, frequently under enemy
fire, requires that forces be immediately reconstituted =id objectives indentified.
VYoice communication is essential and any loss of auditory acuity resulting from & tem-
porary threshold shift will only add further confusion to the existing situatioa.

Wher the problem of communication within the aircraft was iritielly studied it was i

suggested thet the aircraft intercom system ho augmented with an auditional communica-
tion cord extending the length of“the aircraft. Fruom this each individual would have
headsets for receiving en route snd last minute instructionz. This has not been adopted.
Instead, the assault leader makes use of a hand held blackbcard, on xhich he transaits
eppropriate inforaation with generaily satisfactory results., The most practical
solution for the problem of the tewporary threshold shift appears to be use of dis-
posable ear piugs, which can be abandoned immediately prior to exiting the aircraft.

Vibration has received less attention than the audible sound energies but its effects
upon both the man and machine are no less real. It is generzlly recognized that rotary-
wing aircraft produced vibration characteristics of greater displacement than fixed-wing
aircraft, and, again, magnification oX the resulting problems.

Unfortunately, neither the resulting discomfort and fatigue nor their effect on
mission accomplishment are easily measured. However, the adverse effect of vibration
upon visual acuity has been documented. We know that it will reduce an individual’s
ability %o read his instruments. Further, we know that vibration is maximal during
the critical periods when acquiring translational 1ift from a hover, and, again, during
landing, when coliective pitch is increased and power is added upon nearing the ground.

This effect of vibration upon visual preception assumed particular significeace when
the helicopter was mocdified to serve as a weapons platform. It was cbvious that merely
hanging armament on & helicopter added little if the weapons fire failed to reach its
objective. Therefore, . great deal of effort was expended in develop’ng our present
weapons sighfing devices: and minimizing the adverse effect of the inherent vibration
on visual preception was »f paramount concern.

It is of interest, that vibratior may also have a beneficial effect. One study of
helicopter pilots found that they utilize the vibration which they perceive as a
sensory evaluation tool. Seemingly, the modes of vibration preceived can assist the
pilot in evaluating his normal flight patterns during control of the eircraft, &s well
as assist in the detection and diagnosis of possible ssstem malfunctions. This is
truly a return to vwre “seat of the pants"” method of flying.

Medically we can probably do the least in this arsa but will have to rely upon
improved shock-mountings of engines and seats, lucreasing the comfort of existing seats,
damplug of tha fuselage walls by insulation, and similar engineering advances.
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Toxicology. lonz of interest in fired-wipg sircrafi is also zagnified in the
helicopter because of its ability fo =mxintain slow, stationsry, or even reversed flight.
This allows the helicopter literally to wallow in its ows excreta. The engines location
izmediately within the fnselage can coatribate forther to this probicsm.

Oane of the special considerations in this respect is demcnstrated by the UH-1 aircraft.
Air intakes for cabir ventilation are located below the exhsnst. Althoush the exhaust
is expelled resrward, the rotor wash is domaward, itereby cresting = polential source
of contasination, pariicularly duvring slow or statfonary flight. Fortunately, the
introdnction of zas turbine engines has redaced the carboan monoxide conteat of the
exhaust because of more cospiete coxbustica bat we must still consider the other toxic
products that xay be produced by the engine.

4 new area of toxicology was also introdsced when the helicopter was modified as =
g platfors. The toxic hazard created by the exbanst gsses dering firiig was pot
initially ccnsidered significant becaase of the brisk veantilstion as 2 result of open
doors. Hcowever, this mas sibsequently Juestioned »f:en pilots reported aa odor of
cordite and a visible heze in the cocupit in association with firirg, ic sddition to
occasionel respirztory tract irritation 2ad navsex.

As & rTesult, the Arzmy Aeromedical Research Unit has teaeed with the Air Force
Propslsion Laboratory ¢t Edwards Air Fosce Base, Californis, to exanine the exh=ust
gases prodaced by the various types of mmitions and to determine tkeir exact cheaical
composition and degree of toxicity.

This involves collecting the exhaast of gmposder end missile propellants under both
laboratory and field conditions. These gaseous products are then analyzed, utilizing
the high resolutior 2ass spectrometer, gas chresstograph and ipfrared spectrometer, end
deterzination nade of their coacentrations under various eavirormental conditionms.

This project is stil) not cozplete but depending upon their results, reapons systess
asy require modification or metaods developed for filtering these noxiosz gases frca
the aircraff environzent.

Spatial disorientatior has long been recognized as a hazard in fixed-wing aireraft.
Again, the helicepter can magnify the problez because of its ability to produce almost
instantaneous changes ip any of its axes. gastwood and Berry, in 1960, interviewed
17 Air Force helicopter instructcr pilois and found that &l1i had experienced one or
pore episodes of disorientation. These occurred at night in weather, or under the nood
in simulated instrument conditions. They reported 52 episodes (an average of three
episodes per pilot) and approximately 30% were classified as greater than mild. Another
report cited four helicopter accidents that accounted for 19 fatalities in which dis-
orientation was a major cause.

The United States Ammy Board for Aviation Accident Research has reviewed its records
of Army aircraft accidents and identified 36 accidents in which Gisorientation plared
a role. This group comprised only 3.4% of the major accidents, yet they accounted for
30.7% of the fatalities. Concurrent with their revies of accident records, 350 heli-
copter aviators were interviewed concerning their disorientation evperiences. Two-thirds
admitted expariencing disorientation (2n average of two and one-half times). Again,
most of these occurred st night or iz advarse weather conditions. To avert accidents,
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they were able to gzive the aircrafi control to another pilot, reiy on their imstruments
until the feeling passed, or else regain visual contact with the ground before completely
losing control of the aircraft. It is readily evident that the instability of the
platfoza plux the greater difficulty of instrumentation can overwhelm an aviator's
capatilities in a very short time.

Mding to this, the operational use of helicopters at tree-top level allows very
litile tolerance for disorientation. This is made even more critical when the operaticn
involves large numbers of helicopters in formation flight. Upder such sitvations dis-
orientation in one aviator can invite 2 massive catastrophe. I will not discuss the
effect of dust, white-out, or bubble fogging, but all of these can cause immediate
disorientation and at 2 very nniorgiving altitaude.

It is of interest that anxiety is probably a bigger factor than attitude in contri-
buting to discrientation. This can only be overcome by proper and repeated training,
particularly instriment training, to counter its effect. Concurrent with our ccncern for
the human aspects, there mast also be improvements inr present aircraft instrumentation.

All of these problems contribute directlr or indirectly to our old nemesis - fatigue.
This should be no surprise gince anyone who has attespted to fly a helicupter will
readily admit that it involves 106% flying, 100% of the time. As stated earlier,
trissing is not available; constant vigilaace on the controls is essential; there is
increased muscular ionus 25 a resuit of the sustained attention; and the low levels
of flight that are imposed tactically 211 predispose to fatigue.

Unfortunately, it is very difficult to attribute accident causation to fatigue.
Howevar, it is more than coincidence that fatigue appears so frequently as a possible
contrimmting factor on the accident investigation reports. Certainly, fatigue will
play a role in the “cumulation theory” of accident causation, where a series of rela-
tively insignificant adverse events finally overwhelm the aviator and an accident
results.

Plying hour limits are not the answer fo this problem. Although these are a con-
venient measurement of one of the aviator's activities, it ignores the multitude of
other factors that individually are of equal importance, and, combined, exceed the
factor of total flying time.

The answer to this problem is command awareness and supervision of the problem with
the direct assistance of the flight surgeon, op- -ations officer, safety officer, and
subordinate flight ieaders. I will say no more since this will undoubtedly be discussed
elsewitere in greater detail.

1 believe my comronts car be summarized by quoting Marcus Titius Platius, who in
250 BC, stated *“Flyirg without feathers is not easy”. Today, ‘Flying without wings
is even more difficult”.
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DISCUSSION

fg Cdr Burton asked atout the development of improved instruments and automatic aids
to ease the pilot task in helicopters. Capt. Buckley stated that the H53 is planned
to have a Doppler nav.gation system, and an improved autopilot with a2 ‘hover-coupler’
facility. Lt Cdr Williams said that the Royal Navy Wessex aircraft had excellent
autopilots, primarily intended for use in the anti-submarine role. Lt Col Shamburek
stated that there was a lack of suitable equipment for the light and utility classes
of tactical helicopter. Bri. Gen. Lauschner suggested that integrated display systems
belng developed for VIOL aircraft may bring benef’ts for helicopters.

Cdr Mackie asked about effects of noise on helicopter passengers. There had been
complaints from many users, from Royal Marine Commandos to passengers in the Royal
Flight helicopters. On partial solution sppeared to be the use of glass fibre ‘dvwn’
as insulation. Wg Cdr Watson asked whether there was evidence of long-term hearing
damage in exposed personnel. Lt Col Bailey replied that the US Army was currently
initiating a study on this subjeci — it was possible that cases of hearing loss would
be detected. Brig. Gen. Lauschner commented that acoustic trauma from small-arms
firing was a much more serious problem. Lt Col Bailey agreed, and recalled impact noise
levels of 179 dB having been mentioned at an earlier meeting. Capt. Perry also agreed
and stated that in the Army the problexm was often one of finding military personnel

of adequate experience suitable for flying training who did not have pre-existing
hearing deficit. Col Eberling and Col Neel agreed that the same was true of their
services. ¥aj. Asdahl expressed the opinion that cotton ear plugs, 1ssued to personnel
for use wvhilst shooting and also whilst flying as passengers, had proved very effective
in preventing acoustic trauma in the Norwegian forces.

Cap.. Buckley asked whether anyone present had experience to offer with regard to the
use ot uiasprostic aids in helicopters in flight. Capt. Ireland stated that the US Navy
was currently working on a high-background noise level stethoscope.

There was considerable discussion on the measurc.ent of toxic contaminants in
helicopter cabins. Lt Col Bailey described a developed hopcalite system for CO neasure-
ment and cther techniques for nitric oxides, particulate metal etc. Maj. Asdahl asked
about the use of colour-change type detector tubes. It seemed generally agreed that
they were of insufficient accuracy for most studies, particularly on transient levels.
It wes acknowledged that a useful check on the significance of the CO hazard was to
assay HbCO in the blood of exposed personnel.

Capt. Buckley asked for views on body armcur. Capt. Mattox stated that the 7 1b ‘flak-
vest’ had proved reasorably successful against low velocily fragments but that the
laminated ceramic ‘Armoured chest protector’ was more useful in that it offered pro-
tection against modern high velocity missiles. Ballistic protection helmets were
currently under development.
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OPERATION OF HELICOPTERS - SOME VISUAL PROBLEMS

by

Surgeon Cdr W.A.N.Mackie, RN
Royal Naval Air Station,
Portland, Dorset, England
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RESUME

Les informations visuelles dont dispose le pilote d’hélicoptére sont
décrites et examinées. Les problémes que 1’on rencontre fréquemment dans
les opératicns hélicoptdres sont associés aux aspects visuels de ce genre

de vol. L’auteur insiste sur 1’ importance d’un champ visuel suffisant
dans 1’ hélicoptére.

La possibilité de sélection et d'entraiuiement dens la perception du
mouvement, est indiquée.
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OPZRATION OF HELICOPTERS -- SOME VISUAL PROBLENS

Surgeon Cdr W.A.N.Mackie, Rt

Helicopter flight because of its operational role, still mainly occurs close to the
ground cr surface of the sea, i.e. in visual contact. Though night and bad weather
flying is now possible by instrumentstion, and in some configwrations automaticelly,
the final approsch to the hover and to the touch down reguires direct visual contact. i
even 1n sophisticated landing areas, From external visual cues tie helicopter pilot ‘
must compute his rate of approach tc the touch down point (’..e. rate of height change,
rate of forward deculeration, amount of heading alteration) to enable him to come to
the hover and then land. In good visual conditions the pilot can carry this out with
little difficulty. However trials of a blind approach t¢ & pad under guidance on &
20° glide peth Ly BEA experimental unit (Lennox, 1962) on a prepared pad showed that
at breakout, srrors of 15° in heading with 150 ft in azimuth were possible and this

gave the pilot little time to decide from external cues whether to continue or ahort
the approach.

Thus, operationally in the field bad-weather and large-scale night flying are limited
at present because of this requirement to use external cues. Similarly, on take off
the pilot must gain the hover, ease the aircraft into forward flight, prevent it sinking
as it comes off the Tround cushion effect and avoid obstacles in the take off pathway.

During forward flight over a level surface the pilot sees a phenomenon known to all
car drivers, the apparent flow of statinuary objects, or the surface relative to the
pilot’s eye ~ and these give important ciues to the velocity, direction of movement
and the approach of the vehicle to otber objects or surfaces. In the case of the car
one is normally dealing with movement in two planes; in the aircraft movement and
change of movement in all three planes can be detented.

This phenomenon was first studied in relation to aircraft by Gibson, Olum and
Rosenblatt (1955) who investigated the use nf multiple parallel ciues to perspective
in a study of fixed wing aircraft landings. They constructed a series of diagrams to
illustrate the differential velocities at different points of the %arth's surface for
various fields of view relative to the line of motion. Each diagram representing
velocity vectors is a projection of the ground on a picture plane in front of the eyes.
These were later proved by mathematical analysis.

Two points must be made: -
1. Movement parallel to a surface gives rise to pure flow.

2. Movement directly towards or uway from a plane at a right-angle to the flight
path gives rise to apparent radial movement outwards or inwards to the observer.

——
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If the pilat takes off into the hover he will perceive a radial movement inwards
till the required height is reached. In the hover his visual world must be motionless,
any linear flow means movement either forward or sidezays; any radial movement a change
of height. 4s he goes into forward flight, linear flow increases with speed, his
height relative to the surface giving rise to distortion of the flow. In the cese of
an approach, the projection oY the gzround appesrs to expand radially from a centre at
the intersection of the approach path with the ground - to reach a maximum between that
pcint and the horizon and then to vanish at the horizon (Fig.5). iIn the vertical move-
ment towards a surface, as ir landing from the hover, the differential velocities extend
radially, small clese to the centre and increasing outwards to about 60° visual angie
from the horizontal to vanish again &t the horizon.

The perspective of motion. which is a function of multiple parallax, is one of the
more important clues of helicopter control. Because of their rate values the pilot

learns to react to these by the required amount of centrol response to carry out the
manoeuvre.

It must be added tbat in addition to motion perspective, other distance clues such
as perspective of size and density and the binocular disparity of retinal images, must
all play & part in the final judgement of approach to the surface. Without these
additional clues, changes of height, for instance, can be appreciated btut exact heights
above the surface may he difficult to gauge. For example, a pilot going into an empty
landing area hit his tail rotor on the ground, normally there were other aircraft or
ground persornel about, this day there were none. For the same reasen, flying over
the sea with waves of an unknown height the pilot may be unable to judge whether he is
at 50 ft with 2 ft waves or at 1600 ft with 10 ft wave-caps. A series of experiments
in which pilots were asked to hover over 1 grass field as close to a coloured marker
fiat cn the ground as possible, their estimate of their heights showed a marked varia-
tion, though they a1l maintained a reasonably steady hover.

It has been notaed that many early helicoptzr pilots did not like to fly above
2000 ft and in some cases complained of vertigo. It is suggested that above this
height the helicopter pilot’s rate of motion perspective becomes decreasingly apparent
and that this is why this “break off” phenomena occurs. However, with better instru-

mentation sad instrument flying practice, the helicopter pilot transfers to the fixed
wing pilot’ s mode cf flying.

However, less of motion perspective occurs in the absence of texture e.g. flying
over snow or calm sea. Crews operating from HMS Protector in Antarctica found that
they could not maintain a stationary hover in Whirlwind (851) aircraft but tended to
land with a lateral movement on the aircraft, usually towards the right, the pilot
having tc look to the right side, due to the engine cowling obscuring forward and
downward vision, and in so doing tending to bring the stick across to the right. To
avoid this it was customary to have in the back of the aircraft a drum of waste oil
which was split out over the landing area before touchdown was attempted.

Under certain circumstances at seu clues of motion perspective can give rise to
illusions of movement e.g. a helicopter in the hover in & cross sea, may well he
apparently moving against the swell. The oppcsite can also happen, e.g. in calm
conditlons, in the hover the rotor downwash can set up a radial disturbance of the
sea surface which appears from below and behind the pilot, giving rise to the
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impression that the aircraft is losing height and going backwards. It is a practice
in nurmal operation of the aircraft in the rescue role for the pilot to watch his
line up, whilst height and ground speed are given by the aircrewman in the back.

It is suggested that some accidents have been caused by false motion perspective
clues. A series of crash.s occurred in US Ammy helicopters that were in night formation.
The formation lost touch with the leader and on breaking cloud a number crashed, -~ thay
were flying over a dark area with & limited number of lights on the ground. It was
suggested that the reflections of these lights in the trsnsparencies, giving rise to a
false motion perspective, led tu disorientation of the pilots.

The implications of this important visual clue are:-

(i) that pilots during their training are made aware of the phenomenon and the
possible illusions. Even experienced piiots are uvnaware of some of the
important approach clues.

(i1) that landing areas should have suitably textured surfaces and, ideally, some
size indication. Obviously a human being is the ideal.

(iii) as the phenomenon is also valid at night, lighting patterns must be dispersed
to allow line up and movement on X and Y axes to be lined up early.

This means that approach paths to & landing platform on a frigate should never be from
astern - as the expansion of the touch down point i.e. the landing platform, only
cccurs late in the approach, and appreciation of the rate of c.osing the ship from the
beam, allowing the whole ship’s length to be in the picture projective. 1In practice
the approach from two miles is carried out on 140° on the bow, with a glide path
indicator set up to give position on the glide path. The helicopter is brought into
the hover close to the side of the ship which is steering 10° out of wind, and the
aircraft moves sideways onto the platfora.

Lastly the question of how much does the helicopter pilot require to see must be
examined in the light of motion perspective.

In aircraft with & downvard cut off of 42~ 47° from the horizon in a series of
pilots, they were able to use between 32° —39° angles of sight tv maintain the hover
on a ground marker, at hover heights between 3 ft 6 in. to 17 ft. This agrees with
Sunkes and Pazeras work in a study of helicopter pilots’ eye movement when they postu-
lated a minimum downward cut off of 25° + ‘@’ where ‘a’ was the average nose-up attitude
flown by pilots consistently in the type, and this should extend from 10° left to
15° right of the vertical eye reference line. However, this gives a very limited motion
perspective. It was found that at approach peths of over z2° in S.55 aircraft, that the
pilots use their side transparencies when carrying out steep approaches -~ if necessary
yawing the aircraft to do so. This allows them to look sideways and more vertica iy -
both leading tc an increased motion perspective.

Finally, it is suggested that visual requirements of helicopter pilots must be looked
at in the light of motion perspective — and that suitable test devices could be readily

designed to teach, test and if necessary eliminate those pupils who show a poor response
to these visual clues.

P o




7

! 160
ACKNOWLEDGEMENTS

Figures 1 and 5 are reproduced by courtesy of Houghton Mifflin Cc., Boston, from
Reference 5. Figures 2. 3 and 4 are reproduced from Reference 4, by kind permission
of the Editors of the American Journal of Psychology.

3
-

€3

»
b e

13
L o

——

. Eastwood, H.K.

Pazera, E.E.

REFERENCES

Disorientation in Helicopter Pilots. Aerosy ace Med. Vol. 31,

3 Berry, C.A. 1960, pp.191-199.
?f 2. Farrand, R.E. A Pilot Questionnaire Study of Cockpit Visibility Require-
-’ ments for Army Helicopters. Technical Development Report
i TDR No.350, CAA Technical Development Centre, Indianapolis,
b Indiana, 1958.
8
iz 3. Gibson, J.J. Parallax and Perspective During Aircraft Landings. Am. J.
# et al, Psychol. Vel.68, 1955, pp.372-385.
3
"i 4, Gibson, J.J. The Optical Expansion-Pattern in Aerial Locomotion. Am. J.
i Psychol. Vol.68, 1955, pp.480-434.
5. Gibson, J.J. The Perception of the Visual Worid. Houghton Mifflin Co.,
Boston, 1950,
6. Lennox, S.G. Helicopter Approach Guidance Aids — Part 2 — Approach
Guidance. Jl. R. Aeronaut. Soc. Vol.66, 1962, pp.87-102.
7. Sumkes, J.A.

A Study of Helicopter Pilots’ Eve Movements During Visual
Fiight Zonditions. Test and Experimentation Division,
Buresu of Research and Develsopment, FAA (Task No, 58-205,
10) Final Report, 1959.

The discussion following this paper appears on page 164,

air ks 4 b s S B &

AL . L




W OTP AT

TR e,

_—

T T T AN I Sy

e

i
i
i
{
f
}
L
!
!

161

AN

Fig.1 Shows the motion perspective in relation to an aircraft flying parallel to the
earth's surface. The ground ahead seems to expand radially from a centre
at the horizon. ‘The ground to right and left seems to be skewed
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Fig.2 Shows the differential velocities from an observer in the centre of the circle,
the aircraft in level flight towards 0°. Distances from the centre of the
circle represent the angle between the line of sight and the vertical.
It can bte seen that Srom behind the beam position the ground motion seems
to track radially towards another centre at the 180° position on the horizon
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Fig. 4
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Fig.3 The pattern of velocities during level 7ﬂight. The pilot’'s view

180*

Shows the differential velccities in movement towards a frontal surface perpendi-
cular to the iine of locomotion; i.e. in this case the vertical landing of the
helicopter - the apparent velocities spread radially from the centre to be
paximum at some 45° to 30° angle of sight with the horizontal, but in the forward
moving vehicle any obstruction at right angles to the flight path gives
rise to the same radially expanding pattern

AT N TN A GRS EORRRI ¢

ca oawm

RN G h stk e & b RARE A ma sy




163

Note the displacement

of the centre as compared with Figure 1

\
N
/4
Snows the motiou perspective during an approach glide

.
Fig. 5
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DISCUSSION

¥g Cdr Burton askad the spexker shether there was evidence that wistsl scuity of tae
type reguired in the si‘vation weder discussion could be isproved by treining. It =as
izportsnt £o pursne such technigues if they were effective becanse it might ensble tke
initial requirezeats in visua? standards to be reizxed someshat. Cdr Neckiz thought
that izprovezeat was possible although he conld gacte no figores. Air Cdre Foxburgh
asked about the importance of binsczlar vision in helicsgter flight, particalarly
distance judgzezent. Cdr Mackie ezphasised that motim pefralisx detecstion wis e
monocular fanction, znd thorzht that binsCglar depth arprecisticn was relatively
uaizportet.

In reply to a guesticn from Brig. Gem.Lamscheer, Cdr Nackie suggested that one of
the most practical tests of the visusl skilis remired in belicopter fiying was the
skiil in car-driving, evea tbough the istier was a t»o-dizensicnal task.
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VIBRATIONS SUR RELICOPTERE
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SUXMARY

A orelinipary repor. is zade on the vibration characteristics of a
nex Freach zilitary helicopter, the Sud Aviation 330.

Vibraticn levels are found to be relstively high by co@parison with
the S.A. Saper Prelon. There is, in perticelar, vibration in the
fregrency band of 17.5 to 20.7 Hz.

Tne high incideace of back pain in helicooter pilots (87.5% in one
sarvey) is discussed, and mechanisms and treatzsent are reviewed.
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VIBRATIONS SUR HELICOPTERE

H.Seris et R.Auffret, FAF

Mous gvions il y & 2 ans prézenté a 1’ Aérospace Medical Panel une étude réalisée
sur 1’hélicopiére lourd Sud Aviation 3 210 Super Frzlon. Nous envisagions de vous
exposer aujourd hui un travail identique & propos du SA. 330 hélicoptére de manoeuvre .
destiné 8 1’ Arwée de Terre. Le progzramme d’essais de 1’appareil qui nous était destiné !
ne nous & jusqu'& présent permis qu'un seul vol de mesures et ce vol a été réalisé le
samedi 20 mai 1967. Il ne nous a pas été possible de dépouiller la totalité des
enregistrements qui comportent plas d= 300 spectres, et ncus ne pourrons vous donner

que quelques résultats fragmentaires, que nous comparerons & ceux relevés sur le Super
Frelon.

Le SA. 330 est un hélicoptére de tonnage moyen (6.4T), de rayon d'action 400 Kms 2
270 Ka/H. Cet appareil permet de transporter 12 commandos et leur équipement. I1
existe une version sanitaire capable d' emporier 6 blessés ou malades couchés ¢t 4
passagers assis. L’équipage enfin comporte 1 pilote, 1 copilote, et 1 mécanicien.

I1 s’agit @ un hélicoptére a 2 turbines, d’une puissance de 1300 CV.

Signalons enfin que le rotor tourne & 260/270 tours/minute, qu’il comporte 4 pales
ce qui nous laisse prévoir une frequence de 17 & 18 Hz. Le rotor de queus a une vitesse

de rotation de 1300 tpm et compte 5 pales; il generé une fréquence beaucoup pius
élevée de 108 Hz.

INSTALLATION D’ ESSAIS

Nous ne la décrirons pas 3 nouveau. Elle comporte § voies de mesures dont chacune
est constituée par:

1 accélérométre & mutuelle inductance J.222 £ 2,5 g. ACB
Alimentatiou sur 28 V.

Porteuse 2000 Hz. D 11 bloc démodulateur D.5 461 ACB. Amplificateur W.6 200 SAT
et filtres 0.200 Hz & 5%

Les tensions électriques fournies par ces chaines de mesures de conception trés
classiques sont enregistrés en modulation de fréquence au Standard IRIG sur 1’ enregis-
treur magnétique embarquable tolena A.4022.

La bande magndétique comporte en plus des 6 voies de mesures une voie phonie et des ¢
tops permettant ie dépouillement sutcmatique, A la sortie de 1'interface Z 0600, les
bandes magnétiques codées sont traitdes sur IBM 70:70.
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Par ailleurs, sur enregistreur lecteur Ampex F. R 1300 la bande magnétique analogique
peut 2tre visicnnée sur magascope Teleco 15 voies, les portions inidressantes mises en
boucles et les spectres de fréguance sont analysés par un QANTECH. 3504 et tracés
sur table tragante XY Hewlect Packard: en g par Hz ou en g2 par Hz ce qui donne une
meflleure représentation de 1’ énergie correspondant & 1’excitation.

Nous avons par ailleurs mis au point des programmes de traitement A partir des bandes
codées. Ces programmes nous fournissent & la sortie de 1’ TBM 70:70: une fonction
d’ agtocorrélation, une densité spectrale par décomposition en serie de Fourier, une
analyse statistique des distributions d*amplitude sur le signai global ou le signal
filtré.

Chacune de ces explorations est suscepfible de feurnir des renseignements intéressants
pour juger de la nature des processus vibratoires de leur transmission & trevers les
zasses de systeme homme-siége, de 1’ efficacité des dispositifs de protection, enfin et
surtout cu risque de perturbation physiologique pour le pilote.

Les 6 captaurs sont répartis en deux blocs de trois correspondant aux trois axes du
tri2de de référesice avion. Er ce qui ccncerne lg SA. 330, trois niveaux ont été
enregistrés: plancher-sidge, ce qui permet d' étudier la fonction de transfert du siége,
plancher-t8te du pilote, qui rend compte de iz transaissibilité du systeme humme-sidge.

Toutes les configurations de vol ont été expiorées lors du premier essai depuis la
mise en route des iusqu’'a 1’ atterrissage: pallier virages, transitions WNE ... et ceci
dans les limites de la sécurité.

RESULTATS

Les premiers dépouillements sont intéressants, car ils coenfirment 1’ opinion sub-
jective des pilotes. Le prototype du SA. 330 que nous avons essayé, présente un
niveau vibratoire plus élev£ que le Super Frelon. L’ absissement de la fréquence du
rotor principal de 20,7 & 17,5 Hz est fort bien ressentie par les pilotes. Nous
avons déja pu nous faire une idée de la fonction de transfert du siége. Alors que
nous coanstaticns un amortissement du sidge de Super Frelon sur les axes X et Z, celui
du 330 3 tendance & transmettre intégralzment et parfois & amplifier les excitations
qu' il regoit. Nous retrouvons sur le siége plus particulierement en Y une bosse &

8 Hz trés proche des résonnances du corps humain telles qu-2lles ont été définies
par Dieckman, Goldman et Von Gierke et que les expérimentatiorns de Wisner, Coermaa,
Clark, White, Hornick et Parks ont mis en évidence.

PHYSIOPATHOGENIE

Les travaux des expérimentateurs que je viens de citer, la thése de Sliosberg, les
essais réalisés 4 la Régie Renault par le Dr Tariere et 1’ étude radiclogique en cours
4 1'H6pital Dominique Larrey & 1’ instigation de mon excellent ami, le Professeur
Delahaye, nous permettent de prévoir les effats anatomopathologiques, de ces vibrations.
I1 est un second domaine dont les travaux de Guignard et de Harris et Shoemberger ont
montré 1’ extreme importance, il s’ agif des performances.
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Sur le plan anatomo-physiologique Sliosberg a écrit que 87.5% des pilotes d'hélicop-
tdre, sont des dorsalgiques. Tl fixait le seuil d'apparition des douleurs & la 300éme
heure de vol. avec un rythzme de vol de 4 & 5 h. par jour, 40 4 50 h. par mois. Je me
souviens que lorsque j'ai cité ces chiffres M. Le Medecin Général Evrard les a trouvé
trés élevés par rapport 2 ceux des forces aériennes Belges. Il pourra peat étre nous dire
tout a 1'heure sca opinion avec un recul de 2 ans. Ces douleurs, Wisner les explique
par le r6le d’ amortisseur que les muscles périvertébraux sont appelés & jouer. Lorsque
le bassin du pilote est excité par une force correspondant 2 0,6 g =t que sur la tdte
on ne retrouve gue 0,1 Z ou moins, il y a nécessairement quelque part une abstorpticn
d' énergie. Ceci uu depend ie la musculature périvertébrale et des disques inter-
vertébraux

[

Des études récentes mendes ea Prance sur ie réflexe myotatique et les fré:uences
d’ entrainement semblent mentrer que les fréquences de 6 ou 7 Hz correspondent. ncn
point 3 des fréquences propres du corps en fonction des masses mises en jeu, mais 2 !
un phénoméne intrinséque de régulation du systéme nerveux central. Que ce svit par
fatigue nusculaire ou par défaillance duv systeme de régulations la musculature péri-
vertébrale cesse au bout d'un certain temps de jouer soa rdle &' amortisseur.

(.S

Les vibrations agissent alors directement sur 1’ ensemble vertébre, disque
intervertétral.

11 est hors de doute que 1’hyperprossion sur la partie antérieure du disqgie inter- : !
vertébral, en position assise surtout avec flexion vers avant est en relation directe
avic le refoulement vers les racines nerveuses du nucleus puposus, ainsi que Keegap
1’a pontre. Sur le plan du pilotage des hélicoptires, cette position correspond sux
configurations de vol & proximité du sol £1 de ce fuit & des périodes d' ampi:tudes
maxinaies des vibrations de trés basse fréquence.

En ce qui concerne les performances, Guignard a mis en dvidence 1*action néfaste
des vibrations sur la vision.

Harris et Shoenberger ont montré la détérioration des performances globales pour
des vibrations de trés basse fréquence 5, 7 et 1i Hz, en régime sinuso¥dal, ou lorsque
le sujet est soumis & des vibrations irréguliéres.

SIGNES CLINIQUES, EVALUTION, TRAITEMENT

Les manifestations sant bien connues: douleurs diffuses de ls colonne, qui peu a
peu se localisent dans les régions cervicales, dorsales ou lombaires. Les dermiéres
étant le plus souvent atteintes.

Au stade suivant: la raideur articulaire, les algies permanentes exsacerbées par
les efforts cu le vol sont la régle, accompagnées parfois d'irradiation sciatique.

La radiologie met en évidence une fréquence anormale des déviations scoliotiques
lombaires et Montagerd signsle en outre des signes discrets d’ arthrose.

I évolution est fonction de la cadence des vols, aggravées par la fatigue, ..es
efforts, le vol & basse altitude dans les turbulences. Les douleurs sont calmdes per
le repos ou le changement d’ activité,
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Sur le plan thérapeutique, deux attitudes sont & envisager. En période aigie
les calments, les curarisants de synthése, la physiothérapie ainsi que ies manipulations
vertébrales et les tractions jointes an repos allongé complet, entralnent ia disparition
de phénoménes dorloursux. Toutefois seul un traitement de longue haleine protégera le
pilote contre les récidives. Il doit &tre entrepris trés tdt et continué pendant des
pois. En fait tous ces sujects sont condamnés & la gymnastique vertébrsle A perpétuité.
L’ interruption de celle-ci ne tarde pas a se traduire par la réapparition des douleurs
surtout si le pilote continue & voler.

e résistance aux vibraticns est nettement accrue par une bonne musculature ahdominale
et péri-vertébrale.

PROPHYLAXIE

I1 y a lieu également de réduire le plus possible les sources de vibrations dans la
machine elle-zme. Le sidége doit @tre tout spécialement éiudié et son réle amortisseur
est essentiel surtout dans les trés basses fréquences.

CONCLUSXON

Cette premidre évaluation du SA. 330 met en évidence les deux classes de vibrations
relevées sur la plupart des hélicoptdres ot avions.

Des excitations de trés basses fréquences communes a tous, dont les turbulences
atmosphériques et les phénomdnes adrodynamiques sont & 1’ arigiae.

Leur amcrtissemeat est difficile & redliser. Il est impossible d’abaisser de fagon
importante la fréquence propre d’'un sidge sans accroftre sa masse considérablement.
La solution d'un siége monté sur suspension hydroprneurmatique pourrait 2tre envisagee,

Les vibrations de 17 Hz et au-dessus sont d’origine mécenique: rotor principal,
anti-couple et appareil moteur.

Ces fréquences sont an-dessus des résonnances du corps humain, elles sont moins
bien percues, mais ces vibrations n’en contiennent pns moins une quantité d énergie
importante. Os a beaucoun dtudié les vibratione sur 1’axe vertical. Il ne faut pas
cependant oublier que les excitations transversales scumetteat le squelette, les ligaments
et les muscles 2 un travail en cisaillement qui ne scuble pas négligeable.

Une amélioration du sidge dans le sens de la réduction de ces vibrations serait
souhaiteable.

Enfin la position du pilote est essentielle, en particulier la commande de pas
cyclique qui oblige parfois le pilote & se pencher en avant et & gauche, en position
dissymétrique.

Les hélicoptéres ont toujours présenté des niveaux vibratcires élevés, 11 importe
de remédier en mieux 3 ce défaut afin d'accroftre le comfort des équipages et du
personnel transporté, Il serait scuhaitable que les dorsaigies et les troubles verté-
braux ne constituent plus une des meladies profesfonnelles des pilotes d'hélicoptére.
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DISCUSSION

Maj. Gen. Evrard recalled that at Madrid in 1962 there had been a presentation emphasis-
ing the importance of seating position in various helicopter types; in some the posture

of the pilot would clearly to likely to give rise to back pain. Dr Seris acknowledged
the differences between then.

Wg Cdr Eley asked about the use of abdominal belts. He had tried the type issued to
French helicopter pilots and found it very comfortable. Is their use mandatory in the
French air force? Dr Seris replied that their use was voluntary. 71heir apparent
effectiveness probably stemmed from the way in which they allowed the wearer to relax
tension in the paravertebral muscles. He felt that it would be unwise to wear such
belts on all flights, as muscle tone might be lost.

Wg Cdr Eley asked about vibration levels in the Sud 340 rigid rotor helicopter.

Dr Seris replied that he had not yet had an opportunity to make measurements in this
type.

Capt. Perry felt that rost back troubles could be prevented by attention to seat and
harness design. Dr Seris agreed. Brig. Gen. Lauschner expressed surprise at the
quoted figure of 30% for back disorders. Was the incidence related to age? Dr Seris
replied that in spite of early suggestions of a correlation it now appeared that the
only group #itk a definitely enhanced susceptibility was those with a past history of
back injury. There was cousiderable discussion on the value of X-ray examination to
eliminate those with vertebral column abnormalities. Dr Seris stressed the value of
suck X-rays as ‘controls’ before a person undertook heiicopter flying duties.
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FATIGUE IN HELICOPTER AIRCREWS IN COMBAT
by

Captain J.T. Adams, US Army, MC

Dept of Aviation Medicine, US Army Hospital
Fort Rucker, Alabama 36360, UEA
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RESUME

Ftude de la fatigue des équipages & hélicoptéres au cours d’ operations
de combat au Vietnam. Cette &tude eat basée sur les observations person-
nelles de 1'auteur, médecin de 1’air, affecté & un bataillen aérien composé
d’ appareils & voituce tournante et intégré A une division de conception
pouvelle quant & 1’utilisation des hélicoptéres et de 1’ infanterie.

I’ étude comprendra le r6le de la mission, du milieu ambiant, des conditicns
de vie, de 1’ organisation des distractions, des motivations et du moral,
dans la formation, la prévention et le traitement de la fatigue physique

et émotionelle.
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FATIGUE IMN HELICOPTER AIRCREWNS IN COMBAT

Captain J.T. Adams, US Army, MC

Material for discussion of combat conditions and related problems is largely based
on experience and assuch is rarely statistical in nature, except wherz compilations
of experience are made. Material will, in the case of the indivicual, be confined
within & circumscribed frame of reference. Extrapolations made from such information
must therefore be general, and spplication qualified by realization that frames of
reference are rarely identical. Nevertheless, analogies exist and may be relied upon
to lend a broader perspective where future problems are to be anticipated.

The object of this discussion is to emphasize briefly not only the newer roles in
which the lhelicopter i+ being cast in the military context, but to emphasize the require-
ments being placed in turn upon the aircrews. There is novw avajlable experience in
protiracted, purely helicopter operations. Application of past asircrew experience ia
fixed wing operations is limited, in my opinion, because of the differirg employment
of the two types of alrcraft. It is generally felt by dunl rated pilots that a higher
level of physical coordination and attention, with less opportunity to relax, is
required in helicopter flying.

The frame of reference within which these observations were made is as follows: The
unit was battalion-sized, nunbering approximately 550 men. of which approximately one
third were pilots. The unit possessed utility helicopters, utilized in combat assault
and combat support missions, The unit was part of an infantry division designed around
the concept of sir mobility. Under this concept troop movements, resupply and mediceal
evacuation were accomplished by air as opposed to ground movement. The division
possessed two such aviation battalions, plus a third equipped with medium cargc heli-
copters. These in turn provide virtually all trsasportation to three infantry brigades.
During the initial operations it became evident that the utility helicopters were not
capable of carrying projected loads and thus an additional factor was introduced,
doubling aircraft requirements and flight times.

Nevertheless, this tactical design has proven practical and a second division is
projected; therefore & greater number of rotary wing aviators will be exposed to

similar conditions, and similar heslth problems, especially fatigue, will be encountered
to the same degree.

The unit was based in a mountainous area, but conducted operations at low elevations
as well, Climatic conditions ranged from subtropical to tropical, with seasoas of high
rainfall lasting several months. The performance of the helicopters was thus affected,
in turn placing added stress upon aircrews.
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Opersations lasted froe four days to four weeks or mors, wich intervals of three dsys
tc three weeks. The mission « £ the prit wmas to 1lift combat Lroops into hostile aress
acd maneuver thee, at the sxwe tiae providing logisticsl scpport, recomaissasce, znd
xcdica] evacuaticn. Undar such conditions zircrews flew fram 8 to 12 or more hours
daily throughont most operations. Excessive times were flown initially azd as mach as
35 to 40 hours flight time per individual accoxalsted in a :-day period. Scmewbat fewer
hours were flomn following the initisl deployment of troors and scppiies. Flight times
averageu S0 to 109 hours nosthly, not infrequently exceeding 130 honrs. These agzregzate
tizes were flown under combat conditions, often et lew ievel, wherein exposure to hostile
fire was continuous.

iiving conditions during operations were characterized by a continuons high-incident
noiss level procénced Yty sircraft, generators, vehicies and artillery. Birvouac areas
were generaily secure. Daring the monsoon seasons clothing. tedding and teatsge remined
dasp or wet in the field as wzll as base canp. Sleeping areas cornsicied of tents or
helicopters, canvas cots cr the ground. Meals were composed of C-rations or field mess
raticos in biverac. Meals were varely of bhigh quelity and vccasicnally of guestionable
oalatability. This wes a sou~ce of ccustant dissstisfzctioa.

Recreation w»s iimited and coasisted of soluntsry efforts only. An active volley
ball prograx wss adopted in one cowpany snd provided coasiderable cutlet. A diiference
in individual attitude and esprit was noticeslle betweer ¢kis cocpany and ils cczfreres.
Gszbling, reading. icttermriting and drinking cceprised the brlk of recrcstionsal
activities. ‘Rest and Recuperation® prograzs wrre utilized, but the pusber able to avail
themselves of this »as linited by the shortage of sircress.

ircrews were generally well motivated. Many of the pilots were quite youag xad had
never flown in cosbat and this, coupled with the new tactical concejcs uader shich ‘hey
were required to fly, resulted in some confusion initially. The cature of tte operations
were such that goals were ill defined, difficult to set and thus sense of accozplishaent
never very high. In turn this was reflected in a2 morale ’~vel which fluctuated readily
when cospounded by additionsl stress.

Physical fatigue was a prozinent outgrowth or these conditions and seez most often
in clder men. Long missions, irreguiar, iradequate and m:ssed meals heightened the
fatigue rate. Base camp labor aetails for self isprovement while ixproving physical
conditioning were usually conducted in additicn to flying and served to increase physical
fatigue. The high agbient temperatures, poor sleeping conditions and situational stress
of prolonged combst flying in a demanding machine contributed to physical fatigue.

Aircrews tended to deny physical fatigue, making prevention and treatment more
difficult. Prevention was predicated upon aggregate flight times recorded first by the
month and later by the week. A chart was kept br the Plight Surgeon and posted ia the
Cperations Center for pertsal by the Battzlior CO and Compeay Comeauders. The elective
grounding of aircrew members for prevention of fatigue was encoureged amcng comranders.
This was reinforced by the Flight Surgeon when an individual was noted to be exueeding
the acceptable lizivs or when gross fatigue syzptoms were detected. Only with the
Flight Surgeon’s approval was a pilot ailowed to exceed 25 hours weekly or 1G0 hours
mopthly. Precautionarj grounding for fatigue consisted of 24 to 72 hours, depeniing
on the tactical needs. Consequeatly, few cases of pure physical fatigue preseutid on
alck call snd these few were treated with grounding, light duty, and when necessary,
hypnotics to induce better sleep.
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Emational fatigue was the zmore prevaleat forz of fatigue a=oag nircress and was
seen principelly in the yemuger age group., individuosls becaze irritsble, arbitrarr,
uncoopecwtive, arsczentstive, hostile or phaysicaliy aggressive. Withbdrawal, emotioazl
lability 2nd even hypomwaic states were chserved ceccasionally. Individusls were seen
oftea cn sick call with complaints of nervoasness, insomaie, nsuses. voziting, sbdominal
disconfort or craxps, hesdaches, blurred rision. nonorganic paresthssias, trezor or
seainess of psychophysinlogic origin. Several regquests for perxasent grounding stemmed

fros ezotiose) faztigee. Increased alcshul coosception was freguently emploved as 2
means of copiag with stress.

The more ccomox stress factors which cosplicated emotionsl fatigue were the orgeaic
cffect of sati-zalarisl drags. climate, living coaditioas, hvglene., izproper and pro-
loaged atilizetion of airc-eft for roa-esseatial jobs, poor food., missed meals and mail,

less thaa optizmsl aircreft meinteaasce, =nd the increased workload izposed tpoa zn
understreagth it

Precipiteting circozstances iz cases of exstional fatigne consisted of fazily
problezs, =aritsl disruption, peer coaflict, loss of respect for 2athority, reelings
of loss of suppor: brooght en by ness freo bome, poor food, lack of zail. & 7= cases
of moderately zcute emotioasl fatigue were seen, each case precipitated by loss of =
friead or injurs of the individmel. Nc acute depressioas or psychoses were scem, sod
no evacnation or hospitalization reguirad for esotional fatigme.

Prevectica was difficult and measures consisted of early recogmition based ca close
contact Litmees the Fiight Surgeon and pilots. Treatzent was based pricarily opon
ventilation and support. fanally hypaotics were necessary, rarely short courses
on one of the m=ilder tranquilizers. No phenotkiazipes or ¥A0 inhibitors were necessary
and ao significant asount of tice ©as lost because of exsticnzal fatigue. Several

indivis-2ls were perzanently grounded adwinistratively and a latent fear of flying was
suspect in soze of tk2s2 individuals.

Ip su=zary, exoticnal fatigue was core prevalent than physical fatigue., =ad both
were present to a degree sufficiert te warrant constapt attention. Censidering the
prevalence of fatigue reacticns and sycptozs, ii =ay be concluded that the preventive
neasures taken were justified and served to preclude even greater css of tize and
possitly personnel, tur-ough severe illpess, accident or coambat loss.

1 feel that the incidence of flying fatigue will be higher in purely rotary wing
units engaeged in tectical operations of the sort described. In order to recoguize this,
responsible personnel must be made aware of the problez and an active progran initiated
to seek out and recognize such prcbleas before they reach the stage requirirg prolonged
trestment or hospitalization. Wnen the pilot population is predominantly young, one
should expect to see e higher incidence of emotional fatigue. disguised often as organic

disease. Physical fatigue will be more prevalent in older age groups whose experience
may protect then from emotionzl stress.
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DISCUSSION

There was extensive discussicu on the problems of zessurseent of fatigue and geoarel
dissatisfaction zss expressed with both fiying hcurs znd nuzber of sortics.

Capt._Adams exphasised that subjective assessmont differed post sizzificaniisy stem between
¢ifierent flight surgzeons. In reply to a question fro= Capt. Ireland he coald not suate
2 significant relationship tetween fatigue assessment sncd accident rates slthough there
vas & strong impression that the twoc were related.

%g Odr Purtoms guoted the aircrew adage °‘the more we fly - the more we waat to fly'.

He asked whether the value of gradual bunild-up of flying intensity had been assessed.
Capt. Adems stated that for 122 unit on which he had reporied this had becu planned,

bat was operationslly izpossible. He sgreed with the idea. (ol ¥alome expressed the
need fer s basis of field clinical judgemeat rataer than laboratorr zeasures. He ssked
for opinions on the influence of potivation and ‘command presencs’. Capt.Admms asgreed
with the clinical approsch and mentioned the izportance of coafideace ehich seexed to
20 with seniority and have a profound influence on anxiety.

Col Cody stated that in his experience field commanders were intensely aware of the
fatigue prodblea snd the izportaace of junior coamand standards of leadership. Senior
officers generally flew coasiderably fewer hours. A first class relationship between
Comziander and Fiight Surgeor was esseptial and he juodged that observatrion by the
Commander was an excellent mesn- ° monitoring fstigue.

¥aj. Aadshl asked whether raised alcohol consuzption was & cause or effect of fatigue.
Capt. Adams replied that he was unaware of & satisfactory means of differeatiation,

Lt Cdr Wiiliams stressed the vital importance of gcod instrumentation and szutostablisa-
tion systems in reducing fatigue. Cos=endo carrier practice was,where possible, to
ferrr crews back to the carrier after 24 hrs Cuty at a forward base in order to make
the post of the infinitely better living, and resting, conditions on board.

Maj. Gen.Evrard asked about the officiai US Army pelicy on the use of hyppotics. Lt Col
Shamburek replied that judgement was left to the Flight Surgeon in this field. Brig. Gen.
Lauschner queried whether 24-72 hours grounding periods quoted by Copt Adams were long
enough for recuperaticn. Capt.Adams replied that thay often did not restere a man fully,
but brought his back to an acceptable level of functional! efficiency. Longer periods
were operationally impossible.

Wg Cdr Eley expressed surprise at the ability of ccmbat pilots to amess 130-140 krs
monthly over long periods. ¥as this in part made possible by the use of two pilots oa

all missions? Capt.Adams agreed that the second pilot helped, but Capt.Ireland remearked
that in a US Navy study it had been found that co-pilots often became more tired than
first pilots. Lt Col Shamburek stressed the value ¢f the US Army pelicy of & one year
limit on operaticaal tours in Vietpam. This gave a man a definite target date to work
on. He also mentioned that fatigue was ofter much worse ia ‘1ift’ helicopter crews
than in ‘gun-ship’ pilots. The latter perhaps found an outlet for aggression which
relieved their imner tensions, thus reducing at least one fatigue poteatiating factor.
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RESUNE

Introduction: Sélection des pilotes — conditions requises.
Données sur le Pilote: Rxpdérience, formation, #ge et grade.
Principes de l’Entratnexent: Parsdtres et mdthodes.

Apergu du Progromse: Heures de vol et graduation de 1’ entrafnesent.

Problexes Rencontrés cux Divers Stedes:

{8) Vol Eldmentaire — entrafnement sur appareils a voilure fixe et
entrafnement de base sur appareils & voilare tournsate
{=ous contrat civil).

(b) Entrataement Avancé sur Appareils & Voilure Tomrnacta —
entraicement avancé et tactique (militmire).

(c) Entrainement Avancé sur Appareils & Yoilure Pixe -
entrafnement avancé et tactique (militaire).

(d) Tendences Putures — propositions de modificatioas du prograsme.

(e) Points Saillants d’ Intérét Général:
Age des Eléves
Désorientation
Vibrations et Fatigue
Dangers du Vol & Basse Altitude
L’ élément humain.

Cenclusion.
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PROBLEMS OF TRAINING ARMY HEILICOPTYER PILOTS

sady

¥z Cdr D.Eley, RAP

P A

1. INTRGDUCTION

LR

The policy of the Brizish Arav is that its pilots should be first class soldiers
with the extra skill and abiiity to fly fuxctionslly. This is reflected in the
Selection systez in that spplicants are normally required to have hed at leest 3 years §
service in a Oorps or Regiment prior to acceptance. After cospleting the normsl RAP
Alrcrer Selection Tests aad ¥edical exsainations tkey are also required to attend 2
further Selection Board, which tests their military-backgrouad and knowledge at the
RQ, Army Air Corps (AAC). Pinally, the policy is justified by the specialised Army
tasks that the man is required to perform such as observation and reconpesissance Iir
all arms, arvillery, observation and control, and forward air control for fighter
gromd ettack, et~. After the completicn of their training the majority of pilots
return to their psrent Corps or Regiment to fly with it Air Trocp, w=here “hey will -
serve under the conmand of the CO of the particular Battalion, Artiliery Regiment etc.
This tour of duty ¥ill last 2 to 3 yexrs, after shich time they return to general
regimental duties in the furtherance of their basic career. Obviously with 300 or 400
heliconters on its establishment and with a very small permazent cadre of the Army Air
Corps there is a continuel requirement to trzin in excess of 100 pilots per year.
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2. PILOT MATERIAL

What of the students? They range in rank from Sergeant to Major, in age from 22 to
33 and differ widely also in their military background. W%hereas scme infantry and
cavalry men are experts at map reading, signals operating and at giving orders, these
capabiiities might well be slmost completely lacking in a student who comes from ome
of the Technical Corps or the Pay Corps, for instance. Naturally these latter are a
minority and on a& “good” course they are helped along by their more knowledgeable
fellows. It is an interesting point that at the selection stage the NCO's failure

rate is double that of the Officers, but during subsequent training there is little
difference.
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THE TRAINING POLICY 3
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The training programme is based on the premise that there is no substitute for time
in the air and also that a minimum of 180 hours flying is necessary before a pilot can
be awarded Lhis “wings”. At a maximum acceptable rate of flying intensity this tekes
31 weeks of training including one preliminary week of ground school. ¥®hereas other
countries, such as America and Canads train their helicopter pilots all through on
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rotary wing sircraft, the British Arsypilot’s elementary stage of imstruction is
carried out on a light fixed wing sircraft, the Chipmunk, for the foilowing reasons:

(&) 1t provides a stable platfora for the acquisition of the basic skills and
techniques of esir=anship, navigation and radic operation.

(b) It helps in the early elimination of pcor pilot material, providing & good
test of co-ordination and judgesent.

{c) It enables a student to mastei a sizple flying machine at & fairly early stage,
and to thereby gain adequate confidence in his ability in the air.

(d) The Chipmunk caa be cperated at approximetely one third of the operating cost
of & helicoptsr.

One further point to be clarified before discussing the training problems is that
for reascus of economy and continuity both the elementary fixed wing and the basic
rotary flying &re carried out under civii contract.

4. SYLLABUS OUTLINE

The averaye 1¢5 hours required to qualify are divided into three phases of
instruction. The first 60 hours are spoent in Elementary Flight using the Chipmenk
and developing the basic art. The intermediate stage accounts for a further 60 bours
and covers the initizl introduction to helicopter handling. The final 65 houzs are
used to consolidate all vrevious training, introduce the stadent to the aircraft he
wiil fly operationelly and exercise bim in its military uses. 1In Figure 1 can be
seen the various stages of training and as I deal separately with the diffsrent phases
I will highlight the various problems encountered, by the studeat.

5. PROBLEMS AT VARIOUS STAGES OF TRAINING

5.1 Elementary Flying

In the Elementary Flight the first 60 hours dual aad solo flying is given, as stated,
in the Chipmunk in a 10 week period. Approximately 10% fzil to solo due to lack of
aptitude. Other reasons for failure include persistent airsickness and cther medical
problems, some voluntary suspeasjions usually associated with lack of progress or dis-
enchantment and a very small proportion fajl the ground examinations. Nearly 90% of all
failures occur in this initisl phase. Experience hes shown that if a student hes
difficulty in learning to fly the Chipmunk it is & fairly good indication that he will
experience difficulty in the helicopter phase later. The converse is not necessarily
true. The exercises covered include sll the busic pre-solo exercises plus forced
landings, low flying, navigation and map-reading, a few basic aerobetic manceuvres
and a little instrument and night flying.

Ia the Baesic Rotary Flight after the completion of the Elementary phase the students
fly their next 60 hours, also in 8 10 week period, in the Hiller 12 B and C. Here the
course may well be joined by a small number of experienced “fixed wing’’ pilots con-
verting to rotary wing. All students, particularly the latter, find difficulty in
using the left hand to manipulate the throttle and collective lever simultaneously to
control the Rotor r.p.m. Confidence wanes at this point and morale drops and here a
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further smail percentage of failures occur due to the inability to reech the rotary
wing solo standard. It is interesting to note that we have no experience whatsoever
of sirsickness among students in rotary wing aircraft.

During this nkase all the basic helicopter flying exercises are covered and also a
linited amount of instrument flying, night circuit flying and confined area work.
Gradually throughout the phase both confidence and morale are restored.

5.2 Military Flying

Having now acquired a sound basic knowledge and skill the students commence incir
“applied flying” stage under military instructors. The aircraft used is the aperational
type whicih they will fly “in the field”; namely the Sioux or Bell 47G3 in Advanced

tary Flight.

In the Advanced Rotary Flight the first 12 to 15 hours of dual and solo cover all
the exercises previously flowmn in the Hiller. Most students cope adequately with this
but some find thae cheuge from one type of helicopter to another very disturbing necause
of the difference ip the position, feel, movement and response of the controls. Follow-
ing this part, which is really a type-conversion course, the remaining 45 to 48 hours
are devoted to applied or tactical flying. This consists of mountain flying, undersiung
icad handling, tactical flying, day and night cross country flights, observation and
reconnaissance, artillery control, forward air control, ete. 1In the final part of the
course the students are taken out on movement exercises with their aircreft, fuel and
other logistics and are required to move across country, night-stopping in the field
and taking part in simulated manoeuvres. This is the culminating period of their
training and incorporates all the various skills and techniques which they have been
taught. At this time one or two students reach a mental saturation point. They could
cope with the pure Z1ying, but when faced with the nesd to map read, work the signals
net and carry out o task at the seme time they find it all toc much. This is a kind
of ‘channel losding” where given a sufficient number of separate problems simultaneously
the mind eventually rejects everything.

After successfully completing this last 10 weeks phase the graduates gain their
‘“wings”. They then go on to their respective theatres of operation where, after 20
hours of theatre trajining, they join their Air Troops as competent Sioux pilots.

Some ten to fifteen per cent are selected, however, to fly Scout helicopters with
Brigade or Division Flights. These pilots undergo & five week post-graduate course
which is, in reality, a turbine aircraft conversion with the addition of General
Purpose Machine-Gun (GPMG) firing. Most students find the Scout easier and ~moother
to fly but because it is mwore complicated and sophisticated they have to cover extra
technical work in the classroom. Also if and when an emergency occurs their reactions
must be very fast.

Advanced Fixed Wing Flight. Following an extensive change-over from fixed to rotary
wing aircraft the small remaining fixed wing contingent of Beaver aircraft has left
only 2 minimal pilot requirement of 8 to 9 a year. In order to provide these pllots
in future, experienced pilots who have completed a tour of rotary wing flying will be
selected for Beaver trajning. This will include about 30 hours refresher and advanced
training on the Chipmunk followed by 80 hours on the Beaver. 1In addition to this
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cormitment, a 30 hours course of sirway and instrument flyiag t:adiring will be given
to Beaver pilots due to be posted to tl:e European theatre. Firally a two week
Territorial and Army Yolunteer Reserve refresher course will be given to a few
ex-service pilots.

Future Trends. Some of the known problems of training Army Pilots have been high-
iighted in this short talk outlining the syllabus adopted by the School of Army
Aviation. Within the coming 12 months several important changes are to be made to
bring them in line with changing recuirements. More helicopter flying will be intro-
duced at the expense of fixed wing flying, i.e., 145 hcure telicopter and 40 hours
fix.d wing. The replacement for the Hiller it is hoped might be the Bell G2 giving
an easier step to the Sioux, but the total length of the course will remain «t about
3: weeks and the total hou=s 180-5 hours.

5.3 Salient Points of Interest

Having covered the various phases of the course and the student prcblems that they
raise I now propose to touch briefly on some general points of interest.

Student’s Age. In Figure 2 can be seen the influence of starting agz on a student’s
chances of success. Up te approximately 29 years old his prospects improve, but over
this age they deteriorate rapidly. Over the age of 32 years the odds are weighted
heavily against hip iearning to become 2 safe and effective Army Pilot.

Disorientation. As most of the flying is done at medium or low level little
difficulty is experienced with disorientation. However, at night with a very limited
instrument panel, several cases have been reported of disorisntation due to rain or
mist obscuring ail or part of the bubble cenopy. Another canse is wmovement of lights
reflected on the bubble surface or the flickering of navigation lights and anti-
collision beaccns reflecting off the rotor blades.

Vibration and Fatigue. The noise vibracion and mental strain when flying a heli-
copter is probably comparable with that of a high sperd jet. 1 have discovered that
my instructors and students alike tend to fall asleep for half an hour or so when
they get home in the evening.

Low Flying Hazards. High tension cables are one of the most formirable hazards to
8 low flying machine. Bad visibility has be:zn a contributory factor in some cases,
usually coupled vith an over-zealous sense ¢f urgency or a temptation to “get home
regardless”. 1In other cases the wires and/or pylons were made invisible Ly the
setting or rising sun or the pylons were buried in trees on the slopes ancd che wires
were slung across the valley between. A warning device is now in an advanced stage
of development; it is capable of providing a warning at ranges up to 800 yds of live
50/60 cycle power cables. This will not relieve the pilot of the need to look out but
it will help to put him on his guard. We have had some interesting discussions on rate
of scan, blank spots and the risk of deception by optical illusions. One recent
incident occurred when an experienced flying instructor flew a Chipmunk through the
top of & low 30-40 ft tree standing in a beech hedge of only 16-15 ft but lost against
8 background of similar trees. It was winter and they were leafless. Neither the
instructor nor the student in the front cockpit saw thiz tree until they hit it.
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The Human Element. An important factor which must not be overlooked is that flying

instruction in the air is a one-to-one relationship which depends above ail on the
personalities of the instructor and his student. Whereas certain general statements
can be made, the human being is stch a complex creation and is subject to so many
variable factors, that success or failure cannot be accurately forecast nor results
analyzed statisticelly with any great accuracy. Success #ill depend largely on the
understanding, co-operation and flexibility of the two persons concerned. Factors
such as ‘motivatior” and ‘personal adjustment” should be carefully considered. Some-
tines a slowy starter with limited aptitude but with patience and dogged determination,

given the extra time and gtidance eventually becomes a safer and more effective pilot
than one with aptitude and speed of uptaxe.

Most students’ mental processes are dulled in the air and again the degree of this

can vary largely from one to the next. With time and experience this effect becomes
less but is sometimes the cause of suspensions.

Above all, any undue pressure or personal anxiety can easily slow up a student’s
rate of iesrning and therefore everything possivle should be done to learn about the
cause of worry in order that it mayr be elimjaated if possible. A good instructor
should know his students well and adopt his approach accordingly.

e, rank, title or experience of the world ars cf }ittle assistance on & flying
course. Ia fact it often works in reverse sense, for flying training is a great

leveller and unless the student puts his pride in his pocket he soon falls from his
high perch.

6. CONCLUSION

As mnst of you here today are pilots you will already he familiar with many of the
problems that I have mentioned. Few of themw are new or even peculiar to helicopter

training. However, it is important that they are remembered and borne in mind in any
studieg or discussions of this kind.
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The discussion following this paper appears on page 187.
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QUTLINE OF PILOT TRAIKING

AT

ARMY AVIATION CENTRE.

BASIC ADVANCED
ELEMENTARY ROTARY-WING ROTARY-WING
T \:
AB iNITIS - ;% ‘@ h
“ST__UDE—NTS CHIPMUNK HILLER SIOUX
—_— 60 HRS 60 HRS 65 HRS
IN 10 WEEKS IN 10 WEEKS IN 10 WEEKS
\ 7\
1 oV e f
CONTRACT {NSTRUCTORS
Ist WEEK “wings”
GROUKD SCHOOL. STANDARD

CONVERSION COURSES FUOR QUALIFIED PILOYS.

Heficopter Pilets converting to Scout — 30hrs in 4—5 weeks.
Helicopter Pilots converti~g to Beaver —probably about 9Uhrs in 15weeks.

Previous Fixed-wing Pilots converting to Helicopters —Hillar and Sioux phase« as cbove.
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DISCUSSICN

Col Hoogvliet expressed surprise at the number of flying hours thought necessary.

The Netherlands Air Force accomplished its training in less time (80 hours) although
it must be conceded that all trainees were fully qualified fixed-wing pilots. He
asked whether the speaker agreed that jet-turbine powered helicopters like tbe
Alouette, with no throttle control on the collective pitch lcver were easi-v to train
crews on. He also enquired about British policy on autorotative descent training and
single pilot operation. Wg Cdr Eley acknowledged the advantages of training on
turbine-powered machines, but this was not possible with current British equipment,
only the more saphisticated types of helicopter being thus powered. In the training
given in the United Kingdom tremendous stress was placed on engine-out training and
subsequent periodic checis of engine-out skill in qualified pilots. Single pilot
operation was an integral part of British practice.

Col Hoogvliet asked for other opinions on the concept of omission of engine-out
training from the syllabus. Mr Bruggink commented that at one stage this had been
discontinued because more aircraft were lost in practice than in actual engine-out
sonditions. However, the result had been markedly increased severity in the
accidental autorotative descents, due to lack of skill. Lt Cdr Williams scvated that

the Royal Navy, like the other British services, laid great stress on engine-out
training.

Cdr Mackie asked the speaker about the value of instrument flying training on the
Hiller primary trainer. W¥g Cdr Eley repiied that, with a few added instruments, two
hours per pupil was found a valuable introduction to instrument flight in helicopters.

Col Cody asked whether the speaker could compare pupil-instructor relationships during
the civil contract and service instiuctor phases of training. Wg Cdr Eley thought
that they were quite comparable, probably because the civiiiun instructors were, in

fact, all ex-service. He stressed that he felt it vital tc maintain a good pupil/
instructor relationship during trsining.
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SUNX%4%Y OF SESSION IXX

by Brigadier Geaeral Lanschner

Daring the sessien devoted to Aircrex Probiens in Helicopter Cperatioas special
atteation kEas been given to the poise problez aid to certaia aspects of toxicoley
such as meastrenent of vers low cooncentratioas of dazgerous, toxic ar even
potectiallyr hszardous substaaces in the cockpit.

Visiocn zs - sroblex ia heliocpter operation was discvssed very interestingly, the
speeker pointiecg ont the peccssis. of cerrect interpretation of a2li vwisnal cues
aveilable 2nd the inmportasce of the aagle of <isica. Azother problenm =2rea is that
of vibretion shich was demoastrated in sozme aspects by preliminary reporis ea a proto-
tspe 22d hy clinical firdings. Sorprisingly high r2s e perceatazge of helicopter
pilots complaining of pains in the spinzl regioa.

The development, the characteristics 2zd the imperiznce of fatigue with special
reference to 2 flyiag wait rader comtet cozditieas provided an iasight i~ practical
appreaches to redzce or to solse problens or a2t least to cope with 3 given siteatica.

A wvalzabie account of experience in the trairniag of helicopter pilots xith 2 disczssion
cof the training methods 2ad prograomes gave the opporttaity to compare differes.
approaches azd to improve existing mettods, stimnlating more x2rk oa tke hupan elexent
in Belicopter flying.
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ICING AND THF RESCUE HELICOPTER

by

T.R.Ripger, J.R.Stellabrass, R.D.Price

Low Tesperature Laboratory, Nechmaical Eagineering Divisicn,
National Reseerch Council, Ottaws, Casada
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Ta kSlicopiere toms-temps ipte sox oxfmati g2 sacvelage milivaires

o civiles doit &tre rapable ¢ effaciver dos vols proicag’s =f sirs en
corditions de givrage.

Les héljcoptéres non manis da dispositils protaclents soot seeis 2
Ges limitations trés sirictes lsorsen’ il & sgit @ effectrer des vois sfirs
& travers des covches nusgzecses extrénemamit freides. L2 danger de givrage
coositote actueliement *un des prinmciys 7 koot fozps affecisal e
foscticomement opfratiomel des Réiiemard ws.

L'kélicopiére est sujer 2v givrage do matesr et du rolor, gisrsge qui
pert le placer dags w2 sitvation Zacgeresss.

L’ étnda Ge o2 probtldze 2 oécessitd 1a rfalication &' uze instaliation
ou 1"on psut seumstire Jes Riicopidres & des esszis de givrage daas des
conditions de séaaritd rzisorpabiee & 1a Zois pour le persooael et
1’ égaipesant.

L’ astenr décrit 1° iostallation @ essads de givrage psr vaperisatics da
Netion2l Besearch Council X Cttawa. et préssst les résuitets de plus de
dix ans de recherches et de développesents dass le dosaine des ‘systézes
de dégivrage et d'anti-givrage ¢’ hélicoptéres.
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ICING AND TAZ KESCUE HELICOPTER

T.R.Ringer, J.R.Stzilsbrass, 2.D.Price

1. INTRODUCTION

The rescue helicopter cust be an all-westher civeraft 3f it is to falfil its roie.
Iz Canada we heve 2 wide rexge of eavirommental conditions with bet hrexid weather
around the Sreaf Lakes in the suvmzer and =xtrezely colé dry coaditions in the northern
regions during winter. Oze of the more severe eaviroazental conditicns for ell
¢ircraft and in particalar for helicopters is icing.

2. NATURAL XICIXG

Aircraft icing occrrs when the a2jircraft enters arn atzosphers containing stpercssied
uater Croplets. Waen the froatal aress of the aircrafi strike these droplets shich
are at a tesperature belox freezing, the impzct upsets the =metastable supercesied
state aad ice forms, adhering strorgly %o the surface.

2.1 Tespierature

%ten moist air is cooled below its saturation tex=perature, the water vapour xill,
in tae preseace of condensation nuclei, condense to fora a cloud of minute water
droplets. If the 2ir is cooled stili further it is found that these water droplcts
do not freeze spontaieously until supercosled well below the equiiibrius freezing
tacperature of water, In the absence of freezing nuclei in the stzosphere, the super-
cooling required for such homogeneous freezing is about 40°C. Ice-forming nuclei
cccur neturally in the atzosphere but are rare (in ine order of one per litre} compered
with condensation nuclei which occur in hund:reds per cubic centimetre (Ref. 1).

In theory, zircraft icing may occur at any temperature between 0°C cnd -$0°C in
practice, howzver, the probabiiiiy of ever encountering icing of any significent
soverity belew about -30°C is eacsedingly small. This probability is illustrated in
Figure 1 which expresses the probability that for s given icing encounter the teamvera-
ture will be less than the value indicated. IT may be seen that over 90% of =211 icing
encounters take place a: temperatures above -20°C. This probability piot does not
take into account the severity of the icinz encounter, which must tske into considera-
tion nct only the temperature but also the liquid water content of the aimosphere.

2.2 Liquid Water Content and Extent

The liquid water content expresses the concentratfon by weight of liquicd water in a
unit volume of space. The usual unit employed is grams per cubic metre. The amount
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of water cousc sed is a fuacticn of the initizl humidity of the air and the degree of
ccoling. Thus tae liquid water content cf iayer iyre clouds in te=perate iatitudes

is feirly igw, but the exteat of the icing cle:3 =zy exceed 2 bundred miles. Inp
tropicai latitudes where the initial humidity is high 2nd where ther=zal upturrects may
cerry this =o1st air sloft soms ters of thousands of feet ©o fors large cusuloniabus
cloids, licuid water coateats zay be very large (ia excess of 5 g=/=’). bat tne bori-
wntsl oxtent is faifly limited Pigure 2 shows the exceedance probability for iiquid
water conlent waile Pisure 3 relates liquid weler contest io korizontal extent.

2.3 DProplet Stze

Thers is a tendency for larger droplets to occur in cuzuloform clouds than in layer
clouds, bot no very marked correlation exists between droplet size and 1iguid water
conteat. In general, s diameter of 20 micrens is accepted as typical for the purposes
of design of icing protscticn systexs. Actus! diazeters® range from about 10 microas
tc 3G micreas or larger.

2.4 Types of Ice Formation

ihs ice That forms on any forward-facisg surface of an alircraft is oftea classified
by ite appesrance &nd charactaristic shape. e usuai clessifications are:-

{cj Glaze Ice. Glaze ice is charzcterized by its shiny surface and frmasparency,
&:d grows in 2z double-horz or =:shroom fors tion. It occurs &t high temperaturss or
with high water couceantrations, and because npot 21l the water freezes imsediately or
japact, some of it runs back and freszes on either side of the lesding edge to form
the characteristic double korns.

(b) Interzedicte or "Glimc” Ice. This is a fora intermediate between glaze and
rime ice. It has a 2ilky appearance and & shinry surface.

{c) Rime Ice. Rime ice is characteristic of low tesperatures and los water con-
centrstions. It has e vhite, alzmost fresi-like sppearance, and grows with a sharp
leading edge.

All ihree ferms of ice may occur simultansously ot different stations along a heli-
copter rotor blade owing to the velocily variation with radius, asd the resultant
variation in aerodynamic Leating with span.

3. SIAULATION OF ICING

3.1 Icing ¥Wind Tunnels

Te carry out any systewmatic study of the nature aad offects of aircraft iciag and
to permit the rapid evalustion of varicus design festures in a de-icing system, it is
essential to te able to simuiate and contrel &n the laboratory the conditiois conducive

to icing. This is wost easily dope in a wind tewsi. bet not a coaventional wind

* The diameters quoted are volume median diametsrs, i.e, kalf the volume of water ia a given
sample s contained in drops larger than the quotes value, and half in drops smalier.
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tumnel because the air needs to be st a temperaturs below the freezing point of water, .
and iato it minute water droplets kave to be introduced to sieulate an iciag cloud - :

The cold air may be produced either naturally or by reirigeration. 7The refrigerated .
icing wind tunnel is = closed-circuit wind tummel, in shicd the elr iy continucesly :
recirculated. At one point in its circuit the alr pasaes through a cooling heat
exchanger to =aintain it at the desired . *rsrature. This type of tunnel hus the
acdvantage of being independent of s=biept tesmperature, thus permitting year-rouad
cparation and irdependent coatrol of turnel air tesperature. Being closed-circuit,
such = tunnel =ay bz designed te sianlate sltitude (low pressure) conditions. Iis
dissdvantages are greater cogplexity 2nd installation cost (including =2 large
refrigeration piant).
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In eitker type 6f wind tunael an i{cing cloud has to be produced. Thls is achieved
by placing ahead of the test section: an array of water spray mozzles. 7Thesz sprey
nozzles are usually of the air atonizing type of a design that produces a droplet size
distribution representative of a natural icing cloud.

P A I AROTA T (5 TRV

Figere 4 illustrates N.R.C.' s high speed icing wind tunnel. This is ar artificially
r2frigerated clesed-circuit wind tunmnel having altitude capability. Its leading
perticulars are. -

Alrspeed: 0-1000 ft/sec (Mach 0.3) :
Altitude: 0-30,000 ft
Tesperature: Down to -40°C '
Liquid Water Content: £-2.0 g=/=’

Droplet size: 15-40 aicrons

Test Section: 12 in. » 12 in.

g
!
|
1

A natursily cooled icing wind tunnel requires that it is located geographically in
a region which receives an appreciable number of below-freezing days during the year,
so that the tunnel’s utiiization for icing purposes is not unreasonably small. Locations
such as Canada and certein upland regions of Europe and the United Sta'es are suitable
for such tunnels. Natureslly ccoled tunnels are invariably of the open-circuit type in
which the cold atmospheric air is induced in one end, and exhausted again to atmosphere
at the other. This type of tunnel has the adventage of simplicity and cheapness, but
3as che disadvantage that no independent control of the air temperature is possible.
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4. HELICCPTER ICING SIMULATION

San a2uea ey

¥%hile an icing wind tunnel is a useful device for the investigation of airfoil,
engine inlet, windscreen and instrument icing, the size of working section required
s handle even the smallest helicopter precludes it as an economic method of inves-
tigating helicopter icing.

Y matopgture -4

PSR

If we consider an open-circuit icing wind tunnel we depeund on nature to supply the
refrigeration. If we depend also on natural air velocity to move the cold air we can
dispense with almost all of the usual components and in fact all we require is a cloud
forming mechanism. }

I

&

iR PR

ER R e B £

R




e

195

In 1953 the National Research Council undertook to investigate the effects of icing
on helicopter flight perforeance and z sizuoiatioz Zacility was developed for this
purpose. Figuze 5 shkows the helicopter sprey rig located at Uplands Airport ia Ottawa.

The spray rig ccasists of g welded steel frasework supperting the spray nozzle array,
the steap and weter supply and drain headers in addition “o the necessary instrumentation.
1€1 steam atomized water nezzles mre used to form the cloud which is appreximately
70 feet wide and 15 feet deep. The spray rig fraze may be raised to & height of 60 feet
on 8 supporting =est snd rotated to take sivimisge of any wind direction.

The spray rig regaires a water fiow cof up to 6000 pounds per Lour with s correspond-
ing steaxs flcw of 89,000 pounds per hour. Icing cloud conditions of up %0 0.9 graas
per cubic meter ligquid water content with a droplet size range of 20 to 60 microas
diameter can de simplated.

The spray rig is liaited to use between i5 November and 15 ¥arch becsuse of avizilable
tesperatures in the Ottawa region. We reguirs a aini=um airspeed of 5 m.p.h. to 2ove
the cicud from tiwe rig to a hoverinmg heliccpter.

s Fapiern o <y viene et

Since construction of this facility we haze had nelicopters in froz Prance, fthe UK
and the U3 for investigatioms.

5. ICING OF HELICOGPTERS

The main rotor bladis may accumulate ice to cover 10% of the chord on the upper snd
25% of the chord on the lower surface. The spanwise extent can vary with temperature.

The tail rotor bliades aiso accumulate ice; however, the deposit is usually symmetri-
cal about the leading edge.

The kigh airflows required by tuday’ s turbine engines result in high deposition rates
of ice at the entry to the engine. Build-up rates of ¥ in. per minute in moderate
jcing conditions ares a frequent occurrence.

Ice will also build up yspidly on the inlet guide vanes ahead of the first compressor
stage. This ice will limit the airflow into the engine, thereby reducing the amount
of power available from the engine. A further effect of this ice build-up is the
possibility of the ice breaking away and being ingested by the engine resulting in
severe damage to the compressor section, which may re.uire the engine to be shut down,
or in the case of a8 single-engined helicopter, an emergency landing.

6. METHODS OF PROTECTION OF HRELICOPTERS

6.1 Thermai

Hot Gas. The availabiiity of quantities of hot gas from turbine engines led to the |
investigation of using this hot gas to prevent ice from forming on the rotor blades.
Unfortunately the high heat loss suffered in distributing this gas to the rotor tip
required the temperature of the incoming gas at the rcot of the blade to be in excess
of the structural limitations.
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6.2 Electrical

Heater Pads. Two types of heater pads are presently available - one 2 woven rire
crbedded in a plastic insulator, the other a sprayed metal element alsc covered by
piestic. The heater pads are placed op the rotor blades such as to cover the main
icing area of the blade, i.e. 10% upper and 25% lower. The pads are usuully divided
into six heated strips, each X in. wide and connected to a common ground retv.n. Thke
heated strips are sequenced so that the strip on the leading edge of the blrde is
heated first, followed by the adjacent one above, then helow, until the £r41 complecent
of heater strips has bdeen energized. This sequencing reducez the amount of instantaneous
power reguired from the generators to shed the ice off the blades. The heater pad on
the tajl rotor usuaily cocprises oze or at the mcst twc heater strips and these are
encrgized in conjunction with the main rotor blades. The entire de-icing system less
generator usually =zeights sbout 90 lbs.

6.2 Chemical De-icing

Chemical da2-icing appears attractive for many reasons; first the low weight of the
system whe= pot carrying full fanks of fluid, its simplicity in hardware, and its low
first cost.

The system comprisec a fluid tank, usualiy of a capacity to give one hour's protec-
tion in icing conditions; a fluid pump which pumps the fluid from the tank to a
distributor at the top of the rotor mast. From the distributor the fluid then feeds
into a series of tuhes feeding each rotor blade. A duct running the full length of
the rotor blade has a series of holes drilled through from the leading edge. This
allows the fluid to flow through the holes ard spread along the surface of the blade
leading edge.

PO L

The disadvantage of the fluid system is the weight penalty with full fluid tanks.
This frequently exceeds that of the electrical system and is also duretion limited.
A small helicopter requires between 30 and 80 1lbs. of fluid and a medium sized heli-
copter ahou$ 250 1bs. of fluid to give the necessary one hour’s ice protection.

A reciprocating engine only requires carburetor heat to prevent ice from forming on
the throttle velue.

The gas turbipc engine, however, requires much more elaborate ice protection. The
I.G.V.'s and froni bearing support struts are fed by hot gas from the compressor
section, while the engine iniet is covered with a woven wire heater mat which is
designed to prevent ice from forming at all times.

7. CONCLUSION

vhether one uses electrical or chemical icing protection is a secondary consideration.
That some form of icing protection is required for the rescue helicopter should be in
no doubt.

A recent publication in “Canadian Aviaticn" for March 1967 emphasizes this point.
A number of ice-fishermen were stranded on & breakaway ice floe on Lake Simcoe, north
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cf Toromto. A& rescos opzraiion was s2T o uwiing s fercoze Champ. Foliomplers were
called in to assist. One was tadble to g2t off the proond becarse of Icing, The
secord encoxstered severe Iicing canditions on the joormey to ihe rescoe site m2 2
doar was rexored In fight to give better visibilicy.

Ocoe oo the grocsd st ke rescoe site M Belicopter sccomilnted additiorsl 12 o
coxald oot de fioe

Toe pext dxy when wextler conditions Ead Ispmored, the reminimg ice fZistermen were
picked mp By Belicopier.

DISCUSSION

Gapt Yaiteox asked about the distriboiion of ice formetiom cm rotor biadss. Nr Kimger
replied tkat this was = cmplex matter, Mgt gemeraliy ice texdad {0 accumolate lowsrcs
the tip in very cold conditices an3 towards the Exb in more moderate conditioes.

Brig Cea Lamscheer gsied stether snti-icing pastes were of wse in bhalicopler operaticss.
Mr Ringer replied thar their valce was vory linited in degree acd duration of prctection.
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HAZARDS OF OVERWATER HELICOPTER CPERATIONS

by

Surgeon Commander I.H.Colley, RN

Principal Medical Offices, RN Air Station,
Yeovilton, Somerset, UK

205

‘
FRECRS N

. VBT

ave awd g




Wi 13

it

28

ALY Suts 2 et
.

i 2, o
‘“Aﬁm :kz s ”"n)i

ST Pl

R o

1~

1ot

bt
it ing i phb e
/

ARV

Y

DA
¥

'y g 3 g A et L e
SO AN e T I
:

et

Piaion fere

fy3iudns.

¢

GLRY NS A A

ity

'
i
H
4

n

RESUNE

1’ auteur fers le bilan de 1* expérience acquise par la Marine Royale
Britannique dans le domaine des Fisguee présentés par les opérations en
bélicoptire su dessus de 1’ sau; il décrira-easuite les méthodes de
formation adoptées pour aider les éguipsges i abandonner un hélicoptire
suimorgé.
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HAZARDS OF OVERWATER HELICOPTER OPEFATIONS

Surgeon Comsander I.il. Colley, RN

INTRODUCTION

“Hazards of Overwater Helicopter Operations” is too grand a title for what I propose
to outline in the short time at my disposal. The major nazard is, of course, escap2
after ditching, and it may be of interest and value to state siaply how we have iried
to izprove shat wes a very poor chance of survival by thke institution of a training
Drogramme.

UNDER¥ATER ESCAPE TXAINING

Like all services operating helicopters over water, we have come to know by experience

the aress in nhich difficulties lie in escaping from a submerging aircraft when ail

crew members and pussengers are devoid o7 any form of breathing apparatus. But, as

you can guess, this absence of a respirable atmosphere has proved to be one of our

lesser problems. Possibly the most iumportant one to overcome has been the impacl on

the escapee of disorientation, closely followed by the absence of underwatar vision

ant consequent difficulty in identifying escape exits, and the risk of bodily injury
associated with being thrown around agsinst hard meal when unstrapped. (There has

naver been a problem about flotation because of the univsrsal use of a Life Saving
Waisteoat.)

Our first attempts at training all Helicopter aircrew in underwater escape were
aimed at demonstrating the great ease of onset of spatial disorientation cccurring when
devoid of underwater vision, or in the dark. A simple canvas screen was manufactured
enclosing 3 feet of water in the shallow end of a swimming bath, and having standard
escape hatch windows fitted to it: this ensbled trainees to take a breath, submerge,
be spun around by an instructor to induce disorientatiow, and then try to climb out
through the escape hatch. This was, to say the least, a salutory experience. This
simple device was good as far as it went, and culminated in pupils escaping when
blindfolded. But no account was taken of swirling water, and the essentiul need to
wait until water entry was complete before starting to escape. In late 1959 a more
realistic helicopter “dunker” was built, and ?inally in 1962 a fully sophisticated
Whirlwind rear cabin was installed in a deep tank at Portsmouth. With the added safety
of underwater lighting, and the extra comfort of heated water, & comprehensive training
period is new undertaken by all helicopter aircrew, and repeated mandatorily every
2 years. It is a training programme which is enjoyed retrospectively, and has received
unanimous praise from all who have later required to escape in earnest. It is possible
also, that it has had a not inconsiderable part to play in increasing chances of
survival,
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A short series of photographs »ill best illustrate this current Royal Naval
trainirg procedare.

Fig.1 This illustrates the dinker, a mock-up Whirlwind rear cabin which can be
fitted out with sevéral different seating arrangements. The calin is attached to a
deep tank (12 foot of water) at tie sfter end by geared spindle, rud suspended at the
forward end by a gantry crane. In the horizontel position shown here the cabin is a
few inches clear of tb water. On the side of the cabin showa you cxn see the forward
door and the &fier escape taped window. On the other sjde there are two windows, one
with a handle and the other taped.

Pigs.2 and 3 show the dunker being swung out ready for the run. You can see the
seat alonyside tbe after window which the trainee occupies for his first training ruvn.

FPig.4 Here the run has started with §5° of rotaticn and scme sink being achieved.

Piz.5 This is 90° of intation. You can see the escape handle on tke aircraft —
the pupil is seated by this after window.

Fig.6 At 130° the pupil’ s head is about to go under water,

Fig.7 shows the final position from which the escape is made as soon es water
swirling has ceased.

The sinkage time is only 10 seconds and is related approximately to actuality. The
trainee' s head however does not enter the water until the final few seconds of sinking.
The average time of head immersion is only 5 seconds. Several of thuse runs are carried
out by each trainee, culminating in dual runs escaping through various hatches and/or
the most difficult of all -~ the door. Very thorough and personalised briefings are
glven by the supervising officer who is a nelicopter observer and trained. Ship’s Diver,
and safety devices are stationed strategically in the tenk and inside the cstin.
Emergency hoisting can take place almost instantaneously.

No hard and fast “do this; don’t do that” ruies are laid down, becsuse no two ditch-
ings are ever the same. Possibly the most important lesscn learnt by the pupil is to
remain strapped in his seat harness until the main inrush of water has settled, thus
avoiding being swept away and losing the position of the escape hatch. No matter how
disorientated the victim becomes — as iong as he waits for motion to cease, he can
guarantee that his escape hatcin is still in the same position reiative to him. At the
worst, he is in o better position to use the guide rails to his exit panel.

In summary, we can claim success in this venture from the laudatory comments we
receive from our pupils -~ and, most important of all, comparing the experiences of
our survivors before and after the institution of this now well established training
routine.

The discussion following this paper appears on page 2i1.
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DISCUSSION

Lt Cdr Eillisas exdorsed the value of ‘dunkisg’ training and ezphasised that the
training device nc2d oaly be an spproxisstion to sany particular helicopter confignration.
Since traiafing had been introduced ditching deaths had been virtvally limiteq to those
injured on impact.

Mr Bruggink cosmented that in 'S5 Arxy experience a big problem was training crews and
passengers to reasin in helicopters in land sccidents until the rotor had stopped
torning. He 2sked sbout stability of ditched helicopters. €dr Colley replied thet
their flotaticn caaracteristics was very variable.

Cdr Mackie gave & brief sccount of two revent accidents to RN Wessex helicopters. The
first suffered a power loss at 60 ft, 30 kts. On impact one hub flotation bag burst
ard the Lelicopter consequently rotated into the inverted attitude. The diver on
board fractured his leg in the Impact. The cresman escaped unhurt. In the second
incideat, which occurred under virtually identical conditions, the pilot exercised
much better control via the collective pitch lever and schieved a very gentle ‘splash’.
All buoyance bags inflated and the craff floated witl: water at the door-sill level.
The tail bag broke after 5-& minutes. The main problem was persnading the pilot to
leave the water — thirty minutes iater ikie was still in the sea ¢rying to fix a lifting
line on his aircraft! Lt Cdr Williams stated that in his experience the rotating main
rotor blades had never proved a hazard to escape on ditching.
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A HELICOPTER PERSONNEL ESCAPE, PROTECTZION
AND SURVIVAL SYSTEM

by

F.T.Thomasson, USN

Naval Air Systems Command Headquarters, Washington D.C. 20360, USA
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RESUXE

La Marine des Etats-tais a récemment démontré qu’ une “capsule
fuselage” destinée a sauver les occupants d’ un hélicoptére & la suite
d avaries en vol était techniquemeat réalisable. Elle 1’ a prouvé
grice & des essais en vol d’un systéze installé sur hélicoptére
télé-commandé. Ces déveloprements ont été entrepris & la suite
d’ une étude de ia Marine sur les accidents graves =t mortels, dont
il est ressorti que 56% des blassures mortelles aursient pu étre
évitdes gréice 4 un systéme ¢ abandon d’ appareil en vol, et 2Z5% de ce
cas mortels ainsi que la majorité des blessures graves, si d’ autres
moyens de protection — contre 1’ incendie ou 1' inpact — ou des
dispositifs de flottaison avaient été disponibles.

L' auteur exposera les aspects techniques et médicaux du programme
amené par la Marine des Etats-Uais pour metcre au point un systéme
complet capable d'assurer la survie des occupents 3" héliceptéres.

L’ é1ément essentiel de ce systéme sera la “capsule-fuselage"”
composée de dispositifs pyrotechniques destinés & larguer les pales
de rotor et les parties étrangéres du fuselage, et de parachutes &
déploiement balistique servant 3 assurer la récupération de la
partie occupée du fuselege. Des siége amortisseurs, des dispositifs
d’ absorption d’ énergie, de prévention et de lutte contre 1’ incendie,
montés sur 1’ hélicoptére, feront également partie intégrante du
systéme.
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A HELICOPTER PERSONNEL ESCAVE, PROTECTION
AND SURVIVAL SYSTEX

Since the early days of zilitery flying, methods for in-flight escape froz dissbled
aircraft bave been considered aad developed, keeping pace with the izproved perforzance
and the increasingly hazardous missions of the ccabat aircraft. These metbods range
froa personal parachutes and early ejection seats through fully antozatic ejection
seats to the recent sophisticated escape cepsnle systea incstalled In the P-111 aircraft.

The soi: exception to this progressive develojment is the helicopter. Buring develcp-
zent of tne heliczopier, no special provision for in-flight escape froz helicopters has
been seriously considered. This protbly has been due to the folloxing factors:

1. The auatorctational capability of the tericopter, permitting power- :ff, steep
gradiert spot landings, instills pilct confidence in his ability to cope with in-flight
ezergency situations.

2. ¥istrust of the effectiveness of perconnel parachutes, because the uaastable nature
of the circraft and the close proximity of the whirling rotor blades would kinder egress
and preclude successful bailout during helicopter in-flight emergercy situations.

3. The low altit—des flomn as compared to fixed-wing operations. (This may be both
a -ause and effect of the above. For example, lack of parachutes encourages lo¥ flying
to permit quick landing in the event of trouble; low flying rules out the use of
personnel parachutes. In addition, cf course, certzin missions demand low altitude
flight.)

4. The inconvenience of wearing a parachute,

5. The craplexity and weight of ejection seats coupledl with the problem of avoiding
the rotor blades during ejection.

In Southeast Asia the helicopter has “come of age” as a combat vehicle. 1t has
established its worth as an extremely important and integral part of limited war
combat operations by its successful employment in close-in attack and patrol missions,
vertical envelopment operations and in dramatic rescue operations in hostile territery.
However, these types of missions have naturally led to increased exposure to enemy
attack by ground fire to which, hecause »f the low and slow flight profiles, the hel:-
copter is particularly vulnerablie. Compared to personnel flying fixed wing aircrafi
on similar close-in support missions, the helicopter aircrew have virtually no survival
protection.
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THE IN-FLIGHT ESCAPE PROBLEX

By virtue of changes iz missions, the sutorotative maneuver is becoming less reliable
25 a =3Eas to neutralize the personnel hazards ssscciated with in-:light emergencies,
particuolarly at low aititudes. Successful satorotaticn requires hundreds of feet cf
altitude to ensure sufficieat 1ift from ihs rotors and a visual ground reference to
selpct spitabie landing terrain and accosplisb the flair maueuver to arrest the rate
of descent just prior to touchdown. But the requirement for increased speed and higher
payload capability has necessitated advanced blade design and resulted in higher blade
loadings, both of which dictate an increase In the altitude rezired for sccomplishment
of the antorotative maneuver. This increased altitude required for sutorotation is in
direct opposition to the lcw altitude flight profiles being flomn. As the helicopter
has becone a coxbat vehicle, battle dsmage to the critical parts, (i.e., blades,
transmission, etc.) required for successful autcrotation is highly p-obable. These
factors combine to make very hzzardous reliance on autorotation as tke sole means of
coabating an in-flignt emergency.

THE ADDITIONAL SURVIVAL PROBLEX

Helicopters do not afford adequate protection from crash fmpacts, fires or ditchirgs.
The crew seats are designed for 10 g and trecop seats designed for less. The ammor
protection hurriedly added as a result of early combat losses to protect the occupant
from ground fire may actually reduce his capability to survive a crash because the
added weight of arwor, accomplished without s commensurate strengthening of the seat
support structure, hes redoced the impact “g” tolerance of the seat by approximately
one half. The present conliguration of fuel cells is inadequate. While the cells
have a self sealing capacity iii the lower portions, they are vulnerable to Armor
Piercing Incendiary and tracer ammunition in the upper vapor zone. The existing cells
installed are ean:ily ruptured by crash impacts and having no means of fire suppression,
are susceptible to both in-flight and post c¢ragh fires.

Perscnnel survivirg & helicopter emergency do so only when the crash impact is light,
post crash fires small, or the helicopter floats for a sufficient time to permit the
occupant to escape; sirvival is NGT due to helicopter design. Advanced persomnel safety
and survival aids, required to ensure injury-free survivsl during emergency situations,
have rot substantially influenced helicopter design. It has been concluded that heli-
copters do not provide an acceptable level of injury-free survival during either in-
flight or crash emergencies.

The proposed Helicopter Personnel Escape Protection and Survival System will respcnd
to this operational deficiency &7 providing the required copability for high surviva-
bility for personnel which does not exist in any present operational helicopter.

THE INITIAL STUDY

Realizing that the foregoing was true, the US Navy, in 1961, contracted for a study
of helizopter accidents to document the helicepter accident picture and to provide data
to guide the design of means to prevent fatal and critical injuries during helicopter
accidents'®. From an analysis of the datu on Navy helicopter sccidents for the

*Numerical superscripts designate references at end of »aper.
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peried 1952-1960, the study revealed that 90% of in-flight emergencies occurred &t
altitudes between 100 and 600 feet above terrain (Fig.1) and demonstrated the urgent
need for an escape system which would function at these low alcitudes. It was concluded
that the escape system must provide safe in-flight escape following an emergency occuri-
ing as low as 100 feet for maximum “save’” capability. Based upon this 100 foot minimum
altitude, it was estimatsd that 56% of the occupant fatalities (Fig.2) could have
survived by the use of an advanced type of in-flight escape system. An additicnal 25%
of the futalities were estimated to be “candidates for survival” by the use of improved
crash safety and svrvival provisions such #s: Impact protection; Crash-fire prevention
and Emergency fletation.

AT Y i
PN

Y ClaEan

The following three methods of in-flight escape were examined during the study from
the aspects of performance, weight and effect on airframe design.

1. Individual parachute and normal bailout.
2. Rotatable crew ejection seats with hor!zontal ejection to clear rotor blades.

3. Capsule escape system.

Individual parachutes were rejected as not offering the escape performance required.
Ejectable crewn seats, while they would provide the best in-7light escape performance
under most conditions, were rejected because of the weight penalty an¢ prohkiditive
airframe design complication when trying to save occupants of & multi-crew/passenger
vehicle.

The capsule escape system was selected as the lightest, best performing and most
efficient means of providing in-flight escape. The cspsule also affords two additional
meaningful benefits:

1. ‘The passengers play a completely passive role and need do nothirg to ensure their
survival, and

2. The required crash protective and survival features can be more easily integrated
into the “system” design, as applied to the complete helicopter.

[
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A minimum escape performance altitude ol 100 feet in hovering flight was determined
to be fewsible based in part upon advancements in pyrotechnic initiation and severence
devices, but primarily upon the recent development of Ultra-Fast Opening Parachutes.
These perachutes are ballistically deployed and ballistically spread and, therefore,
their response is rapid and their performance relatively independent of airspeed. The
parachutes can be spread fully in static conditions.

e T s S P A LS T ¢ Y P AR NS AR
2

TFETT J
E A VGt R g Sy AR A S S A Aoy

TEST PROTOTYPE CAPSULE SYSTEY DESIGN

Based upon the results of this initial study, the Navy set out to conclusjvely
prove the feasibility of the capsule escape system. In this project, a cegpsule escape
system was developed for and installed in obsolete UH-25B helicopter test vehicles
configured for remote controlled flight for full scale systein testing. The fessibility
of the escape capsule system was proven by three successful in-flight initiations of
the system during March - June 1966. The details of the development of the overall
system and of the recovery subsystem are included elsewhere? 3,
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The UH-258 system installation is shown schematically in Figure 3. During the drone
tests (Fig.4) the system was initiated from the single source and the explosive energy
was transferred by Contined Detonating Cord {CDC) simuitaneously to initiate the rotor
blade jettisoning and the fuselage severence devices (Fig.5). Xt is specifically
emphasized that these assemblies were structurally inteet (no disconnects) and were
severed by Linear Shaped Charge and cther explesive devices. Separation rockets were
ignited to insure rapid, positive jettisoning of the unoccupied rear section from the
inhabiterd portion or capsuie and the rotor blades departed the area (Fig.6). After
a 0.6 second delay to ensure a clear ares, four 35 foot diameter parachutes were

ballistically deplcyed (Fig.7) and ballistically spread (Fig.8) to recover the capsule
(Figs.9 and 10)

CAPSULE FEASIBILITY TEST PROGRAX SUMMARY

Four drone tests were conducted and the system was suvccessfully initiated in three.
The initial test attempced was aborted due to drone control difficulties. The following
is a snmmary of the results of each test. Detailed results are recorded elsewhere?,

Test Number 2 - conducted on March 31, 1966, was completely successful as shown in
Figures 4 through 10. This test was historic as the first in-flight severence of a
siructurally intact fuselage and recovery of a fuselage capsule. The helicopter was
flying straight and level at a ground speed of £3 knots at initiation. All subsystems
and components functioned correctly and the capsule was recovered by the parachutes,
at a survivable rate of descent of 31 feet per second, 74 feet below the point of
initiation. The sequence from initiation to recovery required only 2.7 seconds. The

capsule impacted on external energy attenuators (trusgrid honeycomb absoru2r pads)
at a level of 35 g.

Figure 11 compares the oscillograph traces of this impact with two *races from
previously conducted controlled crashes of helicopters without the energy absorbers
at approximately the same impact velocity. The absorbers were very weffective and
attenuated the impact from an expected level of greater than 150 g to 35 g and greatly
reduced the all important “g"” onset rate and eliminated “g” rebound. is great
reduction in impact loads due to the pads made further attenuation to acceptable
physiological tolerances within the capability of energy absorbing troop seats. The
experimental troop seat having energy attenuating cepabilities shown in Figure 12
was installed in the capsule and functioned properly to reduce the impact on the
225 1b anthropomorphic dummy to & survivable 20 g.

Test Number 3 was also successful but a very interesting malfunction occurred. The
system was initiated with the helicopter in a 40° dive and at a ground speed of 26
knots in order to demonstrate the capability of the separation rockets to provide
clean separation between the jettisoned aft fuselage section and the capsule under
dive conditions. Attainment of a survivable rate of descent of 45 feet per second
was accomplished 143 feet below the system initiation altitude. The forward rotor
blades failed to jettison but were stopped by the parachute risers. Though the risers
were shortened by being wrapped around the blades little or no effect in recovery
system performance was noted. The capsule impacted at 32 feet per second and the
impact forces were similar to those recorded on Test Number 2.
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Test Number 4 repeated the previous successes but another very inicrmative mal-
function occurred. The helicopter was flying at 90 knots ground speed in a shallow
dive at system initiation. Recovery to a survivable rate of descen! was achieved at
187 feet below the syster initiation point. A riser on one of the parachutes was
severed by a test fixture and the parachute was lost. However, the capsule impacted
at 34 feet per second with vesults similar to those noted on tests Numbers 2 and 3.

ST RTINS Ot

Tests Numbers 1 and 5 were test failures as the system was not initiated. Drone
control problems during Test Number 1 resulted in a crash of the heliccpter on take-
off prior to initiation of the system test. The helicopter was purposeiy crashed
on Test 5 after vain attempts to initiate the capsule system.

In summa-y, it cun be concluded that the program was successful and much useful
information was learnzsd from the failures.

The results of Tests Numbers 2, 3, and 4 proved conclusively that the capsule
system could function successfully under varying helicopter flight cenditions.

The ability of the system to provide successful recovery within 100 feet froaz
level or hovering flight wes demonstrated.

The tests also demonstrated that impact forces can be attenuated to within physio-
logical tolerances by use of external energy absorption devices and energy atteruating
seats functioning in harmony with each other.

The failure of the rotor blade to jettison during Test 3 was traced to faulty CDC
leads, so slso was the failure to initiate the system on Test 5. These failures
demonstrated the sensitivity of the CDC leads to rough handling and indicated that
additional protection of these leads must ' rovided in an operational installation.

The safety and insensitivity of the pyrotechnic devices during a crash was demon-
strated during Tests 1 and 5. Severe impacts, resulting in massive structural damage
to the helicopter, did not cause detonation of any pyrctechnic devices.

The rotor blade jettison failure was informative since this proved that the ballistic
deployment of the parachutes was so rapid that catastrophic parachute failure was
precluded. It also demonstrated the recovery system’'s relative insensitivity to inter-
ference by the blades.

Survivable rate of descent with only three of the four parachutes inflated was
demonstrated.

THF FUTURE PROGRAM

The US Navy, supported by the US Army technical personnel and numerous private
contractors, is embarked upon a program to design and develop a “Helicopter Escape,
Protective and Survival System” toward operational use in helicopters.

To ensure the validity of the system approach selectea on the basis of the study
of accidents occurring during the 1952-1960 period, a similar study is being completed

VI et bt



LR SN

Ton e e e - e

NS A o o i R S B hon Somem e e

re

220

of all Navy and Army accidents through 1965. Some preliminary results of the study of
the latest Navy data combined with the earlier data are presented in Figure 13. 1t
can be seen that the updated statistics continue to support the requirement for means
to provide in-flight escaps and crash-safety provisions for helicopter occupants.

The program oblective is to protect futtre helicopter occupants from fatul and
incapacitating critical injuries despite the nature and severity of the emergency.
This will be accomplished by the design of a true “system” through close integration
of the various required features so that they function in harmony with each other.
The “heart” of this system is the escape capsule but the protective and survival
features are an insepareble part of the system as illustrated in Figure 14.

The following sequence is presented: to illustrate the composition of the Helicopter
Personnel Escape, Protective and Survival System and how it would function in opera-
tional use., The system is illustrated pictorially in Figure 15 as it would apply to
a large troop carrying turbine powered helicopter.

Upon recognition of the emergency, the pilot (or other crewman if the pilot is
incapacitated) will initiate the system by a single action that actuates the initiation

subsys’em.

™e initiation subsystem, composed of either; detcnators and Confined Detonating
Cord {(CDC) or a lassr and fiber optic transfer network will trigger the severance,
separation and recovery subsystems automatically in the proper time sequence.

The severance subsystem, composed of Linear Shaped Charge, (LSC) explosive bolts
and explosively driven guillotines, will simultaneously cut the fuselage, jettison
rotor blade assemblies, fuel tanks, and engine pods, as required.

The separation subsyster, composed of rockets and/or thrusters, will impart a
separation velocity between the fuselage (afl section, fuel tanks, engine pods, etc.,

&s required).

The recovery subsystem, composed of parachutes which are ballistically-deployed and
ballistically-spread and of retrorockets, (used in the case of large recovered payloads)
will be actuated afier a time delay to ensure that the jettisoned portions are clear.

The parachutes will be rapidly deployed and spread, to reduce quickly the capsule’'s
velocity to & survivable rate of descent, or to a velocity which can be reduced to &
survivable rate of descent, by the retro-rocket when sed. The retro-rockets, used in
combination with the parachutes to obtain the most efficient recovery system Zrom
weight and volume standpoints, will be initiated just prior to ground impact by a
mechanical, explasive or avionic ground sensing device.

It is at this point in the escape from en in-flight emergency situation that the
protection/survival devices enumerated in Figure 14 come into play.

External energy attenuation (EA) devizes in the landing gear and mounted on/in the
fuselage operate mechanically to reduce partially the shock of the impact on the
occupants. The effectiveness of these devices was shown previously in Figure 11,
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Energy attenuating seats (Rig.12), protective apparel and restraint devices, working
in concert with thi> external EA devices, reduce the impact shock to an acceptable huson
tolerance level, provide restraint for the Gecupants and protect their heeds to ensure
an iajury-free impact.

In the event there are on-board fuel tanks, fire preventive neasures (emulsified
fuel and/or impenetrable fuel tanks) and fire suppressive measures (extinguishing by
the automatic inje~tion of foam or inert gas into the tanks) will preclude post-ispact
fires.

Automatic flotation devices and/or buili-in capsule waterweight integrity will
ensure capsule bouyancy fcllowing water impact.

Survival equipment will be available tc ensure long-term survival should such be
required.

The protective/survival features, described above will greatly reduce the incidence
of fatal and incapacitating critical injaries during emergencies initially occurring
in tae area below 100 feet and, therefore, bevond the capability of the in-flight
escape systea.

Helicopter aud personnel armor have not been mentioned in this discuscion but, while
it does not function as a direct part of the escape capsule, *{ is of course an inte-
grated part of the total ‘Helicopter Personnel Escape, Protection and Survival System”
as it offirs protection against the rost hazardous and real threat to personnel
survival in combat.

SYSTEM DEVELOPMENT STATUS

The reader should be quickly oriented to the state-of-development of the Helicopter
Personnel Escape, Protective and Survival System and its various components. The
system is actually an integration of many devices which have been under development
for some years or are in operational use.

All of the subsy.tems/devices shown in Figure 14 are in an advanced develcpment
status with two exceptions; the recovery system and the latest fire prevention and
extinguishing devices adaptable for the system application.

Exploratory development is currently underway by the US Army laboratories and
civilien aircraft agencies to obtain automatic fire suppressive devices. Inert gas
.njection ard instant foam devices are being investigated. Also, much work has been
and is being accomplished in the area of decreasing the fuel fire hazard by use of
gelled and emulsified fuels.

The application of ballistic deployment and ballistic spreading to parachutes up
to 72 feet in diameter has bezn completed and extensive developmental testing accom-
plished", However, based upon the test results to date, increased efforts must be
expeditiously undertaken to decrease the wperating time of these parachutes and to
match their maximum deployment speed capability with the ever-increasing speeds of
the latest helicopters.
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Fetro-vockeis bave been developed fer = maltitcde of spplications tat zre not in
operatioasl uwse. It is of zeximme igportance. in order to obtain the most efficient
ard lightest recovery systoe, that & retro-rocket systes be developed for the helj-
copter capsule application aad tested to zasure that high reliability wili sttained
from both the seasing device and the rockets. By use of reiro-rockets 2 very ispor-
tant benefit xill be codzined. 1If the recovery system caa be devised to position
qrickly the cspsule into the retro-fire attitude, the retro-rockets will provide a
great agount of impact attemasaticn, even though the reccvery parachutes bave insuffi-
cleat altitude %0 functioz completely. In this msaner, the “no zaz’s land” shere
neither the cipsule nor the protective devices woaid be effective, estipated Lo be
40 feet to 100 feet aztove the terrain, cea be elixinatec.

SYSTEX INPACTY ON HELICUPTER AIEFRANE BESIGN

This paper woold not be complete witheot 2 discussion regarding the effzct of the
“Heljicopter Persoanel, Escape, Protective and Scrvivai Systex” installstion oz tle
briicopter airfraze configuratioan =1 gross weight.

Tha syster installation =ill pot reguire major modifications to the airfreze. The
capsule subsystems, with the excepticd of the recovery subsystex, will be compesed
of =£xall, lightweight cozmpoaents dispersed evealy throaghont the airirsze. A cursory
exazination of “hs .arrea- helicopters has shown that existing voids will permit
3atisfactory Zustzllation of the rzcovery systex and that the other copsnle compoaents
can be easily accommadated.

The protective sad sarviszl davices can also be isstalled with 2 miniwan of stmetorad
ckange becauss the lergest coxponeats (i.e., energy atteanating seats and lapding gear)
will be replacenents for carreatly irztalled items.

Thus, the preliminary coaclusion bas been made thet, not oaly is the Helicopiler Pro-
tecticn, Escape and Sarvival Systez adaptable to the m2jority of 6S helicopter desizns
but that retroffit is possible if certafn design considerations are accepted.

¥eight added tc x heiicopter is of course 2 prime consideratica in th2 installztion
of any system. Unfortunately, as helicopters in zost cases do not have even 50 muck
as s parachute installed for personnel survival, a wmeight penzlty will result irom the
installation of the sysiem. Preliminary weight estimates indicate that the cosplete
system will inwrsase the gross weight by 6-8 percent. The actnal increase in gross
weight is dependent vpon several factors, such as weight of the helicopter, nuaber of
passengers, amount of structure which cen be jettisoned and the type of recovery
system used. The systea weight is also influenced by a decision ss to the acceptance
of a higher recove:y systez weight in ovder to recover the cosplete fuselage and
thus enabling thz 2ziicopter to be returned to service after minor repair. A reduc-
tion in recovery syster weight can be achieved on the order of 40 percent by use of
a hybrid systen of paracuutes and retro-rockets in lieu of an all-parachute rerovery
systen.

The final deternination as to whether or not the increase in heliconter gross weight,
due to installation of the systen, can be tolerated sust be made on a systems el{fective-
ness basis.
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Is the degradation in mission effectiveness, by virtue of the added weight, offset
by tke gains in aircrew safety, in terms of personnel saved, which will result from
instaliation of the system?

Based upon the accident data, projected into future helicopter operatior~s, 1t is
estimated that the escapz capsule will provide the bulk of the “saves” (60-65%) as
it will insure injury-free survival when initiated at 100 feet in hovering flignt,
at lower altitudes with forward speed present, and will perform throughout the ever-
increasing speed regime of the helicopter. The halance (35-40%) of these caves will
result from the ability of the Prctective and Survival Group to reduce the fatalities
and critical injuries now occurring during crashes by attenuation of the impact “g”’
levels to within humen tolerancz and by eliminating posi-crash fires and drownings.
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Fig.1 Escape system capability versus potential number of escapes
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Fig.2 Survival requirements in fatai helicopter accidents, 1952-1960
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Capsule system initiation

5

Fig.

UH-25B in remote controlled flight.

Fig.4

F S T T N R
PRI ISR A Full :

Ballistic deployment of four

Pig.7

Fuselage and rotor blade jettisoning

Fig.6

35 foot aiameter parachutes




.

227

Start of capsule recovery

Fig.9

The parachutes ballistically spread

Fig.8

Recovery

Fig.10
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4437 | TN-FLIGHT ESCAPE

67 | FIRE £ IMPACT PROTECTION

US.NAVY 88| EMERGENCY FLOTATION ALONE
FATAL ACCIDENTS is -
1952 - 1965 FLOTATION £IMPACT PROTECTION
(FrEwuninE) 23 | CRASH-FIRE PROTECTION ALONE

261 | IMPACT PROTECTION ALONE

6.7 NOT SURVIVRBLE

/0.8 | UNKNOWN

Fig.14

1 ! } I [
20 S0 60 go /00

PERCENT OF OCCUPANT FATALITIES

Fig.13 Survival requirements in fatal helicopter accidents, 1952-1865

HELICOPTER PERSONNEL ESCAPZ,
PROTECTION, AND SURVIVAL SYSTEM
1

o -
PROTECTLON/
CAPSULE SURVIVAL

INITIATIOH FIRE PREVENTION AND

SUBSYSTEM EXTINGGSIHING

INITIATORS, ENERGY

TRANSFER, LEADS,

AND MANIFOLDS ENERGY ATTENUAT NG
MATERIALS AND

SEVERANCE DEVICES

SUBSYSTEM
EXPLOSIVE CUTTING
EXPLOSIVE GUILLOTINE|LIFE PRESERVERS AND

FLOTATION EQUIFMENT
SEPARATION SUBSYSTEM

ROCKETS/THRUSTERS

SURVIVAL KITS
RECOVERY SUBSYSTEM
BALLISTIC PARACHUTES|HELICOPTER ARMOR
RETRO-ROCKETS

PERSONNEL ARMOR

Subsystem/compor.ent make-up of Helicopter Personnel Escape, Protection and
Survival System
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CRASH INJURIES IN US ARMY HELICOPTER ACCIDENTS

by

Captain K.L.Mattox, US Army, MC

Hunman factors Branch, US Amy Board for Aviation Accident Research,
Fort Rucker, Alabama 36360, USA
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RESTHE

L’ suteur Gresse tn tableas geneérsl des blesszmres does gox sccidexts
g héiicoptéres {liesx, fréguence, grevité) dans ¥ Arze de Terre des
£tsts-Tals. Bier ¢ue, daas 95% das cas, 02 paasse sarvivre sxg priccipam
accidents & bélicoptéres, 22% des éécés ent lien dans des conditicns o
la survie aursit été possidle. L’ anteonr étndie le nécacisme de ces décés
@i pocrraient Zire ¢viids, ainsi que les mestres prises poor réluire le
taux de morbidits et de mortelité.
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CRASE INJURIES IN US AERRY HELICOPTER ACCIDENTS

P £AL ¥ TR B SR A TR B SN TA L

Czpesin E. L. Mattox, TS &y, XOC

INTRODLCTiION

Petdtaltras s

%ith the enorgence of tke tacticel airzobility coocept, the cmmander has becom:
ecaipped with Instromencs of vertica? envelepmeni. In US Ay evietion, this is nox
most ccancaly acocmplished with ro ary wing 2:rcraft.

Ay

T

; %ith spproxinmztelr 8000 rotery wizg aircrsft z=2 10,000 pilots in its ioventery.

tke 2xperieace of the BS Army ¥ich kelicopter operaticas is toe yost extezsive in the
free world. Intensive trzinicg requireseats, “nap of the ez2rth™ flyizg, zad
increased exposure to Lazards, unforteaztely resglt in xzishape. The inciderce of thesa
zccidents and thke associzted injories are the szbject of this puper.

ibe United Sitztes Amm Board for Aviztion Accident Research (GSi833sR) located at
Fort rfocker, Ajzbsmz, is the Ammy' s repository for world-»*de Ammy aircrzft accident
data (AR 13-76). The daiz presente’ bere are takea from operationsl! major and mizor
accidents (2s deficed by AR 385-40) exclusive of the Repnblic of Vietnazm, for the tize
pericd 1 Jaaupary 1961 thru 30 Jupe 1965.

B3] B TN ek T Tt ey
)
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DISCUSSION

EakZTarn

Correlation of accideats in Army belicopler experience to jajuries incurred in thex
reqguires an aznalysis of the operaticnal eaveiope. ¥ost US Arxyr z2ircraft fliy in aad
ocat of confined areas at relatively slox speeds and low a2ltitudes. Operatioasl areas
are frequeatly cozplicated by sires, trees, towers, ard rough terrain at the landing
site. Hellicopters are not egaigped with eiection seats and because of the altitude
and zission flosn, parechuies zre pot worn by the aviators. US Arcy helicopters
ecperzte in en eurircnzent that nears the extreze both in deasity of traffic and opera-
tionsl terraju. Therefore, although the helicopter has the capability to “autorotate”
in case of *alight emergency. the sviator must alzays “ride the helicopter ia”.
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TABLE I
IS Ammy Helicopter Accident Experience
) i

£ Fiscal Year i As¢l%2-¢ Rate® ' Hours
3 61 28.1 557, 409
A 62 37.1 603, 905
: 63 35.8 619, 463
64 28.1 717, 464
65 22.7 842, 309
358 15.7 1,014, 821

* Rate = Number of accidents per 100,000 wnours.
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Since the organization of USARAAR and the increased command emphasis on aviation
safety, the Argy’s alrcraft accidant rate per 100,000 flying hours hac decressed.
(Pig.1.) Considering the nuzber of takeoffs and landings in helicopters, although
rot ideal, the present accidert rate, 15.7, is not necessarily excessive and compares
favoradly with the Arsg’s fixed wing accident rate.

TABLE 13
Accident Incidence

Accidents Total Surv. Nonsurv.
Naber 156 718 38
#ith Injuries 289 (33%) 251 (35%) 38
¥ithout Iniuries 467 {62%) 467 (65%) 0

These figures include total caior sccidents bothk survivable and nonsurvivabi: .
Injuries are oot usually incurred ic incidents, forced lundings, and precautionary
1sndings &xd are therefore not included in these figures. Although the margin between
e forced landing ard a major sccident is frequently the pilct’s skill or the availability
of suitable terrain for landing, the fact resains that injuries are infrequent in other
than m=ajor sccidents.

TABLE IIl
Occupants of Helicopter Accidents
Total Surv. Nonsurv.
huzber of Occupants 2187 2068 119
Ocenpants ¥/ Injuries 527 (24%) 402 (20%) 119
Occupznts ¥o/iInjuries 1666 (16%) 1666 (80%) (1]

There was zn average of thre» cccupants per helicopter accident with 24% of the
occupants ~eceiving injuries of at least a minor Gegree. There were a few mirsculous
escapes in nopsurvivable accideats (i.e., £arownu clear of aircraft just prior to impact),
%10 received =2jor, but non-faiz! injuries.

TAELE IV
Fatality Experience

Total Surv. Nonsurv. %
Accidents 756 718 (S5%) 38 (5%)
Patalities 149 33 (22%) 116 (78%)

It is noteworthy that 95% of US Amy helicopter ic.idents are classified as survivable.
Survivability is determined by the flight surgeon investigating the sccident sad by
USABAAR after an analysis of crash farces, cockpit deformation, and post-crash conditions.
An accident may be survivable for one occupant and nonsurvivable for another. In general,
the determination is not difficult - that is, very few accidents fall into the “gray”
aree of borderline humanr tolerance.
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Theoretically, there should be no deaths in survivable type accidents. When deaths
do occur in these noncatastrophic type accidents, they are most ususlly due to a

failure, lack of use, or inadequacy of restraint systems or personal protective
: 5
equipment”.

TABLE V
Change in Fatality Experience
1957-1960 1961~ 1965
Survivable Accidents 97% 5%
Fatelities in Survivable
Accidents 46% 22%
Primary Cause of DPeath in
Survivable Accidents Head Injury Burns &
Complications

Although the incidence of noncatastrophic accidents has not significantly changed
since 1957, the percentage of deaths occurring in these accidents has been significantly
reduced®. The following factors have ccentributed to this reduction in mortality:

(a) Increasing emphasis on crashworthy aircraft design, including cockpit delethaliza-
tion.

(b) Improvements in the restraint system (including seat, seat attachments, lap
belts and shoulder harmesses).

(c) Increased emphasis (supply, twmand, ard individual) on adequate personal
protective equipment - most nctably the protective crash helmet.

(d) More rapid medical evacuaticn and treatment of critically injured occupants

both in the trezining and tactical situation (especially the use of the medical
evacuation helicopter).

{e) Increased aviator acceptance on use of signaling and survival equipment resultingz
in early rescue and/or self-treatment.

TABLE VI
Degree of Injury in Survivable Accidents
Occupants 2068
No Injury 1666 (80%)
Minor Injury 245 (12%)
| Major Injury 124 (6.5%)
L, Fatal Injury 33 (1.5%)

Even though noncatastrophic US Army heiicopter accidents expose the occupants to
relatively high decelerative forces, the number of occupents injured in survivable
accidents is relatively low. ¥hen injury does occur, the degree is minor in the
majority (51%) of mishaps.
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TABLE VIX
Injury in Survivable Accidents

Wounds (Lacerations and Abrasions) ] 427 (60%)
Fractures 119 (17%)
Burns 62 (9%)
Sprains/Dislocations 53 (1%)
Misc/General 16
Environmental (exposure, etc) 12
Multipie Extreme 10
Concussion 8

Injury type, severity, locations, etc. are analyzed principally in survivable
accidents for the following resasons:

(a) Injuries in catastrophic, high G force accidents usually involve every body
system (maltiple extreme) and are quite often complicated by total body burnms.

(b) Nonsurvivable accidents result in faizlities to the occupants except ii extremely
rare acts of fate. It would be impractical, if not impossible, to design aircraft or
protective equipment to prevent voilent death when the deceierative forces are excessive -
e.g., loss of a main rotor above 50 feet.

(¢) Analysis of injury profiles in survivable accidents gives the designers of
personal equipment and aircrilt structure guidelires for reduction of morbidity and
mortality in these occurrences. Aviation Safety and Engineering Research (AvSER),

a branch of the Flight Safety Foundation, working under contract with the U3 Army sand
other aviation agencies, has developed eu aircraft designers guide‘. This handbook
surmarizes known information useful in building crashworthiness into aircraft. This
concept has zlready been applied to some US Army aircraft with gratifying results.

(d} Specific injury pstterms in nonsurvivable accidents are meaningful praimarily
to the aviation pat'inlogist and accident investigation team in correlating the specific
events of a specific accident. Tabulation of injury patterns in these catastrophic
accidents loses its application as it becomes a list of massive injuries to all body
systems.

The three most common injuries in survivable accidents are lacerations, fractures,
and burns. The most commen major injury is an open fracture of the tibia. The
etiology of this injury is¢ usually involvement with structures in the nose of the
helicopter, most commonly the radio console. Attempting to exercise wmaximum control
during the split seconds of the crash sequence, the pilot has his feet firmly on the
anti-torque pedals. The greater the forward velocity, the greater the crumpling of
the forward aircraft structures which then impinge on the tibial area. The resultant
level system results in fractures from both contact and decelerative forces, while there
are lacerations both from broken boiaes and contact with aircraft structure.
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TARLE VIII ,
Body Injury in Survivable Accidents
Upper Extremity 156 (22%)
Lo#er Eatremity 144 (20%)
Back 92 (13%)
Bead (exluding face) 78 (11%)
Face 75 (10%)
Thorax 60 (3%
Generalized 40 (6%)
Abdomen 21
Neck 25 {
Pelvis 6 ;

Excluding the back injuries, the most common vody locations for trauma in survivable
nelicopter accidents are those parts of the body most distant from the restraint system.
This peripheralization is due in part fo the flailing which is present whenever the
decelerative forces are greater than mild (greater than 3-6 G s).

The back injuries range from simple cuts and bruises, “strain” iu the parasspinous

muscles to compression fractures. This injury is usually attributed to a high vertical
impact force and sudden flexion/extension moments.

TABLE IX

Cause of Deatih in Survivable Accidents
Burns and Complications 10 (30%)
Multiple Extreme 3 (18%)
Head Injuries S (15%)
Hemorrhage and Shock 3 (9%)
Heart/Great Vessel Trauma 3 (9%
Hemopneumothorax 2
Themical Pneumonia 2
Drowning 1

TOTAL 33

Although death is infrequent (1.5%) in survivable accidents, theoretically it should
not exist. Thermal hazards not only contribute to the cited mortality, but also, as
indicated earlier, have a considerable morbidity in survivable accidents (9% of injuries).
This morbidity is especially significant when the extensive treatment period and probable

loss of an aviator from flying duty are considered. Fire damage to property and aircraft
loss are furthermore significant®.

“the other cuases of death are not statistically significant when considering the
sampling. Although there is frequently a mental image of generslized massive trauma
when one considers a fatality in a helicopter accident, multiple extreme injuries are
rare in almost all survivable helicopter accidents.
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TABLE X
Causie of Death in Nonsurvivable Accidents

Multiple Extreme 72 (52%)
Head Injury 17 (15%)
Burns and Complications % {10%)
Heart/Great Vessel Trauma 9 (8%)
Spinal Cord Transection 4
Generalized Hemorrhage 1
Hemopneumothorax 1

TOTAL 116

Although nonsurvivable helicopter accidents are infrequent (5%), 78% of the deaths
occurred in them. The causes of death in these catastrophic impacts are listed for
academic interest. ‘The multiple extreme injury is the most frequent, usually involving
most body areas, systems and injury types.

TABLE XI
Helmets and Head Injuries in Survivable Accidents
Occupants with Hezd Injury 153
Fautalities from Head Injuries 5
Relmets Lost at Impact 41
Head Injuries Due to Helmet icss 35
Helmet Prevented Injury 59

Although death in survivable accidents is rarely attributable to head irjury, there
is quitc a porbidity asscciated with this trauma.

The protective helmet (APH-5) was made an item of US Army aviation issue in 1859.
Since that time head injuries, morbidity and mortality have been reduced drastically?.
fiowever, when the helmet is improperly fitted or improperly worn, it is frequently lost
during substantial impact, especially in helicopter accidents®. Injuries are frequent
(85%) when the helmet becomes dislodgec at impact. Thae five fatalities from head
injury either lost their helmets at impact or were wearing no helmet. There have besn
a few head injuries received because the aviator removed the helmet prior to evacuating
the wreckage (after impact). A victim of habit, he received lacerations from jazged
structure.

TABLE XII
Head Injury Type in Survivable Accidents

wounds {Lacerations & Abrasions) 125 (73%)
Burns 25 (14%)
Concussion 8
Fractures 6
Miscellaneous 8
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Simple lacerations occur most commonly and are usually in the range of 1 to 3 inches
in length and ! to 1 inch deep. Burns are not only disfiguring, but as the nose and
mouth are portals, inhalation of flames results in respiratory burnc which may lead to
a pulmonary death. Wounds and turns can be classified as injuries secondary to contact
vhereas concussion and fracture are functions of impact.

TABLE XIII
Head Injury Location in Survivable Accidents
Superficial Deep R
Structures Structures Total
Face 81 (56%) 2 (13%) 83 (52%)
Frontal Area 22 (13%) 2 (13%) 24 (15%)
Occipital Area 11 (7%) 0 11 (71%)
Parietal Ares 7 1 8 (5%)
Temporal Area 6 2 (13%) 8 (5%)
Ears 7 0 7
€hin 5 0 5
Lips 5 0 S
Brain 0 4 (21%) 4
Basilar Area {] 2 (13%) 2
Nasal Area 0 1 1
Mandible i} 1 1
TOTAL 114 (91%) 15 (9% 159

The most common head injury is a simple laceration of the face. Ninety-one percent
of head injuries in survivable helicopter accidents are superficial. These most commonly
are minor wounds and have no! resulted in any mortality. Deaths from head injuries and
significant morbidity aie produced when there is trauma to deep structures. There have
been no fatalities secondary to fractures of the facial bones. Deep injurius to the
occipital area have not yet occurred in survivable helicopter accidents.

TABLE XIV
Back Injuries in Survivable Accidents
Fractures 42 (46%)
Wounds 33 (36%)
Sprain/Strain 17 (18%)
TOTAL 92

Back injuries in survivable helicopter accidents are classified as fractures, wounds
(lacerations, etc.) and sprains/strains. Recovery from skin and muscle trauma is
usually relativeiy rapid, whereas compression fractures can produce long t<im morbidity.

TABLE XV
Vertebral Fractures in Survivable Accidents

Cervical 1
Thoracic 14 (33%)
Lumbar 26 (62%)
Sacral 1
TOTAL 42
L.
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Since the introduction of the low silhouette type helicopter, there has been an
increase in vertebral fractures due to the generally high vertical deceierative forces
and the absence of crushable material between the pilot and the bottom of the aircraft.
¥ith increased emphasis on honeycombing, seat structure collapse at “G” forces just
short of those which would produce spinal injuries, and other crashworthiness engineer-
ing features, such morbidity can be reduced to 2 minimum.

Spinal fractures in survivable helicopter accidents most frequently occur at the low
thoracic, high lumbar area, where the curvatures of the spine are the greatest.
Thoracic fractures might be postulated to be a function of posture, whereas a lumbar
fracture is probably more a function of decelerative forces.

CONCLUSIONS

Ground impact varies from a hard landing during an asutorotation to severe decelera-
tive forces encountered during uncontrolled contact with the ground. In spite of the
relatively high exposure to injury, most major helicopter accidents are within defined

human tolerance limits®:®,

Stated simply, morbidity and mortality in noncatastrophic helicopter accidents can
be reduced if:

(a) The inhabited area remains relatively intact.
(b) The occupants are restrained in this “livable” environment.

(¢) There is energy absorption by the aircraft structure through use of design,
honevcombing, load limiters, etc.

(d) There: is energy absorption between the vital body structuras (torso, vertebral
column, and head/neck), and the impact points. Hzlmets, seat structure, etc.
participate in this attenuation.

(e) Post-crash fire hazards are reduced through the fuel containment (crash resistant
fuel cells and emulsified fuels), fuel cel. location and thermel protection
(fire retardant flight suits, etc.).
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N

DISCUSSION

VS A

There was considerable discussion on the problems of mesting the generally accepted
£ requirement of a universal-fit protection helmet for passengers.

Lt Cdr Williams stressed the Royal Navy's belief in the inherent advantage of twin-
engine craft and Col Cody commented thet tnis, tco, was the policy of the US Army.

Or the general topic of sopliisticated escape systems Brig Gen Lauschner pointed out that
the low injury rates quoted by Capt Mattox might make it very difficult to convince
financiers of- the need for such systems.
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EMERGENCY LANDING AND DITCHING TECHNIQUES
IN HSELICOPTERS

(USABAAR Report P67-1)
by

G. Bruggink

USBAAR, Fort Rucker,
Alabama 36360, USA
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RESUNE

Les chances de survie aun cours &' tm atterrissage forcé dans dec coa-
ditions tostiles reposent, pour une grande part, sar 1" sptitcde du pilote
& utiliser a des finc @ absorptica 4’ énergie les pacties de 1s structure
de 1"appareil dont on peut se éispeaser pour ls swrvie. L' afrodrasziqae
de I'hélicoptére et ses caractéristiques structurales — en particulier
1a répartition des élézments de la structure dont oo pet se dispeaser
autour de la surface occtpée par ie piiote ot les passagers — prescrivent
upe technique diamétralement différente de celle gue 1’ expérience a coe-

irzée pour les appareils { voilor- fixe. Alors gue le pilote d'un avien
& ~o1lure fixe peut cocatrfler ss vitesse ¢e desceate, le piiote d'ta
Eélicoptére peut coatrBler sa vitesse d* icpest avec le sol; alors gze les
diégents structurasx doct on peut se dispenser, sur vn appareil i voilrre
fixe, sont plus particuliérement eptes & srrdisr un mouvexsnt VErs

I’ avant, ces nbaes éléments, sur un héiicoptére (en particulier le rotor)
se prétent davantage a 1’smortissement ¢’ un impact vertical. L’auteur
€tudie la technique optimale d’atterrissage forcé sur les hélicoptéres
modernes & silhouette basse; cetté tecknique a ét¢ mise an point par le
Conseil de 1'Armée de Terre US pour les Encgultes sur Accicents Aériens
(CS Aray Board for Aviatica Accident Research) sur ls bese, 4°upe pare,
de 1’ sxpériepce acquise dans le dozsine des accidest, ¢ sutre part,

d' essais vrale grandear.
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EXERGENCY LANDING AND DITCHING TECANIQUES
INX AELICOPTERS

6. Bruggink

1. CRASE SAFEYY CONCEPTS FOR PILOTS

1.1 General

4 pilot needs soxe understanding of tke mechaaics of crzsh injuries if he is to
uaie the wisest decision io & foreed landing situation thet looks grizm at best. The
fallowing discussicn is intended to give this understanding without getting involved
i5 the xedical srd engineering aspects of tre rubject.

Crash injuries, 1ike aircraft dazage, =zre tke result of the violence generated by
sudde: stoppage. These injuries foll into two droad categories:

1. Ceatast iriaries, resulting frozx forceful conptact between the occupant and
exvirorsental structure. This is the most cormon form of injury during formard decele-
rztions, when the cccupaats do mot use an adequate resirsint systes (sest delt aad

- .

shoulder harness). Injuries caused by loose objects in the cockpit/catin ares siso
£all into this category.

2. Decelerative injuries. Althcugh al! contact injuries involve 2 decelzration
process, the terz “decelerative injuries” is geperaily used to indicate bodily dazage
resulting solely from loads directly cpplied through the occupant’s seat and restraint
systea. They affect the body internally snd one of their characteristic forms is the
spinal injury during verticai dzcelerstions (excessive positive G). Internal injuries
caused by seat belt impsct in the lower abdomen may occur during severe forwerd decele-
rations, especially when the seat belt is aot properly installed or used. (NOTE: The
seat beit should cross the hips at about a 45° angle and the buckle should be wcrn as

low as por ible, so that decelerative loads are applied to the hip bones and not to
the soft abdominal area.)

Injuries resulting from post-crash cozplications form a separate category. Fuselage
distortion and final aircraft attitude cay interfere with the tirely evacuation of the
wrecksge in case of fire or during ditching. Althkough this hazard can be controlled
to some extent by the design of fuel systems, and emergency exits, it is mainly the

pilot's lending techanigque and his knowledge of the aircraft that govern the post-crash
survival aspects.
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The vio :nce of the stopping force, expressed in G's, depends on speed® zxnd stopping
distance. Speed, in itself, is rot & killar; the danger lies in hew it is dissipated.
A common nisconception in this respect is that it takes zmdreds of fest of obstacle-
free terrain to xske a surrivsbie crash landing. Theoretically, it would take oaly
20 feet to decelerczte 23 aircraft from 100 to 0 *>ots st & tolerable level of about
20 G's, if th. stopping foree cculcG be applied aniforaly over this distance. 7The saze
uniforn deceleration (20G) would bring an s:rcraft to = stop froz €0 knots in a distance
of aboct 8 feet. The arresting gear of aircraft carriers &ad runway barriers show Low
this concent csa be applied under controlled conditions.

The probles in sosme crash landings is that the decelerstica process is pnot uniform;
every tize the aircraft strikes an obstacle or digs a gouge =ark, & peak deceleration
occurs &ad it is during these peaks that injury exposure is &t its greatest. It should
be poirted coi, however, that as far as ippact survival is coccerned orly the forces
traasuitted to the occupiahle area (cockpit/cabin) are criticel: the dispensable struve-
ture (pose section, w=ings. =zin rotor, etc.) should be vwsed (sacrificed)} as an eaergy-
sbsorbing buffer between the point of impact and the cockpit/cabin structure.

Tte pilot should look at the cockpit/cabin incleosure ac & protective contsiner and
try to xeep this container reascrably intact by instinctively svoiding direct impact
against this structore. Accident experience aad fgll-scaie experimentation have shomn
that reasonably intact cecipit/cabin structure generally means thet the ispact condi-
tions were survivable, deceleration-wise. In otber words, ss long =s the pilot can
avoid colliapse or excessive deforzation of the protective container, he has met the
first requiresent for impsact survivsl.

The second reguirement ~ :hat the occupants should participate as closely as pos-
sible in the deceleration of their imzediate environment Ty zeans of their support
system (geat, seat helt, shoulder harmess). Axy time the occupants’ body - or part
thereof — is allowed to gain velocity with respect to environmental structure serious
tody blows may be expected. Disregard for this basic law of physics xills thousands
of car drivers ncediessly every year in front-end ccllisions. Even when he is using a
seat belt, the driver’s upper torso acd head =a3 gain momentu=z with respect to his
rapidly slowing-down car interior, resulting in a sledge hammer iike j=pact agsainst
the steering whezal, instruseat panel, or windshield. The obvious conclusion is that
the car or aircraft occupant needs adequate restraint - which always includes a shoulder
harness - since he has to slow down at the ssme rate as his enviropzent. This basic
requirezent fer impact survival in any type of vehicular crash is illustrated in the
follewing hypothetical example.

During the roll-out after an emergeucy landing, an aircraft runs nose-first into 2
s0iid obstacle at 20 mph, crushing the nose section and shortening it hy one foot.
Assuming the deceieration is uniform, a one-foot stopping distance for the cockpit

* The total energy of dtion (crash energy) of an aircraft is a function of its groundspeed and
varies &s the square of the velocity. Exaaple: Assuming 8 20-knot wind, an aircraft w»ith a
50-knot stelling speed could be landed with a groundspeed of 40 or 80 knots, depending on
landing direction. Under norxal conditions, the downwind ianding would require four times as
much rollout distance as a landing into the wind, assuaing similar braking saction. In a crash
situation, the same four-to-one relationship holds true for the airersft’s total crash energy.
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bekins the nose resclts in 8 mear deceleration of 13.6G°. ‘The p:lot, sko is pot using
his shorlder hatness, jack-knives over his sestbelt, striking his head on the inmstru-
gent pznel. Assuming that the panel has stopped by the time he reaches it, the izpact
velocity of his head will b2 20 =ph. Assu=ing that the panel crushes to & depth of one
inch, the effective stopping cdistance of the pilot’s head will be 1/12 of = fcot. This
will resclt in a head izpact of about 163 G's, or twelve times that of the overesll .
cocikpit deceleration. Depending on the shepe and hardress of the head impact urea,
aad whether or net a crash helmet is worn, this could easily be a fatal blow.

In addition to understanding the reacticp of aircrafi structure to crash lecads, the
piiot =ast Lave a genevsl knosledge of the reaction - and the tolerance - of the huzan
bod7r under these conditions. The notion that there is 2 sigilarity between the hu=an
tolerance to G-loads resaltipg from flight m2peuvers and the tolerance of G-loads
izposed in crask-type decelerations shouid be discarded. FPlight lozds are of long ¥
encugh deration to affect the bleood circulztion, for which the bouy has s very limited
toleracce; unconsciousness zay occur a2t 2bout 4 to 6 ¢°s. Icpact loads are measured
in fractiocas of a second and iz=pose & cechanical shock for shica the body has a rather
high tolerance - sbout 20-35 G's positive (parallel to the spine) and oaver 40 G's dur-
ing decelerstions perpendicular to the spine when restrained by a seat Lezlt and a
syoulder barness. ¥ith s seai belt only, this tolerance to forward deceleration drops
beiow 25 G's.  Actuxlly, the buxaa body czn take more punish=ent than the aircraft
structurez under coasideration, =s long as the p*lot manegcs to caintain a seablance
of integrity in the occupiable area and avoids forceful contact #ith his environ=eat.

B s o w

1.2 Crash Dynamics. Fixed Wing

There is po need to explain that an ezergency landing in a8 fixed wing aircreft aslways
involves forward velocity (grcundspeed). Neturally, the pilot should aiz at the lowest
precticable groundspeed but never in exchange for an abnormal rate of sink. One of the
least understocd factors in crash larndings is the abrupt dissipation of the aircraft’'s
vertical cozponent of velocity on first ground coatart. The severity of this pesk
vertical decelerat. )n is governed by the vertical velncity (rate of sink), the crush-
ability of the structure under the cockpit/cabin area, and the nature of the terrain.
If the structure is rigid — as is the case in post low-wing aircraft - and the terrain
hard, very high verticel forces may be transmitted tc the occupants even at moderate
sink rates. Under these conditions an extended — and collapsing - landing gear would
definitely assist in reducing the peak vertical deceleration; however, this advantage
should be weighed egainst possible nazards introduced by landing gear failure such as
fuel spillage and fire

In single-engine sircraft withk fixed, fuselage-mounted landing gear, or with a
radial engine, & bard flat touchdown on soft terrain may cause the digging in of the
lsnding gear bulkhead or the loxer balf of the engine. This abrupt plowing effect at

first ground contact may result in extremely high horizontal decelerations on otherwise
uncbstructed level terrain.

The horizontal deceleration of freely sliding wreckage is very low. On a smooth
hard surface, such as a runway, the stopping force is proportionate to the coefficient
of friction and, therefore, always less than one G. However, at iritial impact this

h2
* 3 formn'a used: € = 0,034 2

. (Stopping distance, S , in fzet).
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horizonty® stopping force has to be multiplied by the vertical G load resalting froa
the reductioa of the sink rate to zero. (This i1s the saze force mechanisa that tears
off landing gears in hard touchdowns with the brakes locked.)

Wings and landing gear are the prizeary *drag devices” to stop the aircraft’'s forward
aotion. Long nose sections witk ccllapsible structure cas aiso be used for this purpose,
if aft displacesaat of the nose structure does not immediately affect the cockpit’s
integrity. Soze of the modern, shori-nossd, sirngie engiced aircraft are poor exasples
in this respect. A savere nose-first impact in these aircraft will drive the engine
into the instruzent psnel or the rudder pedal area. 7Tnis reductior im occupiable areaz,
in cozbiration with the stretch in the restraint system or a failing seat, can essily
mzke this type of accident non-survivable for the front seat occupants.

1.3 Crash Dynamics: Rotary ¥Wing

Yhere the fixed wing sircraft’s dispensable structure is especislly sunited to arrest
forward xotion, the helicopter's dispensable structure (landing gear, lower fuselage,
tail boox, aad z=ain rotcr) can be used mainly to alleviate vertical icpact. Consequeatly
the helicopter pilot hes to he very cantious about formard velocity during excessively
hard verticsl ispacts on soft ferrain, or doring a ranning landing between obstacles.
The general rule for helicopters in this respect is: the worse the terrzin, the more
important it is to reduce the forward velocity of touchdown. Since a zero grovndspeed
touchdown requires more finesse, it would be unwise to vuse this technique when terrair
pernits a running touchdown.

¥hat are the peak G-levels in a typical accident situation? A zero-groundspeed
autorotation in a low silbouette helicopter, touching down on hard-pucked terrain at a
sink rate of 1500 feet/minute, wonld expose the cccupants to a vertical load of about
24-40 G’s*. Spinal injuries are likely to occur under these circumstances but survival
would not be at stake. The cockpit/cabin area would still be relatively intact -
although distorted - but the aircraft would probably not be econoeically repairable.
If the same landing on hard terrain were made with forward groundspeed, a peak horizontal
deceleration in the order of 15 to 25 G's would coincide with the peak vertical decelera-
tion due to the increased frictional force while the wertical speed is being dissipated.
A similar touchdown with forward weiocity on soft terrsin wouid probably be disastrous;
the extremely Ligh drag on the aircraft’s bottom structure coupled with the foreard
inertia of the heavy components (transmission, ercgine, etc.) would tend to destroy thke
oversll cockpit/cabin integrity. To avoid undee concern, it might be well to note that
a2 1500 foot/minute touchdown at zero groundspeed on soft terrain that allows omne foot
of additicaal vertical stopping distance would not have injurious effects.

The most important verticel impact attenuetor is the main rotor, especially in low-
silhouette helicopters such as the UH~1, where there is not enough structure under the
occupiable area to cushion an excessive rate of sink. The ideal way to use the main
rotor for this purpose is to nake & zero-groundspeed tree landing, this causes the main
retor to act as an “umbrella” while the fuselage settles into the trees and loses its
excess vertical velocity. (This technique is cxplaired under the heading, “Toucbdowr’.)

¢ Based on an effective stopping distance of about 4 inches.
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2. SETTING THE SCENE
Froa the pilot’s point of view, there sare two types of exergency landings:

(2) Forced landing: When further flight is imzposcible, but not as s result of
catastroplric sircraft control probliezs.

(b) Precautionary landicg: When further f2ight is possible. but inadvisable under
certain conditiorns such as deteriorating weather, being lost, fuel shortage, and grado-
ally developing engine trouble.

A precautionary landing, norzally, is less hazardous than 2 forced landing because
the pilct has more time for terrain selection, is sabject to less stress, and can use
power to coapensate for errors in judgzent or techniGgue. Enfortunately, too many
situstions calling for precautionary Iandings are procrastipated ianto immediate forced
landings becanse the pilct uses wishful thinking irnstead of reason, especiallyr when
dealinz with a self-inflicted predicazent. OCn the other hand, experience proves that
an ezergency situation that desands a gquick, irstinctive reaction withont tize for
rationalization is ofter handled better thar a situation that lesaves time for
*“mzeditation” and “self-pits”.

If serious injuries do occur in emergency landirgs, they geperally resuit froa lack
of understanding of the basic mechanics involved, cozpcunded by one ¢t more of the
following factors:

(a) Reluctance to accept the emergency situation. The pilot who won't face the fact
that his eircraft will be on the ground 3n a very short time regardliess of what he
thinks or hores is slready hendicepping himseif. In his efforts to delxy this dreaded
nozent, Lhe tends to maintain his altitude at the expense of aircraft controllsbility.
(Loss of speed and/or rotor r.p.m.)

(b) Tke desire to save the aircraft, even when it ipplies a course of action that
leaves po margin for error. 1If all goes weil, the aircraft may sastain 1ittle or no
damage; if the pilot loses his gamble, the aircraft as well as the occupants may be
lost. Stretched glides and failure to allow for obstacles in the approach path are
typical under these conditions.

(¢) Undue concern about getting hurt in a landing on rough terrain and its adverse
effect on the pilot’s judgment and technique.

To supplant all unnecessery spprehension by & justified dose of self-confidence, it
night be best to introduce the chapters on actual landing techniques with the follesing
statement:

A helicopter pilot w#ho understands &nd uses the guidelines presented in this
pamphlet is not geing to expose himself or his passengers to fatal injury during
emergency landings under the most adverse conditions.
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3. TERRAIN SELECTION

Except for the few critical seconds following takeoff, = pilot never has an excuse
denying hieself some forz of choice ir the selection of an emsrgency landing site.
This does not mean that he has to fly around precccupied with engine failure and suit-
able landing spots, but rather, that he has tc develop some protective instincts and
sound habits in the following ar«as:

(a) Routing: Using imsgination in the planning nf & route geces a long way towards
improving the survival aspects cf a forced landing. The difference between a direct
route which lexves no choice in case of an erergency and one that detours over “friendly”
terrsin is often a matter of oaly 2 few einutes or s fow gallons of gas. The same type
oy defensive thinking should go into the selection of terrain over which lccal training
flights are ccnducted and the directicn of take-off from confined aress.

(b) Altitude and Airspeed: More altitude above terrain means more choic., time-wise
and distance-wize. Excess airspeed can be converted into altitude and therefore, iato
terrain choice. Flying neediessly lox and slox over neck-breaking terrsin is one of
aviatiosn's capitai offenses. However, excessive altitude is not a biessing when it
leads 2o indecision. The beclicopter pilot should probably learn to think in termus of
optimm eltitude: hLigh encugh to make an autorotatiocn and low enough to get the aircraft
safely and quickly on {he ground in case of a critical malfunction.

It is unfortunate that in most training situations so much stress is placed on the
selection of a fisld that actually allows a (simulated) forced landing without damage.
This training prsctice and the bias it creates put heavy demands on the corposure of =
piiot who finds himseif beyond gliding distance of a suitable field. What is he expected
to do? Call his instructor for further guidance or a refund? Obviously, no flight
training is complete unless the student has been conditioned to accept the inevitsbility
of aircraft danage when circusstances force him to sacrifice dispensable structure to
protect the cockpit/cabin area.

Assuming that the pilot is beyond reacn of svitable landing area, he should judge
the terrain within gliding distance for its energy-absorbing capability. If sufficient
altitude is available, he should head towards the area that seems to offer the best
choice without being imrediately concerned abcut a specific spot. When the available
time is very short, the choice may be limited to a variety of obstacles, but it is
stiil a choice 8s loug as the pilot maintains control} of the aircraft.

The following discussion of the pros and cons of the different tyges of terrajn is
intended as general orientation only:

3.1 Trees (Forest)

Accident esperience proves conclusively that in an emergency situation trees can be
a8 helicopter pilot’'s best friend. In conjunctior with the modern, all-metal, main
rotor blade, trees have an energy-absorbing capability that may even compensate for
partial loss of aircraft control or an excessive sink rate. In practical terms this
means that under certain circumstances (e.g., low rotor r.p.m. or control difficulties)
8 tree landing may be less hazardous than one on flat, open terrain.
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3.2 Water

1t is difficult to explain the appsrent reluziance of some pilots to ditch their

helicopter in case of exergency. It msey be the subconscicus knowledge that the air-
craft %ill most likely be a total loss, or fear of getting trapped. Based on actusl
experience, the ditching of a helicopter definitely presents much less of a problem,
izpact-wise, than & landing on ve~y rough terrain or in high trees. If there are any
problees they sre mainly self-icposed ones in the form of premature evacuation of tke
occupants (before tke main rotor hss stopped) and failure to have all doors open at
the tize of water entry. The subject of ditching is covered separately in the last
chapter of this paophlet.

3.2 Desert

Selecting a suitable landing area in the desert should not present a problea. The
survival and cozfort aspects after landing, such as the proximity of settlewzents and
the availability of water, focd and shelter are sometimes mcre critical. For this
reason, the original choice - when considerable altitude is available - should be oae
of direction rather than a specific spot. Since orientation is easily lost in the
desert, it is advisable to make & mental note of a walk-out direction in relation to
certain terrain featurss or the planned landing direction. This suggesticr is made

witbout inferring that a conspicuously loeated aircraft should be left in favor of an
uncertain search for comfort.

3.4 Mountains

It is impossible tc give general rules for terrain selection in mountainous terrain.
¥hat was said earlier about “giving yourself a chance” in case of sn emergency defi-
nitely applies to the pilot’s ianitiative and habits in mountain flying. The pilot
should leern to instinctively avoid situa*icns where an emergency would leave him with-
out choice. Once he develops this instinct, the helicopter pilot will discover that
the unique flying characteristics of his aircrait give him considerably more freedom
from worry in rugged terrain than his fixed wing colleague.

4. APPROACH

Terrain selection from altitude is initially based on appearances, and therefore,
rnot always final. As the actual terrain features become more apparent, the pilot should
not hesitate to discard his original choice for one that is obviously better, but as a
general rule, he should not change his mind more than once. A well planned and executed
crash landing can be less hazardous than a wild approach into a large established field.
Once the pilot has made his final decision he should suppress the terdency to keep look-
ing for other — and hopefully better - fields and concentrate on the approach. The best

advice here is to fiy & normal landing pattern, without aggravating an already difficult
situation by using non-standard or unproven procedures.

When the pilot has time to maneuver, the direction of the approach is governed by
two factors: the wind and the location of obstacles in the approach path. A third
factor - the dimensions of the chosen field - enters the picture only when ample landing
space is available. A simple ruie of thumb in the latter case is: When the wind velo-
city is ten percent of the touchdown speed, a dnwnwind landing requires fifty percent
more ground roll - or sliding distance -~ than a landing into the wind.
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A critical situation is one where tane only available field is « confined area that
vill accommodste the aircraft only whenm the piiot executes a flawless approach. From
the pilot’s point of view, this set-up is a perfect trap which he can avoid only by
asking himself: From what direction should I approach to avoid disastrcus results from
possible errers in judgment and technique? Considering the two most obvious apprvach
errors (coming in too high or too low) ii is apparent taat obstacles (wires, buildings,
trees, etc.) permit only one type of error: coming in too high. To encourage the hard-
to-convince pilot to treat obstacles with respect, the probable results of coming in
toc low are listed:

(a) Striking an obstacle during the final part of the approach elmost always implies
loss of aircraft contrcl before the planned touchdown point is reached.

(b) Stre’ching the glide across obstacles to reach an spen area means sacrificing
rotor ;~.p.m. and yielding contiol over the rate of sink at iouchdown.

The fcregoing should make it clear that the approach direction ints a confined area
within gliding range is determined by obstacles as well as xind. To reiterate: The
rilot should aim at a wind/obstacle combination that permits a controlled touchdown
with the greatest margin of error. Yhen there are no obstacles to contend with, wind
should be an overriding factor only:

(a) When its effect is readily spparent in the aircraft’s grovad track.

(t) When there is sufficient time to do the necessary maneuveripg without jeopardiz-
ing aircraft conirollability.

Too many approaches go sour and end a&s serious mishsps becauge the crew pays too
much attention to the fixing of whatever they thought went wrong (engine restarting
attempts, etc.) and not encugh to the plenning and execution of the spproach. Emergency
lending procedurss and aircraft control always teke precedence over restart procedures,
even if the pilot kncws — which is the exception rather than the rule - that thes situ-
ation is correctable within the available time. There is no n2ed to explain that pre-
planned crew coordination for occasions like this can save the day.

In case of an erratically operating engine, it is often petter to kill the engine -
and shut-off the fuel - before final approach. This acticn not oaly preserves the
pilot's initiative but it reduces or eliminates the most common fire hazard: a hot
engine. (A turbine engin: cools off extremely fast after flameout.) Another ignition
source — the electricel system - should be handled in a similar manner wher the pilot
is no longer in need of the system's services and when time pe,=its.

Advice concerning protective equipment should not be necessary since every helicopter
pilot always has his seat belt, shoulder harness, and helmet chin strap fastened. Con-
trary to what most handbooks recommend, the locking of the shoulder harness (reel) ic
optional; it should be done only if time permits and if the pilot can do it without
endangering aircraft control. The purpose of the autcmatic reel is to give the pilot
the required freedom of movement in the cockpit while at the same time automatically
protecting him in case of an abrupt deceleration (in excess of 2 to 3 G's). To chtain
real benefit from the manual locking of the shoulder harness, all slack should be taken
out of the straps after moving the control handle from esutomatic to manual.
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5. TOUCHDOWN

Towards the end of the approach, the pilot is in the best position to judge kis
aircraft’s remaiving maneuvering capability with respect to the rapidly narrowing down
terrain choice. He must now make the final decision about the exact touchdown spot
and the manner of touchdown. This is not the time to get alarmed or revert to the
supernatural because the terrain doesn’t look as good as it did from altitude, or
because the best area is overshot or undershot. Of all the errors that can be made
up to this time, there is only one that’s critjcal: loss of rotor r.p.m. and the
resulting loss of control over the wanner of tcuchdown.

The following discussion of touchdown techniques deals with iandings on open terrain
and tree landings.

3.1 Open Terrain

Before instinctively heading towards open terrain (including establishad fields)
the pilot shculd ask himself the following questions:

1. Can I reach the open area with a normal glide withou! being tempted to stretch
it? (Nol:- The speed for maximum glide distance, power-off, 1s not necessarily the
same as the speed for minimum rate of descent.)

2. Does the surface permit a running landing in case of an excessively hard touchdown?

3. If T decide on a running landing, do I have sufficient aircraft control to inmsure
a touchdown without drifting or crabbing?

4. If the surface conditions are poor, do density altitude and gross load permit a
zero groundspeed touchdown at a reasonable sink rate or do I have the compromise in the
form of a minimum round roll touchdown?

As explained earlier, & running landing is less demanding with respect to pilot
judgment and technique than a zero groundspeed tcuchdown. It may even be said that a
straightforward emergency, such as an engine failure, over terrain that permits a
running landing hardly presents a problem. However, the pilot kas to be prepared for
the most adverse conditions and for this reason his training cannot be considered com-
plete unless Le has been taught to perform a zero groundspeed autorotative touchdown.

5.2 Tree Landings

When a tree landing is unavoidable or preferable, the pilot should select a touch-
down spot based on the following considerations:

1. The height of a tree is less critical than the height above the ground where it

begins fo branch. Tall trees with thin tops allow too much frec-fall height after the
aircraxt passes through the branches.

2. When dealing with young or short trees (twice helicopter height or less), the
most densely and evenly wooded area should be chosen. This is an ideal situation in
which the bottom of the aircraft as well as the mein rotor provide a cushioning efrect.
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3. ¥hen dealing with large trees, resistance against the bottom aircraft structure
should be avoided in such a manner that the fuselage &nd tail boom will settle between
the tree tops before the main rotor eagages the branches of the surroundirg trees. In
other words, the pilot should look fcr an area where the rotor disk meete equal resis-
tance at tree vop level with the “softest” spot for fuselage and tail boom to insure a
tail-low attitude at grouad contact. The genersl implication is that, although their

branches may overlap, tree trunks should provide a clearance of at least 1% times the
rotor diameter.

4, If at all possible, main rotor contact with heavy trunky high above the ground
should be avoided as it may result in loss of main rotor or transmission failure. If
a retreating (metal) blade strikes very heavy Iumber, the tendency of the transmission
is to fail in the forwara direction (with counter-clcckwise rotor rotation). The
opposite is true when an advancing blade strikes s heavy obstucle, including the ground.

5. A landing in a sparsely wsoded area may require more finesse than landing in a
dense forest canopy since the few individual trees act as obstacles rather than energy
absorbers. Under these circumstances, the terrain itself will probai:iy be the main
touchdown area and hitting an obstacel pric. to touchdown ofter leads to 1oss of air-
craft control and an uncoptrolles crash. For exsaple, if the left side ot the rotor
disk were to settle into trees while the right side met no resistance, the siccraft
would tend to strike the ground on its right side.

6. Brush-type vegetation of less than helicopter height should be dealt with as if
it were not there.

7. Clearirgs in woods should bhe treated vith caution as they may contain tree stumps
and other obstacles thut may penetrste the aircraft’s bottom.

8. Dead trees are dangerous; they offer little energy absorption and tend to puncture
the fuselage.

9. 4 tree lending should be executed with zero or near-zero groundspeed and in a
tail-low attitude. If for some reason the pilot is unable to reduce forward velocity
to safe limits and tree contact is unavoidable, he should flare the aircraft in an
extremely ncse-high attitude agninst the densest growth and as close to the ground as
posgible. In this case, the pilot is using the trees to absord energy of motioa in
the horizontal plane and the “ottom of the aircraft becomes the main contact point as
well as a protective shield. Even individual trees - preferably the smallest cnes -
can be used for this purpose if the center of the aircraft is aimed al the center of
the tree crown. Uprooting a tree under these conditions adds to the impact attenuation
process, as shown by accident experience.

As far as less yielding obstacles and man-made obstructions are concerned, the same
concepts apply: Aveid nose-first contact under all conditions ¢ad avoid destruction of

the main rotor until the aircraft is close to the ground and/or the forward velocity
is negligible.
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CONCLUSION

The reader is reminded that the purpose of this pamphlet iz to increase the heli-
copter pitot’s understunding of how to avoid or minimize the huzards associated with
emergency lsnding situations. The intent is not to instruct the pilot how to fly his
aircraft or to give the impiession that the reading of these contents relieves him of
the responsibility to maintain his routine skills and knowledge. The concepts and
guidelines presented should be seen as a tool to sharpen the pilot’s juagment in the
utilization of available skills and knowledge under demanding circumstances: their

proper application can reduce our already low occupant fatality rate (1%) in emergency
landings to zero.

ADIENDUM

Useful additional data are found in a report entitled “Ditching the Huey”, in the
May 1867 issue of the US Army Aviation Digest.

DISCUSSION

¥g Cdr Eley expressed apprecia“ion on behalf of all pilots present for the exceilent
work being done by such orguuisations as USABAAR. The ‘wrapped’ fuel tanks certainly
seemed to be a great improvement but was there not in wany helicopters a cace for

substitution of flexibie hose for rigid fuel pipes? Mr Bruggink replied that this
particular problem was being investigated at the moment.

Col Cody wished to support Mr Bruggink’s case for the use of available trees to reduce
impact forces in ateen forced rdescents. He had seen many successful outcomes from the
use of this techaique.
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SHNNARY OF SESSIGN 1V

Gén. Maj. Méd. Exrard

Dealing with bozards of tk: helicopier ooz asst first say thaf po :Trxing apparatus
is cowpletely withoat s certain ssooat of potential dazger to man. Therslore muck
work is to be coccenirated 0a sccident prevestion and survivai.

Icizg s£ill is a problex not vely easy to cope with adé ormplex devices are reces-
sary for its stedy 224 practical prerention.

The rescce of kelicepter cresws ufter ditching has been very much impreved duripg
ke past years to ecsble crews and passenzers to leave tke aircraft after an emergency
crash 1mmding. Sscage systexs for balicopters kxve shom very promisicg rescics so
that coe c2n Eope that the existing gD caz De filled in the near *1iore. X siatis-
tical sx=lysis of E2iicopter sccidents, in particnler of fazsl acc:dents, gave gocd
irdications for forther efferis in specific fields te redzce the letkhality rate It
is possible to 2void a2 comsiderabl2 proportica of fatelities by peying aore atteation
to ke safeiy factors.

Strdles of best teckzigues for belicopter enmergency landings gave pex interestirg
stimlf ¢o research increassd flight safetw.

P T b d T o e S
v




o

¥

e e — ————

3
i
N
14
{
4

260

o v s
R U, (TR R 3| TV

T e s e e e

it =

e &

RWUTHiorir b FHR N U r W




THE HOYERCRAFT AND ITS POTENTIALITIES

by

W2 Oir §_E Buricn, RAF

¥inistry of Technolegy, Prospect Housse,
£0/110 New Oxford Street, iondon %.C.1. L&
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RESUXE

Evposé ces principes teckniques sar lesgels reposs e Hovercralsz,
metient en lumidre 1° inportxice de 1" sseociation €z principe 22
coussic & air avec le développenant de “iupes™ sixpies.

Descriptica détaillée é- 1" crzasicaticn mililteirs britansicre =ise
sar pled e 1952 2ans le ot @ dvaloer e-potentiai zilitsire &=
Bavercraft.

Description des demx familles priccipsics de Hovercwefs, i2
SR.X2/3 et 16 SR.XF/5. Exzosf 425 Gypes € ssseis sarmels Ces
v&Mccles ont €5€ smis par P’ nité des Essals, e lagleterrs et
3 1'ftrenger,

Intéret actuel et futuer présiatd par le Bovercraft powe 1" Arzée
d= V" Afr, 1’ imde de Zerre =t ia Narine.

rues géadrales sur le prix de revient et 1 sfficacitd de ce
type de v&icale.

Questions ef débats.
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THE BOVERCRAFT AND ITS POTENTIALITES

Wg £dr J.E.Bartcn, RAZ?

Because of the lizited tize available to me, X will limit oy preseatation o s brief
descripiion ot the hovercraft desiga, 2 discossion of the scope of tme work =c have been
Going investigatinz the military roteatizl of tke bovercrazz, axd a fer words about our
fotere plxas. First thea, the general design of the bovercrzft.

7Oo® D: ssure sir is provided by 2 fan ad discharged by suitable ducting through 2
slot arouxd ke lower periphery of tke craft. This slot feeds air iato tk= cushion
srea tadernesih the crart anzd 2t the saze time, the curtain of s2ightly higher pressure
air romd the peripiery reduces the rate of loss of tke air frow the cesidos. Since
ahoat 15862 'he peripheral jet has bzen esclosed in 2 dovble-sided skirt made of
rubberised fabric mhich effectively extezds the siot dowuwards froz the craft
struocture, thus providing = vertical obstacle-cressipg cepabillity br deflection of the
skirt, of = to 8D% of the skirl depih. The comdinatica of the flexibie extension (or
sxirt) with the air cushion principle has resulted in a great savisg of instalied
pover s2nd 2as incressed the obstacle clearance capability of 2 zivea crz2ft by n facier
of five or zmore. Coutrary to ladies’ fsshiens 1n my country, we hovercrafit peopie
1ike cur skirts ¢o be as iong as possible! Generally spea2kipng, the skirt lengis can be
tp to adout oz sixth of the bean of the craft and this {s dictated by stability con-
sideraticns, since the further the craft is away froz the surface over which it is
passing, the less stable it will be. I order to give the craft basic stability, the
cushion gree is corpartmented by transverse inflsted skirts. The object of liftiag
tne craft on an air cushion is, of course, to reducc the resistance to cotion shilst
providing an obstacle clesrance capability. Additionally, i% gives the craft the
ability to pass over e varietr of surfaces such as water, rud, sand, marsh, suox and
ice with equai esse and withouf need to pause when changing from cnc sediua to another.
Currest asphibious craft srs powered by gas turbine engines to take advantage of their
lox power to veight ratio. Iastzlled power reguired is about 100 h.p. per ton of ail
op weight. 7The 1ift and propuision are generaily ca integral shafts geared to supply
about one third of the power for 1ift and tmo thirds for propulsion. <Cushicn pressures
are kept as low as possible. the present gemeratiion of craft having cushicen pressures
of 40 1b. per square foot (200 kg. per sq.meter} shich is about equivalent to the
ground pressure exerted by 2 seagull standing on one foot. Coutrol is by aerodsynamic
trpe controls operating in the slipstream from the »ropeller, by skirt :ift, and by
use of air jet reactions. The more sophisticated craft have the ubility to &ngle the
thrust of the propeller by swivelling the pyion on waich the propeller is oounted.

We recognised a possible pilitary potential following the success of the first full
scale hovercraft, the SRN-1 in 1959, and set up £ joint military Trials Unit in 1962.
The Unit has had experience of all hovercraft that have so far been produced in the
United Kingdem. We can say broadly that the work of the Trisls Unit has been
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concentrated zainly on the seskeeping performmance of the larger craft and oa the
potential in sheltered water, ssphibious operstion of the szeller craft.

I world like to dispose of ihe Iarger craft first.

The SRN-3 was delivered £o the Trials ©uit in 1964. It is 77 £t long by 3D ft &=
the tea (24 metires by 10 zetres) and has s weight of 3% tons fully laden of #hich
1% tons is payload. It is povered bty four gas turbines of S00 s h.p. 2ach 2nd has a
eaximun speed of 76 knots over s cala sex and s practical cruise speed of 50 knots.
Work oz this craft has beza coacenzreted oo proving the principle of Navzl use of the
hovercraft in the Anti-Sabeeripe tOle vsing s dipping sonar similar o that used in
tke helicopter. Since thi: kovercrait bas a good luad carrying cspability it car have
a1l the nscescary svbesrzine detecticm egzipment sad can resain on statica for loug
poricds. I terms-of over mter-perfomance in calz mater tke hovercraft is vers
stperior to suivelent sized vessels. Iz xoderate seas its perforzence and sea-
kéeping @alfties sre squitalent to those of s vessel of twice the weight, and in
sdverse weattrer 7t is capable of transitting at reduced speed in sea states zhich
would stop veszels of equel size. -

In the #zghibions role, the Triais it have umdertaken a lsrge nwzber of trials
using the SKA-5 bovercraft. This craft £irst sppesred in early 1364 as a comsercial
15 passenger ferry. It is powered Iy-2 single 500 s.h.p. gas turbdine and cen carry
a paylead of 2% tonsover s rmze of 150 mautical =iles. Its losded weight is ahbout
8 tozs. Cruising speed is =mbout 55 inosts and za=imve speed 60 insts. Trials bave
beea doene in various asreas ang incizde desert gnd Capadian Arctic terrain. In the
desert the craft’s potential in providing s rspid xeans of sscoth trassit was szply
demonstraied. Scee probiexs sifll exist, of course, and thess are meinly concerned
with engine filtration sné skiri wesr. In the Arctic, the craft chowed great prozise
as s zeans of openiag up areas shich are cul off by the winter Ior six months of the

T ¥ear. erformance wss. of course, supsricer in €e colder 2ir and as eapectad there
was even less friction when operating over iss: Probles zreas ¥ere concentrated on
winterisation of equipmeats snag of £he flexible skirt. Though the hovercraft can
tange freely over relatively szooth, level areas such as desert, it will be somewhat
liwmited in terms of speed snd hiil clizbing ability over the Xind of close couniry
that we heve in Eurcpe. In these ccanditions it =2y be necsssary to operaie only over
previously survered and graded routes to ensure that no obstacle wxiil he sncountered
which is beyend the craft’s capabiiity, For reduced ranze of operatien, the craft
can, of course, negotiate terrain which mouid stop sy other vehicle.

As an extension to the Trials Unit, we fommed a semi-operatiozal hovercraft unit
eguipped witn two SRN-5's and sent it to the Fer East for the shole of 1965, The Unit
wxs staticned for part of the tize im Singapore, part in Borneo, and for & swort time
in Thefland. In the Singapore straifs, thie craft wes gpsrstss2 very successfully in
co-operstion =ith Naval vessels, in the Cosastil Forces roie ss & high speed pairol
bost both by day and night, having the added capability sver convesntional boats of
being able te traverse shaliow water and sand banks. In Borneo, the crait speat the
majority of the time being used in the legistic support roie for the Army zlong the
main river communications of the coumtry. The craft distinguisned itself in this rele
showing that it could negotiate saall rapids, floating debris and tidal rivers shich
would normally be impassable or hazardouc o other river traffic. The only alternative
means of supply in such terrain vas the helicopter wshich was limited in payioad and by
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weather, due to the mountzinots nature of the country. Our Far East Unit farther
proved the potential of the bovercraft by czrrying out a2 shori trial over the paddy-
fields 6f Thailarnd. This secmed to coavince our Americen friends thet there was a role
for these craft in Vietnea and ¢he United States Navy subsequently bovnght three of
our SRN-5"s, ar=ed and ecuipped thex and put thex into operstion very succeszfully Ia
the Mekong Delta. I think this cperatica was an iceal exammple of how the hovercraft
should be considered as being cocplezentary to the helicepter and not in competitiosn
with it. In the task in Vieinzx, an armed helicopter was psired with each of the
SEN-5's in a search and destrey type d>f operation. 7The situation was that the water
levels s=re falling over this iarge generally inundated s2rsa and it was not ponsible
t5 use coaventional water borae craft. The heiicopters could not land hecause of the
floodircz. The speed and mobility of the hovercraft wes far ssperior to conventicnsl
vehicles and the helicopters were able to direct. thezs in pursuit of suspected Viet
Ctag throngh aarsh, swaxp, beasy grasslaad and light brush with great efficiency.

The force of three hovercraft aad tarze helicopters, in the words of the Asericans,.
achieved as zuch in one week as would have taker tiree mcnths using other =meass.

As well as the roles I have described, the havercraft has a good potential in the
ship to store logistic supply task. In the past, this task has bees done by slow
poving boats which can go no further than the beach and so=z¢«tines due to shallox water
not eves as fe- as that. Thke higher speed ot the hovercraft should enable the supply
ships to lie off in & less vulnerabie arex fur her from the coast, their use wiil
provide an ability tc get men and supplies ashore without getting wet. and flexibility
should be improved in that lapdiag zreas nced not be dictated by depth of water nor
by the state of tle tide. All thsse considersiiczas and the success of our trials
around the world have encouraged the British Ary to form ite first purely operaticpal
hovercraft squadron, equipped with four militerised versions of the SAN-6, capable of
operation in selected areas of tke wirld ic the logistic support role. The SPEN~-6 is
a8 lengthened version of the SEN-5 caj:able of carrying a furtner ton of payload at the
expense of slightly reduced performance. Ir addition, the Amy plan to carry out
experimental trials with the BH-7, which is a 40 ton craft specislly designed for the
logistics role. The Kavy also plan to use a version of this craft ian the fast patrol
boat role. In addition, the Navy have ordered a study into the possibility of building
2 hovership, initially of 300 tons and possibly later of up to 1000 tons for use in
the Anti-submarine rele. The Royal Air Force have stated a requirement for a hover-
craft bazed on the military SRN-6 specially adapted to carry fire fighting and rescue
equipment. A large number of cur airfields are on the coest and are surrcunded by
terrain «hich at lox tide is impassable to normal vehicles and vesseis, other than
helicopters. The helicopter is limited in payload and cannot effectively fight a
fire or rescur large numbers of survivors. The hovercraft would be capable of carry-
ing a payload of §000 1b. (2720 kg.) of equibment plus crew and after some of this
equipzent has been discarded, of trensporting 50 survivers to safety. The Ministry
of Defence are consideri,g purchase of a number of these adapted SRN-6 crsit teo
sugment the existing fire/rescue facilities ai cortain airfields.

As a means of providing = relatively smooth ride over g varicty of water and overland
surfaces whilst baving at least 40% and in emergency 100% of its all up weight as pay-
load, the hovercraft would appear to have excellent prospects. It hes attractions es
@ casualty evacuation vehicle apart from the roles which I have mentioned Its dis-
advantages gre that it is noisy and at this early stage of its development it is fairly
expensive in initial cost. but not in expense of maintenance or operation. The noise
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problex is capable of solutics when it is appreciated that the uir propellers presently
in use are taken direct from aircraft. Since they ere de_igned for differeant speed
regimes, they are far from efficient and moreover the propeller tip speeds are un-
necessarily high aad this is the main source of noise in the present generation of
hovercraft. We have initisted a development prograrme aiaed at producing s hovercraft
prepeller which will be both more efficient and less noisy. The initial cost of the
hovercreft will d~crease with the passage of time as more and more of these vehicles
come into use and the cost of develcpment can be spreaZ out. Weight for weight in
terms of paylosd, the Bovarcraft is considerabiy cheaper then the helicoptsr and likely
to become more so. Maintenance is simpler snd cheaper and standards nezéed not be so
stringent as with the helicopter. Crex skill can be iess and therefore trajning will
be cheaper. Generally spesking a Lovercraft is safer than a kelicopter asd it can
operate ir zach worse westher conditions. Having said a3l txst, I want to stress once
again *hat the hovercraft has not been developed to be in competition with the beli-
topter. We cagsider that Its psrtiruiar virtces sheiad be cosplementary to rotary

wing sircraft.
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PANEL CHAIRXAN'S CONCLUZINS REMARKS-

Many of us in AGARD, &nd in psrticular in the Aerospace Medical Parel, feel that
one of its most important functions is to bridge a gap between research and the
practicsl probleas of air operations within the JATO forces. This would seem to be a
fitting task for a miiitary research agency tut at some meetirgs which I have attended,
eaphasis has been on laboratory research without periaps a full appreciation of the
problems in the field.

Last spring the Aercspace Medical Panel held a short meeting in which flash blind-
ness was the subject under discussion. This brought together visual physiologists and
members of Air Staff ss well s aero-medical authorities. and resulted in a successful
and useful exchange of knowledge. This ¥as in.part due to the fact that the programme
was planned zround a single theme and contritutions were sought irom speakers selected
for their knowledge in one or other particuler field. This helicopter symposium has
been a similar exercise, and it has brought together not only research scientists,
aero-medical authorities and sir staffs, but it has also had a direct input from those
operacing helicopters in recent war cperations. I should like to mention in particular
the value of the papers we have listened to regarding recent military experiences.

Circuastances prevented me from attending all the sessions but in closing the
synposioe I shouicd like tc thank all those« who mede it so successful — all those who
coptributed papers, who acted as cheirmen of sessions, the interpreters, the AGARD
administrative staff and all those attending. I should like to make special mention
of Wing Cosmander D.I.Fryer, the chairman of our Editorial Committee, for undertaking
the task of laying cut the symposive and inviting speskers, and Lt Colonel H.Grinhofer
the Aerospace Nedical Panel’s Executive Officer for nis general support.

H.L.Roxburgh, Air Commodore, RAF
Chairman, Aerospace Medical Panel
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TECRANICAL SUXXNARY

CIRCCLATED INMEDISTELY AFTER THE SYNPSSIUN

A sopesiop en this Bighty toplical sciject mxs B2ld 2t XY Budlding, Forts: Decgpdice,
o ey 22 ~24ih inclrsize. Over siny pecple pacticipeted segresestizng the Stmed
Focoes of fen XED pendter cations, zmd teexiy-six pepess wece presented. In aditienm,
seresel filys w2e shosn aod thrre wos spiriced discrssion co miny topics shick were
e specificeily cowered Br foomel pagecs.

e meesicy wes coure ty e Elrector of 35D, Br Jomes, »B0 &uw stiection to the
great potenzial velne of sguposiz Im which exscctive aod specizlist frymciew of the
szr3fols oxn g2t togethber avored the condereace (alle 2o discoss im dspth the catome
of 2 perifcolar tasi, the meros by which it is taciled Ev cemPer catfces zf the problems
whiek Ezve pot Fei been soived szzis{wetosilp.

e Interess stown in this specialisy symposiom vas reflecied inm th2 preseoce &aTicg
the coemicgy session ¢f Gemerel Siromterg, NMI¥ES, »bo in 2 Erfef selecming adiress
ampbesised the valoe 0o th2 Xilitary Coomistee of the daciberzticns of the pr-els of
AGI3D,

e first sessicm, chaired by Colom2l ¥alcoe of the US Alr Foove, Jdezlt witd $he
Basfcopser 2s 2 Caorier of Persiomel 2o ¥aterizl, 8 clear pictesw» of the tasks faced
tv Belfccpter orerators wes grined from spe2k=rs with comend experlence im ¥alayaz,
Beomeo, Vielzzy, the 2rabiza Pemicsoiz =od In 2 £F seabosre stirile foree. Ther2 wese
21so drzmrzic firsiPen? accomnts of coo-miiftasy rescoe work in Exitish ccastal waters,
in the Xzaliazs flood diszsters of 1565 ad following the fooxdaricz of 2 Denisk fersy
from ahich §$£ persocs were sewved.

The seoond sessicn co The Belicopter a2s a2 Casralty Eracceticn Yedicle, vxder tke
ctzirma—ship of Air Commodore Yerbuors of the BEAF wz: imirodored by the sbowing of a2
Erfd1iz=tdy prefocad “Cicéme Vérité™ film of front-lice kelicopter casczlty evacration
in Veimzm &7 the CS 2my aod the sulseguent greatment of 2z casc2lty coiminzting in
2ir evarzatics to the American continest by the USSR Military Airlirt Coomesné. The2
dieace soreseguently learned with great interest of the intense zctiviiy of the
Interpatiosxl Red Ciross Organisztion, lzrgelr stimlated by the work in committee of
2 penel menter, Générzl Nzjor ¥édecin Esrard, Belgian lir Force, tosards the clarifi-
catica 2xd modemisation of the Genziz Coavestion as it affects caswalty evacuaticn by
2ir. Sobsegureat pepers gave clear descriptions of the organisation and fech-igues of
czsezlty Bzodling in modern gmarriila-ispe warfare and “ccafroaiatios” in tke bostile
eavirooment of the Far azd ¥iddle East.

Xext ca the programe was a sessioa on lircrewx Problezs in Helicopter Operztica in
shich pilots, research workiers ard doctors sho are also quelified helicopter piflots

tlined 2nd discrssed the mzny physiological and psychoiogical stresses igpose:d on
the crer of rotary-wing aircrzft. Uszder the guidance of the session Chairean, Generul
fauschner of the Geyman Air Force, opinions and experiences were exchanged on =any
subjects, inciuding noise, vibratioa, vision. instrument flying, selection and training.
There was also a uest interesting discassfion on the causes, effects and treatzent of
fztigue 2rising from intensive helicepter operations.
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In 2h2 fimd sessico roder the Carirmecship of Giad-zl Major Wdacin Brrard the
Exzerds of the BEslicocier were descridbed In 2 sarvey of helicoptior ascidents. There
were excelleniiy $1lwctiretsd presesiatioss cn the imrestigntion of tte segmwoce of
eveats I delitenie crxshes a3 oo the resexsch curresily 3 provress o meass ¢f
redocizg tBe Injosy potemtial of Baliccpier accidents ty piloting tecknicne, coew
escaoe tmaining and sfriored eSCIoE STSIZES.

Fir2lly, a gifrpse icio the futore azs poovided im s raper hy & veoy experismced
RAZ pilct who kxs been imtizmtely oomcemmad with t2e testizg of Bovercraft zod the
derelcpe=t of ctilisatiien teckzicoes for their xilitery exploitation.

In soamerising the abole mweting's delileratices the Coalrme of the ASWP aod the
project officer eagkasised the Research sod Develoswent gridaoce which could be derived
frem this type of mestiry. Maoy [coblexs Bed been discossed in which ccllsboraticn
Demserm %AD memier maticms by skering of tec:oolegical skills, exchacge of sgTipwest
a=d pooling of ressarchk fscilities coald rapidly brisg reszlits which wocld izprove
efficiency aod entaoce safely in the ss2 cf the Eeifcopier In 1zs tacticel role.

Aoy the fields In which AGARD siculd zake (Re Initistive in festering colisdborative
projecis the meeticg Bad revealad Clesr ceads in the foilowirg:

1. = dzvelcrment of rescoes axd sarvival alds In #hich {3e risks irherent in the
sz of such eqripment are redoced, e g

(x} sirors frem which pecple witho~t training casoot accideatally fall;

(b) 2ids xlerehy persorm2i gmaiting rescre can be sure of locaticn in all circum-
stences, particalarly tiose in shick vegetation etc. mizht izpede or preveat
direct visea? detection;

{c) protective equipwen: sherehy rescze persounel may be lowered into jengle and
other hostile envirommwents 2nd casualties azd “downed™ z7viators may be rescied
from soch conditicas »ith mexinos speed and minimur icjury.

2. Edocaticn of the military persommel, civilian aathorities such as the police,
fire hrigades, ship csners, coast geards, civil defence orgsnisations and the general
public in the foliowinyg matters:

(&) the preparaticn and zariing of landing sites, pick-vp sites, etc. incloding
the clearaace of obstructions;

(b) the limitations imposed by terrain slope, obstructions, alititude, load, wing,
darzzess, etc. on helicopter cperaticzs;

(c) the i=portance of clezr and standardised notification of casualiy numbers,
condition, priorily. *~:aticn and pre-rescue therapy.

Inciuded ir this educational prograzsme should be the preparation in advance of
instructional ieaflets and broadcast scripts for use in exzergencies such as floods,
wrecks, ete.

3. Kilitary passengers, whether fit outbound troops. casual passengers, sick
casuelties or rescue teams should be afforded better protection from the hazards of
the helicopter and the terrain over which it flies. Included in this category would
be:

i) 4
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(2) ke provision of caiversel-£5t kelmels with good inpret 2od acoostica? protec-
tion properties, bor desigmed to peowit both direct heavismg fr displacement or
cpeaing of ke ear-imsuiating porticss 20d in-f1ight commaicaticn beiwsen
commander 223 sassengers, perkags iy the looh systew with consegosnat eliniceticn
of eacmabering 24T cords:

(5) tke provision of soitebly elfective flotation aids for foily crmed oxd egaipped
ailigery strite persocsel.

4. Teere sionid be collaboration to design 2 litter er stretcher which woold combine
zs mEF x5 possibie of the following feilrres:

(2) light-smight, low Inlk 223 cheap cosstruciioz (disposable)

(b) eniversel fir in tke Relicopiers of XA r2fiocs

(c) mxdiotza=slioceocs

(<€) 2degoate soyport 5T proce or sepice patieat carmiage

(e) stressing and strosg-point lecatioz o permit winch-hoist

(1) 2 disposadie shield ip provide cover for threogh-trees hoist

() flotation in the evert of =ditching™

(h) suitadbility for ntilisation in externzl “fanaier™ stowage.

Sach 2 device conld exhasce casmalty maaageneat enormous:y by redocipg the amomt
of patieat handling in fransit. A caspzlty wonld thns be subjected t9 minimal
ummecessary distorbance daring pick-up, carTiage by air, & kand, by road, doring X-ray
investigation, and duoring surpical treatment.

5. There chould be collaboration ca the design of inexpeasive, low-balk and light
resuscitatioa apparates tc provide positive-pressure crclic pulzonary veatilatica with
oxygen and also facilities for suction to mzintain a satisfactory airwsay. The apparates
shonld function independently of aircraft poser or oxygen supplies and be sufficientls
robust to withstand rovgh handling during winching etc.

6. Aircres fatigue studies are vifally izportant but experience indicates that
progress in the measuresent and analysis of the zechanis=s of physiological disturbance
is unlikely to be rapid. It is essential that iesediate atteation is given to the
agelioration of those featuri’s of the aircrew task and eavironzent which engender
fatigue. These include:

(a) better seating with reduction of transzitted vibration
(b) better acoustiic insulation
(¢) tetter instrumentation and controls

(d) develorment of reliable autostabillsation systems appliceble to utility and
light helicopters

(e) improvesd visibility with minimal distortion and internal reflection
(f) provision of better meps and holders for in-flight use
{g) provision of warning devices to seise the proximity of cables and other hazards

(h) aids to pre-flight preparation such as the on-board display of all-up weight
and centre of gravity location

b e
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1) ixgreveaect of energy-absorpcion sext aoxmtings, da-lethelisation of the cocipit,
i fire scporession, izpest fire prevecticn iw foel ook and {2l linme design

ctanges ctc.

7. Stodisc of futore vehicle desigs and depigyment ragriremects shonid b= coatinped
) snd their resalts widely circolsted.

D I.Fryer
¥z C2r RAP
Project Officer

AP IR
'

o A ——




A 5 S PRACR W 7
o wgrs ARl Pine e o

ATTENDANCE LIST ;

@FFICIALS

*

Kir Commodore L Roxtorgh, Cairmen ASWP
Brigadier Geaeral E.& . lacmschner, Vice Chairmxm ASHP
¥ing Commacder D.Y.Fryer, Project Qfficer

; SESSION CHAIRNAN

: X Colcnel R S Mzlcpe, TSP, XC

Office of tke Sorgeocn Generxl, US2F

Hgs CSAP (APMSPA), 81¢z T-8 .
Washington DC 26333, ©SA

I Afr Commodore R 0.Yerbory, RAF
Miristry of Def
(DHR(RAF))

i 1-6 Tavistock Square

Londen, W.C.1., Ongland

II1 Brigadier General E A lavscEper, GAF. R{C
Flugsedizinisches Institut dur Loftwaffe

! 808 Purstenfeidbruck/Sbb

Germany

iv  Générai Major Xéd.E.Evrard, BAF, WC
Conseilier Médical Militaire prés de la DS1égation Belge au Conseil de
¥’ Atlantique Nerd
Ceszine ¥ajor Géruzet — Bloc L
Brussels 4, Belgim

AGARD PEXSONNEL

Or X.P.Jones, Director AGSRD

Lisutenant Colonel H.Grunhofer, Executive ASRP
¥iss P.Sazuels, Director's Secretivy

Miss A.McStravick, Panel Secretary

: SPEAKERS
i
“; Captain J.T.Adams, USA Major J.E.Bizer, USA
= Departrent of Aviation Medicine US Army Combat Developments Command
# US Army Hespital Medical Service Agency
2 Fort Rucker Fort Sam Houston
¥ Alabama 35360, USA Texas 78234, USA

AT T T,
e v 8

ARSI
-

e




TN

.

e S e o SN i A A IS A AR
.

[

— Tt e

s e e

it

Winz Commandes R.Rrown, FICS
Sargical Division

RAF Hospital

Ky, Cambs., Ecgland

Xr G.)M.Bruggink, US Arxy Board
for Aviation

/2

Fort Rucker

Alsbams 26360, TSA

Captain C.J.3uckley, USAF, WC
Surgeon, Aerospace Lescue and

Recorery Service (MAC)
Crlando Alr Force Base
Floride 32813, GSA

¥ing Commsnder J.Z.Burton, RAP
(AD Hovercraft)

Minisiry of Yechnology
Prospect House

80/110 New Oxford Street
Loodon, ¥W.C.1., England

Major T.Clapperauld, RANC
Seaicr Specialist in Surgery
Royal Herbert Hospital
¥oolwich, S.E 18., Esgland

Colonel R.L.Cody, USA
ACSFOR

Aviation Directorate
Dept of the Arxy
Washington DC 20310, USA

Surgeon Commander I.H.Colley, RN
Principal Medical Officer

Royal Naval Air S:tation
Yeovilton, Scmerset, Englend

¥ing Commander D.Eley, RAP
Chief Flying Instructor
School of Army Aviation
Middle Wallop

Stockbridge, Hants, England

Général Major Méd.E.Evrard, BAF, NC
Conseiller Médical Militaire prés de la
Délégation Belge au Conseil de
1’ Atlantique Nord
Caserne Major Géruzet - Bloc L
Brussels 4, Belgium

Lientenant Coicrel Ferrie, RAMC
ficer Copeanding

British ¥ilitary Hospital

Rinteln, ¥West Germany

Liegteaant Colcnel E Lgil}, USA
SS Arxy

Office of the Sargecn General
Washingtcn DC 20315, USA

Lieutenant Colonel ¥éd. A Landrain, BAP, NC
Caserne Gérazet
Brussels 4, Belgim

Surgeon Commsnder W.A_N.Mackie, RN
Royal Naval Air Station
Portland, Dorset, En:xlend

Captain K.L.Mattox, GSA
USABAAR

Pert Rucker,

Alabama 36350, U3A

Major F.J.Nills, ©SA

Departsent of Aeromedical Education
and Training

US AAWNS

Fort Rucker

Alabtesa 363560, USA

Colonel Spurgeon Ne=Z, GSA

Director of Plans, Supply and Cperaticns
Office of the Surgeon Geaeral
Department of the Arzy

¥ashington DC 26315, USA

Brigadier Gonoral A.2aganelli, IAP, KC
Directore di Senita

2a Regicne Aerea

via Arbia 70

Rome, Itely

Maior K.S.Petersen, RDAF
Air Station Vedbaeck
Denmark

Mr T.R.Ringer, National Research Council,
Canada

Low Temperatura Laboratory

Meckanical Engineering Division

National Research Councii

Ottawa, Canada

[

[}

SORE A B W AT RN B T A oy T st el E v e e B

»




ORISR SR A

4

LASAL
Y )

T

R TR
RS

K1

T
P vt e Za.

TR

T
TWM,,

R G S e S TR o i g 2 Bl Wt

¥r F.T.Thowasson, USN Alr Systegs Command

Parachrtes and Advanced Escape Systems
AIR-531 2A

Neval Air Systems Coamaud Hesdquarters
¥ashingicn DC 20360, CSA

Wing Commandetr M. W.B.¥atson, RAFP
Staticn Xedical Centre

- el e ol o & i e - e et e aaen -

x5

Lisutenant Commander P.J.¥Williams, RN
Rcyal Navsl Air Station
Yeovilton, Sosersei, England

Dr H.Seris

Laboratoire Medico-Phuysiclogigue
Aerospsatiale

Centre d"Esssis en Yol

RAF Leconfield 91 Bretigay-cur-Orge
Yorks, England France
OBSERYERSE

Major Torgeir Asdshl
Gardermoen flystesjon
Garder=cen lufihawn
Norway

Lieutenant Colonel R.Bailey, MSC, US Arsy

US AAVNS
Fort Pucker
Alabams 36360, USA

Colouel Med.Delaunois, BAF, ¥C
Direction Inter-Forces du Service
de Santé
Caserne Baudouine
Place Pailly
Brussels 3
lgium

Commandant Av.A.Donckier
Etat Major Force Aérienne Belge
Bri.3cels, Belgium

Lieutenant Colonel E.Ebeling, GAF  MC
Flugmedizinisches Institut de Luftwaffe
808 rurstenfeldbruck/Obb

Germany

Géneral Major Méd.A. Guerisse

Directeur Inter-Forces du Service
de Santé

Caserne Baudouin

Place Dailly

Brussels 3

Belgium

Lievtenant Comsander F.J.Hill, U
US Naval Aviation Saf~ty Ceater
US Naval Air Stztjon

Norfolk

Virginia 23511, USA

Colonel T.N.J.Hoogvliet, R.Neth.AF
Soesterberg Air Base

Scesterberg

Netherlands

Captain R.G.Ireland, MC, USN
Commanding Officer
Naval Air Engineering Center

Attn: Aerospace Crew Equipment Laboratory

Philadelphia
Penn. 19112, USA

Lieutenant Colonel Th.B.Kolling, MC RNAF

Kampweg 2 Scesterberg
Soesterberg
Netherlands

Commander R.Kooper, RNN
Chopinlaan 45
Voorschoten

Netherlands

Colonel A.P.Kriebel
Chief, Medical Branch
Hqs AFCENT

Brunssum

Netherlands

L

B

it ot

LBy M L

e Y Wty 3

R N VI

e v o 4L
)




¥gi1an

ORI

N

«],.

o s

[T

”»

.

5

¥Mr R.E.F.Lewis

Head, Huwan Engineering Group
Defence Research Medical Labs
P Box 62 Staticn “E”

1oronto 12

Catsrio

Cerada

Mr J.A.iockerd

Office cf the Chief of Staff
Dept of the Arxy

Washingtoa DC 20315, USA

Captein 1.C.Perry

Has Army Aviation

Middle ¥allop

K- Stockbridge

Hsnts, England

Lieutenant Coionel Shamburek, ¥C

Aviation Branch

Pians Divisien

Dirsctorate of Pians, Supply and
Operaticns

Office of the Surgeon General

¥ashington DC 20315, USA

Lieutenant Colenel K.B.Strensen, RDAF
Flyverdetachement 605

Thorshavn

Faeroerae

Denmark

Colonel N.H.Sbrensen, RDAF
Flyvertaktisk Kcmmando
Gedhus pr Koelvraa

Denmark

Lieuterast Colonel S,T.Stevens, USA
Offics of the Chief cf -Staif
Department sf the Arwy

Washington DC 20315, USA

Dr W.Thierscheann
8 Munchen 1S
Heideckstr. 26

- Gersany

Yajor Med.S.Tribel

Direction Inter-Forces du Service de Santé
Caserne Baudouin

Place Deilly

Brussels 3, Belgium

Colonel P.Violette FAF

CERMA

S bis ‘AVc de 1s Porte de Sévres
Peris 15°

France

Mr ¥.H.Young Jr, MAT 0326D

Hqs Naval ‘Material Comsand

Room 1209A, Main Navy Building
18th & Constitution Avenue, N.W.
Washington DC 20350, USA

Colonel G.Zinnemann, USAF, MSC
Office of the Surgeon General, USAF
Hqs USAF (AFMSPA), Building T-8
Washington DC 20333, USA

Mr D.Knight

NATO Defence Research Board
Paris

France

>

P

kil

R RE e S b S T

gy A ARttt ot
ottt s R

i

o

X mad i

Mo

MRRECARIMAR QI

Sl

et

LN

TR

(RSP 11y Vo

L

FEFC A e TR O TR




SR HLatY 9 5
o i oty 886§ e SR e

DISTKIBUTION

Copies of AGARD publications may be obtained in the
arious couatries at the addresse¢s given below.

fr Cn peut se procurer des exesplaires des publications
& de 1° AGARD aux adresses suivantes.
é‘ BELGIUM Ceantre National 4’ Etvudes et de Recherches
> BELGIQULE Adronautiques
E 11, rue d'Egsont, Bruxelles
B CANADA Director of Scientific Inforsation Service
F Defence Research Board
g Department of National Defence
7, ‘s Building, Ottawa, Ontario
EJ DENMARK Danish Defence Research Bosrd
- DANEMARK @sterbrogades Kaserne,
E Copenhagen, @
FRANCE 0.N.E.R.A. (Directicn)

25, Av. de la Division Leclerc
Chatillon-sous-Bagneux (Seine)

GERMANY Zentralisteile fiir Luftfahrtdokumentation
ALLEMAGNE und Information

8 Munchen 27 Maria-Theresia-Str.21

Attn: Dr. H.J. Rautenberg

:i GREECE Greek National Defence General Staff
1 GRECE B.JSG, Athens
H -
- ICELAND Director of Aviation
'5 i ISLANDE c/o Flugrad,
K § Reykjavik
g
i 3 {TALY Ufficio del Delegato Nazionale
i ITALIE 211’ nGARD
g Ministero Difesa - Aeronautica
g Roma
!
> LUXFMBURG Obtainable through Belgium
ILUXEMBOURG
5% NETHERLANDS Netherlands Delegation to AGARD
; PAYS BAS Kluyverweg 1, delft

e

AP A LF Sk Ao LSS S
S :

ST D TR s

S e

AR v, ) . e e e e -

A a o
¢ .

. . .

Sarani

J



I

NORWAY
NORVEGE

PORTUGAL

TURKEY
TURQUIE

UNITED KINGDOM
ROYAUME UNI

UNITED STATES
ETATS UNIS

TITST

yrrT
s

YT

Norwegien Defernce

Research Establishament
Kjeller per Lillestriim
Attn: Mr. 0. Blichner

velegado Nacional do “AGARD
Direcgdo do Servigo de Xaterial
da Forca Aerea

Rua de Escola Po)itecnica, 42
Listas

Ministiy of National Defence
Ankara
Attn:  AGARD National Delegate

Ministry of Aviation
T.1.L.1,

Block A,

Station Square House,
St.Nary Cray,
Orpington, Xent

National Aeronautics and Space Administration

(NASA)
Washington, D.C. 20546

&

Printed by Technical Editing and Reproduction Ltd
Harford House, 7-9 Charlotte St. London. W.1.

e s OIS

T e e g i v




,

T Lo e sdoments s s Ay N v . . -
3
%
*0'%'d ‘CLd
’ 30 107318) ¥ H#¥ I03dedFIOH OYl sBurpvoy urse JO I91laws v se I33dodYIOH ayJ :sAuypedy uUrem
Ino Jopun padnoxd ogv srodud VYL HOTIFUNOD (IVN INoJ Jopun pacnold axw staded 3YL SOFIIUrod OLVN
JO SI007JJO JUTAIAE OJOM WOYF JO Ausw (8109 JO SI30}3JJ0 Bujalas 219 Tuy3 Jo Lusvm 5107
. -10d0 pUV SI00UTAUD ‘BISJIOTOTBLYA ‘BUB[OTUYTD -n13do puv sJ103uT3ue ‘s3¥TA0TOTSAYd ‘SUBYOTUITD
popnIouy ROQVWIOYOP oy ‘suOyIVIOA0 J83d0dTTOY papnyouj $03€3910p SuUL ‘SUOTIBIAd0O I93d0DTTAY
. uo g300d8e TeEOTpPOW N3 uo Buyloow Aep ds0ayy Jo s300dsw [TOYPOW a9k} Uo 3uyllaw Lvp 3BIYY
. . v ¥ pojttersrd mrodvd Y2 JO KojaNIMNG 8§ UBWITHID u 18 pajuasatd sxsded 9z JO SIyIBWURS & UBEITBYD
: “ pire SUOTRENOSTDH ‘3X04 DUYF SUTEIUOD ODUNTOA HYYL pue SUOYSSNOSIP ‘1X33 9YJ SUTBIUOD IdwnloA SIYL
L961 L961
w87y “1oUT cdd 9Lg 's8¢3 -1ouy "dd 9.2
C NOILYQALIS fYOTLOVL JHL NI NOILVALIS 7IVOILOVL 3HL NI
SNOILYHYIJO HALJODITEAH 40 SLIIJSY TVOIQININIY SNOILVHAJO ¥3LdJ0JIM3H 40 SLOTJSY TYOIG3A0UIY
JUONEO[OAD] PUB YIIWABOY 0JWABOIBY J0) ausd0o4AdQ PUB YOIBASIY d0BAS0ISY I10]
* dnolp AJIOSTADY ‘uojIvzZIiNdlp £3u0a) OJFUVIIV YIION dnoxp LIOSTAPY ‘UCTIBZIUR3IQ A382J) OTIUBIIY UIJION
69 °C1Q b2 *ON 307105 83uTpPOSOOI DOUBIOJUCD (UVOV 69°€19 $2°ON 597498 S3UIPIIDOI4 dOUIIIIHOD QUYOHY
4 .—U..F.h .O *L'd
JO JOTJIIN) ¥ 8% Ieddodyloy oyl sdurpuoy uyww 30 a9]l1lv) B8 S8 183doOT(OH aYL :sIuIpway uyeaw
. IDOJ Jopun pednoxs agw srI8ded oyl °*SATIIUNCD OIVN Inoy Jtopun padnoxl axv sloded 3yj, "SITIIUNCD OLVN
" 30 8108730 AUTAIOR 0I0M WOYJ JO Auzm (8103 Jo 83807J30 BUTAIOS 31aM WOyl Jo Luzmw !SI0}
-830(0 pie sJovuUyRUO 'EISTROTOTLAYd ‘SUNIOTUYIO -gyodo pue sx3auydua ‘s3syFojoysdud ‘sSUBIOYUTID
poOpnToOUY £jwdeop oyl ‘suoyjBIodo Iejdodyloy papniouy sojesayap oYyl °suojjeIado J03dOdITAY
) ! 3O ¥300us8s [w¥O}pow eyy uo Fujjeom Lep soIY] Jo sjo0dse [BOIbAaW 2yl uo 3uyjaaum Lsp A
s 3N voo:caoun #I0dwd 92 JO SOTJIMIMNG 8 ,\NUWIYSYD 8 98 paquoasaxd siddsd 9z JO SajJewmns S ,UBBIIBUD
b puw c:o«:n:cnqe 1x993 0Yj SUTVIUOD OMNTOA STYL pu® SUOYSENOSYP °‘3X97 dYJ SUYBIUOD Imnyoa SIYY
L8961 L9861
‘@317 'Your dd QLT ‘'s831 *TouUT °dd 928
, NOILYALIS TYOILOVLI 3FHL NI NOILVALIS TIVOXLOVLI JHL NI
SNOTLYYILO YALJODITAH 30 HL03dSY TVIIQINOUEAV SNOILYY340 H3LJ0DIT3H J0 SLOAdSY IVIIA3INOWaY
] JUeEIOT0AS(] DPUE UDIVURIY BOWISOIOY JO) JUaLAOBADQ PUY YOIVISSY 808d50.J9Y JOX
Aanolp LI087APY ‘uotjezYUeBIp Ajwell OTIUSIIY YIJION dnoldp AICSTAPY ‘UOTIBZYUB3IQ A3BAIL O7IUBIIV UIION
80°'c19 PZ*ON RO1JI98 FBUTPIVDOIG 0OUIIBFUOD QUYDY 69°219 pZ *ON §27J95 S3UTPIAV0IG 9DUIIAJUCO QYVDY
m
,2%%!—.‘]7 —— oy

o owgh eme Vs wmom

o b T O 2 o Sl

VLA

X

Mt et A e L N

yaSa

LI s e et . e VI

A L

POpSt AR s
o

O e ettt o cereen et 2o



"

AP

P ] O S A o - -

D R LMl r i Tt e i s b Py

F .

-,

LAGT "ANR PDeBE UO 'I0INNA ‘HTA%Y 'HIOIVABINGK QLYN WV
(NYOV JO YoUNy (NOYpaN AONMENIBY BW) £q D19 MNfAOMNAR ¥ v PAIUBROLL w8ty

WO TIVIIUAY0] #3T PIN AJWI0I0A0H BILL O JAAVE ¥ B QaaYY 'uorI IR
UL *A0000118H MY JO NPINKVH DUV 'HUOTIVJOUQ H3400T(AN U HWIYAOLQ MDDITY
'IOTNAA HOJIT ADVAY AIVNNND ¥ NV JBdUOTTUN BUL '[¥TI0TUN PUN [BUUONIEY

L9061 ‘AN ¥T-ZT VO ‘00UNJY ‘YW 'RIOINNDPRWON CLVN ¥
QRYY JO 10UW] TYOTPUN OOVABROXOY OYY AQ DPIVY EnTE0dEAg % Iw DOILOBVI] 810dvg

WATITIVIAUGIOL €93 DU JVI0JUAO) O uO Jodwd w 87 Oxoy) ‘uoTIIhde
up  *307d007170H 643 JO HPIVAVH PN 'RUOTINVLOAQ J02UVOT V)] U WWO QO] MOIIITY
'D1O{YOA UOYENONAY LI1ENBYD W ¥ J07d0DYTON OYL °SIWTIOJUN pUE [OUUOBIDY

s = a o

LOBY 'AVN BLeZC UL 'DONRAY NIV 'RIBTIVNDPNGY OLVN e
ONVDY JO TBUNy IWOFpON DONANOIAY AYY A PYAi whiBsOdedy ¥ 19 PIIUBADIN Ba80W]

'WOYY TN IIUDIOL H1F DUV JNI0LUA0H UL U0 Jbdwd ¥ vy B3l ‘uor 1hpe
up  'a0dody el auy Yo SPINZNH puv sunivladg J0Y003 Y10 N KMITQOLE MALOLTY
'B{OTNBA HOYINNDYAY AITUNNN) ¥ HW 4 2UODY IO OHL (VLA TUN DUV DUUORADY

LOBY ‘AN §T-TT UO ‘0OUNLY ‘KTI¥J ‘SIGJINDPEOR OLYN %
CGHYDY JO (0N [VOIPON GONANOXIY O3 AQ DOY wnisodmAy ¥ ¥ pOJUGS0Id sJ0ded

WOTAYINTIUAGAG €37 DU 2JBIOINAOH OYL UC Jodwd ¥ 8] 0JOY3 ‘UOTITPPE
Ul *J0MdODY 8N AW} 3O SPINRER DUV BUOYINIGUQ JUIODLTOH LY BWI TGO MODLTY
*3TOTIOA UOFIRNOWAR K7T¥AVED 3 BW JIJAODTTOH QYL ‘[¥IIO¥N PUY [DUUOBIOY

o e s e

AR PR ST A ¥ % i e 9

e <l e e




