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PREPFACE

Duxing June 1975 the FYourth Advanced Operational Aviation Medicine Course vas held st thes Royal Alxr
rores Inatituts of Aviation Madicine, Yaxnborough. Repressntatives from rinm NATO countries attanded the
course, and thay included dootors from ses, land and aix forces,

The course covered in depth soms aapects of aviation medicine which are of currant concexn to the
effectivenses of NATO air forces. The topics included the training of ailrcrew in aviation wedicine, wmedical
aspects of naval halicopter operations on the northexrn flank of NATO, devalopments in personal equipment with :
spacial refersnce to helmet developments, high speed escape and therwal problems, and the use of hypnotlcs |
in air operations. These topice ware of special intarest to the Poyal Navy and Royal Air Force.

Representatives visited the Royal Maval Afx Mediccl School whers they observed current techniques used |

in training for rescue from helicopters, and the Martin Baker Aircraft Company Limitead for demonstrations *
i
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of their curryent equipment and developwent work.

In this publication tha lecturers have preparsd papers which it is hoped will provide useful matsrial
for the application of currant work to the needs of operational alxorew.

I would like to acknowledge tha considerable help I received frow tne staff of the Royal Alr Force
Institute of Aviation Medicine and the Royal Naval Adxr Medical School, and in particular to my assistant
Miss Carol Bryant for help with the organisation of the course and in the preparation of many of thae
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HELICOPTER OPERATIONG ON THE NORTHERN
FLANK OF NATO

by

Surgeon Lisutenant Commander A P Steele-Perkins RN

INTRODUCTION

The genexal requirement of the helicopter support of tha British Naval cosmittment to the northern
flank of NATO is the protecticn of cea forces. This involves anti-submarine operations, and in this rolae
the helicopter has proved highly efficient. It has a fast operational reaction, and with sonax and radar
it possosses a good -apability for the location of submarines. Usually, several helicopters are
operational at any one time, and they form a protective screen around the force. 1In the Royal Navy the
Ssa Xing helicopter is used in this role. An additional role for the helicopter is in commando assault
operations, Helicopters ferry troops and equipment to and from ships, and prov.’. field support. The
Wessex Mk 5 is used in this role. It can carry about 10 fully equipped soldiers.

The Heliocopter Environment. The usefuiness and effiociency of the Sea King halicopter is such that it is
used to its full potential, A sortie is usually of 4 hours, and many factors contribute to th. Juitigue of
aircrew. The most impoxtant ars noise, vibration and general discomfort. Vibration is a problem in all
haelicopter operations, but rotor blades woxn by the salty atmospherc inorease the problem, The aircraft
is noisy because the gear box intrudes into the cabin and there is very little sound proofing, and, though
helmots are used by aircrew, throat microphones tend to transmit some of the noise. With radios, inter—
communications ad sonar, noise may be a particularly important factor in aircrew fatigue,

The crews of helicopters oftan operate in a cold environment, Electrical heating of the extremitiss
tands to combat serioua discomfort, but the crew wmember most at risk is the sonar operator whe sits directly
behind the hole in the floor throuwgh which the sonar transducer travels,

Operations. During operations rests between sorties are usually reduced by briefing, changing and eating
while sleep may be impaired by the pitching aand rolling of the ship and by the high noise levels. These
factors are lmportant and contribute significantly to the fatigue of all crews.

Military support operations cften involve mountainous coun:iry, and demand high levels of concentration.
Buch operations are hazardous because of turbulence and draughts. With down draughta the helicopler may
descend with full power being applied, and knowledge and practice of the techniques of mountain flying are
iwportant. There is also a dangexr of disorientation. It is easy to misinterpret apparently horizontal cuss
and to misjudge heights. The "break-off"” phenocmenon can be experienced in helicopter flying over mountainous
country. Opsrations over snow covered land can be particularly hagardous, as it is Aifficult to judge
height, and a radar altimeter is essential, The re-circulation of sncw through rotor blades when close to
the ground reduces vision (white-out) and safe handling of the helicopter is a skilled operation.

Survival. An additional hazard is suxvival in the event of a crash. 1In the Arctic survival can be a matter
of minutes unless the crew is suitably protected. All crews have a survival pack, and this contains a
single-man life raft and survival aids. With a crash into the sea a holicopter may turn over, and partially
sink before the crew are free., Immersion is a serious complication, and it is important that the dinghy is
used as soon as possible. A life raft with an inflatable floor and a canopy provides good protection against
chill. Frequent practice drills and experience of the behaviour of a sinking helicopter are necessary for
alrcrew operating over the sea.

iy
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MEDICAL ASPECTS OF OPERATING ON
THR NORTHERN VLANK OF NATO

by

Liesutanant W J Blake RN
Institute of Naval Medicine
Alverstoke, Gospoxt, Hampshire
United Kingdom

INTRODUCTION

The arctic environmant has been described as a dynamic force with a powerful and often violent influence
on tne ignorant or unwary. Man has learnt to live and work in the Arctic by daveloping clothing and
equipmint that will protsct him from the cold; but military experience has shown that success in such adverse
conditions depends far nore upon the knowlsdge of how to behave and use the protective equipment available,
than it 4doem upon the equipment itself, To survive successfully in the Axctic man must have a working
knowledge of the climatic conditions and anvironmantal characteristice. Without such knowledgs it is unlikely
that he would survive should he ever be stranded, in the opan, with limited resouxces. Swh knowledge is
also essential for aircrew and groundcrew who will be sither flying, ox servicing aircraft and ground
equipment, under conditions not normally encountersd when operating in wore temperate clisatas.

Environwent

Winter in Northern Norway lasts fram October to April, the long hours of darkenss, heavy arctic clothing,
the cold, and heavy snow conditions all contribute to the difficulties and maxkedly lowex work achiavement.
There is a reduction in mental pexformance and a deterioration {n the ability to parform manual skills to the
uxtent that the majority of taske will take up to two or three times as long as 'normal’'. The ability to
fight and survive undser such extreme conditions comes wainly from axperience and training in that particular
environmant and improvements in mental and manual parformsnce will also come with the knowledge of how to
live in thet environment, rather than by attempting to fight it.

From mid Novamebr to the end of January there im a period »f almost completa darknass gradually changing
to twilight, until in February the sun creeps slowly above the horizon. The climate and topography differs
greatly from area to area, and each presents their owm particular praoblems., Only 4% of Norway is arable
land, the remainder being 248 forest and 700 sountains and lakes. The coastline 18 long with deep fjords
and the interior wountainous and slashed with deep valleys. The north of the country lies in the Arctic and
Subarctic zone whilst the xemaindar of the country is in the so-called Tempurate zone.

In the North, winter temperatures can be expected to fluctuate from 4+6°C to -40°C and are & atrange
mixture of Cold/Wet and Cold/Drxy conditionm. One of the most striking features, and very difficult to daal
with, 18 the gsharp rise and fall of temperature that is sometiwes encountered. Variations of 159C - 20°%
in a twelve-hour period are not uncommon. Cold/Wet conditions are demoralizing at the best of timms but
when f{ollowed a few hours later by freezing conditions they are almost impossible.

The cooling power of the environment is signiricantly increased by air movement, and windchil) and ite
effects are of particular interxest to groundcrew, as a great deal of their work has to be carried out under
the downwash of the rotor blades. This Acwnwash creates wind-speeds of up to 40 knots which in turn causes
swirling clouds of re-circulating snow to penetrate even the smallest opening in a man's outer garments.
Mditionally, ambient wind speeds of 5 - 20 knots arae typical for the area. The winds from the North and
Bast bring very dry weather, while fxom the South they bring subarctic canditions. The South Westerlies
generally herald a rise in temperature and frequently bring heavier snow falls.

The 'Windchill Index' devised by sipm1 has proven to be a very useful means of determining the extent
to which men can be exposed to cold. As you know, tha ‘index' is read from a nomogram of the variables,
namely, the arbient tesperature and the wind speed, such as that illustrated at rigure 1. The cooling rats
13 expressed as Xcal/m2/hr for various temperatures and wind spseds, with tha cooling rate based upon the
naked body at a neutral skin temperature of 33%,

To many. the “"ecuivalent chill bnpoutun"z will be wore meaningful than the 'wind-chill index'.
The graph translates the combined effects of wind and temperaturd to the equivalent temperature that
would cause the same rate of cooling of human flesh, under calm conditions. whilst there should be little
danger, for Arctic trained personnel, down to squivalent temperatures of -299C, 1t can be seen from Figure 2
that groundcrev tsaws working under tha rotor downwash will be working in extremasly stxessful conditions.
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Groundcrew Tasks

The tolerance of man to tha cold is largely determined by the parts of his body which are usually
unprotectsd, such as fsoe and hands. TO use the words of Burton and Edholw, “no really satisfactory taoe-
wask for the functioning soldier has besn available and gloves have often to be removed for fine work"d,
The position has not greatly changed as far ss groundoxruws ars concerned, and a carsful assessment of the
work involved in each task is necessary to dacide not only what tools are requixed, but also what shalter
and heating may be necessary. Bssically groundorew tasks can be divided into four main catagories.

a. wWork which can ba completad by personnel drecsed in cold weathsr clothing and handwear.

This includes flight maintenance, anti-icing, de-ioing and replenishment of fusl and oils which,
although straightforward taskz, take longer than would be required under moxe temperats conditions,
The insulstive qualities of ©0ld weather clothing will be zdversely affected by fusl, oil, grease,
anti-icing and de~icing fiuids and an outer layer of sultabls protective clothing is required

for thess tasks,

b. wWork which entails the removal of handwear, 'This will ba nscessary becausa of inaccessability
of the small size of wome parts and two men will be required wherxe one would wsually suffice; one

. working and one dirscting wsrm air onto the mstal and hands ¢f the operator. Under severs conditicus
| regular rest pexiods will alsc ba needad.

c. Major repairs, owbh 28 ergina change, will need to be carried out under a sheltaxr, provided
with a heat supply. Wo'k in a sheiter takes somewha: longsr than usual, but persoannsl can work
for longer periods without regular 'rést and rewarm’ braaks.

da. Domgstic duties, such as tent erection, camp congolidation and snow clsaring.

T B ot

The naturs of thsse tasks are such that they require concentration and, in soms cases, strenuous
physical effort. In oxtreme weather conditions continucus and strenucus physical sffort can, and does,
adversely affact morale and thers is a further risk that the untrained may become victims of exhauwstion.
In my opinion, it is questionable whether Unitsd Xingdom medical standards are sufficient for men who are
destined for land based ssrvice in the Arctic or Subarctic environment.

Medical Selection Examination

Tha combat soidisr or the Ruyal Marine undaxgoes hard traiaing in preparation for arctic mexrvicy, but ;
wodern warfare demands technical support on must military operations, unlike the infantry the supporting
technicians are frequently physically unfit and ill prepared for the rigours of the cold. In wy opinion
it is dowbtful if the medical category of P2 is sufficient fur wen who are to be drafted to an arctic

environmant. Cortainly it has been my experience that personnel with a history of the following should
ba sxrluded:

a. Respiratory disorders. Upper respiratory tract infections are common and sesm to ocour
around 7-10 days after arrival in an arctic snvironment. Such infnctions appear o bs precipitated
by a combination of; unusually dry air, and increase in smoking, fatigue.and dehydration. Usually
such cases respcnd to 24-36 hours bed rest, extra fluids and aspirin. Cases with a past history
of chest cowplaints are most difficult to clear up and relapse is common; in fact, their usefulness
as membays of a team is guestionable.

S A e
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! b. Cardiovascular dysfunction. Any wsan with a previous history, such as cardiac arrhythala, is
a potential casualty as his condition will be exacerbated by the cold. ren who show any signs of
poor cixculation in temperate climates should also be disqualified.

c. Renal disorder. Specifically colic or renal stone. Dehydration is a very real problem in the
Arctic and Canadian experience in various exercises indicats that dehydration appears to be the
‘ main contributing cause of casualties and loss of sffectivenesst. Dehydration ariscs because of:

i. the relative unavailability of potable water

14. increased loss of body watar through sweating
11i. inorwased xespiratory loss of water

i

|

|

)

f iv. cold-induc~d diuresis.

' Without doubt the main cause is the dAifficulty in obtaining sufficient water to counturact fluid

,' loss. An arbitory figure of sowe five pints a day has been suggestad as the amount required to replace
] £luld logses. To malt sufficient snow to produce five pints of water per man takes consicderable effort,
! and oftan, men are just too tired to gather the amounts required.

, qa. Skingrafts to hands. Experience has shown that after a few weeks of working under field
conditions even sstablished skingrafts tend to break down.

e. Peychiatric history. Personal sdjustmants are required to operate effectively in low temperatures;
] men with good service records and stable personalities seem to adapt to the situation very well indeed.
’ Boredom, however, tands to be a problem and what may, in other environments be considered minor
f problems, can grow out of all proportion and lead to bouts of dspression, resulting in men withdrawing
E and being isolated from a group. N wan with a poor record or a psychiatric history does not usually
adapt well to this type of situation and his perforsance is likely to be adversely affected.
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Tiws does not peruil me to go into detailed case histories, but may I just say that in the Cowmando
Alr Squadrons we now exclude anyons, falling into the above cavegories, from Arctic land based service; on
saxlier ocvasions when wen have been permitted to go despite adverse historias they have invariebly ".allen
over”, Even with a simpie condition like hsemorrhoids pexhaps one should think twice, as the conatipation
produced by dshydration couplad rith the lack of desire to bare one's nather regions to the cold, can
cduse extrems disoomfort and «ony to the unfortunate sufferer!

To achieve the higher standard cf physical fitnews required for Arctic servics it is essential that a
screening process, aAlong the lines described is adopted. Tha praoblem is then one of maintaining a healthy
state which will depend largely upon the individual protecting himself from the hacarda of the snvironment.

Pre~Axctic and Survival Training

The lack of success in dealing with ¢cold can also be related to lack of supervision or lack of self-
disciplina. For instance cold injury should not occur under normal cixcumstances and, accidents apart,
can be avoided if the individual is taught how to use his protactive clothing to best advantage and
maintain thermal balance. Useful training can be given to all, including technicians, who may be suddenly
faced with Arctic operations, but such training should commence at the man's howe base., We have found a two
tier oystem of training very useful in training personnel for Arxctic serxvice and men are now xequired to
undergo a period of pre-Arxctic training prior to depluyment to Northern Eurcpe, this is then followed by
survival trxaining on arrival.

During pre-Axctic training emphasis is placed on prot- :tion and the problams of operating in cold
environmants. Among the wain topics discussed ara:

a. environkental effects

b. use of pro’sctive clothing
c. wie of shelter

d. life style

.. cold injuries

£. survival techniques.

Once the basic datails have been coverad, confidence and knowledge of the environment will only come
from actual practical experience, This can be achieved by placing men, at short notice and with wminiwum
kit, in a simulated survival situation where their every effort is centred on living. The stress of a real
susvival situation cannot be simulated but inirially the 'survivors' become suvrprisingly anxious, despits
the fact that they know thelr situation is only temporary. Arter a few days one can begin to detoct a
newfound confidence and awareness of ths new environment among those under training and with correct
supervision the trainess soon learn the required lessons, such as lrarning how to maintain a normal body
teopsrature and take care of clothing, as well as wnving through snow, preparing food and iocking after
each other. The time and effort put into chis type of training i8 amply rewarded and men quickly learn
to respuct, but not tu fear, the cold environment.
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Cooling power of wind expressed as 'Equivalent Chill Temperature'
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THE OPERATION OF MELICOPTERS YROM SMALL SHIPS
by

Surgeon Commander J W Davies, ML, ChB, D Av Med, Royal Navy,
Royal Aix Force Institute of Aviation Medicine, Paruborough, Hampshire, UX.

SUMMARY

The operation of the Wasp helicopter frow the decks of Tribal Class and Leander Class Prigaces of
the Royal Navy is described and some of the difficulties involved im such oparations, including ship
movement and turbulence, are discussed.

The Royal Navy has a number of helicopters operating from a variety of ships and therefore ships'
decks. The term operating from small ships would probably be better redefined as operation from small
decks for once one excludes the aixcraft carrier deck the aize of decks available are all relatively small.

The helicopter that this dissertation will be largely concerned with is rhe Westland Wasp aircraft.
It is a swall helicopter with four relatively short rotor blades, a gas-turbine engine mounted immediately
behind the cabin, a twin-bladed tail votor and a four-wheel undercarriage, each wheel of which is indivi~
dually castored. The major role of the Wasp helicopter ie that of a torpedo-carrying anti~submarine
attack helicopter and it opecates from the small flight decks of Leander and Tribal Clase Frigates of the
Royal Navy. The Wasp is fully instrumeunted for night flying but is not sufficiently well equipped to be
brought to the hover in the dark without considerable difficulty. Noise and vibration are a constant ard
inescapahle element of any helicopter flight. They vary in intensity from aircrafr type to alrcraft type
and aven frow aircraft to aircraft. Attempts sre made to tune out severe vibrations during the test fly—
ing of each aircraft at the factory before its delivery to the Service and luckily the Wasp is not a par-
ticularly bad helicoptex frou this aspect even though much of the time it has to be flown with the cabin
doors removed.

The Wasp's main task is to deliver homing torpedoes to a pcsition predetermined by the mother ship
and other A/S ghipe (or helicopters) operating inm the vicinity. Ouce airborne and with good radar direc-
tion this task is not normally particularly difficult, nor is the return to the immediate vicinity of the
wother ehip. The wain problems tend to arise during initial take-off, final approach and landing, and to
understand these difficulties we need to look at some of the basic factors involved. The Westland Wasp
vas developed from the Saunders Roe P531 Scout, and has a special four-wheel undercarriage and an extra
lov minioum value of collective pitch to improve its deck operating capability. But apart from this the
pilots have had to take the helicopter as it was designed and have had to develop their own techniques
and skills to suit the task of operating from ships. How does thix task differ frow other types of
operation? The vessel aud its superstructure will create a region of turbulent air which the helicopter
must negotiate during the take-off and ianding manoeuvres. However, much turbulenc2 can be experienced
ashore around buildinge or in wmoumtainous localities. Siwmilarly, although the flight deck of a ship is
disensionally very small this type of helicopter frequently operates from confined aress ashore, for
example nut of jungle clearings., The wain differsauce in the shipborme situation is that the turbulence
and the constricted space almost always occur simultaneously. In addition, because calm conditions at
sea are rare and because a relative wind can arise from the speed of the ship, the wmanceuvres are normally
made in the equivalent of high winds not often encourtered on land., A cthird factor, one that is unique to
shipborne operations, is deck motion. A ship's deck has 6 degrees of freedow of which the angular motions
of rull and pitch and the vertical heave are the more important when considering the uperation of heli-
copters., Tne deck and ship movements can present the pilot with a moving set of references which could
lead to disorientation when on the approach in poor visibility or &t night, or when over the deck cloge to
any superetructure, Deck motion can also increase tha difficulty of judging the rate of descent of the
helicopter and of the slope of the "ground” on which one is about to land. The technique adopted where
possible is usually to hover (during landing) or to wait on the deck (during take-off) until a quiescent
period of motion occurs before making the final manceuvre.

This then 1s the shipborme situation. The pilot has to manoeuvre his aircraft through moderate to
severe turbylenca onto or from a landing platform that is very restricted in size and which, together with
the visual references, can be volling, pitching and heaving.

Plyivg ia such limited and turbulent conditions cun require a considerable degree of manceuvring close
to the deck. Such méanoeuvres inherently mean changes in the power demsnded from the engine by the main und
the tail roetors., The yaw control {as provided by the tail rotor which is often working in conditions near
the regime of blade otall, Therefore, quite modest incrcases in yawing momen: applied by the pilot in
dealing with turbulence can create a demand for a lsrge increwse of power. In faect the amount of coantrol
available to the pilot is often considered in terms of the Wasp's power limitations snd certaiuly when
wsnoeuvring onto 8 ship's deck the engine torque indicator is an instrument that is constantly monitored
by the pilot,

The Ships

The Tribal and Leander Class Frigates have their flight de ks placed at or near the stern of the
vagsel, Thios has the advantage of giving the pilot an approach path that is usually free from obstruc~
tions. However, it has the disadvantage that the vertical displacement of the deck agssociated with the
pitching motion will be at its maxioum st this position. The Leanler Class has the forward end of its
flighc deck obstructed by superstructure, mainly the hangar, extending the full width of the ship. The
Tribal Class on the other hand has its sraller deck relativaly iree from immediate obstruction. Both the

tabill imit the amplitude of thei: rolling motion although
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ot & ship's speed of lesa tham sbout 10 kts this stadbllisation bacomss ineffective. According to the
pilots the stabilisars also have the dissdvantage that although they may limit the smplitude of the roll
thay tend to incresse the rates of changs of accalevation of tha ship's deck.

Landing and Take-Off Procedures

In principle it is preferable to take-off and land the helicopter while it is fscing into the rels-
tive wind aud, although it {s poseivle to spproach and lsnd on or take-off from virtually any azimuth
divection relative to the ship, ic is ususl to follow a common pattern for all approaches in wvhich the
belicopter comes im to land frow the port astern sector. He then hovers the aircraft siongside tha £light
dack on the port side and lands from that position under the comtrol of tha flight deck officer. As the
pilot usunlly sits in the vight-hand seat of the cockpit the above spproaches give him the best view of
tha flight dack and is the ons that can be best ured at night.

The opersting routine for landing cen best be dascribed if it is considered in four phases:

1. Thae spproach to the "gata" which is the position from which final approach is commanced.

1. The final approsch.

3. The land-on (or tske-off).

4. The handling on the deck,
1. The Approach to tha Gats

This is sccomplished normally under radar control from the ship which brings the Lelicopter to the
positiin in epace whars Lt cra bast commence its app-oach down tbe glide slops. Thera ars various set
sanosuvres in case of radar or other control failuras fo which the hellcopter is brought overhesd the ship
and then flies a set circuit pattern to bring it onto the glide wlopa. Thaese are quite complex and require
a great deal of accuracy and skill in tha f£lying of them. As i{s stated sbove the point of all the approaches
is to intercept the glide slope leading to the ship's flight dack.

2, The Final Approach

The radar appruach fntercepts the giide slope at 2 miles and the initial descent is commenced undexr radar

coutrol. At approximately ! of a mile from the ship the pillot im looking up to tiy and identify the dack and
the glide path indicator. The latter is a projector site fashioned such that it projects three beams of
light as shown in Pig. 1. The upper band of light ie amber and indicates ths aircraft to be sbove the
glide path; he glide path band itself is green and can be seen { of a degres above snd beiow tha 3 dagree
glide path. The red band shows below the green and indicates the aircraft to ba below the glide path. The
glide path fndicator (GPI) has two problems. The lateral limits of the projected beam are approxisately

6 degrees aither side of tha centre line, beyond that the glide path indicator is not sesn as a series of
beams of light but may be sesn as & "ghost" amber at all heights., This way give rise to & false sonse of
security in tnat the pilot thinks that he is high on the beam for his approach. The secoud problem is that
at tha intarface between the red and the grean bands another '"false" smber may be percaived, particularly
in haxy conditfons. It is hoped to overcoms this lacter problem ir the near future by exchauging the
colour of the green and awber bnams, ie the amber becomes the glide path and the green becomas the high
besn, Other and better GPL's are under development and are being tested at RAE Bedford.

To ie=cap, the helicopter is brought onto the approach about 2 miles sstern >f the ship, the airspeed
is reduced to 60 kts and the descent commenced down s 3} degree glide slope at approximately 15 degraas
relative to the ship's ~ourse. Overall commmnd of the situation is retained by the shin's commander,
first of all through the helicopter controller if the ship is fitted with radar and then by the flight
dack officar who must ba in visual contact with the helicopter. Transfer of control at visuul contact
take, place at & range of not less than | of a mile aud normslly at approximately | a wile. When in close
proximity to the ship the pilot brings the helicopter alongside the port beam about 15-18 metres sbove
sesa~ieval., He can then adjust his position and speed relative to tha veasel without fear of overshooting
into the superstructure, Finally he manceuvras the helicopter sidavays under the direction of the flight
deck officer tv bring it to the required position over the flight deck.

3. The Land~On (or Take-0ff)

In the third phase over the dack an attempt is made to establish a hover relative to the ship with the
wvheels about 2 metres above the deck. Coutrol of this operation is still under the direction of the f1fght
dack of ficer who would normallybe {n radio cowmunication with both the ship's cosmand and the pilot but who
also has hand-held flags (or at night L{lluminated wands). Whan in the flight deck officer's opiunion the
healicopter is corractly positiomed, and at an appropriate time with rcgard to ship motion, the helicopter
is put firmly onto tha dack. Taka-off is similarly under the flight deck officer's control and he choowss
tha most appropriate moment for 1ift-off. The helicopter becomss sirborne in a comparatively very short
time and usually there are no problams provided that tha pilot does not translate lnto i-rward flight until
hs is clear of the ohip in order to avoid impact between the main rotor and various as:isle, masts, or
other parts of the suparstructures of the ship. Difficulties on take-off are only likely to arise when a
combination of adverse effucts such as hot ambient conditions, ingestion of hot funanel) gases devoid of
oxygen, light winds, and maxiwum take-off weight, all cccur togelher.

4. Handling oo tha Dsck

In tha foucth phasae, that is on the flight deck, the helicopter must be "flown" by the pilot as long
as the rotocs are turniug; for, sven though the wheels are on the deck, the rotors will still xwtain their
faculty for axerting lift forces and coutrol moments. Theryfore ouce the touch-down has been established
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tha pilot wi)l salect tite winimm collactive pitch of the main rotor blades that ie available to him sud,
as has been stated, on the Wasy helicopter su extrs low collective position in provided. The Wasp reploce-
ment, the Lynx, has a capabllity of producing reverss thrust pushing the balicopter onto the deck to
couteragt tha lmcrease in lift that csn occur as the rolling wotica of the ship causas the rotor disec to
chaags its imcidence.

The Waap i»s normally flown with its auto-stabiliser equipment operstive., It {s necessary therefors
for the pilot to switch off the auto~stabiliser as soon as poesible aftey touch—down and oimilerly it le
only switehed or {mmediately bafore take-off. If this is not doue the suto-stabiliser will attempt to
countsract tha roll or picch of the aircraf: that is beaing impressed upon it by deck motion. If this is
considerable {t may csuse damage L0 the rntor bladas.

Turbulence

In relative winds anyvhare from ahesd of the ship the airflow sround the flight deck is both varisble
snd complex in charmctar. Verticsl dowmdraughts can occur vhich contsin funnel gases and the helicopter
rotor mAy then pull thase gases irnto ths sngine and lato the cockpit of the helicopter leading to discom
fort of the aircrew and detriment of engine performanca, The masts, tha funnels, ths boats, of the Frigats
forward of the flight dack give rise to addy shedding and vortices cam roll up batvesn the junction of tha
deck and the side of che hull, Thess can cowbine to give u band of greater turbulence aloug the sdge of
the flight deck. As tha relativa wind moves around to the side this turbulence can & read out over tha
whole of tha flight deck and a downdraught cen occur onm the lesward side of the vassel. In a beam wind
this curl-ovar bacrwmas wore pronounced sad should a helicopter move out to the leeward side or attempt to
land from the leavard side a lot of power could ba required to deal with this downdraught.

The helicopter pilot bacomss aware of the turbulsncs as he approachas slcugside the stern of ilhe
vassel., In light winda there will be little influance but sbove 15-20 kts of wind over the flight deck it
will becoms incressingly significant, Winde from ahesd are probably the lesst troublesows, When cut on
the port beam in such conditions the helicopter will ba flying in the undisturbed fres sirstream; there
will then be a short transient period &s it moves through the band of turbulence at the dack adge to hovar
(relatively) in the low wind velocities over the flight deck, The worst situation from a landing point of
view occurs when the rslative wind ie 30-40 degrees on the starboard bow, In such s case all the hovaring
and sovement onto the flight deck would be carrisd out with the alrcraft completely immersed in the turbu-
lent wake. The full range of power and control of the Wasp helicopter may be required tc land in such a
situation espacially {f the pilot allows the helicopter tn gat intoc the downdraught on the leewaxd side
mentioned previously., There are obvious benefits to be gained by allowing the helicopter to approach
facing into wind if this ie poasible. Howavar, this is not always so especially during exsrcises when the
mother ship meay be conwtrained im the divection of its movement.

Ship Motion

Tha degree of wmovement of the ship's flight deck dapends upon the sem stats and the directfioa of the
ship's head into the waves. In practice wave wotion is irregular and the amplitude of flight deck motion
{e not constant and ctharefors short intervals of time occur whea the movamsnt u: the flight deck is rela-
tivaly amall. It is then that the halicopter cen land-on or take-off even in rough sess since the moment
of couchdown or 1lift-off can be chosen by the piloc and the flight deck officer and the duration of the
action is only s matter of a few saconds, Limits are laid down as to the degree of flight deck motiou.
Howsver, as ths limits in fact apply to this momant of landing only the helicopter will usually fly in any
weather in which it would be possible to launch the sesboat to rescue the pilot should the Wasp ditch.
Apart from the actual landing, the helicopter will be standing on deck with its rotors ruaning for one or
two minutes both before take-off and after landing., The ship's wotion duczing this pericd, in which the
pilot is 'flying' the helicopter on the deck, way be consideravle especially if the ship is turuing onto ox
off a flying course. For this reason & central strop which can ba released by the pilot, and lashings fox
each of the vhaals which are rele :sed by flight deck crew, are provided. Whan the wheel lashings have been
removed the central strop can be used to allow the pilot to turn the helicopter around on the spot to the
direction selacted for take—off. The strop is then released as take~off power is spplied. When returning
to the deck, unlike lsnding ou 2 static sloping ground ashore, the pilot cannot be certain befoxehsnd in
vhich dixcction the deck will be iaclined at the instent of touchdown. He is unable thersfors to antici-
pate the eoatrol wovements that will be nseded. His requiramants are for a control system that will give
bim the ability to move his helicopter rapidly and precisely without unduly large control movements and
this on the whole the Wasp helicopter givea him. However, in spite of the 'controllability' the best tech-
nique is for the pilot to keap his "vings' as level as possible &nd not to attempt to follow the motion of
the deck otherwise there is a distinct chance chat he will become disorientated, particularly st night.
Also in coutrast to landings ashors, the rate of dascent of the halicopter is a combination of the aircraft
and tha dack vertical velocities. It could be expected that the pilot would thus have greater difficulty
in judging his landing, leading to heavy loads in the undercarrisge. That this is rare is both attribut-
able to the pilot's skill and an indication that the collactive control om ths Wasp is sufficient for the
deck londing wanosuvres required. The pilot's exparienced techniqua and ekill have a large iuflusuce on
bis ability to lsnd on & small deck. The more experienced he gets the batter his landinge tend to be.
Attempts to compare the degres of haavy lsnding vith dsck movement and with relative wind speed over the
deck has shown that high rates of descent onto the deck teud to occur wore often i{mn light winds and when
the deck is level (fe in good flying conditions). This probably reflects the greater caution exercissd by
pllots on the landing task as the ses state increases but it undoubtedly meamns an increassed workload in the
cockpit in such circumstances.

8o far in considering ship's wotion we have not cousidered ths effect on tha pilot himsalf. At a
state of Alert 2 which means sble to launch the halicopter within 2 minutes, the pilot wil. be strappad
into the Wasp on the flight dack, heaving, rolling and turning with the ship., When the wind is suywhere
shead of the ship fumes sud emoke from the funnel wust add to his discomfort as mentioned before. He wmay
be kept in this condition foxr 2 hre by day ard up tc¢ 1 hr at night. Prom this condition of alert he may
be launched on & sortie right up to the last minute. Wasp pilots have admitted to comsiderable dagrees of
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disorisutation sad even mausea in thie eituation particularly at night snd wore than one Wasp bas ditehed
alongaida tha ship Lumsdiately after take-off.

It sust now bs plain that ths workload on the pllot flyiny from the deck is much greatar than wvhes he
ia operating ashore:. The probless smentionsd sdbove requirs even grester than normal concentration and
co-ordination from the pllot whilar flying. His relisble extirnal vieusl cuss sxe liwitved aspecially at
night and shey are ususlly in motion. Pilote frequent’y have their own personal visusl references to
assiet accurate lendings. Howaver, im poor vieibilicy and at night, on the z'.proach to the ship and in
the hover, the pilot is committed to mixsd visual and icatrumant flying which ss we know from erperience
is the worat possible eituation and is norsally cowsletely contra-indicsted in suy form of flying. The
sttention required by the englne torqua indicator closs to tha ship means that even in the best visual coan~
ditions much “mixed" flylug is required.

Yurther Areas of Stress

Owing to its extremaly fast rate of dascent in autorotarion, ditching a Wasp is a hazasrdous business
at the best of timas. Escape axits when the halicopter is in the water are very limited {2 the cockpit
doors are mounted aud closad, &nd the chances of escape are extremmly poor. Thersfore at this time tha
Wasp is ouly permitted to be flown over water with its cabin dooxs removed whieh, of course, includes moat
of ite flying operations. In the tropics this can only be describad as an advantage but in totsl contrast
the Nasp is being flown from Frigetes on fiehery protection patrol off Iceland, e {nnide the Arctic Circle
and here flying with the doors off can be & considerable disalvantage, With temparatures in the Axctic
reachiag a maen daily minimum as low as ~79C with occasional drops as low as =17°C and a large wind chill
factor through the apen door the pilots can bacoma very cold indeed. They arxe provided with electric gloves
and slsctric boots but the wiring tends to be unrsliable and the aircrew hava no rheostatic control over
this equipment (ie the only control is an on/off switch), Pilots heve reported loss of finger tactility
such that they have been unable to operate small switches and to pull the circult breakers by the end of
the flight., The doors being off can also result in rain, slect, snow and even sca-spray entaring the cock~
pit and obscuring Lnetrument visibility. All this and concurrently streaming eyes and nvse from the cold
do nox help the pilot’'s cowfort or concantration whilst flying im thess conditions. Pully loaded with
weapons (two torpedoas), the Wasp has only a 10 minute flight duration with a littls spare fuel for ome
extra attempt at landing. This strictly limited endurance must alvays be in the pilot's mind and can do
little for his peace of mind during a sortia. :

In spite of the short dyration of the Wasp sortie and the fact that even during an exercise the pilot
must ba allowed 8 clear hours under no state of alert from whuels-on of his final sortie of the day, to
wheels-off on the first sortie of the next period, life for a Waap pilot can be quite fatiguing. For
instance, during that 8 hours he must get his sleep, get his main meals, and do any necessary Syuadron
work (which may b:. considerable). The othar 16 hours he will be at a miniomm of Alert 8, ie 8 minutes to
launch, fully dressed in flying clothing and close to his aircraft, It should be stated here that living
in cold weathaer flying clothing can be very fatiguing in itself, Periods of the 16 hours will be spent
strapped {nto the aircraft at Alert 2 as previously described. Double pilot menning of Wasp carrying
FPrigstes would ease this problem of fatigue but it would also reduce each pilot's flyimg prastice to
dangerously low levels. It is probably worth mentijouing hare that the living conditious on board ship
tend to be very cramped. Also vhen the ship is woving around swiftly in en exsrcise the noise and vibra-
tior in most areas of the ship are not conducive to healthy sleup.

As has been just mentioned the Wasp pilot is usually the only pilot on board; he is the flight oemen-
der and he ia the captain's sdviser on aviation marters such as the local operating conditions in which the
ship is salliag. As most of the ships from which he will operate will not carry a Medical Officer, he {s
also responsible for grounding himself and therefore his alvcrarft when he is medically unfit, end when he
doas 8n he must hold in mind the fact that he thereby renders the ship's major weapon unservicesble. This
wust be a very stressful decieion to have to make, for {nstance should he have a cold in the middle of an
exarcise.,

To susmarise very briefly, tha sumstion of a combination of the strasseas menticned sbove can lead to
snti-submarine helicopter flying in the Wasp aircraft from Laander and Tribal Class Frigates being a1 very
stressful and fatiguing occupaticn. Nevertheiess it iw on the whole approached with graat enthusiasm,
skill and high morale, and is carried out in an effective und thoroughly professional wanner.
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THE IMMERSION VICTIM
by

Surgeon Commander F.ST.C.Golden, R.N., %.B., B.A.0., D.Av.Med.
Royal Naval Air Medicel School
Seafield Park
Hampshire, England

SUMMARY

An airoraft accident may result in the occupants being forced to survive the rigora of am
aquatic environment.

In spite of the provision of sophisticated protective clothing and safety equipment, many
such victims will suffer the effects of drowning and/or hypothermia,

Those responsible for the training of rescue crews and for the clinical management of such
survivors, should be familiar with the treatment of these conditions.

This paper briefly discusses the mechanisms involved in the production of both, and outlines
a course of management for the immersion victim,

1. INTRODUCTION

On the 11th July 1965, a U.S.A.F, aircraft ditched in the Atlantic off Cape Cod.t Of the
19 crew members, 12 managed to escape from the wreckage, the remaining 7 were presumed killed on
impact., Ten and one half hours after abandoning the ditched aircraft, three of the originai 32
survivors were rescusd alive, the remaining 9 had died of 'exposure/drowning’. All 12 were wearing
immersion suits and lifejackets, The water tem erature was 110C, One of the three rescued alive
had been unconacious for the last two hours but had been supported by a colleague for that period.
The 9 who died were the least protected from the cold from the point of view of body insulation,

Most people involved in Aviastion Medicine or in Airsea rescue work have many similar stories
to relate. The problem of survival in water following an aircraft accident was well known during
the Second World War., 2)2»4+ During the war it became increasingly obvious that the prodlem was
Just not limited to the immersion phase, as after rescue many of those rescued alive, died. A
historical review5 reveals that this problem was also known in the maritime world among the
shipwreck survivors and is still the case today.

Those who are responsible for the survival of aircrew on immersion following "ditching", or
on parachuting into an aquous environment, ensure that the equipment and training is sdequate to
provide the best possible protection for the individual, both from drowning and hypothermia.

Those who are responsible for the training of rescue crews and for the clinical management of
such survivors, ahould be familiar with the treatment of both drowning and hypothermia, Regrettably,
the management of both conditions, alihough adequately dealt with in initial training, are invariably
dealt with as two separate cntities, the management of either of which does not always lend itself
to amalgamation with the other condition. Whereas in practice, both conditions, frequently co-exist,

This paper attempts to clarify the situstion and talks in terms of the "Immersion Victim"
rether than the "Drowning" or ™ypothermic” victim., A course of management for the "Immersion Victim"
is outlined.

2. MECHAI"ISMS

Following immersion, survival will depend on interaction of many factors; these include
swloming ability, physical fitness, distance from the safe refuge, water temperature, body insulation
and efficiency of bucyancy aids, sea stete etc; Thus under normal circumstance a good swimmer in
relatively warm water (45 - 250C) will remnin afloat until such times as he becomes too fatigued to
continue to make swimming movements, when he will no longer be able to keep his airway clear of the
water and he will drown., This will happen relatively ouickly in rough water.

If the water is very cold (“15°C) muscle temperatures fall quickly and co-ordinated motor
activily becomes progressively meore diff'icult so thet drowning will occur relntively rapidly but if a
iiTejacket is worn it will keep ths airway cleer of the waler and will, in most instances, prevent
drowning, A lifejecket will also delay the onset of hypothermia by reducing the need for limb
novement but eventually hypothormia will develop in all gases, Such individuals may be rescued
deeply unconscious and apparently dend from hypothermia °, A more thorough desertation of the
phvsiological disturbances occuring in acute hypothermia are to be found in AGARD Report No 620 1,

A lifejacket is not always a guarantee apeinst drowning; in rough sea states (state 6 ¢nd above)
the wave face tends to be flat and verticel rather than sloping and sirusoidal as occurs in lower
see states and, ns a consequence, the 'lifejacketed’' bLody no longer floats freely over the waves,
which mesns that the watler continually breaks over the face and drowning will only be prevented for
as long as there is voluntary control of respiration. Drowning will ensue when consciousness becomes
impaired as a result of hypothermian. Thus submersion is not essential for drowning.

Another factor to be borne in mind in aircrew who have not removed their oxygen masks before
water entry, ls the danpor of inhiling water through the oxygen hose unless a special anti suffocatlon
valve 1o rittod O,

llyperventilation, with respirotory ra‘es in the region of 60-70 por minute, has been obsorved
in naked subjects during tho first ton minutes of immersion in water at 100C 9, Tetany has been
reported in one cese 10, Even expert swimmer: may drown in the first fow minutes of water immersion,
if the water is particularly cold,
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This hyperventilation may compromise ones chances of escaping underwstsr from a ditohed
helicopter,

One other problea in very cold water (oires 59C) 4s the apparsnt inability of competant
swimmers, unhabituated to cold water, to Tainnin swiaaing movements for any length of time, even
when dressed in outdoor wintsr clothing 171, >

Whatever the reason for the subamersion, expsrimsntal evidence in animals sujgests &
poriod of struggling during whioh large quantities of water may be swallowed in an attempt to avoid
inspiration., Vomiting may ocour at this stags. An inoreasing arterisl carbon dioxide tension (Pooz)
and falling oxygen tension (P02) will eventually cause inspiration, with consequent inhalation of
water,

It has baen suggested 13, k. that, in snything from 10 to 20% of cases, the initial entry of
water into the larynx way produce & severs laryngospasm, Or olosure of the glottis 5 which persists
! untdl ssphyxial dsath supervenes, +nd thls is the likely oxplansntion of the so celled 'dry drownings?

found at postmortes, This seeun highly improbable, as it is 4ifficult to wvisualize how guoh musole ; 3
spasm oould be maintained in the severe hypoxia which must be present in the terminal stages. -

In the majority of cases the entry of water into the larynx and upper rospirstory passages
scoompanies severs retroaternal pain and violent coughing. In animels, death follows quiockly in
fresh weter due to ventrioculsar fibrillation (VP) resulting from electrolyte changes sssooiated with
haemodilution and haemolysis following absorption of large quantities of fresh water froa the lungs 16,
In sss water VF is unlikely 17, dsath being due to ssphyxis and is & mlower process.

The differences between fresh and sslt water drowning have been admirably revieswed wy Modell E
(1968)17, but tend to be largsly of scsleaic interest from the tharapeudic view point, as the basis ' 3
P‘z’;:pln':%ol?siotl problea is very similar in both situations, i.e. hypoxaemia, hyperoapnsa and E
acidosis? /s 19.

Regardleas of the drowning medium, the organio and inorganio contents of the inhaled fluid
produce an inflasmmstory resction in the alveolar capillary membrane whioh quickly lesds to an
outpouring of plassa rich exudate into the alveolus 19,20.

The loss or destruotion of the normal surfactant 4¢ by the inhaled water can result in large
sresa of stelectasis which say further ocomplicats the pioture.

3o PROBLXMS ARISING AYYER RESCUE

&

The immerased viotim on resoue may then be either oousolous, unconscious or even apparently
dead, He may be suffering from hypothermis, alona, or aomplicated by drowning.

Imcediately sfter rescue tho teuperaturs of the hypotheraio individual will continue to fall
for a short period befora he begina to recover or death ensues., This is che so called 'after drop'l7.

At core temperatures below 330C supraventricular cavdiso arrhytimias may be ensountared with 3
vertrioular arrhythmias oocuring with core temperatures in the region of 309¢, Cardiac arrest &us to
ventricular fibrillation is possible at core temperatures of 280C or belaw <, Cardiao arrest has 3
usually oosured by the time the oore tsmpersture has reachod 24,°C 23-

n if the viotim survies the immediats effects of lzmersion and appears to be waking
reasonable recovery after rescue, there is a great danger of desvelo mg an acute pulsonary cedema
sny time from 15 minutes to 72 hours aftes ths drowning incident, 19.1 124,25, a5 & consequsnce of k-
the inflamatory resotion of the alveoler capillary membrans, A lsrge series of post morteas by ' 3
Puller %» 4in which survival times renged from & fow minutes to 19 days demonstrated that hysline =,
material will be found on the walls of the injured bronchicles, alveolar duots, and alveoll of
those who have survived from 12 hours to the third day. 3

Other poasible delayed effscts of drowning, or its treatment, include the development of & s 4
condition resesbling the respirctory diatress syndrome, which may bs related to oxygen toxicity 26,27. =
If severs cersbral hypoxis is a feature of the incident, cerebrel cedema?d may govo a probles and 3
lsstly, when the drowning medium is polluted pulmonary infection is likely 24, 8. ; -
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Treatment of the ixmersion viotim is aimod at the restorstion of sdequats ventilation and
heart aotion, correotion of the acid-base status, and rewarming, These prioritiss only alter because E
of the facilities available.

At the scene of the rescus, there ars usually no facilities for the ocorrection of the acid-bage :
state and few facilities for rewarming, so that the major aims are, ths provision of adequate
ventilation, the assistance of the oiroculation where necessary and the prevention of any further heat
loss from the body,

Attention has always been drawn to the requirement for immediate action and ugy uthoritiss
advise that no manoeuvres dssipgned to drain the lungs of fluid should be performed 293, Others
have found thet a quiock attempt to drein the lungs has often allowed much of the ingeated fluid to
flow gut and this reduces tho risk of regurgitation and subsequent ”pmtm\ pneumonitis 31,

Harlier work by Palner et al 32, and mere recently by Hodell et al 27, seems to indioate that it is
worthwhile to attsapt to drain the lungs in salt water &vowning,

It is lmportant that expired air resuscitation should be carried cut as soon as the mouth and
oropharynx have bsen olwared. Practioal axpcrionogl‘hn shomn that reatoration of adequate veniiliation
will often bring back satisfactory ourdimc rhythm ¢, If & pulse can not be felt after the first few
inflations, then closed chest cardiac massage (CCCM) should be started 39 in all but the hypothermio
pstient, All immersion victims should be resoved to hospital ai scon a3 1s precticabls, When suitable
apraratus is available, ventilatory assistance should bs given using 100% oxygen if possible via s
mask and a Guedal airway., If the patlent is very restless then a nasopharyngeal airway is btest.
Attempts at intubstion by inexperienced workers have ususlly resultsd in wore injury and leas wdagquate
ventilation than the simple method desocribed.

After roscue, the continueing fall of the cors temperaturs of the hypothermic viotim could
lowsr the alresdy low body teaperature into the sons where unconscicusness can be anticipated (309¢) 3
or even into the sone where the —yooerdium bscomss extremely irritable (209¢C), : :
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Conscious vaothn‘lo patisnts therefors should be rewsrwed rapidly in the most readily available
bot bath (41°0), Unconaolous hypothermis petisuts whose temperature is balow 2890 sy develop
ventriculay fibrillation (V7) spontansously, or more usually following the

irritation??, 4 hyjothermic viotim whose oore temperaturs is this low will almost oertainly have no
palpable pulse and is unlikely to be breathing at a recognisable level. If however cardiao massage
is given to such an individual then VP will comsonly result. The olsarest guide to the likelihood
of & viotin being thernio is that bhe will be wearing a lifejackst or bave some similar means

;
é

of maintaining his clear of water, for, as discussed above, it is impossible for an immersed
subleot to achieve this dapth of oore tewpersture without drowaing in the absence of some suob
support.

The firat o1l manugemsnt of such viotims 4s thersfore tha mesintenance of an adequate ventilation
and the prevention of further heat loas O,

Mgure 1 is & flow a;zm. outlining the proosdure to bve followsd in the imneldisnts mansgement
of the 'Immersion Vietim' J°,
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Fig.1
INMEDIATE MANAGEMENT OF THE IMMERSION VICTING

L} ON_HOSPITAL ADMISEION
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While ocontinueing to support ventilation and oiroulation by first aid messures it is now
esgantial to correat the sold~hbase status of the viotim snd to aseess any degree of hypothermia,
An intravenous line using 8.4% sodium bicarbonate should be set up as moon as possible, The standard
requirement is usually 150 nmEq immediately, and 70 uEq for every subsequent 10 minutes during which
adequate ventilation and circulation have not occurred. An slectrocardiograph (ECG) should be taken to =
detormine cardisu rhythm and if VP is present i mediate DC counter shook (LOO joules) should be R
applied oxoept in the sevarely hypothermio pstient (rectal tempsrature below 30°C), VP will not E
easily convert 37,38 in adult hypothersic subjects but rapid rewarming to ebove 30°C may produce
a spont;x_;oouu conversion 39,41 or at least make the ohances of electricel defibvrillation more
likely. =

Rapid rewarning of the mycardium is best accomplished by means of cardiopulmonary bypass -
teahnique %142 wut not every hospital has this facility resdily aveilsble. The mext best means -
of rapid rewarming is by immeraion in a hot bath at 459C 25, The precticalites of doing CCGM while 4

rewarming are almost insurmountable but it has besn shown that dseply hypothermio patienta may suffer

3 | 1littls anoxio damsge during periods of up to 1520 minutes oiroulatory standstill 41,43, If 4t ia
- oonsidered inadvisable to discontinus CCCM rfor the duration required to rewarm the core to above
300C, then & sluw rowarm teohmique may be applied while CCCM is oontinued, Slow rewarm is probably
best achimved through the respiratory traoct hy the methods describded Lloyd 44 ana Shenks & Marshh
while at the same time ensuring that further heat loss from the surface of the body 1s nt a
ninimun,

L et

TR

e A

- Dvinein
MANLGENEY]




Having started the biocarbonate the patient should be intubated and ventilated with 1005%
oxygen, Recent experimental 33 evidence in animnls, and actunl 33s 46, &7 evidence in near-
drowned humans, have showm that the use of positive and expiratory pressure (PEEP) of 40 em H0
results in far better ventilation and control of oedema in near-drowned patients than standard
intermittent positive pressure teohniques with suction.
In victims who are likely to recover, these measuros will provide an ndequate heart action,
but the return of spontaneous resggration will depend on tho degres of snoxic brain damoge suffered
by the vietim., Some authorities rooommend therapeutic hypothermia (309C) as a means of lowering
cerebral oxygen requirements and decrcasing cerebral oademnwgvide infra).
In non hypothermic subjects, whose acid-base state has been corrected and who are being
supported by good ventilation, in whom an adequate heart action Les not veen restored, an intracardiance
injection of 2-4 ml of 1/10,000 edrenaline and 10 ml of 10% CaCip should be given. This may produce
a reasonable rliythm or VF which can be troeted as before. If this proves unsuccessful then
intravenous or external oardisc pacemaking could theoretically be considered. }
Figure 2 is a flow disgram summarising the management of the immersion victim on admission ’

to casualty. 36

6. DELAYED MANAGEMENT

The problems of delayed management are primarly those of 'secondary drowning' 2,18 and later
the development of & condition which closely resembles the respiratory distress syndrome,

Secondary drowning is characterised by & rapidly increasing pulmonary oedema associated vith
a tachycardia, a fall in pulse prassure and then in _ovorall blood pressure associated with
anoxaemia and subsequent changes in cardiac rhythm 17,18,

Por both conditions eorly ventilatory support with PEEP usually prevents the further
development of this chemically induced oedems, while circulatory support by the infusion of up to
1 litre of plasma, under central venous pressure control, has usually proved sufficient to overcome
that aspect of near drowning, Acld-base status should be normalised during the anoxic phase.

In such patients one must assume that there is not only chemical irritation but also bactericl
contamination, The use of methyl prednisolone (5 mg per kg body wt. per 24 hours in & divided doses)
has been advocated by Sladon & Zauder to counteract both the pulmonary oedema and cerebral cedema
secondary to anoxin, and the use of a wide spectrum ontibiotic seems to be a reasonable precaution,

The flow diagram shown in Fi§65 outlines tho sugpested manngemont of the immersion victim

on admission to the hospitel ward.

— MONITOR NORMAL 1
[No]
(0] TACHYPNOEA
4  [YES}«—HYPOTENSION

In addition

{}) Methy! prednisolone
{2) firoad specteum antibiotee

cv.p M PLASMA
NORMAL ~—>{L0W]
LPPY and PEEP
Fig. 3

DE|‘.AYED MANAGEMENT OF THE IMMERSION VICTIM

Cardiac arrhythmias secondary to hypothermia {e.g. atrial fibrillation, or flutter and
varying degrees of heart block) which are frequently seen, do not respond to any form of anti-
arrhythmic therapy and invarisbly revert spontaneously in 8-12 hours after the core temperature has
returncd to normal.
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HECHARICS OF HEAD PROVECTION
by

Wing Commander D.H. Glsistar
Royal Afir Porcs Imstitute of Aviation Madicine,
: Paraborough, Rampshire, UK.

If ome {s to appreclate the principles involved in protecting the head from injury, be it soft tissus
damsge, brie damage, concussion or parmanent brain dsmage, it {s essential first to have a clesr unders
standing of the mschanism which cause {njury. In some cases these are apparent. Yor example, if one
hits the head hard snough with a heavy enough bluat instrumsnt, skull fractuxe and brain damage will be
{inevitable: the problem remains, however, to define the word 'emough'. In contrast, the machanics of pro-
duction of comcussion are still omly poorly understood.

MECHANICS OF INJURY

Rydrostatic pressure, per se, has little effect on liviag tissue which, provifed it contains no air,
may be considered incompressible. This observation led Holbourne (1943) to state that 'linear scceleration
forces tend to produce compressiomsl or rarefactional strxains which.....,have no injurious effect' and he
attributed all head injuriss ro two basic wachanisma - deformation nf the skull, with or without fracture,
and sudden rotation. In the latter cese tha inertia of the brain would cause it to rotate less rapidly
oL than thy cranium and, because of its irregular shape aud various attachmints, local shear forces would be
3 produced. It is shear forces, not pressuir ‘ich cause & nerve to cease to conduct {wpulses when squeezed
3 by a pair of forceps, Thus, Holbourne con. ....ed thit shaar forces were essential for the production of

concussion, or other brain injury.

In 1948, Ward and co-workers suggested that, whilst compression indeed did not cause injury, rarefac-
tion could, and did. The suggestion was that a lov pressure wave caused cavitation in the brain tissue,
and that the subsequent collapse of these microscopic cavities, or bubbles, caused cell damage in their
imsediate vicinity. Lindgren (1966) measured intracranial pressure during experimental impacts end showed
that, due to the irertia of the bra'n, a high pressure vone developed initially at the site of impact, with
a complemantary low pressure zone at the opposite pole. Thus, a linear head acceleratiom could lead Lo a
lov pressure shock wave, cavitation, bubble collapse, cell damage and concussion.
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In some elegant animal experiments, Lissner and Gurdjian (1960) showed that a simple pressure pulse,
in the absence of skull deformation, ceused concussion., Furthermore, they obtained a clear cut relation-
ship between pressure and duration for threshold pulses which could be related to pressure pulses cousa-
quent upan linear acceleration of the head. From this and other data has come the acceleration—time toler-
ance curve for human cerebral concussion (Figure 1) on which US helust standards are based.
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We thus have a number of potential injury mechmnisws:-

1. Dirsct local impact causing soft tissue, or bone injury. Here the dagrse of injury will increase with
tha enexrgy of the impactor, and with decreasing coantact area. Brain tissus deep to the sits of impact mey
be daraged secondaxy to disrtortion, or fracture of the cranium.

2. Even in the absence of local lnjury, a direct i{mpact will cause linear acceleration of the head, vith
the possibility of cavitation and concussive injury. ’

3, Direct impsct may also cause angular accelerstion of the head vith the development of suear forces and
local, or move widespread, brain duu_n.
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4. In the shbsence of head impacc, forces trsnsmitted through the neck may cause basal fractures (+Gz
acesleration) or, by initiating high angular accelerations, concussion (iGx or tCy acceleratiom).

TOLERANCE TO INJUKY

Before considering methods for protection, human tolersnce to these potential injury mechanisms must
be discussed and, if possible, quentitatei. Oue of the problems i» to know what unite to ewmploy., For
example, the deceleration of the impactor, or scceleration of the head are readily measurad and fraquently
used in tolerance definltious. The units may be ft. sec. 2, me~2, or G, If the head is freely mobile and
its wmass known, then the force applied to the head (or impactor, since action and reaction sre equal and
opposite) way be calculated (force = mags x acceleration) snd expressed in pound waight (lb.), kiloponds
(kp) or Newtons (N). 1If the contact area is known, then the force may be expressed per unit Arsa as &
pressure (Lb.in.=2, kp a2, Ww~?). Finally, and perhaps most logically, the total transfer of energy, or
work done on the head, can be computed and expressed ia foot-pound weight (ft.Lb.), metre~kilopond (mkp)
or Newton wmatre (Joule). Appropriate conversion factors are given in the appendix.

By general convention, acceleration (in C) tends to be used when discuseing concussion, force (Ib.)
or pressure (Lb.in.“2) for bone fracturs limits anl energy in Joule (J) for head protection requiremants.
Ao example should make these relationships clear.

A head veighing 10 1b snd travelling at a velocity of 30 ft.sec.”) atrikes a solid brick wall. The
frontal booe fractures and in depressed to a depth of 1 in. Assuming constant deceleration, the relation-
ship batvesn velocity (ft.sec.”1), wccelerstion (ft.sec.2) and stopping distance (ft,) is given by

V2-2u.

cereaensee (1)

S, 0% = 2.x% or & = 5,400 ft.sec. ? or 163G.

The force acting on the head (or wall) was 1680 1b.
The kinetic energy of the head prior to impact is givea by

ke = -;'-mvz. ereeeene (2)

So, %“ %‘ (m is mass, not weight) x 30° = 140 ft.lb. or 190J.

Also of interest, since the head responds dynamically, is the duration of the iwmpact (figure 1) and, again
assuming coastant decelerxation, this is given by

V e at . ceeseanaes (3)
So, 30 = 5,400t and t = 5.6 msec.

We have now definad all the paramet s of this particular haad impact. Note, however, that had the
head not fractured, the stopping distance would have been much less, perhaps one hundredth of a foot. In
this case the de-eleration would have been 5,590 G, the force 55,900 Lb., the duration 0.2 msec, but the
input energy would still have been 190J. This example ewphasises the profound effect of stopping distance
ou the forces irvolved in s given head impact, und shows how the sknll and soft tissues could, by allowing
deformation, actually protect the brain from excessive acceleration. Obviously, too much deformation will

itself lead to local brain damage. The relationship betweea stopping distance, impact velocity and accel-
eration ig given in figure 2.

FIGURE 2. Stopping distance as a function of
impact velocity with constant

accelerations as parameters.
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let us now cousider huamen tolerance to the four injury mechanisms referred to aarlier.

Direct impact ~ soft tissue snd bone injury

wwmwmmmmw

Information obtainad froom car crashes ss vell as from cadaver expsrimentation has provided ressonably
repeatable bounas strength data. Break strength deperds upon impact wite, snd ranges fxom & mere 30 G for the
nose, 40 G for the jaw, 50 C for the zygomatic arch, 130 G for & in.2 of fromt teeth, 50 to 100 G for 1 in.
of temporoparietal bone and 100 to 200 G for 1 in.Z of fromtal bone (Swearingen, 1965). In esach case the
force may be obtainad by multiplying the scceleration in G by a factor of 10, These injuries were produced
by ‘form fitting' woulded impactsors 2o that soft tissus lnjuries were minimised. Obviously, much lesser
impacts could cause soft timsue injury depending upon the impactor surface, and greater forces would be
required to produce more depressed fractures with direct brain damage.

o]

Forces required to produce deformation of the cranium without fracture are less well documanted, bu:
ve have evidence that the cranium may be dented up to 0.5 in. (12.5 mm) without concuswion, Here the esti-
mated {mpact energy of 150 to 250 J was paxtly absorbed and distributed to the head through a protective
helmet (Glaister, 1974).

% ot

Linear sccelaration

Numerous animal studies have been conducted in attempts to measure tolarance to concuseion and to
scale the findings to man. Figure 1 gives one such prediction and shows clearly tha effect of impsct
durstion. This curve has led to the US requirewent for protective helmets which states that, under appro-
priate test conditions, the headform acceleration shall not exceed 400 G, or 200 G for more than 2 msec,
or 150 G for wove than 4 msec (American National Standards Institute, 290, 1~1971). BRquivalent Bririah
Standards (for example, BS 2495:1960) quote 500 G (no time limit), but this is ~urrently being brought
down to 400 G (transmitted force of 4,400 Lb, or 19.6 kN).
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Swearingen (1971) stressed the significance of cranial distortion and concluded that the human brain =
can withstand crash impact forces of 300 to 400 G, or more, without concussion, or skull fracture, pro- .
vided provisions are made to prevent deformation of the skull.

Angular acceleration

Onmaya and others (1970) have developed scaling factors from the results of animal experiments which
suggest that a 50 percent probability of concussion in man, with a brain mass cf 1.3 kg, would occur at an
angular accelergtion of 1,800 rad aec"z, or at a rotational velocity of 50 rad sec™l (480 rev win“l). More
direct information is needed, however.

"éwr"- Ay

Basal fracture : E .

This injury mechanism undoubtedly exists ~ we have seen cases following helicopter cramhes where there
was no other head injury and where the protective helmets were unscathed. Prom other avidence, the force
involved was considered to be well in excess of ¢30 Gz with & very snort rise tiwe, but vhat the force
vould have been at head level is unknown. In +Gz impacts, however, the skull base is relatively stronger
than other parts of the spine.

MECHANICS OF PROTECTION

Fromw the foregoing, several possible mechanisms are apparent vhereby 2 helmet could protect the head. E
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1. It could distribute an impact load 6o as to prevent, or reduce, soft tissue injury. This mechanism E
was recognised by the Emporor Nestorius fn 1760 BC when he provided his Macedonian warriors with hard 3
leather helmets. =

2. 1In a similar way a helmet could prevent deformation of the skull and so {ncrease tolerance to linear
acceleration to, perhaps, 400 G. This protective mechanism is stressed by Swearingen (1971).

In both these cases the requirement ie for a utrong inflexible shell. However, if the shell is
separated from the skull by en appropriate distance, some flexion, oxr distortion, of the shell becomes
scceptsble. In this case the load has to be transmitted to @ large area of crmmium by a suitable suspen-
sion system, A messure of the potential benefit which can be nfforded by a rigid helmst shell may he pro-
vided by a simple example:

o gl

An aircraft runs out of runway snd decelerates at a modest 4G, so throwing the pllot's unprotected 2
forehead sgsinet the top edge of his instrument panel. Moving through 12 im. of travel prior to impact E
the head mcquires & relative velocity of 16 ft.sec.”l and energy of 55J. Tha subsequent contact srea

3 messures 3 in., % 0.5 in, If there ways no fracture, the hesd would stop abruptly (say, in 0,12 in.) &nd
K the spplied pressure would be soma 2,650 Lb.in.~2 (18,000 kN m~2), Undoubtedly, the fromtal bone would
have been fracturad., The same head, protected. strikas at the same valociry (though the ippsct energy ie 2
incressed by the added mass of the helmmt, to 75J). Now a stopping distance of 0.6 in, ls available (ces E
below), the load is distributed (no fracture) and the heed accelearation is reduced to 80G for 6 msec (no

concussion).

AT

(However, it wust be noted that had the head been preventad from contacting the instrumant psnel by
attantion to crashworthiness in the oxiginal design of the aircraft and harness, the hesd acceleration
would have been oviv <hat of the slowing sircraft - 4G, Also {t may be noted that an e.argy adsorbing and ]
load spreadiny capability could have been pruvided in the design of the instrument panel ~ and eo be taken E
off the head, Head protectican should be a laat resort, the primary aim being to eliwminats potentislly -

lethal head impacts.)
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3. By providing a finita stopping distaucs, a heluei can reduce the peak scceleration imposed in a given
impact. Wote that the reduced ascceleration will be applied for a longer time, the product of accelerstiou
and tims, velocity changs, buing the ssms. These features have been seen in the previous example, am
focresse in stopping distance, fcom one hundiadth to ome twentieth of a foot, decreasing the hesd accal-
evation from 400 to 80 G, though :he Juration rose from 1.23 to 6.25 msec.

The practicsl waxiwmum }imir to the etopping distance which can te built into a helmat is about 1 in.
(25 ma), Much wore than this and the helmet becomes unacceptably bulky. Even this one inch is reduced by
the relative inefficiency of energy aboorbing materials, so that only perhaps 0.6 f{n., (15 mmw) is actually
availsble in vhich to reduca ths -nlutive velocity of head and struck object to zaro.

Thers are two basic energy absorbing systems which can be employed in helmets, though many others
have bean considered. Current RAF helmets employ a fibreglase shell which bresks up on impact. The fmpact
load is tranemitzed ts tha ead and distributed widely by wmeans of a suspension harness which initially
trovides an air gap of about 1 in. Energy is sbsorbed by the shell inelestically each time & glass-fibre
ruptures, or is pulled out of the resin watrix. Peripherally, energy is sbsorbed by csushable foams.

Use of this technique lwplies a compromise with the requirement for a atrong, rigid shell. A second
machanism, wore favoured in the U.S., makes use of a layer of crushable fosw bensath the shell. These
materials crush to abour 40X of their initial thickness. However, a stronger shell can be employed.
Factors +hich wmay affect the choice of major energy absorbing system are set out in the table below.

4. less odbvious is the fact that, by absorbing euergy inelastically, energy tranefer to the head is
reduced to a minimum. For example, if the head were to bounce off the impacting surface with a coefficient
of restitution of unity, the overall energy change would be doubled. This factor favours the frangible
shell concept and has t1en discussed in detail by Rayne (1969).

5. So far, uo wention has been made of protection against rotational scceleration. A vary heavy helmet
could reduce head angular acceleration by incresasing the inertia of the whole head, but only at the expense
of excessive weight and an increased risk of neck injury. This machanism ie never intentionally employed.
However, if & heed strikes a surface at an acute angle, it may either slide along it, or roll alomg it,
depending upon the friction of the contact area, By making the helmet shell glassy swooth, and by elimi~
nating external protuberances, the tendency to slide can be increased and rotational acceleration reduced.

6. A final means by which the head could be protected is by prevention of crushing when the hesd is
trapped between two colliding surfaces. This appears to be a rare mechanism of injury, however, and the
shell would have to be very stiff to mdd materially to the crush resistance of the human slhull.

Table 1. Comparison of two energy absorbing systems for helumet use

A. Crushable foam/hard shcil

B. Frangible gshell/suspension harness

40X of available stroke lost by crushed
thickuess of foam.

High heat load, unless combined w#ith an air
gap and harness. ’

Tends towards a relatively high coefficient
of restirution.

Lov surface frictiom.

Not easily damaged in routine use, but any
damage invisible,

Capadble of giving good ballistics protection,

Ounly accepts oue major iupact per site, but
load spreading capabllity remsins
wcompromised. .

Tends to be heavier than B.

Some stroke lost through elastic extension of
suspension tapes.

Can be well ventilated and cool.
Low coefficient of restitutionm.
Initially low surface friction way increase

following impact.

Easily damaged in routine use, but damige
vigible.

Poor ballistice protection,

Only accepts one major impact per site, but
subsequent load spreading capability is
compromised.

Tends to be lighter than A,

Extent of protection

A1l the mechanisms for protecting the head which have been discussed only protect the area »sctually
covered, and overall protection is compromised by the need to provide an adequate field of vision and
head mobility., As has been mentionsd earlier, the boves of the face ave particularly vulnerable to
injury, though the eyes are quite well protected by the wargine of the orbital cavity.

A particular problem srises at the margine of the helmet, for here the shell {s icherently weaker and
the discontinuity leads to a local concentration of stress, Tape tuspensions are iueffective at the h.l-

wet margin and energy absorbing foams have to be used.

Visors are not considered to provida a protective capability in current helmets. Indeed, they are
genaxally designed to be stuck out of the way in sn impact e & broken visor could do wore damage than
uone at all. It may be noied that visors are not covered by current standards of head protection
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(Claister, 1975). This situation is rapidly changing with the Introduction of new materials, such as poly-
propylens, which do have a protective capabilicy.

Helmet retention

Helmets must be retained following a survivable impact so that protection is still available in the
event of a second blow. Multiple impacts are not uncommon in the experience of users of RAF aircrew hel-
mets (Glaister, 1974). For example, on ejection, a canopy striks could be followed by a strike against the
separating seat and a final ground strike on landing. Purthermore, crashes rarely impose a single axis of
deceleration and multiple head impacts are likely to occur.

The consideration that neck injuries could be produced if the helmet were too firmly fixed to the head
led initially to the provision, Iin the neck strap of RAF helmets, of a shear pin designed to part under a
load of 130 - 150 Lb. (580 - 670 N). Consequent upon rather frequent helmet losses the strength of this
pin was doubled some four years ago. The pin was then nearly as strong as the strap attachments and has
since been deleted. Helmet losses still occur, however, especially in high-speed ejection. These losses
may be accounted for by a recently demonstrated aerodynamic 1ifting moment which measured 460 Lb. (2,050 N)
at an air speed of 600 kt (Hawker and Euler, 1975). This force is shown plotted against air speed in
figure 3a and, for comparison, figure 3b illustrates USAF helmet loss rates, again plotted against air speed
at ejection.
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FIGURE 3a. Helmet lifting force ploited against airspeed. FIGURE 3b. Helmet loss rate plotied against airspeed.

Asvessment of protection

The various standards which are currently used by NATO Air Forces for the assessment of protective
headgear have recently been reviewed by an AGARD Working Party (Glaister, 1975) and will not be detailed
here. Briefly, standards cover the three main aspects of helmet design, namely: .
1. Impact protection. The helmet is struck under controlled conditions against a flat or hemispherical
anvil and the transmitted force is measured, Current RAF helmets are designed Lo withstand an impact
energy of 203 J, US helmets are designed to withstand multiple impacts of lesser energy (about 120 J).

2. Penetration resistance. The helmet is struck against a conical anvil having a 0.5 mm radius tip.

In relevant UK standards the impact energy is 16 J and failure is either excessive local deflection of
the shell (> 9.5 mm), or penetration. US standards employ a similar anvil at 29 J impact energy, but
failure is indicated only by electrical contact betweer anvil and headform (i.e. maximum local deflection
of the shell plus penetration).

3. Helmet retention. After a moderate preloading period, the strap is loaded progressively. Failure is
indicated by displacement in excess of 25 mm for a load which is currently 890 N (UK standards), or
1,333 N (US standards).

In addition, the standards cover requirements for such factors as flammability, extreme cold, heat and
humidity (prolonged soaks prior to testing as above) and individual impact testing of padding materials.
It must be noted, however, that these standards are drawn up for civil use (racing car drivers and vehicu-
lar users) and that military applications may compromise some of their specific requirements.

Windblast protection

In high-speed ejection, the body is suddenly thrust into an airstream which can exert a windblast
pressure (Q force) as great as 8.9 Lb.in.~2 (58 kN m™2) at 600 kt. The direct effect on the face of this
pressure causes petechial and conjunctival haemorrhages and, if the mouth is open and unprotected, blast
damage to the lungs. Face protection is, therefore, essential in high-speed ejection and may be provided
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by a wask asd visor, or by a visor vhich saals against a helmet fitead with & chin bar as in the case of
the RAY typs S helmst. Both approaches have basn shown to hawe the potantial to protect tha faca in high-
spead ejactions, provided that polypropylene visors of adequate strength ave fitred.
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APPENDIX

Conversion factors

Gravitational coneccant (g) = 32.2 tt.lec.“2 or 9.807 m.llc-z.

To convert fc. to m. multiply by 0.305
" " . to kp. ’ " " 0.455
"% kp to N. " " 9,807
v e o kN no v og.895
" Y ft.Lb, to J " " 1.356
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INTRODUCTIOR

The pinblem of noise in aircratt {s not new Hut ona which is bsocaming increasingly important and
critical. The complexity of sany wodern aircraft necessitates at lesst a owo-san crew, tnd the relationship
Datwsen these orew members WUsSt be 8o close that mistakes are not made and time is not wasted with the
unnecessary rspetitilon of information. The link between ths cras mesbers is usually effectsd only by
weans of spesch, 0 that any degradation of thia speech link im of vital jwportancs both to the suwosssful
completion of the sortie or miasicn and to the lives of the crew. The spesch link wuat therefore be rapid,
raliable and accurata. By far the woat significant factor acting to degrade the quality of the speech
signal is the ambient cockpit noise. It im, morxecver, true to say that if the high prevailing levels of
amk:ient. noise were loversd or removed tha® problems of avditory comsunication would ceasa to exist. Por
this rsason it is lwportant first to examir’' the nature of nolse in airoraft. .

The Sourvea and Nature of Noiss in Aixoraft

It is obvious that different tyjes of aircraft produce dAifferent types of noise. In high psrformance
single and two seat aircraft the predominant sources of aabient cockpit noiss axe:-

a. Boundaxy layerx noive. This is csused by the layer of air adjacent to thw skin of the airoraft
being turtulent causing the skin and canopy of the aircraft to vibrate. This vibracion is manifestod
to the aircrew as aiyporne noise.

b. Cabin air conditioning systems. Cabin air conditioning systems often require large masses
of air to be forced through samall orificies and the tuwrbulence associated with the pressure drop -
acroes tha orifice inevitably generates high noise levels.

Whichaver of thesa nolse sources is more important depends upon the type of aircraft, and on the phase
of flight - the boundary Jayer noise, for exarple, becoming more important at low altitude and high speed.

In contrest, the important sources of noise in hslicopters and propeller driven aircraft are mechanical,
i.e. the engines and gearboxes, thougs serodynamic noiss from the rotoxs and propellaxs also play a
significant role.

Consequently, the natures of the noise in the aircraft outlines above are different. 1In the high
performance stxike alircvaft the noise is not only of a high level (possibly in excess of 110 dB) but this
high level is maintained throughout a wide band of frequancies (for example, betwsen 63 Hx and 8 KHx)., The
noise in helicopters, though of an overall high level, is likely to be concantrutsd toward the lower
frequencies. Thus while the noise level may be over 100 dB at 63 Hz and 125 Bz it will probably have reduced
to only 70 dB at 4 Xz and 8 KHg. - Thers is a further difference in so far as the nolse in strike sircraft
is generxally distributad evenly and continuously through the aduio apectrus, but the noiss in helicopters
tends to be concentrated in narrow frequency bands (often associated with the rotation of individual quu in
the powex train).

Miniwising the ambient noise level is, of course, important and can be effected by some or all of the
following means:~

&, Maximising the canopy thicknesa.

b, Dasping the walls of the crew compartment.

c. Smootl..ng the boundary layer by remove! or redesign of excresences,

4. Ensuring proper design, and minimising thoruu flow of aixr through tha cabin conditioning system.

.. Prcper design and maintenance to smooth the operation of mechanical points.

In practice, howevex, i1t (s oftan difficult to produce significant reductions in ambient noise without
incurring other unacceptable penalties, particularly in terms of increased weight. It is therefore lmportant

to attempt to fsolate man s&s far as possible fros the noise in his environmsnt and this, of coursa, is tha
tole of Lhe parsonal equipment,

Personal Equijment and Communication

a, Oxygen Mask Microphones

It is perhaps, surprising that tha attnauvation uf oxygen masks iw not of orurial importance. This ix
because although an oxygen mask i3 a poor attenuator (and, at certain frequencies may actually amplily the
ambient noise) the speach signal Liside the wask is of very high: level. A given vocal output which would
register about 75 dB at 1 metre from the lips in a free field, may produce a sound preesure lsvel in excess
of 120 dB inside the confined voluma of an oxygen maeck. The consequence of this is that even in a very
noisy sircreft, the level of airoraft noiss insidas the mask is likely to be at least 15 dB below the level
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‘b,  Othexr Niorophones

of ths speach signal. This difference in levels is perfectly slequats to convey intslligible speech, as
i amy difference in exvess of about 11 4B at this point.

*

In aircraft vhere oxygen masks sre not usead, more sovers problems exist, They are only ever partially
overccie by the use of throat micxophones or noiss-cancelling boow microphonss. 7Throst wicrophones work
by pressing the tranaducer against ths larynx. They are cxtremely resistant to ambisnt noise but
umfortunately are rather poor transduocars of speech as their location prevents them from being sensitiwe to
many “"formanta® of speech that are not produced in the throat (s.g. the "voiced" parts of spesch).

] Moise canvslling boow migrophznes on tha other hand, ate good speech tranasducere, but are relatively
senditive to ambient noise. Chers are, tharfore, clssr out penaltiss snd edvantages associstad with each
of thess types of micraophone and the choico will depend on the specific microphones availasble, the aircraft
baing floam, and tha preferences of the crew.
¢. Neadgear

The point other than the mouth at which ambisnt noise oen enter the communications system (s, of coucse,
at the ecr. At this point, in ordar for the speech signal to ba intelligible, its long texm "average”
(root asan square) value should exceed the ambient noise level at the ear by at lecst 9 or 10 6B. This
aiffexsnce, howeve:, cannct simply be achiewed by incresasing the levol of the speech signal for two reasons,
The first is that vhen spprosaning levels of 100 4B at the ear the aural reflex plays & significant part
in protecting the ianer sar by preventing theses high ensrgy levels being transmittsd to i{t. Thus a msasured
difference betwesn signal and noise (signalinoise ratic) at high levels may not produce ths seme result in
tarmw of intelligibility as that same signal noise ratio at lower sound pressure levels. The second reason
is that a definite maximum lavel axists at which tha sjeech signal may be prssented if ear Gamage is to be
avoided. Deciding what this levsl should be is difficult and depends upon a nusber of factors. Noime 'dose'
is a cumulative quantity in as much as a short exposure to a high level of noise will squate in damags risk
tarms to a longer exposurs tu a lower level, and the riek of damage of course, increases with increasse of : ,
dose. Wwayd of calculating noise dose and asseciated risk sre clearly set out in 1580 recoumsndation R1999
and other similar documents, but (t {8 up tc tndividual crganisations to decide what level of damage risk E
is acceptable for aircrew. Generalising very broadly however, it Js possibla to say that it is unsatisfactory
to produce signal levels at the car such in sxcess of 100 48.
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It is thexefore a clear requirxemsnt of the headgsar to reduce the smbient noise level o at least 10 4B
below this (igure of 100 AB, and this task presents sows difficulty in certain situations - especially when
the situation Lis examined more closely. This ic because- ths attenuation of any flying helmet or other sax
protsctor inCreases with increauing frequesngy. Thus the attsnuation of a typical device msy vary between
5 dns to 10 B at 63 Hs and 125 Hz up to over 40 4B at 4 KHz., Xowever, tha frequency band over which aircraft
communications systsms operate is limited from about 30O Hz to 3 Kiz - this being the frequency domain in
which the information baaring parts of speech are carried. Tha attenuation of the flying helmet considered
ahove may, on SOmS wearsrs, be little more than 10 4B in this frsquency region and thus, in an aircraf: with
an asbient noise lewel of ovcr 110 4B at these frequenciss, the helmet cannot reducs tha noise level z
sufficioatly to enahla an intelligible signal to be presentsd.

bttt

Tha attenuation of flying helmets is therefore most critical and much recent effort in the design of
new flying he'mata has besn devoted to maximising the amount of ncise exclusion which they provide.

Intelligibility Assessment

Considersble zanticn has been made above of the AntealligiLbility of communications systems. The
intalligibility of & given system depends on a number of feotoxrs. The primary one is the difference between
the levels of speech and of the noise interifering with it., This is particularly true at certain frequencies
(for exampls in the octaves centred on 500 He, 1 KHe, and 2 KHgz), and this fact is exploited by techniques
like the Articulation Index which use the difference bstween the speech and noiss levels in certain octave
bands in & simpls calculation, the result of which gives an indication of the quality or intelligibility of
the spesch. :
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There are however other factors influsroing the intelligibility level attained, including the size of
the vocabularly in -use, the listaner's experiance of the speaker, and so on. In aviation, the vooalularly !
size is usually limitad, with coasequential high intelligibility, but important situations may arise, for
example betwesn a forward aix controller and ground attack aircraft, whare a large vocabularly sire must
ba used, and consequantly a large signal noise xatio is required in nrder to maintain adaquate intelligibility.

. However, in testing systems it is difficult to determine what level of intelligibility is the minimum
acosptable. It is easy, using standard intelligibility tests (in whioh sows speaskers simply read a list of
vords carsfully selected for their phonetic constitution to a set of listsners) to coupare one system with
anothex, or to evaluate possibls improvessnts to a system. The pr.blem lies in determining what is adequatse,
and this is complicated Ly the fact that wvhat is adequats on the ground is unlikely to be adequate in the air.
It is perhaps intuitively cbvious, but has also recently bean shown to ba damonstrably trus thst simple
psychomntor workload can produce large effects on wuditoxy processing capacity sven when the aimplest kind
of suditory comsunications task is uwsed, the affects of environmental stress on communications task may be
gussssd at but are as yet unressaxched, though it is unlikely that the presenca of heat, anxisty, vibration
and all othar stresses to which airorev are expossd will improve their capacity for comprshending auditory
communiocations . '
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The abowe repressnts a brisf outline of the ixportant ampects of avditory commmications in airoraft

" for consideration by human factors workers. It 48 likely that airoraft will becoms noisisr as the performance

demands mads on tham increase, and that ways of improving pexsonal squipment and comsunications systems, and
wathods of avaluationg these improvements will conssquantly necome Lncreasingly important. It is possible
that in the long term, radically nev forms of transducers will becows svailable, that slectronic devices
gurzently under developmsnt will be wsed to provide active "asntiphase” noise suppression at the sar, and
that sophisticatad Yorms of automatic gain controls combinsd with voice operatad switching of communications
systems, will ¢go a long vay toward solving the problem. 1In the forsseabls future however, the task of tha
r.uman factors workers in the field of communications may be regarded as striving to maintain the accaptable

rathar than pursuing perfection.
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BYR PROTRECTION AND PROTECTIVE DEVICES

by

Dr D R Brannan
Head, Applied Vision Section
Naurcsciences Division
RAF Institute of Aviation Madicine
Parnborough, Hampshire
United Kingdom

SUMAARY

This papexr discusses the major oculay hazards encountared in military aviation and describes some
protective measures which may bs adoptsd. The hazards considered are solar glare, bird strike, wind
blast, miniature detonating cord, lasers and nuclaar rlash,

INTRODUCTION

Excluding agents of chemical warfare the most important ogular hasards encountered in military
aviation fall into three categories. Bolar glare, trauma and high snergy light, Protective devices against
these hazards must be compatible with exieting aircrev equipment assemblies and not inhibit the safe and
efficient pexformance of aircrev tasks.

Solar Glare

Protection against the discomfort and the reduction in visual sculty caused by glare from direct, A
reflectad or scattered sunlight, is essential. In transport airoraft whare slow donning and doffing is
not a problem such protection may ba providad by sunglasses., In high perforasnce aircraft where protective
helmsts axre worn photo stress is usually avoided by weans of a tintad visor which is integral with the
flying helmet. 'The visor should be capable of adjustment by the wearer to provide protection against =
external glare sources whilst permitting a view of his instrumentation below. In the fully lowaered position .
the visor should be capable of praventing the ingvess of all unfiitered light.

a transmittance significantly higher being only of cosmetic value, The densities of the filter(s) before
each eye should be closely matched to avoid false projection (Pulfrich Kffect). The tint must be neutral
to avoid advexse sffects on colour discrimingtion particularly the recognition of red waraing signals, As
discomfort from glare is eliminated it is important to ensure that infra red wavelengthas outside the
visible band (B00-1400 nm) are alsoc attsnuatad to avoid the poscibility of retinal burns.

The filter for use in the aviation environment should have a luminous transmittance of between l0-15%; ' !
!
H
f

As with all transparsncies intarposad betwean aircrew and the external scens cars must be taken to
ensure that the field of view is as wide as possible, and that the optical properties and the physical E.
per msters confors to specification.

Birdstrike =

Protection of the face against birdstrike. Frig. 1. The haxard cf birdstrike is always present during 4
flight {(both day and night) at low level. Approximately 858 of birdstrike in the UK occur at altitudes 4
beiow 500 ft agl whilst only 7% ocoux at altitudes ahowe 1,000 £t agl. The incidence of birdstrikes in
low level flight is such that a hit in ths cockpit axea is a relatively cowson smergency (with respectato
the variows smesxgency funotions to be provided by headgear). Whenever possible the strength of cockpit :
transparencies ahould be such that they will not shatter when a bizd is hit. The strength necessary to
meet this requirxemssit when an sircraft flying at high epead hite a heavy bird mey however be prohibitive.
If practi.al, secondary protaction to the aircrew should be given by a tough mcreen mounted within the
cockpit. Again however this requirement may be incompatible with other functions, e.g. extarnal vision,
escapt. Furthermore there are many aircraft in service at present in which prctsction of this type is
not provided and yet they are baing operated at high speed at low level, When a birxd impact ocours onto
a cockpit transparency both pleces of the bird and splinters (sowe of them large) of the transparency fly
towards the head and shoulders of the aircrew membex. The pleces of ailrcraft canopy in particular are
propelled towards the face of the occupant. The most vulnerable organ is the eye and temporary or even
perwanent blindnass may follow a bixdstrike in the cockpit area. In the absence of other forma of
protsction (strong transparencies or internal cockpit screansa) a helmet mounted visor made of a strong
transparent matsrial such as polycarbonate (3 sm thick) is essantial for aircrev operating at high apesd
at low altitudes. The visor should protect all the uncovered area of the face as well as the eyes. Thuas,
the lower adge of the polycarbonata vieor should abut closely (less than 5 ma gap) against the oronasal
wmask., As there is virtually no hazard of birdstrike above 2,000 £t agl the Crew mesbex should be able w
remova the polycarbonatae visor from in front of his eyes when flying above this height, since any layesxr in
front of the eyes produces a small but significant impairwent of vision. Whilst it is Aesirsble that the
user should be abla to lock tha polycarbonate visor in the down position for blast protection, theruv is no
requiremsnt to be able to position Lt in any positicn other than fully up or fully down. Although it .
would simplify and lighten the headgear 4f the strong polycarbonate visor could also act as the antiglare
visox there are many flight conditions in which birdstrike protaction is requirad without the antiglare
function e.g. low leval flight at dusk and night. A dual visor system is therefors esssntial where
birdstrike an? glaxe protection are required. Pig, 2. F -
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Blant Protection

The head is exposed to very high asrodynasic forces on ejection at high speed. Thase asrodynamic
forces impart wry high angular acoelerations to the head and impact the head against the seat at high
welocity. In addition the blast may damege the tissuss of tha face, Ln particuler the syss, by causing
gross digplacement and rupture of tissues. Purtherwoze the blast may displace the headgear which xay well
thsn be lost altogether. Protection against the effects of blast on ejection inciudes the retantion of
the headgear and the prevention of damage to the uncoversd porxtions of the face and neck. Retention of
headgear is necessary in order to provide igpaot protsction to the head during the subsequant stages of
the sjection sequance and the delivary of oxygen to the sjsctese after escape at altitudes above 25,000 ft.

The UX approach to the blast problem is t0 rely on the protacticn given by the rigid flying helmet
which is provided with a strong chin styrap and oxygen mark suspension system, The eyes are protected by
the polycarbonate visor which must be locked down on ejection. This system provides adequate protection
against blast up to 600-650 knots.

Miniatures Detonating Cord

Some aircraft, notably the Harriex, are fitted with Minjature Datonating Comd (MDC). This davice
consists of an explosive charge contained within a lead coat which is appliad to the underside of the
canopy. Fig. ). On ejection MDC shatters the cancpy into relativsly small fragments prior to the aircrew
leaving the cockpit. The device has proved to be of great value in minimising personal and equipment
damage or. a through canopy ejection.

There have been a number of occasions on which lead spatter from MDC has caused superficial damage to
the face and eyes. The most severs damage has been corneal penetration to a dpoth of .) mm by small
particles of lsad. Pig. 4. In this example the pilot had his visor olevatel and delibarately kept his
eyes opan. It im considered unlikely in the extreme that any ocu.ar damage will result if the visor is
lowared and the eyes are closad. Xn order to prevent lead spatter tracking down the innar surface of the
visor various guards have been developed both solid and of foam plastic, these devices may have the adverse
effect of increasing visor misting.

Lasers

Laners are devices which produce beams of monochrowatic light which are usually of szall diametar,
intense and highly collimated. The energy density within the beam only decreases slowly with increasing
distance from the laser. Tha aye hasm the ability to focus the collimated beams Of sowe lapgera and to
concentrata the energy into small image sizes on the retina. Fig. 5. Thus. lasers can Gamage eyes at
considerable distance from the source.

Neodymium, gallium arsenide and xuby lasers which emit at 1060 nm, 900 nm and 694.3 nm respectively
are the most importsnt lasers encountered in military aviation. Ths applications of thege lasers include
ranging and target illumination.

Lassxr protection is best provided by the adoption of zafe woxking distances. STANAG 3606 gives
guidance as to the mothod of calculating the Nominal Ocular Hazar@ Distance (NOHD). It muat, howsver, be
realised that the calculated NOHD does not make an allowance for atmospheric conditions giving rise to
'hot mpots' or for intra bean viewing using optical instruments with a wagnifying effect. The nucessity
for pilot protection frow his own laser is debatable. The likelihood of a specular reflectuor in the range
area orientated normal to the beam must be small, the probability has been calculated as less than 10-6,
Should such a reflector be present, its reflectivity at the laser wavelength is not likely to bw high. It
is considered that pilot protection 18 not necessary providad the target and surrounding arsa 40 not
contain specular reflectors e.g. windscreens.

Where protection i# considered necessary this may be provided by gogyles ox visors with the requisits
optical density at the laser wavelength, Care must be taken to ensure that the luminous transmittance,

effect of the tint on colour recognition and optical properties of any protective device ars adequate for
the task.

Nuclear Flash

The fireball resulting from a nuclear oxplosion is capable of producing direct and indisect flash
blindness 2nd indeed may cause a retinal burn. By Gsy the small pupillary diameter and the optical blink
reflex should prevent retinel burns at distances at which survival is possible. Similarly indirect flash
blindness from scattexed light within the atmosphere and the globe i{tself does not pose a problem, Direct
flash blindness from the image of the fireball on tha retina is Aifficult to avoid, but again at suxvival
distances ths irradiated area will be small. Ewven in.the worst case of the fireball being imaged on the
zaculs, para macula visicn should allow all vital flight procedures to continue, At night with s dilated
pupil the situation is wuch woxwe. Retinal burns are possible and more importantly from the operational
stand point, indireot flash blindness msy deprive the aviator of all useful vision for unacceptably long

time periods. In short, prutection gjainst nuclear flash is not required by day but is vital at night,
(Vos et al, 1964).
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A pusber of protective measures have been proposed. If an exterxior view 1 not required or only
requived iafrequeatly it would be possible to cover all transparencies with opaqus blindw. It has been
advocated that gilters with a fixed 1-2\ luminouws transmittance be worn but thess ars not nacessary by day
and are of limited value at night. Another suggestion has besn an eys patch which wey be resoved when
ope aye has Deen afiected, but this is esmentially a two shot davice. What is reguired is a visor which
could be worn at all tiwes vhen nuclear flash is a possibility. ‘This visor should have & wvery high luminous
transmittance whan ‘open’ and & very low tranamittance when activated by a nucleaxr flash, clearing rapidly
whan the flash is removed. The visor should, preferably, ba made of polycarbonats or other high impact
resistance mutarial eo that it may replave the one intendsd for birxd striks protection in the dual visor
systam. Photochromic compounds axe being developed which go some way to meating thess criteris. These
coupounds are activated by the ultra-violst componant of the nuclear flash and darksn rapidly to provide
optical denmitiss of approximstely 2. 'They clear rapidly following the flash but may produce an afteralow.

. The spectral sbscrption may not cover tha total desized range of 400-1400 nm hut qan be centresd whare

desired and sidshand filters added., These compounds have been doped in aocrylic whers their useful life Lw
limited dus to oxidation, succesaful doping of polycarbonates has not yet besn achleved. The most promising

host material to date Ls epoxy resin where tha shelf life is unlimited. Bpoxy resin may be laminated with
polycarbonates to produce tha nacessary Limpact resistancs,

An alternative Unitsd States approach is to use an slectzo optic shutter of Lea) tanthanus Zirconate
Titapate in a ceramic wafex (PLET). This davice reacts within a few microssconds to produce optical

densities in excess of 1,

Although these charscteristics appear ideal PLET has two disadvantages. The opsn state luminous
transmittance is low, about 238, and it would be difficult and sxpensive to form into s curved viscr.
RRYYLRENCE
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resulting from a strike by a herring gull

Figure 1

Fractured windscreen on a Jaguar alrcraft,
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Figure 2

Dual visor helmet




34

T R

»

B o NI )

]

e e

B s, .
bR -

Figure 3

Miniature Detonating Cord applied toc a Harrier canopy
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Figure 4

D.C. on face and eye

Lewd spatter from M.
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Figure 5
Fluorescent angiogram of lasey lesions on a rhesus wonkey retina
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HEIMET MOUNTRD SIGRIS AND DISPLAYS

by
John Laycock Bfic,, ¥hD,

Plight Systems section,
Behavioural Sciencea Division,
Institute of Aviation Medicine,

Royel Aircraft Establistment,
Farnborough, Hempahire,

SUMMARY

The possible applications of helmet mounted sights and displays are cousidared, Brief datails of
the software and hardwars problems which may he experienced with such systems sre givan bafore outlining
in mors detail the pasychological problems encountered. The manner f{n which the vate of visusl {nforma-
tion processing by the pilot way be increased by varying physical parsmeters {s discussed.

INTRODUCT ION

Modern high speed fighters are required-to operate io situations {m which the pilot not only has to
endure high physiological stress but also has to work at the limits of his mentel capscity. It has long
been raslised that the human, even when highly trained, is limited in his abiiliry to take in information
through the periphersal sensory organs and process it centrally within the brain (Broadbent, 1971;
Cheryy, 1953; Moray, 1969; Triesman, 1969). The sensory modalities arc not mutually exclusive, in that
they rely upon the same central processor, cousequently sysiems which redistribute sensory information
across the modalities do not necessarily {mprove the rate of information intake, It ha. been estimated
that vithin the flight environment wore thrm 90X of flight information {s taken in through the visual
systea, thus systems vhich are sble to present visual information more concisely to the pilot reduce his
information load.

The developmeut of high luminance cathode ray tubee (CRT's) hss encouraged the productio of the nov
tamiliar head-up and head—-down displays (HUD aud WOD, respectively), which present coaputer generated
syabolic information to the pilot or navigator superimposed elther directly on the outside worid (HWUD) or
a TV gensrated image of the latter (HDD). HUD's and HDD's are at present employed {n & number of roles
designed to> improve the pilot's eff{ciency and extend the operating range of his visual system, These
roles include presenting:-

a. Avionics symbology.
b. Veapon aiming symbology.
¢, Low light TV generated images of the outside world for night flying,

Inevitably hardwara problems have repestedly hampered the successful applicatioa of the above
diuplay techniques, but more recently improved CRT's and sssoclated optics have permitted rellsgble
systems to be produced, Howevar, although many of the hardware problems may have besn surmounted, the
softvare, tha display format itself, is proving a such wore complex problem, especislly as more and more
information is being displayed. The problem is one of what? vhen? whare? snd how! showld iuformation be
displayed to the pllot to improve his efficiency.

HELMET MOURTED DEVICES

By pasitioning small optical davices proximal to the eye it is possible to subtend visual angles
at the sys far greater than those possible from much larger devices on the instrument panel, Thus
small, lightweight display curvied on the helmet may partially or totally replace the necessity for a
largy, heavy, space consuming EUD or HDD in cartain conditions and supplement it In othars,

SOYTHARK AND HARDWARE PROBLEMS

Many £ the softvare probloms associated with such dispiays are similev to those encountered with
HUDs end HDDs, howsver, a host of new ha.dvare and psychological problems arise. Briefly, the hardware
problema ere rslated to tha role euvisaged for the display. Simple filament or light zmicting dioda
sighte and displays pose problems far less severs to those sncountered for complex raster gencrated
diuplays. The former are by thair very nature small, lightweight devices which can Le intugrated
relatively sasily into the belmat, although the optical interface to the pillot is by no wasns simple,
The visual {nformation must be reflected into the eye or ayes either from the lunar surface of the visor
or s small sdditionsl reflector held {n front of the eye. Similar opticel imterfacing ls tequired tor
the raster display, however vhere and how to house the miniature CRT may be & major probiwa. Carrying
the CRT on or wituin the structure of the halmet increaces the ovarall weight of the helmet and aay
accentric loading may incresse neck fatigue in the pilot and futroduce a potential ejectica lLazard,

Positioning the CRT remote from the head but optically coupling it to the head by fibre optics 1s
accompanied by & detriment in nntical resolutioun.

PSYCHOLOGICAL PROBLEMS

hardware and tha character-

B R LT A e e

e i S W




i ‘-mumuu G

[

T o i

wone,

e ey ———

e = e e e e e e = | £ P *

fatica of the task in which the hardwars is to bs employed. The simple helmet wounted sight (BMS) is of
1ittle use to the pilot unless it can be linked to some servo controller within the airframe which {s
capable of positioning the sight imsge over the tazgat to bs attacked or whose navigatiom co-ordinates
ere to be stored within the computer. The solution sdopted is to esploy & fixed eight of small exit
pupil and usa the helmet an the contraller., Thut by moving the hesd to position the sight over the
target and massuricg the asismuth and alevation stgles of the halmat electro-optically it iz possible to
compute the target'o position relative to the sirframe, evea at large offset an(les far beyond the limicts
of couventional HUMs and HDDs. This hsed position sensing device is Zundsmental ro sany halmei wounted
sight systest and {¢ important {n overcuming soms of ths psychologlcal problems inherent {n helmet mounteu
disp” yo (BD's). The techaique re)ias upou a good positive fit betwaan the helmet and the head of the
pllo:, .

(i) Head Motion and Disorieatation

The buman head cen be rapidly positionsd with reasonable precirion in a no vibration enviromment,
Howeyver, in the flight eaviromment, particularly et low altitude, transmission of vibration to thu head
requires the halwat asimuth and elsvation angles within the servo loop to bs trausformed to reduce the
srrors caused by involuntary head motions. This tranvformation nay ba schieved either by filtering or by
introducing different nou-1limesr control te display ratios batween helmet and tacget sensor isto the
control loop at different phasss of the task.

Simple BE's prescnt ststic sywboli: information to rtha pilot. The presence of horizontal &nd
vextical lives within the display are potaentially disoricuting at low sltftudas as they sre stabilisud
relative tn the head and their visual movexent wmay contiict with that of the horizon of the outaide
world and vastibular motion cues. Trhis problem becomas iwore marked in raster Aisplays whare there may
be both visual movewsnt within the display and betwasn the display and the outside world, The effect is
varticularly warked in the roll axis. These disorientatiun: may be reduced if not eliminated by ferding
back helmet angles to the symbology to partially stabiliee it relative to the airframs.

(1i) Yoforsation Procassing

Rarly vaster displayy were designed under the wisappreliencion thot {f diffarent visual i{aformation
were presonted independently but simultaneously to the two eyss botl channels of informats m could be
procaseed simultaneously by the central processor, the brain. It haes already been stated that chs bumin
is limited in fts ability to take in and process senmsory information and {n the above situatiom the braia
is unable to process tha two changels of visual information sim.ltanecusly {n a parsllel manner, Ratber,
sequential processing cccurs, the busin escillating at low frequency beiwesn the two chaunels of viewal
informr®ion, sempling from both chaunels. This phenomenou i{s kuovm: as binocular rivalry and {awol. e s
shift of attention from oue inforwacien chamnel to the other,

(i41) Gimoculer Rivalry
Factors Affecting Rivalry

Binocular rivalvry fs a cowplex phenomenon (Ogle, 1Y64; Levelt, 1963), the rate of attention shifting
being detoruinad by ths igteraction of several phrsical parsmeters, These {nclude the relative wismatches
in (a) luminance; (b) colour; (c) accomrodation; (d) image complexity; (e) image magnificstion and
(f) fiald of viex across the two eyes. In normal binocular vision the sbove parameters are very nearly
equivalent across the two ayss., However, in existing displays varely is more than ome of these five
major pacsmaters equivaleat.

The available high luminance CKX7s are unable to produce luminancos .nywhere rear equivalent to ttose
experienced from reflected sunlight. Ths light transmitted from the CRYs is sleoc usually confined to the
gresu portion of the spsctrum. The {mage presented on the ¢isplay can take many forms ranging from
simpia symbology to complcx symbology tz a magnifled TV image nf & portion of the outeide wo-ld which way
or may not bs sligned with the portiou of the outeaila world being viewed directly by the non-display eye
and which zay or may not have yymbology suparimposed upon it, The displayad {nformation ca1 be focused
st iafinity or a% any suizabla pred<termined optical distance. .

As the physicel composition sud the information content cf the stimuli presented to the two eyes,
wbilet using a WMD, may have both similar and different eloaments, it i3 important to consider which
slaments are utilised by the visual Lystem and whether thay cause indapendent nr comun effects across
the two eyos.

(s) Liminence

All visual inZormstion; whatever i{te nature wust inevicably snter the vieual system via tha phkoto
sansitive raticae of the two eyss. The amount of energy {ncident upon the cornea of the sys is not equi-
valent to that impingiog upon the -etina. The retina, slthougl sensitive to'a lavge vasge of luminances,
is incapatle of desling directly with the extrama luminnuces sncountered from reflectec sunlight, Thus a
control mechunism exists which {s capadble of reducing tha high luminances to within the werking rangs ot
the retinal slesants. This e achieved by tha iris of the eye vhich is capable of varylug the pupil :
diemetsr. Iris control is achieved by a closed loop system the fnput to which {s the lighe ensrgy
incident upon the retina. This euergy produces affereni usursl potentisls within the optic nerve which
are transuitted to .he brein. {f rhe frequency of thaca potentials is beyoud the beaduiéth of the
opticel system, ie the swount :f light impinging upen the retias {4 too great, effarent nsural potantisls
ars transmitted to the iris causing it to constrict and thus reduce the light ensrgy peseing to tha
retina. The central controllar, the brain, is able to monitor bith afference and efference simul-
tansor>1y and thus establish the {ntensicy of the light incident upon the cornea of the eye.
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LUMINANCE CONTROL

FIGURE 1 E

The above (vesritas the situs={ion which exists for a single eye, Hovever, when two ryss are
conside:ad it i» apparent that it is possible to arrive at a situation in which two eyes are subjected
3 to merkelly diffaring lavels of {llummination. (Figure 1: Ly to the non-diaplay eye, L; to the display E
eye.) Under these couditions the abovs control wachanjem does nst permit independent adjustments to be -
wade to the two iris, Rather, their movements are yoked, the oparstive input to the conzrol mechanism 3
being tha higher level of illumination.

LS

In the BWMD context, whera the liminance of the CAT may be several orders of magnitude less than that
- of the outside world, this laiter phenouence may result in the amount of 1{ght passing to the retina of
the disnlay eye being severely radicad, such that the apparent brightness of tha display is diminished.
1 By reduciog the ){ght transaitted to the won-display eys by increasing the optical density of part or all
3 of the visos this effect can be diminished et the expense of reducing vision to the outeide world, (1 E
reduced to Ly for tha non~dis lay sye and L4 for the display eye in Pigure 1.) This latter reduction uy E
be critical it the pilot ‘s req..ired to pc‘tiou a target detection task prior to using the HMD. X

The miomatch in {lluminatica of tha two eyes not only affacts the apparven: brightness of visual

3 {uformation but also inflvences the ability to shift attention {n the binocular rivalry context (Figure

: 3 2). vith equal jiluminstion the ability to shift attention from outs’de world to display and back is

3 equivalent in buth directions, WNovever, when the ocutside world {lliminstion is jreater than that of the

) display wmore time iy required to shilt from the outeide world to ths display than is necessary to move in
1 tha opposite direction. The mmount of time spent attending to the display is also less than that apent to
1 the outsfde world. With the display brighter than the outeide world the above would ba tcvcrud. -
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The unut of thesd nnnuou chl!th. o‘tnu Apmﬂ ¢o be depandant upon the ugnhudc of the
{llusioation riemstch ud the .ttnttml w- of cthe {nformution d{mplayed in euzh aya. . -
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(b) Colaur

Ia the binoaular rivalry situation ths control of attemtion shifting eppears to heve s voluatary
. Voluntary control may be facilitated if the two visual information chamels are independemtly
labelled so that the cesatral coatroller can readily distinguish and rapidly switch batwean tha two sets
of information. It has besn already pointed ocut that tha extent of wvoluntary control 1is partlally
by the {llumination at ths two syes, Thua the absolute level of nwursl excltatfon within esch
fuformation chawnel sud the -huuh in excitation level across ths two channels may be {mportant factors
affecting voluntary ecomtrul. )

Mot auly doas tha overail levsl ol sxcitation appear to be important but ajeo the type of excitation.
The latroductiom of colourod tints to the viser and the colovr of the CRT phosphor and {ts associsted
reflector affect the alility to separate the two sets of {nformation within the brain. Thus colour coding
can be utilisred to facllitate attsmtion shifting. Agaia, this improvement in veoluntary control is
achieved at tha sxpense af degrading the information entering from the outside world in that tints
applied to the visor affect the ability to detect contrast edges in the outeida world. However, careful

and wot contrast degradation,
{¢) Accommodation

The voluntary control of sttantion shifting appears also to be inflnenced by sccommodation
processes. As for iris control., accomsodation caunot occur {ndependently withiu the two eyes. Accommo~
dation {s to a certain extsut under voluntary control, tLus the céntral procassor must select a single
sat of joforsation if two sets of information are presented independently, in differeant focal planas, to
the two eyes, la the HMD context it way be beneficial to focus the displayed information at an apparent
vieving distance of & watre or lass, rathar than st lafinity,

(4) TImage complexity

The major processes affecting the transmission of information to and the separation of informatlon
vithin ths brain have besn outlined but now tha brain must bde comsidered as a cngnitive processor as wvall
as a peripheral sensory modality controller. The physical aspects of the visual stimuli contribute to
the binocular rivalry process but ths information content of the atimul{ §s also an {mportant facter., It
has besn already atated that the displayed Information can taks many forms ranging from simple symbalogy
to complex pictorial rspresentations of portions of the outside world, The former present less of a
problem as far as binocular rivalry is concerned as the brein is uble to fuss simple symbology vith
{aformstion from the outside world, as iu the BMS context. It has yet to be ertablished how complex tha
syebolic information wust bacoms before binocular rivalry snsuss. This point is governed by the format
and content of sach display and must be individually asseszed. The rivalry phenomenon {s sccompanied
by the patteru recognition problems inberent in RUDs and thus the two cannot be investigated indepen-
dently. Although binocular Zusion of outside world and display information miay be achieved the brain may
cousider the two sets of visual informatfon as completely sepatate prtterns and thus process thea
indespandently rather than as one integrated whols,

Whst wore complex information is displayed the problems of rivalry and pattern recognition may
oucur simultansovsly. In this situation only by carefully considering both the physical charactexlstica
and {nformation content of the two chaansls of visual information can bhe a viable solution )

be arbieved. . Additional cognitive factors alse influence the ability of the pilot to function
officiently under thase conditions. If symbolic ir€ormation {s baing presented on the D the pilot
must be confidant that spurious information is not oeing displayed as thil viu cause him to focus his
sttention predominantly to the outride world.

Similarly, {f the displeyed information is derived from a TV camera slaved through a servo control
system to his head, unless Le is confident that the TV {s %olloving his head exactly he wiil fail to
recognise targsts pressnted on his B,

(a) Image Magrification

In this latter situation the problem of pattern recognition becomss marked when the IV camara
prasants a magnified image of a portion of the outside world to tha display. The non~display ese i
presented with visusl rrisuli of unity size whilst tha display eye msy raceive stimul( several orders of
magnitude greater in sise. This f{ncrasss in wagnitude is applicable both to else and the velocity of
movements in tho outaide world. Tails probln fe inevitadly related beth to the f£ield of view of the TV
cemers and the visual angle subtended at the eys by the display. A narrov field of view is desirable for
the cemera if details ave to be discernable in tha dlaplay. A large subtended sngle at the eye enharcen
discrimination. Howaver, further probless may be introduced if this angle {is excessive. Paripharal,
nou~display information watering the display eye wiil be excluded and may rasult in a decrsment in the
ability to monitor the flying task. Visusl search aod wovssent identificatios within the display may
becoms prohlematic as the relationsiip betwesn non-dinpuy snd display information within the centrsl
coutroller cannot be malutaiued. ¢

As fo- irle and wccommodstion control, ssccadic (ballistic) movements of the ayes are yoked
(Milsum, 1966). Thus {wage oizes and motions on the retinas of the two eyes viil be inccupetidle in’
empiitude if the display is an enlarged repr sentation of the outside world, Thus when attention s
shifted from one information channel to the nther the gaio of the efferent comtral te the extraccular
musclas of the sys has alac to be changei and the syes repisitioned to place the area of interest on to
the foves of the attsuded ave. - Thic repositioning nnd recalibration of sxtrsocular gain can rapidly be
achigved with training. However, partf{cular attantion -ut ba paid to eys dominance as nonnly one.
eys drives :hn other vhun uuu sacopdin mmu S S .
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if moverant information frow both the display and the sutside world 1. pomitted to stimulate the
ratina at or proximal to the fovea conflicting affarent fcformation is tranmsitted to the ceatrsl
controller. Ths central controlier is only ahle to respowi to oue set of moviment inforwation and wblch
one is atténded to is deternined by the velocity of the mcvement ‘and both the luminance and eontrast of
the moving object (Yigure 3). This problem can ba surmouated by employing en appropriate interface
between the CRT and BMD and the eye.

(£) Yield of View

The magu{tude of the angly subtsnded Ly the displey &t the sye also {nfluences the configurations
amployed for displaying sysmbdology. In normal vision the fovaa of the two syes are bilaterally vepre-
sented {n the hewispheres whilat the uasal rotinae cross vis the optic chiawms: to the opposita bemi-
sphares. As the imiges on bioth recicae are approxizatsly equivalent the result is.thst information
from the left hcalillalds wnters the left hemisphere whilst that from the right hemiflelds passes to the
right hemisphers.  Wieress the non dowinant hemisphers may omly process information on the visual basis,
the domingut h misphere may process {nformation both visually and {n terms of varbsl content (fichmit and
Davis, 1974). Consequently, although interchange of informstion ran teke place barwaen the two haami- -
sphures via the torpus callosum, certain typss of symbolic information way bae procissed more upuly i€
prucnud to ha hemifields projecting to tha dominant hem{wphere, :

When binocular rivelry occurs, as with tha WD, the ‘mages on correaponding hexifields conflict,
k4 information projected to each hemisphave is {ncompatibdle and has to undergo some form of deccding
process before being subjected to further central proceraing. Under thsse wonlitions the time saved by
transmitting information requiriug verbal decoding direct to the dominant hemiiphere may result in only a
warginal incr.ase in performanca.

Hamory Processas

Another facet of ths binocular rivalry phencmenon {s that recojnition of pactern similavicies across
tha tvo eyes danvot be -achieved by simultansous comparison of the two retinal {mages. Because of the
sequential mode of operation in the cetitral controller Suring rivelry, pattern recognition wust be
achieved by cemparing the rutinsl image fzom the attended eys with s stored representatiou of the retinal
image from the mon—sttendsd eye. If rapid respousses sre required psttern recognition may have to be
achieved using meoory processes. The problem ssscciated with maguitication within che display may become
acute as the discrepancy in tha detsil stored in wemory and that visible within the display will be
considerable. Such discrepancy will léad to an hcrm- in wocouia. time within the brain bafore recog-
uition can be achieved,

- CONCLUGTION

The psychological probleus sncountered whilet uving a WMS sra considerably lase than thess which
sxist with Ds. With the latter, the complux {nteraction of peychological effects dnes not preciuds a
satisfactory solution from beiug suliieved. Careful sttemtion must be paid to avery aspect of the opticsl
{nterfacs {f the two chanusls of visual h!omtin sra to be distinguishable by tha pilet. The forwat of
synbolic information and the ululmhtp bstween pictorial infetmstion and the outside world must ba such
as to reducs {ncomgruities to lavels which do not seriously ircrsass the demards made Upon the coguitive
processes within the pilot. T:aining vap’dly {mproven both perlotmsucs on the flying tusk and the ability
to procass and utilise cha dispisyed {nforrstion. Although hardvars desigus impuse limitaticas upon the
operatiopal roles in vhich B¢ may be uuuuy -ploud, hprovu designr may reduce shase lhiudou
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WAKNING SYSTEMS IN AIRCRAFT.
CONGIDERATIONS FOR MILITARY OPRRATIONS

by

Sqn Ldr D C Readevr
RAF Institute of Aviation Medicina,
Farnborough, Hampshire, UK,

INTRODUCTION

The demands upon the crawe of military sircraft sre {ntense and little tima {s available for aircraft
systems management. The primary aim of the sortle is to rauch tha target, deploy the wost effactive
weapous and to return, so autowation is amployed as far as posaible. The workload can vary grestly accord-
ing to the type of sortis, terrain and hostile forces, but it rarely permita adequate surveillance of all
aircraft systews. If failure occurs in flight, inattention or insppropriate action could jeopardise the
safety of the aircraft. The failure could become progressive ss the large measures of redumdancy ususlly
incorporated in modern militery aircraft could permit the flight to continue if quicker sction were tsken
at the vight time.

In order that aircrew should be informed when such a failure occurs, warning systsss are used. Thase
present the crew vith informatiom sbout tha defect as unawbiguously as possible, and also indicate, in sowe
inetances, the correct response for the crev to make. The purpose of this articls is to present the prin-
ciplen employad in the design of warning systems in aircraft.

PRIORITIES
Three priorities of warning have been establighed:-

1. Warning signal. This is defined as a signal indicating the existence of an immediate catastrophic
condition raquiring {mmediate action, or limitation to the flight envelope of the alrcraft.

2. Cautionary sigual., This is definad as a signal showing existence of & hazardous or impending
haraxdous condition requiring attentiom, but not necessarily iwmediate action.

3.  Advisory signal. This is a signal used to indicate the alxcraft configuration and condition of
performance, the operation vf essential equipment, or to attract attertion for routibe purposes.

These signals are usually presented ia three ways, by visual, auditory or tactile signals,
Visual Signals

This is by far the wost commom method used for the presentation of all types of information as the
visual sense i{s the most discriminatory. Colours are used to good advantage and the priorities of warning
are assigrned the following colour codes.  Warning signal, red; cautionary signal, yellov or amber;
advisory signal, green, white or blue. The advisory signals are further subdivided by fumction. Thus
green signifies that a unit or compoment is within tolerance or is satisfactory, whereas white or blue is
wied to advise of a state of position or action without implying either a safe or unsafe condition.

In addition to colour coding, warning signals also use the appropriate legends to indicate what system
or failure is present. In practice these displays take the form of smasll lights or lighted panels which
are marked with the sppropriate legend so that tha legend bacomes legible when illuminatad. Where the
psnel is too small to encompass the appropriate word, standardised abbreviations are used. Care {& taken
that the abbreviastions ussd are unambiguous and lists of approved sbbreviations have been prepared to
ensure standardisation. Aircraft designed wore than twenty years ago tcnded to have signals dispersed
around the cockpit so that warning signals and other controls of a particular system were grouped together.
Whilet this msy make recognition of a particular signal easy and facilitate remedial action, it tended to
make the cockpit haphazard with signals of varying priorities spread around sll the cockpit displays.
Modern military aircraft group all vieual warning systems together as a standard warniog systems (SWS),

The SW5 is sited outside the blind flying panel but within the 30° cone of vision of the pilot. This posi~
tion ensures that any varning will be {umediataly noticed. Tha SWS pressnts a small panal to the pilot
bearing & number of illumivated windows, Whan the system is activated, the appropriate window {1luminates
and if it is a warning signal, ie one raquiring immediate action, additionsl sigaals or "etteution getters'
are also sctivated. . Thase attuntion getters consist of wore red lights placed in the direct line of visien
of the pilot. The attention gettsrs flash snd auditory wernings are also haard to reinforce cthe urgency of
the situation to the pilot. The attention gatter lights and audio warning can be ewitched off by use of a
cancel button on the SWS, but the Llluminated caption on the SWS remains until the emergency situation has
passsd, If s fire warning is pressnt, a red light illuminates in the appropriate fire sxtinguisher buttom,
also situated on the 5WS, to indicate to the pilot ths actions he should take. The cancel button ocunly acts
for one specific warning and subsequent warnings, or those of highsr priority, sctivate the whole system
cnce more. Cautionary and advisory signals are also presented on the SWS. Ga soma aircraft the warning
system 1s physically eplit into & standard warning systsm end an auxiliary warniog system (AWS). The AWS
presents ths cautionary aand advisory signals which are not reinforced by attentiou gattars, lights ox
sudio warnings. B . S

Othar types of visual signalp arxe qebntcni in nature. Rods or flags can protrude into tha pilot's
lina of sight {n the cockpit or from various surfaces of the aircraft to aupplement cockpit information.
Thase ara usually striped whita and black or red snd black for viseuasl Aistinction purposes. Colour markinge
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ol {nstrumsnt displays also fall into this category snd the colour of the instrument batkground (eithar
dlac/poiucar or comter) gives information on the condition of the system indicated. Electromschanical
vieusl varning {ndicators are usually fitted to modern flight instrumsnts such as the attitude and hori-
soutel situation indicators. These warniogs are small flage which drop across part of the display to
{indicate failure of powar or input. The flage ara laballed appropriataly and are either coloured or
striped red. Other types of visual varuings comsiet of {lluminated panels to order abandoument of the
sircraft, axcept in those mircraft fitted with semts side by side or with command ejection systews.
Visual warnings can aleo be used with head wp displays snd othar electronic displays. A tlashing letter
W across the centro of tha head uwp display hes besn advanced as a possibility es there is a liwitation in
the use of colour in electrouic displays of current aivecraft. The concept of an SWS ia likely to ressin
and sows sort of attentiom gstter in the head up display will ba used to transfer attention to thy SWS
when necessary. Visual varuings could also be employed with good sdvantage in halmet mounted displays.

Auditory Signals

Thess are of two forms, verbal and non-vu'bll the latter being wmuch mors common.  Blectronicslly
stimulated dells are used to anforce warning nimch appearing on the SWS. Howaver most modarn sircraft
now employ a 'lyre bird' auditory warning for this purpose which has become standardized amoug NATO forces.
The lyre bird signal coneists of & tone rising from 600 to 1,700 He in 0,85 seconds and repested once a
eacond (Fig 1). Auditory signels are also used in Naval sircraft to supplement information ou airspeed or
angle of attack on the approach to landing. A fast airspeed (or low angle of attack) onm the approach is
characterised by a 1,600 Hx tone interrupted at a rate (1 - 10 Hz) corresponding to the airspeed. An air-
speed marginally faster than the optimum is accompanied by a 900 He tona plus 1,600 Hsz tone interrupted at
& rate 0 - 1 Hz according to the alrspead., When the optimum approach speed is achieved, a 900 Hz touve is
heard. Airspesds below the optimum carry auditory signals of 900 Hx snd 400 Hz interrupted at 0 - 1 Hy
and 400 Hx interrupted at 1 - 10 He depending on the asirspeed of the aircraft.

Verbal auditory warnings are aiso used, With theve systems, either a tape recorded or electronically
genaratad volca is pressnted to the crew listing the system or service at fault, the specific location of
the fault and ths nature of the emergency, eg 'engine, Mo 4, fire'., Sowe verbal auditory warning systems
continue the signal with the correct racovery procedure for the crew to follow,

More sophisticated auditory signals could be employad in aircraft operating in hostile areas. Here
hogtile radars mey illuminate the aircraft and the crew would wish to know what class of radar is being
used, from what direction, and whether the radar illumination is locked onto the aircraft, 1t way be
possible to demodulate the radar signal received by the aircraft and present it as an auditory signal to
the crevw. The azact nature of the signal would than allow traioed aircrew to distinguish betweean the
various types of radar and to decide on the procedures to be adopted. These signale might possibly be
supplemsnted by 8 visual display of some sort.

One must also include here the avditory identification signals vhich are superimposed upon TACAN, ILS,
and other navigationsl channels. Thes:: are presented aurally to the crew and must be identified correctly
(usually by morse code) to eliminate false navigational information.

Tactile Signals

In addition to visual and auditory signals, tactile signals arc alsc used. The most widespread
exasple of this is the stick shaker wvhich wams the crew of airepeeds approaching the stall, These types
of warning ars used mainly in transport type alrcraft. In addition to shaking the control column in coms
aircraft, the system physically pushes the stick forward to enable the mircraft to recover from the
impending stall,

The Harrisr VIOL aircraft employs a rudder shaker tactile warning to inform the pllot of excessive
conditions of yaw, a potentially dangerous condition. The tactile warning is delivered to the rudder
padal that should be depressed to correct the yaw comdition, hence the warning and the corrective action
required are zombined. Other mechanical warnivgs are employed in the mode of automatic terrain following.
Heze the sircreft is guided by radar to follow tha contour of the terrain as closely as possible to avoid
datection, Fallure of the system could be catastrophic so, in addition to the 5WS being activated, the
sircraft is sutomatically manoeuvred into a ssfe climb,

lmtlmcu has shown thet the visual display of warning, csutionary or advieory signals is the most
affactive and unsmbiguous wenner in which to present essential {nformation to the crew, Once the attention
of the ¢xrew hae besn obtained thay only have to vedd the caption to sscertain the details of the emargency.
Auditory warnings to reinforce visual presentation ars acceptable but become difficilt te distinguish when
nume *ous, Warning signals ara presented infrequently so that discrimination is from wemory, and this could
ba misleading. Audio wamings usad for airspeed data differ in this respect as they are used much more

‘frequently, It has bna recommudad that the number of noa~verbal uudio vurniugn should be limited to

svoid confusion.

Tactile warnings can be used to giva gradusted information, eg as the situation bacomes more critical,
the shaking increases in intensity. Apart from the examples givan of tactile warnings thers is no wvidence
that tactile warnings axe more efficient than visual or audio wvarnings combined. Howaver, tactile warnings
could have & bigger part to play {n those aircrafe without an automatic flight control system, eg combat
helicopters whare the pilct slways has his right hand on the control columa. " Here tsctile displays pre-
ssntud as moving surfaces or plungers which expand wo as to bacome palpable could give aither waruing -

(eg redar altitude low) or director information. Two axie plungers could diract the pilot either to hold
a given course or to manocsuvre tha aircraft to scquire a target; the wtick being moved in the direction

thet the plunger indicates. Combinations of plungers or surfaces could bs vwed to eignify different emer-
gancies or degrees of mrgnncy. Clearly wors work is required to aacertain whether this concapt hes any

" adveatsgs.
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CONCLUSION

The comcapt of a visual display combined in sn SWS Lis probably the wost efficient wethod of pressating
sssentisl smazgency information to the crew., Attention getters and zudioc varnings should be used to assist
this presentation. Apart from a few specific cases, audio warmings do not have distinct advantages over
visual displays. In some airveraft, tactile warnings can be used to good effect and extansina of tactile
displays to other situations should be examined.
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ADVANCES IN MILITARY COCKPIT DISPLAYS
by

J M Rolfe
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Royal Air Force Institute of Aviation Medicine
Farnborough
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INTRODUCTION

The aim of this paper is to concentrate on the major developments which are influencing military
cockpit design and the aircrew task. More than twenty five years ago Williams (1947) undertook an
analysis of the pilot's task. While specific features may have changed the follewing quotation is per~ -
tinent to the contemporary situation: "Between the knowledge of what control movements to make and the
knowledge of the purpose of a mission lie all the areas of information which together result in the accom-
plished flight. Since the only course of action open to the pilot is through manipulation of the aircraft
controls, it follows that all the information he receives must eventually be filtered down to this level
in order to participate in the flight at all., These pieces of information somehow work together in an
organised way, and for purposes of analysis must be fitted into some descriptive pattern - thus the problem
is first to break away from the notion of specific ways for presenting information and second, trying to
develop a scheme into which all the various pieces of information will fit in a logical way". Carel (1965)
consolidated Williams' analysis by developing the broad functions of a vehicle guidance and control system
in order to provide a starting point for determining the pilot's overall task. He suggested that the
operational use of a vehicle implied the following functions:

1. The selection and identification of a goal (for example a ground target or destination).
2. The measurement of the position of the vehicle relevant to the goal.
3. The selection of a path to the goal consistent with vehicle constraints.

4. The measurement of path error or the computation of predicted error at the terminal goal given
present performance.

5. The selection and use of sensing and control mechanisms to physically realise a control law and
thus reduce the error or make good the path.

6. The selection of components for the synthesis of the sensing and control mechanisms.
7. The selection of material for the required components.

Carel further suggested that the above functions resolve themselves into the attempt to obtain
answers to the four questions:

1. Where in the world am I with respect to the goal?

2, What is and what should be my velocity vector?

3. What is and what should be my attitude and angle of attack?

4. What should I do with the controls?

Roscoe (1974) represented these sub goal functions in a diagram representing the hierarchical nature
of the flight task as shown in Fig. 1. He points out however that the pilot must also take into account
what he describes as the constraining factors of the flight:

1. The performance characteristics and present condition of the aircraft.

2. The presence and flight paths of traffic in the vicinity. The relationship of that traffic to
the aircraft (friendly/hostile), and the need to avoid or intercept it.

3. The weather, both local and en route.

4.,  The geography and topography of the terrain over which the flight i§ being made.

5. The characteristics of the crew or passengers that impose constraints upon the flight.
6. The body of rules and agreed procedures that govern flight in the particular airspace.

In the military context the above discussion of the control and guidance functions performed by the
pilot, must be set against the background of increased aircraft performance, greater weapon systems effec-
tiveness, demands for total 24-hour all weather flight capability and the need to use operating profiles
which disadvantage hostile defence systems. To satisfy these requirements a wider range of information
sources are now being drawn upon, for example infra red radar, low light television, laser ranging, inertial
navigation systems and ground based radio and navigational aids. In their initial form each sensor has
tended to be designed as a mainly independent system having its own information display and so the number
of displays in the cockpit have increased.
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tiveness, demands for total 24-hour all weather flight capability and the need to use operating profiles
which disadvantage hostile defence systems. To satisfy these requirements a wider range of information
sources are now being drawn upon, for example infra red radar, low light television, laser ranging, inertial
navigation systems and ground based radio and navigational aids. 1In their initial form each sensor has
tended to be designed as a mainly independent system having its own information display and so the number
of displays in the cockpit have increased.
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(from Roscoe 1974)

The trend towards increased cockpit complexity has led to the recognition of the following constraints:

1. The physical workspace of the military aircraft cockpit is severely limited with the consequence
that there is little spare space available to add additional displays.

2. With the trend towards greater freedom of vertical operation, i.e. V/STOL capability, the need
for greater external vision from the cockpit reduces the areas which can be used for the display of
information within the cockpit.

3. Trends towards combining information on to one display have not always proved successful.

4. Delays arise as the pilot has to change eye position from outside the cockpit to inside the
cockpit and back again.

5. If the pilot is forced to select and process raw data from multiple information sources he is
subjected to high workload and speed and load stress.

The consequence of the above constraints has been the demand for display systems which gatisfy
the requirements of using onboard computing facilities to integrate information so that the pilot's task
is simplified and he is less heavily burdened. Linked to this aim is the recognition of a need for more
flexible display systems than the conventional electro-mechanical systems which have formed the basis of
aircraft instrumentation over the last three decades. The major requirements for such a display system
are that it should have:

1. Multi-sensor capability, i.e. the display should be able to accept information from a range
of inputs.

2. Multi-function flexibility, i.e. the information displayed should be capable of being changed
to meet the needs of a particular flight phase.

3.  Multi-format flexibility, i.e. it should be possible to display the same information in a
variety of formats.

The display device which currently has the capability of fulfilling these requirements is the cathode
ray tube (CRT). The CRTs performance in terms of resolution, accuracy, brilliance and environmental resis-
tance is significantly better than other types of modern displays. On the other hand the physical con-
straints of electro optical systems ensure that the size of such displays is large. Also compared with
other types of addressable systems the associated weight and cost of the necessary symbology generation is
significant. The idea of the use of CRT displays in flight usually raises the question of their reliabi-
Jity. Fvidence is now available which indicates that reliability is less of a problem than was first
thought it might be. Marconi-Elliott Avionics Systems, manufacturers of the widely used cathode ray tube
used in the A7 A and E aircraft, have now evidence based on over a million flying hours. Their experience

A
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has shown that much of the initial emotionsl worries and couceru regarding the relisbility of the glass
tube are lsrgely wjustiffed. Such reliability problems that have ocuurred have besn assoclated with the
high spewd mmalog digital conversion clrceitry and & tendency for growmd crews to use the (BT display in
& vory high brightnass node for loag periods as s nevigation sttack systes check out dlsplsy. In this
context it is worth noting that in ons single ysar {in tes Uaited States ailitary operations 30X of all
tube fallurec were associatad with tha gradual etching by buming of the test display formst caused by
prolonged operstion of the display system in the entirsly static check out wode. Whan the display systems
were oparatad within specifiad limits CXT 1ives in the order of 1,400 hours were being achieved.

The spplication of multi-fusction, multi-wode displsys can be considersd in relation to ths planes of
operation encountered in flight. Currently two basic configurations cem be found in use. The firat is &
wertical lﬂﬁ, Lom gg;g, s forvard looking presentation providing s spatisl veference im the X and 2
axas as A slevation. Thie display fulfils the role of tha attitude imdicator or tha attitude
director indicator with additional capability for weapon siming and tha display of besic informarion such
as altituds, sirspsed snd hasding. With additiocnsl multi-sensor capabilities the combinstion of electromi-
cully generated, low light television and infra red forward loocking information can be superimposed on the
display.

The sacond configuration is the g«irt!mul situstion display, a downward icoking ¢isplay of informa-
tion {n the X and Y co-crdinates of asimuth and range. This diaplay pxesents heading lnforwation and, {a
addition, besring informmtion with ragard to radio beacons, targets and other {dentifiable way points oa
the ground. Ultimately the aim {s for horizontal informstion such as the moviang wap, radar and electroni-
cally genarcted nsvigational s wbology to be capsble of baing combinad onto ons presentation. Wowever, at
the womsnt this davelopmsnt swaits the availability of the high resolution wulti-colour display capsble of
displaying topogrsphical map information in adequate detail. A compromiss can be achieved by the use of
optical combining systems which superimposs radar and moving map information. Systems are now becoming
available in which mep information can be overwritten with alphanumsric deta displays using light emicting
dindas (1XDS).

In addition to the vertical and horizontal situation displaye anothar display vhich ie now availadle
in & variety of prototype forms is tha profile Jisplay. The profile displsay gives a sideways iooking indi~
cation of the vehicle's behavicur in u;iurm\ to the X end Y axis, i.2. elevation and range. Informatfon
of this typu is particularly relevant to 7/STOL opexations where a sophlsticated spproach path aay be
required to be followed in order to achieve an effactive deceloration and transition from forward to ver-
tical flight. Among the parameters wh.ch wtudies have shown t5 be uucessary to the piiot are:

1. Ground spaed and direction: to emable the pilot to arrive over the landing spot at the desired
touch down speed.

2, Vartical speed: wost V/STOL aircraft hava » low normal accelaration capability in the approsch
configuration and it is impurtant for the pilot to be sware of the | -oxiuity of the safety boundsry.

In al) three of the above displey configurations there are a variety of uptions open to the designer
with regard to tha way in which {nformation may be displayed (see Suvada, 1973). Probably the most aigni-
ficant one at thie time {s with regard to the vertical situation display whether it should pressnt ite
ioformation head up or hesd down., ‘Thae head up display calls upon the philosophy that the pilot needs to
look out of the cockpit and .hereforc the information should be located so that he does not need to remove
his ayes from the outside visual scens., In sddition if the display cen be made to appearx at optical infi-
pity he wiil not need to changs thw scromrodation of his eyes or change his attention frowm one display to .
mother. Toese two aims are achiewad by the use of a collimated presentation, optically wixad with his
forwvaxd view. The coacept derivus much from the gunsight but the opportunity hay been taken tu improve
both the informaticn centen: of the display and its wethod of presentation. The head up display has found
fevour in military aireraft for example, Jaguar, Barrier and the AVSA,

Devalopments have nlso baen taking place in head down vertical situation displays. Agsin the wulti-
sausor, mlti~function capabilities of the diaplay sre utilised but no sttempt is made to combine the dia-
play directly wicth the outside visual world. The urgument for this philosoph - i{s that where the snd goal
does 2ot toquire a coutinuous scamaiag of the outside world there is sn advantije in presenting as wuch
inforsation as possible haad down in a larger format than available with the head up dieplay.

While the present time seas the cathode xey tube favoured ss the primsry medie for the pressntation cf
flexible informstion developments are progreswing towards the applicatica of other display tachniquas. The
wost promising of these {s the wove tuwards the usc of solid state display techniquas, However {t is
likaly that thess will supplement the cathode rsy L, ¢, rather than supplant it. This maans that devices
such as liquid crystals aud light emitting dicdes will be applied to i he display of alphinumaric graphic
displays which will displace slectro-machanical displiys. Prougress has besa wade with the desiga of
light emitting diodes in recent years. The brightness of LEDs has besn incressed to & level whers they
are now totally compatibla for use in head up and haud dowa displays. Their aldressabls nature and the
high resolution which can be achiaved by these displays maks it possible to construct complex ulphsnumaric
and graphie dlsplays vhich sre often consideravly wore effective than the electro-mechanical ones they

replice.

To sumsariss, in thig psper the sttempt has busn wnde to examing th) background sgainst which receat
edvences in dieplay tcchnology have taken placg in velation to the military cockpit, Emphawis hus been
rlaced upon providing «a sdequate asscusmant of the {nformation needed by the alrcrov iun ordar to perform
their task sud from this svolve a display sysiem capable of presscting iuformation in & flaxible usnner.

In ordsr to do this the demsnd for & mulri-function, msulti-sensor information processing aud display systes
has praseated itualf and n vumber of solutions to che problem have ctvelved, At the presant tiwe the most
widaly used form of display is tha -cthode ray tebe which Las the required fiexlbility.

‘ncll il Mol

Tt

ki,

o et i,

i st sl



’ 50

E - ACKINONLE DCEIWRNY

E The suthor wishas to scknowledge the assistance of Swiths Industries Limited Aviation Divigion for
, the losa of the filw 'The Hesd Up Display' showm during the pressntstion of this paper and to Mareoni-
. : Elliote Avionics Systems Limited for visual aids and informatiom.

Caral,W.L. (1965). Pictorisl displays for flight. Hughes Aircraft Company Culver City California.
Teclnical Report 273201740 (AD 627669).

Soscoe,8. M. (1974). |Man as & precicus resource. The enhancsment of human effectivemmes in sir trsmsport
oparations. Avistion Resesrch Laboratory University of Illinois. Technical Report AKL 74-6.

Suveda,T.C. (1973). Multi-fumction diaplays - their role in thea cochpit. Ias Crev System Design,
aditad by McGrath,J.J. Ancapa Sciences Inc., Ssata Barbare Califernis.

mmrquuﬁummqwmlmmmmm

Williams,A. (1947). Evaluation and Development of Alrcraft Instruments. University of Illinois.
Progress Raport No 2, ONR N6 ORI-71.

v ‘“'-'wwwrumvmw"mwmmlmmm

el i

1
'y

L L

——— e~ o




51

MAP DISPLAYS
by
R M Taylor

Senior Psychologist
Royal Air Force Institute of Aviation Medicine
Farnborough
Hampshire
England

SUMMARY

The major types of map displays are distinguished and their functions are described. The principal
design parameters are reviewed with particular reference to user requirements and human factors, and an
outline is given of current problems of map annotation, display legibility and brightness, radar-map
matching and display complexity.

INTRODUCTION

En route navigation accuracy of less than 0.5 nm is an essential requirement of low altitude tactical
operations. This can be achieved by conventional map reading techniques, supported by extensive pre-flight
planning, but the navigation workload places enormous demands on the pilot in flight. Consequently, geo-
graphic disorientation is & major cause of mission failure in single-seat aircraft.

A variety of map displays have been developed to ease the burden of in-flight navigation. Three major
types of map displays can be distinguished:~

a. Direct-view roller map displays, consisting of a strip map mounted on motorized rollers with a
cross—track cursor indicating present position.

b. Optically projected map displays (PMDs), with a microfilm transparency of the original map
back-projected onto a display screen with the aircraft's present position indicated by a moving
symbol against a fixed map image, or by a fixed symbol against a moving map image.

c. Electronic map displays - cathode ray tubes (CRTs) or light emitting diodes (LEDs) - with all
the displayed information, including the map, generated by electronic techniques.

The moving components of these displays are driven from the aircraft's navigation data sources, i.e.
VOR/DME, doppler, inertial platform. Across this categorisation there are a number of displays that com-
bine CRT displays of symbolic or radar information with optical or direct-view presentation of map inform-
ation. A detailed description of contemporary map displays is given by McGrath (1971).

Currently, direct-view map displays are favoured in helicopters (e.g. Puma and Wessex) and transport
aircraft (e.g. Andover and Hercules) for their simplicity and cheapness. Projected map displays are used
in long range low altitude strike aircraft where their large map storage capacity and flexibility are
appreciated (e.g. Harrier, Jaguar and MRCA). All-electronic displays are likely to be incorporated in the
next generation of strike aircraft, provided the problems of cost, weight, computer capacity and colour
imaging are satisfactorily resolved. Multiple sensor combined displays and the flexibility of electroni-
cally generated displays are particularly attractive because of the efficient way in which they utilise
the cockpit space occupied by map displays, usually about 6 inches diameter, which is difficult to justify
for a single display function.

ADVANTAGES
The main advantages of map displays can be listed as follows:-

a. Workload. They reduce pre~flight planning time and provide an immediate, continuous monitoring
of the aircraft's geographical position, reducing navigation workload and head-in-cockpit time, and
improving the pilot's control of the aircraft.

b. Interpretation. Navigation information is presented in a way that is easily interpreted, i.e.
with rcference to a map, thus reducing the likelihood of gross navigation errors.

c. Correlation of Navigation Systems. Map displays provide a means of cross-checking the outputs
of navigation systems such as doppler, radar, inertial platform and visual reference to the ground.

d.  Map-Computer Linkage. They are a convenient mcans of communicating with the onboard navigation
computer, checking its integrity, updating its accuracy, and inputing navigation problems.

e, Map Storage. PMDs store and display large areas of mapping at a variety of scales. Up to
3,000 sy ft of original charting can be stored on 35 mm microfilm in some displays.

£. Navigation Data Storage. Map displays store and display a variety of navigation information in
addition to that depicted on maps, e.g. track marker and steering information, digital readouts of
present position, waypoint and destination co-ordinates in lat and long, ground speed, wind speed and
direction, tiue~to-go and range-to-destination.



g. Anticipation. They improve the ability of the user to anticipate and recognise features on
radar and on the ground, and thus provide a timely updating of the navigation system.

DESIGN ISSUES

During the development of PMDs a number of design issues arose that are peculiar to map displays and

illustrate some of the major human factor problems encountered.

‘a.  Pixed Map or Moving Map. “Considerable human factors resesrch and debate has centred on the
question of whether the map should move and aircraft symbol remsin fixed, or vice verss., Rasearchers
concluded on the basis of experimental evidence that pilots conceive of the earth as the fixed com-
ponent of the navigation system, and that therefore, in map displays, the map should be the fixed
component against which the aircraft should move (Roscoe, 1968). This philosophy has also guided the
design of altimeter and aircraft attitude displays. The disadvantages of this format are that frequent
map changes are required when the aircraft reaches the edge of the display, and that the important
"view-ahead" of the aircraft is not optimised. These criticisms have resulted in all current PMDs
having a moving map format.

b. Track-Up or North-Up. As a consequence of the decision in favour of a fixed map format, map
displays were initially orientated with the map north-up. This was supported by the argument that
this would facilitate reading of map lettering. More recently, with moving map formats, it has
become apparent that users prefer the map to be oriented track-up, i.e. with the track line pointing
to the top of the display, and that they only require occasional reference to the north-up mode when
lettering needs to be read. Most operational displays now have optional north-up and track-up modes
to be selected at will.

c. Centred or Decentred Present Position. Early PMDs were designed for convenience with the
aircraft symbol in the centre of the display. A centred present position is useful for flight plan-
ning and when programming and reading~in way-point co-ordinates. But in-flight, in the track-up mode,
pilots have little interest in the area behind the aircraft and this occupies half of the display with
a centred present position. Consequently, recent displays have an optional decentred present position
at the bottom of the display, leaving the entire diameter of the display for "view-ahead". This also
has advantages for correlation with ground mapping radar, with the sweep origin at the bottom of the
CRT.

d. Scale Magnification., Initially, PMDs were designed to project the map-image back to its
original scale. This resulted in serious legibility problems for small detail on conventional maps
designed for hand held viewing distances (variable, between 6 and 18 inches) when viewed in map dis-
plays at panel-mounted distances (about 30 inches). To counter this, recent displays over-magnify
the map image by factors as large as 1.63x, with & limited optical scale change facility to vary the
apparent viewing distances (McGrath, 1972). But with a display of fixed size, map magnification
affects the map area shown, reducing the view-ahead. The problems of long, fixed viewing distances
for map displays are unlikely to be entirely solved until special purpose mapping is provided that
takes this into account.

e. Image Brightness. High ambient cockpit illumination of the order of 100,000 lux presents pro-
blems when viewing a map image back-projected onto a translucent screen. To make the map image
independent of ambient brightness, field lens optical systems have been used which form the primary
map image within the display where it cannot be reached by extraneous light, unless it enters by the
exit pupil of the lens system at the pilot's normal head position (Briggs, 1972). Such a system also
has advantages when optically combining a CRT generated radar image with the map image. CRTs with
sufficient brightness and persistence time have not been available, and a field lens system is neces-—
sary to permit the use of conventional CRTs without brightness problems (Webb, 1965). Field lens
systems have the disadvantage of limiting the viewing angle and freedom of head movement. Moreover,
indifferent optics easily result in image-field flatness problems, causing the map image to appear
distorted. This has serious consequences for map interpretation, range estimation and causes con-
siderable eye strain. Operational experience with simple back projection systems, such as used in the
Jaguar, suggests that a legible map image can be obtained with a bright light source, without recourse
to a field lens system with all its disadvantages. However, the argument for using a field lens
system in a combined radar/map display still remains valid.

CURRENT PROBLEMS

The design issues discussed above have largely been resolved. A number of problems still exist and

new ones are emerging as operational experience with map displays is gained. Some of these problems are
discussed below:-

a. Map Annotation, The need to annotate maps has been a perennial problem with PMDs where the
maps are stored on microfilm. With hand-held maps, navigation information such as routes, fuel
status, restricted and danger arcas are normally added during pre-flight planning, and the maps are
often enscribed in~flight with reconnaissance information and targets of opportunity. Optical com-
bination with CRTs has been proposed as one future solution, and digital read-outs go some way
towards overcoming the problem on some of the current displays. Aircrew solve the problem by carry~

iag identical hand=held maps, enseribed with route=planning information, and work back and forth
hetween e map display and the hand=held map.  This clearly defeats one of the major objectives of
mitp displays: to unburden the pilot of the need for paper maps, except as a back-up in case of system
Failure. A variety of microfilm annotation techniques are being explored, such as light sensitive
film coatings, but until practical solutions are found the full potential of PMDs is unlikely to be
realined,

b, Diaplay Legibility., * A second, and equally important reason for carrying hand-held maps is that
the legibility of PMDy leaves much to be desired. Poor legibility can arise from a number of factors:
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smblent lighting, long vieving Alstonces, soreen grain effecta, poor opti.il rssolution, snd ektes-
sive sdcrofilm v duction faeto:n. Put the sajor soures of difficulty stems from the continued mse
tl comventionsl maps in the displays, with poor colour renditicn, iunsdeguate comtrasts, “wece ‘sarily
fire detail, irrelevent informstien and extensive clutter, psrticularly os 1:250,000 ucale wopping.

To soms extent colour and coutrast problese can be improved by advencstr in microfilm processing, but
the lagibility problews sesm so severs that {t is likely that saything short of special purpose mapping
wvill be ultimately unaccepiable to the usex. Racent yessavrch st the IAM asud WAE, ia comjunctiem with
the Mapping and Charting Xetabllshment has {dentified the impurtant design .arsmeters for maps for
prejectad systems. -Mtamative map foruats, ¢olour codings and symbology Live besn studied together
with analyses of map content sad user requirsments, and considerxable progress has been made towards
developing detailed map spacifications (Barratt at al, 1975; Taylor, 1974a: Taylor, 1975).

c. Night Visica, During the day, the problem is to diwplay a lagible map image thst as euffi-
clently bright to overcoms high esbiunt brightness. At night, tha pilot requives & legible map iage
that doas not dastroy his dark adsption and night vision vensitivity. Until rxacently, this protlem
has tendad to be naglected becauss littla night flying has been carried out in sircrafi with PMDs,
Howevar, recent attempts to axtend night capabilities have demorstratad that existing dieplays may be
too bright ‘at their lowest intensity lavals for safe operation at low a'titudes. The solution aften
proposed in tha past has been to intxtluce red {ilters, but recent vesearch Las shown that red light
for wap reading gives little advantage in terms of increased night vision sensitivity sad has serious
snd prduvibitive consequences for map legibility because of the loss of colour .»ding (Taylor, 1974b),
» Revarag format "black maps' present a pa;tial solutiom by restricting ~he light trausmitted to infor-
oaticn {tems only (Roscoe, 1967). But these have limited application and sre wlikaly to be accept-
ublia for daylight use., Moraover, the problems of giving an adequate relief represectation on "black .
mapy” peetm intvactable. An engineeving solution is likely to be thi only acceptable one for the user,
gach as & rheostat dimmer rather than the pr> ent step wwitch. To some extent the ficld lens optical
system has sowe advantages at night in that light only leaves the dioplay through the rxic puplls
light dnes not scatter around che cockpit as with back projection systems, and the piiot can avoi -
seeing the light by moving his head out of the exit pupil.

nesc problems of combined radar and projected map displays (CRPNUs). In the CRPMD the map image i:
optically combined with same-scale forward looking radar generated oa & CRT and viewed superimposed,
Such a system has advantages for incressed radar interpretability, facilitating the early recognition
of radar features, and provides a continuous wonitnring of the navigation syetom., When the inages
appear desynchronised, the wap can be slewed by & hand-controller to eliminate srror and update the
navigation system. "Black maps' have advantages for increasing the contrasts of superimposed radar
returns, but again, the problem of relief reprusentstion has proved difficult to overcoma. This is
/ pnrticulnrly serious for radar-map mstching in mountainous ragious wherc returns from steep slopes
snd ridges provide the major source of useable information. Recent developments have favoured
modified conventional positive formats, with selective portrayal of radar significant features and
enhanced representation of relief L’ layer tinting and shadow shading methods (Barratt et al, 1975).

s
%
?‘ d. Radar-Map Matching. '"Black maps" have also been evaluated as & possible solution to the bright-

e, Complexity of Operating Modes. A problem that map display designers ars becoming increasingly
avare of is that, with the trend towards more alternative operating modes and functiona, pilots ure
having difficulty kaowing and remembering vhat mode the display is in., Confusions aasily arise
between centred and decentred modes and track-up and north~up stabilisatiocn, snd withou: any positive
iudication inherent in the display face the operatiag node is not always immediately obvious. The
solution to these problenl probsbly lies in better engineering rather than improved training of

3 operators,

CONCLUSTON

Map displays provide an elegant solution to the hitherto wuch neglected problem of navigation work-
1oad in low altitude tactical operationn. Many basic design issues have now been resolvrd, but it would
bs wrong to suggest that tha area is without problems, particularly with reospect to lagibilicy and sarto-
graphic support. Hovever, the advent of highi' flexible and multipla function electronic displays, will
make wmap displays &8 comwn feature of fyture avionics syctems. Alresdy their value is widely recognised
and there is nn better way to illustrate this than by quoting a USAF A7 pilot with 3500 flying hours £ad
200 hours with PMDs who when asked about the value of wap displays, characteristically replied:

The map cdisplay is an absolute necessity. In order to have radar compatibility correiation with a
map display is essential. The wmap display also gives us our ouly means of updating the nrvigation system
whon we don't have predetermined co-ordinates of a visual or radar fix. It is an outstanding ald in
avoiding obstacles or international boundaries in dirty weather or at night. I we.1d4 ra*'w:: have the nap
display, when it is functiocing correctly, than any other system in the aircraft” (McGrath, 1971).

This rep'y was typical of those given by 105 pilots IUYVGde. If map displays are such an saseutial
opurattonnl vequiremont as these usars saem to suggest, thea it is evsn mora imgortant thut acceprabl:
solutiona are soon found to the problams that remain.
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PHYSIOLOGICAL LIMITATIONS TO HIGH SPEED ESCAPE
by

R . Wing Commandex David H, Glaister
Royal Air Force Institute of Aviation Medicine, Farnborough, Hancs. Ul(.

- f."Thc forces vhxeh must bd unpo-cd for. -.:1.£-ctory high-speed ejection approach. or even surpass, the
limin of human tolerance at several stages in the ejection sequence. These forces are:-

1. The +Cz acceleration of the ejec_:_tion seat.

2. The -Gx acceleration due to vin; drag.

3. Direct (pressure) aﬂé indirect (flail) effects of wind Llast.

4, .. Other inert.ill‘ forces (centrifugal, tangential) due to seat instatility.
5. Opening shock of drogue parachute and main canopy.

6. Grouﬁ& iﬁpact.

Of these forces the first must be increased to achieve tail fin clearance at high speed, the second
and third increase with the square of indicated air speed, the fourth increases with airspeed, and the
fifth must be increased if escape is to be successful in the high-speed low-level case. Only the last
force is uninfluenced by aircraft speed at ejection and the message is clear - high speed has a major
effect on forces imposed during assisted escape from aireraft.

In the following notes these forces will be considered in turn, in relation to the mechanism of
injury, incidence of injury, tolerance to injury and in particular, to the influence of air speed at
ejection.

+Gz acceleration

Inertial force acting in the head to foot direction (reaction to a headwards, or +Gz acceleration) is
carried predominantly by the spinal colum., Overloading of the spine causes compression fracture and the
commonest site of injury is where the load is greatest in relation to cross sectional area. This is most
frequently T12 - L1, but fractures are not uncommon from T5 to L2, and occur rarely around C5. As
Kazarian has pointed out, the.joint surfaces of the articular facets change direction at T12 so that below
this level they can no longer be load bearing. Thir discontinuity causes a stress concentration at T12-Ll
and must be a further factor in the observed frequency of fractures.

In 331 non-fatal ejections experienced by the RAF from 1960 - 1973, the overall incidence of spinal
compression fracture was 43X, but it must be stressed that many of these were symptomless and that the
incidence is strongly correlated with the degree of effort made to diagnose the condition. Corresponding
figures for other NATO Forces are: USAF, 10%; US Army, 34X; FAF, 22X; IAF, 17%; GAF, 10%; HAF, 18X; CAF,
132. Thus, spinal fracture is still an all too frequent cause of injury in othervise successful ejections.

Tolerance of the spine to +Gz acceleratior depends upon: the vertebral load bearing capacity governed
by factors such as age, anthropometric variation and musculo-skeletal development; load distribution as
affected by seat design, harmess configuration, pre~ejection posture and system of ejection initiation;
catapult performance; and human dynamic response. Tolerance is best related to the Dynamic Response
Index, since by this means the influence of rate of rise of acceleration (rise time, jolt), peak accelera-
tion and duration of acceleration are effectively combined into a single numerical index which may be
related to the risk of spinal injury. However, the other factors listed above must also be taken into
consideration. The DRI may be considered as the steady-state (infinite time rise) acceleration which
would have produced the same degree of spinal compression. A value of 18.0 predicts a spinal injury rate of
less than 5%; a value of 20.4, a rate of less than 20Z; and a value of 23, a rate in excess of SOX. These
predictions are supported by USAF and UK ejection experience.

The influence of airspeed on the incidence of spinal injury is not clear cut and in theory, since the
peak DRI usually occurs early in seat travel, no influence would be expected. In recent RAF ejections,
107 out of 323 gircrew who ejected at under 300 kt suffered spinal injury (33%), whereas at speeds in
excess of 300 kt, 27 out of 32 suffered injury (84X). Statistically, this difference is highly significant.
By way of contrast, Martin Baker have looked into Phantom ejections using their H? seat, and find a 5%
injury rate at speeds less than 300 kt (170 ejections) and an identical figure for 98 ejections made at
greater speeds. Broken down into narrower speed bands, these figures even suggest that injury rates are
greater at the lowest speeds (287 injury rate for 14 ejections made at speeds less than 100 kt), but num—
bers are too small for statistical significance to be obtained. However, high wind-drag deceleration
could force the back against the seat and so improve spinal alignment, just as wind-drag forces acting in
other directions could increase the spinal loading.

The DRI technique has been extended to include other force vectors (:Gx, *Gy), but our current feeling
is that the prediction becomes grossly pessimistic ~ a view admittedly shared by Peter Payne, the origina-
tor of the DRI concept (personal communication).

-Gx acceleration

On entering still air, the man/seat combination is exposed to wind-drag deceleration given by:
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: - B Vz x frontal area X drag coefficient U 2|
dgceleratxon (G) e Tected welght )

Tolerance to these forces was establishéd by the pioneering work of Stapp, but wind-:-drag is not well
simulated by decelerator track experiments. Thus, on the track, the decelerative force is transferred to
the body by the restraint harmess, whereas in wind-drag, the entire frontal area is exposed to the dyng.mxc
pressure and the body is squeezed between this and the lnertia of the ejection seat. This uitua_tion'u
mors akin to experimental +Gx acceleration (rearward facing seat crash case) in which tolerance is higher.
Tolerance may be of the order of 50 G (for realistic durations of exposurs) and for typical seat configura-
tions this implies a 600:to 750 kt ejection depending upon seat orientation (Figure 1).
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Ic may be concluded that wind-drag deceleration is not currently a limiting factor in high speed
ejection, and this is borne out in a recent survey of windblast injuries where no injury was seen which
could be attributed solely to this mechanism. Two points need to be made however. First, it is not known
how wind-drag deceleration affects tolerance to spinal compression injury (in rocket seats the two forces
are acting simultaneously and may be additive), and second, in an encapsulated ejection system, the decel-
eration becomes identical to that experimentally imposed on decelerator tracks and human tolerance is pro-
bably lower. How encapsulation affects peak deceleration depends to what extent the ratio of frontal area
to weight is affected (see equation (1) above).

Windblast - direct pressure effect
Windblast, ram pressure or 'Q' force is given by the expression:
Q = joV RN ¢))
where p is air density. Thus, windblast is proportional to the square of the indicated airspeed. At

300 kt the ram pressure is some 2.2 psi (15 kN m~2) whereas at double this airspeed the pressure is
quadrupled (Figure 2).
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FIGURE 2. Dynamic Air Pressure vs. Airspeed

The direct effect of ram pressure on man is bruising and petechial haemorrhages over exposed arcas of
skin, and conjunctival haemorrhages and, if the mouth‘is open and unprotected, blast damage to the lungs.
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In a recent FAP review of 23 ejections carried out at speeds in excess of 400 kt, there were two cases of
lung injury. One was mild with clinical signs of mediastinal emphysema, the other was fatal. Such
injuries are, however, rarer than this incidence would suggest.

Tolerance to ram pressure was investigated by Stapp (where interpretation was confused by simul-
taneous deceleration) and by Pryer using equivalent pressures (up to 7.2 psi, or 50 kN m~ 2) produced by
lover velocities in water. In these latter experiments gross physiological effects were not seen and
petechial hasemorrhages only occurred at the highest levels of pressure investigated (and a* sites of low
surface pressure due to cavitation, an effect not present in windblast).

For brias? dunticn (0.5 to 1.0 gec) blast exposures, Bowen and co~workers quote a 90% survival rate
from 30 psi (200 kN m~2) and an LDSO of nearly 40 psi (275 kN w*2), On this basis, primary blast injury
should not be a limiting factor in high speed ejection (Figure 2). This supposition is supported by some
calculations made by Payne who has shown that divers from cliffs at Acapulco impact the sea (voluntarily!)
at 80 ft/sec. 47 kt into water is equivalent to 1,330 kt in air at sea level, and subjects the diver,
initially, to a Q force of 44 psi (308 kN m™2).

Of more concern is the effect of ram pressure on personal equipment. The frequency of helmet loss
(US figures give 50% at 500 kt) is accounted for by a recently measured aerodynamic lifting moment of
460 1b (208 kg) at 600 kt. Note that the neck strap of current RAF helmets breaks at around 350 1b. 1In
addition, oxygen hoses, masks, life preserver stoles, pockets and so on, are all very vulnerable to
destruction from high levels of windblast.

Windblast - flail injury

From equation (1) above, it is apparent that, unless the limbs have identical area to weight ratios
and similar drag coefficients to the torso, differential forces will be produced. The situation is made
worse by the ejection seat which adds mass to the torso without greatly affecting its frontal area., Thus,
when exposed to wind-drag, limbs will decelerate more rapidly than the torso. Two mechanisms of injury
occur., First, limbs may be forced beyond their normal range of movement, so damaging joints and causing
dislocation, fracture dislocation, and ligamentous injury. Second, limbs may be brought up sharply against
a solid part of the seat structure so that bones are fractured. In the absence of leg restraint the femur
is particularly vulnerable to this injury mechanism.

Forces tending to displace limbs were measured by Fryer, and his results have recently been confirmed
by wind-tunnel experiments. For example, there is an outwards acting force on the knees of 108 1b (50 kg)
at 400 kt and this is trebled on the leeward knee at 3 yaw angle of 30°. Outward forces on the arm are
lower - 81 1b (37 kg) at 400 kt. As would be expected, the backwards acting force on the arms is greater -
189 1b (86 kg) at 400 kt, and this force decreases in yaw. All these forces increase with the square of
the indicated airspeed and forces too large to be opposed by muscle action are readily attained in high
speed ejection. The incidence of flail injury would, therefore, be expected to rise gharply with ejection
speed and this prediction is borne out in practice (Figure 3). In non-combat ejections, major flail injury
has occurred with the following frequency: USAF, 3,4X; FAF, 12.5%; SAF, 5.4%; RAF, 5.9%. Average ejec—
tion gspeeds in these series were around 200 kt. Ejection speeds increase markedly in combat situations
and US experience in South East Asia has shown average speeds at ejection of 388 kt for USAF POW's and
438 kt for USN POW's, Major flail injury occurred in 25% and 34% respectively, and since many ejectees
were missing — and probably injured - the real incidence could have been as high as 70Z. With current
systems the risk of major flail injury at an ejection speed of 700 kt is estimated to be 100% (Figure 3).
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FIGURIE 3. Effect of airspecd at ejection on the incidence of flail
injury. Data is from USAF, USN and RAF cjections.

Head f1ail is lens of a problem provided that the seat remains stable, but consciousness was lost
(dus to head flail?) in 4 of the 23 FAF ejections referred to above. In 940 USAF non-~combnt ejections,
head and neck injuries vecurred in 21 cases, whercas upper limbs were injured in 64, and lower 1imbs in 115.



Roughly similar distributions are seen in other series. At current ejection speeds, head restraint may.be
adequately obtained by the provision of mating contours between helmet and headrest. However, head flail
has the potential to cause fatal brain and cervical cord injury.

Protection from limb flail injury may be achieved in three ways. The first consists of trussing t@e
ejectee so that no independent motions of limbs can occur. The second, and more acceptable, method relies
on achieving a stable seat from the moment that it leaves the aircraft. In this way only simple limb
restraint is neednd in a single, known direction. The third solution is to dispense with the ejection
seat altogether so that differential limb forces are reduced. 1In an ideal posture (head first into the
airstream), the tolerance of the Acapuleco diver could be attained without limb restraint.

Other inertial forces

Current ejection seats (with few exceptions) are inherently unstable and tend to pitch back at high
ejection speeds. Once some pitch, or yaw, has developed (due to small serodynamic off-balance forces) the
motion rapidly builds up so that the seat may tumble, or spin, over several revolutions, at rates of up to
180 rpm. The forces which lead to these motions are again proportional to the square of the indicated air
speed. Seat motion of this nature has two consequences. First, inertial forces are developed which may
be tangential or centrifugal. Centrifugal force increases with exposure time as the rotational speed builds
up, and its effect on the seat occupant depends upon the location of the centre of rotation. Spun about
the heart, venous return will be severely impaired whilst the head will be subjected to -Gz and the legs to
+Gz forces. A head 24 in (600 mm) from the centre of rotation would be subjected to -22 Gz at 180 rpm.
Unconsciousness has been produced experimentally by a ten second exposure to 160 rpm, but in practice the
duration of exposure (at this stage in the escape sequence) is too brief for significant fluid shifts to
occur. The main problem of these motions is that limbs, or head, may be displaced and subjected to wind
blast from any direction, so that the risk of flail injury is greatly increased. In addition, parachutes
and drogues may become entangled when deployed.

A second effect of seat instability may also have serious consequences. If the seat is not aligned
at the time of drogue parachute deployment, very high snatch loads may be produced along axes other than
the +Gz. These forces, particularly if the seat has yawed through 909, could cause neck injury, or con-
cussion due to high angular acceleration of the head. Such injuries have been seen, but are not common.
However, as ejection speeds increase, and in particular as the delay between ejection and drogue parachute
deployment is reduced to improve the low altitude performance of the escape system, such injuries wmust be
expected to increase in frequency. Again, the remedy is to ensure that the seat is stabilised from the
moment that it separates from the aircraft. This stabilisation can be (and has been) achieved aero-
dynamically.

Parachute opening

It has been stated recently that major injury due to parachute deployment only occuvs when mechanisms
designed to prevent operation at excessive speed, or altitude, have failed. The most likely injury
mechanism is a snateh load on the neck, particularly if the body is incorrectly aligned, and this could
produce cervical vertebral fracture or other neck injury, or concussion. Neck injuries do occur in ejec-
tion, but the incidence is low and such injuries as there are may have developed at any stage in the ejec-—
tion sequence and are difficult to relate specifically to parachute deployment. Thus, there were two neck
injuries in a series of 113 ejections from A-4 aircraft and a further two in 40 ejections from A-5 aircraft.
Death due to atlanto-occipital separation has also been seen when a main parachute was deployed accident-
ally at high altitude.

A parachute must travel a distance equal to 6-8 times its diameter before becoming fully inflated.
Inflation time decreases, and opening shock increases, therefore, with velocity. Free fall occurs at an
effectively constant IAS so that the true velocity change increases with altitude. In addition, canopics
inflate more rapidly with increasing altitude.

A current problem area concerns high-speed, low-level ejection where an excessive (or even adequate)
delay between ejection and main parachute opening leads to a potentially fatal loss in altitude. Thus,
deployment of the drogue parachute must be obtained early, when seat velocity is still high. If this
occurs with an adverse body attitude, neck injury is possible. There seems little doubt that the use of a
ballistic spreader gun to reduce inflation time of the main parachute has been assccizted with neck injury.
Thus, in recent ejections from the two aircraft types referred to above, but with the usc &f 2 spresder
gun, there have been 9 injuries in 74 ejections from the A-4 and 5 out of 10 (two of them fatal) from the
A-5 aircraft. A posgsible mechanism is that use of the spreader gun causes opening forces to rise and be
maintained early in the inflation, before the body has become correctly aligned.

Landing injury

Between 30 and 40% of ejection injuries may result from landing. Whilst ankle injuries can be attri-
buted directly to landing, spinal injury could be the result of ejection forces, or landing, and it is
difficult to differentiate between these two mechanisms. Indeed, the distribution of spinal injuries in
parachutists is very similar to that of ejectees, except that the spread of fractures above Tll is lacking.
However, since landing injury is unrelated to ejection speed, it is not a limiting factor in high-speed -~
ejection and will not be considered further.

CONCLUSIONS

Many of the potentially injurious forces developed during the ejection sequence are increased by ejec- . !
tion speed, some of them by the square of the indicated airspeed. However, tolerance to high-speed ejec—
tion may be greater than the 600 kt hitherto accepted and, with correct body alignment, may even be double
this figure. For this aim to be realised, research and development must first be directed towards the
achievement of a stable seat trajectory from the instant of separation from the aircraft.
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PRINCIPLES AND PROBLEMS OF HIGH SPEED EJECTION
by

Group Captain A J Barwood OBE RAF
Consultant in Aviation Medicine
Royal Alr Force Inatitute of Aviation Medicine,
Farnborough, Hants, UK,

SUMMARY

This paper describes the principles of ejection = to recover aircrew uninjured, which is best
achieved by the use of as simple an escape system as technically possible, Once the system has been
initiated all sequences automatically follow and there is no further action required by the ejectee until
he is descending on a fully deployed parachute, The hazards of ejection and the development of the open
ejection seat system up to the maximal capability are briefly described. The sequences of ejection on a
typical Martin Baker Aircraft escapes system are outlined to stress the simplicity, and therefore technical
reliability, of this system as used in the majority of Service alrcraft in the UK Services,

This paper should more aptly have been entitled "The Principles of Ejection and the Problems of
Righ Speed Ejection”, The principles must be applied right across the capability range of an open escape
system to achieve, in the one operating mode, escape at zero speed with a high sink rate and at an
adverse attitude to escape at maximum speed at low level, The current requirement is for escape up to
650 knots.

Firstly the Principles:

1. To recover aircrew by means of an escape system without injury to their persons over the whole
flight range of an aircraft,

2. That the escape system must be as simple as technically possible.

3. That the escape system must be fully integrated so that it will react, in minimal time to a single
simple triggering system.

4, That the need to communicate verbally, or by any other means, the need for the crew to eject be
eliminated entirely from the system and that where necessary a system of Command ejection be accepted,

The need to recover aircrew wholly uninjured is an ideal, All the sequences of ejection are
potentially traumatic, Recent Royal Air Force experience suggests that under peace time flying
conditions 28% of aircrew are capable of being returned to full flying duty within seven days. It is a
standard procedure in the Royal Air Force that all atrcrew who have ejected are examined by a Consultant
in Orthopaedics and are subjected to full spinal X-ray within twenty four hours of ejection; and these
procedures occupy the greater part of one to three days depending on the availability of facilitles, so
that a return to full flying within days is acceptable, Minor injury during the sequences of ejection
prevented a return to full flying in a further BZ of ejections, Major ejection injury including spinal
injury occurred in 50% and landing injury in 82,

The design of an escape system, which must include the clearance of the ejection path by removal or
destruction of the cockpit canopy and by the retraction of the control column or other equipment, such as
navigational devices and weapon sights, from the ejection path, must depend on the design, role and
performance of the aircraft, Modern developments have considerably extended the f£light capability of some
aircraft types into a very low, even negative, speed range which may be assoctated with high vertical sink
rates and into higher speed ranges not previously conaidered to be safe for an open ejection seat system,
The now obsolete 'V' bombers of the Royal Air Force were originally intended to have capsule escape
systems but this was technically not possible in the late 40's and early 50's, The great advantage of
the module or capsule is that it provides vital protection against air blast effects in the high speed
range but the prcblems of separating and controlling the module or capsule are such that these have not
infrequently been replaced by a conventional open seat system,

The earliest ejection seat system was simply a device to separate the crew from the aircraft, This
overcame the problem of climbing out of the cockpit or of finding the way to an escape hatch or door,
The crew still had manvally to jettison the cockpit canopy, to fire thelr seat by a face blind, no
alternative seat pan handle was fitted at this time, manually to operate their seat harness release and
manually to deploy thelr parachute canopy. 411 this took time and the earliest ejection system
capability did not always exceed manual escape capability but at least separation from the aircraft, a major
cause of fajlure to escape in the 1939-45 conflict, was eliminated, Later fully automatic and fully
integrated systems were introduced and with these escape capability increased very rapidly and by the
late 1950's most aircraft in Royal Navy and Royal Air Force service were equipped with a system capable
of recovering aircrew at a speed in excess of 90 knots with the aircraft level, at ground level. Some
systems, however, still had major weakness in escape in flight in that the time delays required for whole
system operation were oxcessively long. The linkage of cockpit canopy jettison to initiation of the seat
system eliminated an additional vital action and was known as SLE - single lever ejection. Where the
cockpit canopy must be jettisoned before the acat can be fired a time delay must be included at the
primary breech and in some systems this time delay was initiated only by the separating cockpit canopy,
so that if this canopy failed to go the ejection could not proceed, Initially most of these time delays
were of one second and the time delays on the seat system sequences were also longer - up to five seconds
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fox astomatic release, This was an sxa of development and time delays were prograssivaly decreased as a
tesult of operational expsrience, engineering duveiopment and tha critical examinauion of escape systems
used for asll types of aireraft of the day, Bavometridally comtrolled time delays are necassary to
prevant too early separation frow an sjected meat, as this could preduce parachute entanglement with the
seat system and parachute deployment damage snd sxcessive spesd or at excessive altitude. In some air-
craft weat initiation operates the canopy jettisou system But ejection breech initiction s prevented
until the departing cockplt canopy has removed a vestrictor from tha nrmm breech mechanism after
which an additional pull om the initiating mechaniss is required to extract the freed main gun sear.
Ejection axperience suggests thar the canopy jettison and breach iniclating pulls sre indletinguishable,
In othar alrcraft ejection initlation operates the canopy jettison system and starts a time delay unit ia
the ejection gun breech, but 4f the canopy does oot jattison the gun will fire at completion of the time
delay snd the ejection vill be through the retained cockplt canopy. Bjection through a sepsrating cock-
plt canopy is likely to be highly hamardous., Inteantionsl through the cockpit canopy sjection was
initially accidental but later became routine from a mwmbder of aircraft and had the great advantage of
saving time, Through cockpit camopy ejection has alvays been wore hazardous than ejection after cockpit
canopy jettison, producing a very much highar incidesce of spinsl fnjury and a high incidence of
equipment damage which has been prejudicfal to ultimate survival. Therefore au alternative method of
breaakiug the cockpit canopy was desivadla and ressarch with cord explosives has resulted in the applica-
tion of Minlature Detomating Cord, MDC, to the inafde of tha canopy. This cord contains an explosive
coatsined within a tube which totally disintegrates when fired. At the present time the only materlal
which can ba used for this purpose is lead. A thin lead tube containing explosiva is backed by two
layers of thin lead f{oil and is enclosed in & polyolsfin tude and rolled to a D shape with the fofl
backing in the curve of the D. This %s stuck straight side of the D outwards on the inside of the cocke
pit trensparency in a partern designed to produce maximal fragmentation of tha cockpit canopy when the
MOC is fired by initlation of a detonstor on upward seat movement or matually for emergency ground egress,

‘or {or rescus from the outside of the aircraft. MDC cord {» applied to the central area through vhich the

pilot or crew will be ejected and slso around the periphera of the canopy. The lead in the lead tubding
sud the lead of the lead backing will inevitably react onto the alrcrew and tends to be focused By the
capopy curvatures. Some additional protsction must therefore te provided to prevent this lead splatter
reaching the ayes or damaging the stole of the life preserver or other equipment,

The timing of the sequences of ejection has varied through the development period of the last tweaty
five yesars. Initially timings were long to allow the drogue system time to align the seat before separa-
tion and parachute extractiom, but tha svolution of the dual drogue system and high energy drogue bLullat
and the need for more rapid system function resulted lo pmgreuive reduction in the time dalays, but the
incresse in seat capability provided by the addition of a rockset pack to apply sustained thrust after
ceat/aixcraft separation, in order to increase seat height and trajectory, resulted fn an fucresse in the
time delay {n the BCDU tc 2| seconds from tha normal 1{ secouds, Dut the G stop was removed; Timing at ,
adverse attitudss can becowe very critical and at 1low altitude ths additfon of rocket thrust can
advarsaly affact ejaction capability, This is an ares which way offsxr fmprovemant tn the next few years
as the offlux from ths rocket pack could, perhaps, De controlled so that the Lline of thrust to the centre
of gravity of the seat/man system could be concrouod to vector the seat fnto an sltitude gatning
trajectory. The ability to select a long or a short time dolay to saat man separation has existed for
years, this baing determined by Q sensing, but the addition of alternatives to seat system functions adds
complexity and can only bs sccaptable if such systems sre simple and wall proven and {f the nextrfo-~
sequence system sutomsticelly provides a back up against single system failure, In the design of Britich
Kscape systems the main principle has been SIMPLYCITY for RELIABILITY. Complexity has been avolided as
this leads to more difficult serviclag and thus to 2 less reliable system.

The mechanics of ajection ars simple. REjection initiation way ba by the use of the seat pan handle
for preference ~ for preferance becaure this {s the control wost easy to reach and to activate {n an
emergency, It aleo positions the hands and the arms {nbosrd of the seat to reduce the possibility of
eibow scuffing in ejection for narrow cockpits or through the cockpit canopy even though this wmay be
fragmented by MDC. A faca blind has advantages when time {» not critical, ag. at sititude and when speed
can be turned intd altitude, as it helps to retain the head and head equipment durlig exposure to high
speed air blast, but it caunot be recommended for any aircrew initfating ejection stter the .cockpit
canopy has baen  jattisoned sithar manually or by the eariier sjaction of snother crew member as the
airblast may then dispisce the hands rearvards and 2o make face biind contact more difficult or the air-
blast may displace the face blind from its stowage vdich dispiscement vill not normally produce Initia-
tion.,  The precise sequences following initlation vary from atvcraft to aircraft dapending on whether
the ejection is through the cockpit cacopy, broken or mot by MDC, or whether the canopy must be jettisoned
bafore sjection can follow, The sequences of sjection are triggered by upward seat wovement: '

i Ejeczion jnitiation may also automatically lmnr the helmet visor and tay slso tirc MDC,
(Muuct. Jat Provost 5),

14 After one inch of seat movement upnrds MDC may be fired,

(Harrier PRY Rav).
iid Autc~tonae 1a tmed on.

iv The aixcraft to seat portion of the Personal Iquimut Comnector (PEC) disconnects and
essrgancy oxygen is tmed on,

v Static rods on the rear bulkhead tr!unr the drogya gun Tiwe Delay Unit and the Baromatrically
Contmuod Time Dohy Unit (BCIDU), and the Rocke: pack initiating cable starts to extend,
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vi The upward movement of the seat pulls the leg restraint lines through the snubbera'as the legs
flex at the knee and hold the legs back into the restrained position. Arm restraint may also
be tensioned at the same time,

vii At full tension (900 1bs) the leg line :ivets break, separating the leg restraint line from the
cockpit floor, and arm restraint is also separated,

viii At full ejection gun extension the rocket firing cable is also fully extended, extracts the
firing sear and fires the rocket pack.

ix The drogue gun fires at completion of the run of its Time Delay, (} - 1 second).
x The drogues are extracted and seat alignment commences.
xi Above barometric capsule height (10,000 feet or 5,000 metres) the BCIDU will be held. Below

barometric height it runs for its Time Delay (1{ =~ 2§ seconds), and then sequentially releases
(a) the drogues from the scissor release (b) the seat locks and leg restraint lines and on
most seats the man to seat portion of the personal equipment connector,

xii The drogues with pull transferred to the extraction line open the parachute container, extract
and stream the parachute which then deploys. Deployment may be assisted at low speeds by anti-
squid lines which carry the load between the pulling drogues and the parachute risers and thus
allow the periphera of the canopy and the assoclated shroud lines to separate and inflate quickly,
and so the parachute to deploy more rapidly. At higher speeds ~ in excess of about 200 knots -
the anti-squid lines break so that seat loading is reduced. Taschengurts also produce loops of
periphera which act as scoops to separate the periphera rapidly and so assist rapid parachute
canopy deployment.

xiii  As the parachute deploys the harness is pulled away from the seat to which it is retained
during parachute extraction by the sticker straps, these being desirable to prevent seat
parachute interference.

xiv The seat falls away and the crewman descends on his deployed parachute.

xv On some seats the man portion of the PEC is separated by a lanyard from the life preserver
at seat man separation.

The mechanism used to produce the sequences of ejection is very reliable. The pitch, yaw and
rotation of the seat immediately after separation from the aircraft may produce very unpleasant
vestibular sensations which may suggest that the alignment system has failed. Such sensations must be
regarded as normal and should be ignored.

Thus the modern escape system has developed into a simple, integrated system requiring only one
action by aircrew up to full parachute deployment. The use of Command Ejection is a valuable method
of saving time. Command Ejection is the automatic ejection of one crew member by the initiation of
ejection by another and this may have to involve some additional time delay to ensure that individual
escape systems do not collide or interact and to allow the commanded crewman time for the system
automatically to position him for ejection. 1In the past it has been traditional that the Captain of an
aircraft should be the last to leave and this was reasonable if he was trying to control the aircraft to
assist his crew to abandon, but in modern aircraft with individual escape by ejection this no longer
applies, and the need for all the crew to be clear of the aircraft as rapidly as possible after the
Captain has declared an emergency requiring abandonment makes Command Ejection the preferred method., It
completely eliminates the communication time, and communication may be difficult to impossible under
conditions existing in the aircraft. It also eliminates the crew reactiontime, In the past Command
Ejection systems have been excessively complex, to the extent that they have, in some aircraft, been
de-activated. Sequenced ejection, the timing or holding of one individually initiated ejection so that
collision with another individually initiated ejection cannot occur is sometimes necessary and is also
complex as it must work either way. This Institute has developed a philesophy that the pilot, who alone
is aware of the precise behaviour of his aircraft, should, when he so decides, Initiate his own ejection
without the need to communicate this to his crew when conditions are critical. The IAM system uses the
upward movement of the pilot's seat to return the Observer or Navigator to an acceptable erect attitude
by tensioning his shoulder restraint harnesses and after a minimal time delay, initiated by the pilot’s
ejection initiation, the Observer or Navigator is ejected., The Observer or Navigator still retains his
normal ¢jection capability with individual initiation, The system is capable, with minor modification,
of being used in reverse, in which case the Observer or Navigator would intentionally select Reverse
Command ON so that his ejection initiation could eject a fully restrained unconscious or otherwise
incapacitated pilot. The system has the very great advantage of extreme simplicity and of requiring no
pre-flight or in-flight action other than the removal of a sear pin paired to the main gun sear pin. The
adoption of this system in RAF and RN tandem aircraft could have produced nothing but benefit if applied
retrospectively to ejection experience over the last four years, It would have saved at least two lives
lost through the waste of time to communicate the need to eject and by collision with part of another
aircraft escape system. It would also have prevented a near collision and have prevented a near failure
when a canopy failed to jettison due to aerodynamic loading,

To revert to the Principles - SIMPLICITY, RELIABILITY with RAPIDITY ace the keynotes for survivcable
ejection.

High speed ejection poses problems all associated with the ability of man to tolerate high speed
air blast of short duration. These effects are maximal at low level, jroV where ro is the air density
and V the speed applies and the effects increase dramatically with the increase in vZ, Whenever possible
speed should be converted into altitude but time is so eritical that this has seldom been possible in RAF
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ejsction sxperience and appears not ¢o have besa practicsl, or perbaps duwsirable, in LBAF/USN ejection
oxpariencs 1n South Bast Asia, Ii the jariod (968-1974 & TAS f 340 knots was sxcesds! on only three

" oucasions in about 140 ejections sud serious air blast and 1imd f1s!! injeuries bave mot occurred, The

loss of » protsctive helmat cannoc always be attributable to efr Dlast but these have Lsen lust in high
spead ejoctions and blear {njury to the eyse has ocawrred, sudconjunctival haeworrhags resolving in
12-15 days. Alr blast camage to squipmer: has bean mintma’ but test sxperience suggestr tha® soms
scufling of Damersion ( »verall nack seals uay have baen produced by air blsst on ejaction and aot iy
contact with the 1ife preservar or parachuts risers us oviginall: suggested.

US: ujection axparience in South East Asia haw put the speed of ejaction rp by about 100 knots and
¢ high percentaye of sjections ware occurring at speeds {n excess of 400 knots, This has prodiced a
wuch higher incidence of upper and lower limb flailing {nvolving injury and limdb fracture, nod this was
¢ rvimary cause for aircrew being unable to svade capturs a.d of their inability to survive subsequant
L) water eutry.

Protection against che effects of air blast wav first provided om the Mi: 8 ajection seat for the
TSR 2. Positiva shouldur harmess retraction precedes head -etraction and retention, Leg restraiut was
conveuticnal but arm restraiv: was slso provided, cvds being applied in tuunels on the outer covivall
from shoulder to wrist, the covds being tensioned by upward sest movement. The head retraction cords
ware severed befors seat aen separation ant leg and arm vestraitt were relsssed conventionaily. The
TSR 2 sas: was sxtiepsively teoted but was never used in sugor, Or the Mk 10 seat for the MRCA ard iinwk
leg restraint is again convantional aud arm restraint is sinilsr to that or the Mk 8 seat. Head
restraint is sot applied but the heoad will be located in a shaped hesdrast {nto which the snclosed helmet
will loccte. The visor of Lais helmat will be automsticelly closed at . ejmction initiation and the seat
slco provide sutomatic shouidar. harness retraction. Tewting of the syste and cssoclatud fl ing clothing
assemblies has revealel weakuesses which suggest that eiaction {n uxcess of 600 koots on an vpen sent ie
likely to be a traumstic experience biv( should not be rnyzhing like as trawatic gs the alternztive,

Curpnu® statistics suggest that the ujority of .jccuonn will continua to be at lowiseh sperds acd
at lowish sltitudes. Some alcernative time delavs may Uccoma necessary to unabdle the systew to function
eiscctively at both ends of the apaad acale and theme muot be capadis of failing safs, s that should
one wode fail the next will sutomatically cperate,
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CUKRESY AMD IUTGAX XSCAPE SYSTEMS
by

8qn Ldr D C Resder
RAY Instituto of Aviation Medicine,
Yarnberough, Hampshire, UK.

The role of escaps systems in fixed wing miittary sireraft f{e now well sstabiished, Almost all
conkat Pixed wing aireraf® in NATO countries are equipped with ajection seats and considerablo effort is
speat ou impraving the performance of thess sests for future alraraft, The subject 1o vast and this
article will be limited te deseribing some of those areas whevs current escape systems are defictsnt aud
soms ways fo which future systems sesk to overcems those deficlencles,

XECAFE PATH CLEARANCE

Pefors ai :trev can escaps a clesr path must ba provided am guickly sand safaly as possible. Cockpit
canopies can be removed manually, by pnsumatic or hydraulic pressure or by pyrotechnic cartridges, All
thess methods rely to some extant upon tha assistsnce of wind blast to remove the canopy. Under
conditions of stall, spin or high sfink rates, alrepeed is low and ths cleriance of the canopy will be
slower at a tima vhen the availabla time for safe ajection {r least. Some aircreaft systems avoid this
problem Ly sjecting the crewman in his ejection seat through the canopy material. However, this brings
i{n ita traiu the xisk of hesd snd neck injury. For VIOL aircreft, where sny delay could be fatal, the
cancpy transparency ie dispersed by aicro detonating coid (MDC) - & thin cord of explosive applied to
the insfde surface of the canopy. As the sjection seat starts to move, the MOC fires, fractures and
fragments the canopy and elects the particles out of tha ejaction path, Adircraft which use stronger
canopy materials would require bigger charges of MDC which would be injurious to th-. crew, In some of
thewa aircraft, rockat power {s used to jettison the canopy quickl!y, a process that {s ralatively
independent of airspesd.

TRAJECTORY COMTROL

When necaping from aircruft at low altitude, the trajectory of the eacapre must be controlled to
reduce the risk of ground impact before the parachute has inflated., In most current escape systems, the
sjaction seat {s atabilixed by drogues. Where rockets are used, directional control {s used to cope
with differing prsitions of the centrms of gravity of the man/eeat complex. Cables attached from the
seat to real davices in tae cockpit can stabilize tha seat on ejection end tractor rocksts can produce
vary stable trajuctories at moderate speeds. Future escape systean are likely to employ a variety of
active guldance systems ior *rajectory conttol. Gyros and fluldic sensors have already been used to
driva vernier rockets to control trajectories, but tha real challenge remains to produce an escape
systam with a trajectory that is hefght seeking. This system will glter the path of an escapee away from
the ground. Oune promising proposal is to usn the electrostatic gradient just above the earth as guidance
for this purposs.

PARACHUTE PRRFORMANCE

The aim of any escape system is to suspend the escapee below an inflated parachute as quickly and
as safely as possitle, Thus the trend has been to shorten time delays between ejectfon and parachuto
opening. At high spesds, this results in greater forces being lmpos«d upon parachute end man., At
altitude aud high Jpeeds the aim is to reduce speed and altitude so that the enviromment for the
cscapee is as favourable as possible. Current escaye systems use time delays between escape and para-
chute opering fixed at the shortest allowable tima Based on 1low altitude conditions, More advanced
escaps system: use a varieiy of time delays salected from alritude and afrspeed data so that the optiwum
delay for the :xact pre-escape conditions can be used, The mechanism for the time delay can be either
slectronic or pyrotechnic, Other systems deploy the pa-aciiute early, but in a reefed condition, and
only open the parachute fully when it ts safe, A varlety of devices are used to reduce parschute opening
time. Perhaps the most effactive of these is the anti-squid 1ive, or pull down vent line, which
increases the drag of the parzchute and by relaxtug the shroud lines allows the parachute to inflate more
quickly, In some aystems, pyrotechnic devices are used to spread the periphery of the parachute
mechanically to raduce inflation time, but this cau increase the forces tmposed upot the escopes at high
spaed. Parschutes deploysd and opaned by mortars can also reduce psrachute inflatlon time, The use of
better designed parachutes can significantly decreame both opentng tim: and the forces imposed without
such dissdvantages as higher terminal velocity or instability, These improved parachutes have a wide
application in many typaa of encape systeme,

BLAST PROTECTION

As gircraft performsuce iacreases, the pre-ajection speed rises and the blast effects on the
ascapec buccme more serions. The ejection seat is useful as a splint for the torso against Q force
at high speed, but {t provides 1ittle protection ¢or the 1imbs, and in some cases, the hesd, Laeg
restraint devices are usud with many ajection seats to restrain the legw and pravent flail, Deta from
returned prisonsrs of war in South East Asia confirm that hostilities produce an ifacresse in tha speed
at ejection, that thase higher speeds produce more limb injuries and that limb injuries seriously affect
charces of evading the anemy, Fo: modern bigh speed combsi aircraft wore effective limb rastSalnt
devices are proposed and restraint of the avms mar also be used in a mamer similar to that of leg
restraiut, Other forms of arm restrgint have bsen proposed, esuch as paddles and nets ocutbosrd of the
arms., Time will rall which are ths more siZfective.

Crowa_ Copyright




T W DT

66

Head movement and flall {»s a serious problem at hi:h speed us hsad injuries would considerably
reduce the chances of survival. Many mathods have besn proposed, but the simplest, a coxd device
attached to the helmat, has besn rejected “easuse of the disadvantages of the conuvection and discounanection
before and after each sortis, tension of tne cords on he helmet and possible limitation of head movement
ic flight. Mechsnically deployed face screens teusion 4 by airblast vessin a strong possibility, while
matching contours of helmet and haadrest show some pro-.'se uvonsidering the simplicity of the system,
Inflatable devines around the head and neck are other ¢ -noepts that duserve inveutigation. The ultimate
fn protection is the capsular form of asmcape vhere the -‘rew are cocoonsd from the moment of escape until
around or water {s reached. At very high speeds, capsu ¢ have a distinct advantage, but the weight and
cost penalties are snorwous.

If some degree of injury can be sccepted in the vary few high speed escapes which occyr, them the
open sjection seat remaing the most effective means of ascapé, Success rates from a wide variety of
sources ccnfirm the effiziency of the ejection seat wvhich han now reachad a high dagree of sophiscica-
tion,

Howaver, soms profitable avenues for research in escane systems remain, These include improvement
of tractor rockets or ballistic tractor devices for Ligh apeed conditions, the development of an
effective height sasking trajectory control, improved limb and head restraints and the extemsion of
assisted escape systems to helicopters.
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AND SURVIVABILITY

by
Squadron Leader D C Reader
RAF Institute of Aviation Medicine
Farnborough
Hants

Most fixed wing combat aircraft are fitted
with ejection seats. Most other aircraft carry
parachutes and it is only in tramsport aircraft or
derivatives from transport types that no escape
system is provided.

Helicopters are not so equipped and para-
chutes are only carried on some test flights.
However, a recent survey of British military
aircraft accidents has shown that the fatality
rate for helicopters is almost 3 times greater
than that for fixed wing aircraft. Even if no
escape system had been fitted to the fixed wing
aircraft in the survey, the fatality rate for
helicopters would still have been higher. Thus,
rotary wing aircraft seem more hazardous than
fixed wing aircraft.

Accidents will always be with us and as
helicopters will be used more and more, it would
seem logical that the case for escape from heli-

. copters in flight be re-examined. From the point
of view of cost effectiveness, the US Army have
discovered that it costs 2 to 3 times more to
replace one crewman than it does to replace the
helicopter,

At present, only auto-rotation can be used
for descent following an emergency in flight.
But auto-rotation is designed for only one type
of emergency, namely power loss, and it cannot
be used under conditions of main or tail rotor
failure, mid-air collision, fire or explosionm,
transmission freeze-up,.pilot error or disorien-
tation. In addition, helicopters frequently fly
at altitudes and speeds and over terrain where
auto-rota‘ion cannot ve used., In the British
survey of accidents, only 20X were within the
parameters for safe auto-~rotation. Thus auto-
rotation is not the answer.

If an escape system of some sort had been
available, the helicopter fatality rate could have
been halved. Data from the USN, USMC and US Army
accidents show that between 431 and 47% of
fatalities in helicopter accidents can be avoided
if escape systems are provided; the German and
Italian figures also agree. The surveys also show
that the majority of fatal helicopter accidents
occur at low speed (below 100 knots), at low
altitude {757 below 500 feet, 30Z below 100 feet),
and in 2 nearly level attitude.

Recently, an international study group set up
by the NATO Advisory Group for Aeronautical Research
and Development (AGARD) has been reviewing accident
statistics and possible methods of in-flight
escape from helicopters. The Study Group confirmed
that rhere was a good case for in-flight escape and
concluied that the following methods were the most
fruitful avenues of research:

1. For retrofit onto existing helicopters.

a. Manual bale-out. Individual parachutes are the
simplest form of escape system and carry little
cost, weight, space and development time penalties
but are limited in performance as they cannot be
used at low altitude. However, had parachutes been
worn some 22 lives could have been saves in 10

years in the UK alone. The Study Group recommended
that all helicopter crews carry parachutes always.

b. Sideways extraction (Fig 1). Here a small
rocket is used to pull the crewman sideways out of

e
"
{mi

Fig 1. = Sideways extraction.

the cockpit by means of a nylon strap attached to
his harness. When clear of the rotor, a parachute
is opened and the rocket is detached. This method
could also be used for crew in the rear of a heli-
copter. The system could offer better performance
at altitude but will never work at ground level., It
requires some modifications to the helicopter and
some development, although the system is at present
in use in some American aircraft. The Study Group
recommended that research be started immediately on
this system,

2. For Helicopters on the drawing board but not
built.

a. Upward extraction or ejection, These methods
(Fig 2 and 3) require that the main rotor be removed
before escape. It is impractical to stop, slow or

Fig 2. - Upward extraction.

Fig 3. ~ Upward ejection.

fold the rotor and explosive removal of the blades
individually or of the disc in toto is the only
practical method., When the rotor is removed, a
lightweight ejection seat or an extractor rocket can
be used., American research has already shown that
this can be done reliably but there would still be
some development required.

b.‘ Sideways ejection with an L~shaped trajectory
(Fig 4). To avoid having to remove the rotor, the
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) crewmen is sjacted first sideways and then (when
4 clear of tha ruter dise) upwards., Tests bave
’ alrasdy shown this to be feasibla by meana of 2

¥ig A, - L-shaped ejsction.

rockets firing in sequence sad At is & weans of
impraving the performance of the system at low level
whila leaving the rotor intact. The Study Growp
2 ! vacosmended  that both upward ejaction with rotor
: removal and sideways sjection schemss should ds ) » :
davelopad for futuw e balicopters. o

3.  For halicopters not yet conceived.

Tha Study Group recommended that all new
helicopters incorporate in-flight escape from
conception. HRara ihe best choica le probadly by
asans of an escaps capsule (Pig $). 1In this method,
the whole of the aircraft, part of the aireraft, or.
-even juat the cockpit is lowered by parachutes.

The capsule {ncludes all the occupants but entsils’

§
%
”%
4
|
;é

¥ig 5. - Escape capsule concept.

There are wany othar methods aul variations
that have been considered, and helicoptar afrcrew
may hava ideas of their own, The importaat point
is that if v resesrch is done, uo mathod will ba ) ) ) :
produced st all and helicopter crevs will never : 1
enjoy the protection that most fixed wing sircrev
now have.
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Tha Lnt.reduuuan of weveral naw cowbat alrcraft vhic\ have the ntmtuul intagrity snd tha sngive
powsr to azecuta manosuvres st high lewsis of .eulauxion for considarabla periods of time reimtroduces
the voocept that cartain operatios, partiualarly .air to:olr acombat, may ba physiologically Iimited
rather tham limited by aircraft decign parymgters. An accelaration leval of (O sustainsd for £0 seeconus
han been suggasted as 8 poliut to vhich sccelersiion ptouc;.m should be aimed, slthough higher G levels
tor sboxter. paricds of time can be axpactad. . :

- Por soms decsdes the vccepted methods by \.Mch tha phy-iologicnl eoquuutory machaniems of the

pilot are M arai

1. The pneumetic wrti ¢ nl . wxmiu puiphul vescular ruinuncn and pnunu.u. vewul .
wlin;.nthe cml‘.ﬂum . , . .

2. Voluntary mnuxu ouch as wuscle tencing and the M1 mocqu, increasing venous return, aod
raising latra~thoxacic pressura and heuce systemic blood pressure,

Thess measuras have been adequate as the phyaiclogical limits of their effectiveusss have, for the
most pait, basn similar to airframe limits {n the 6-70 lavel. With tbis smount of protectiou a pralet,
seated in a couveutionsl ejecior seat, cam remtin <onscious with adequate vision, This indicates that a
mean blood pramsure it the eys grasiar than the intra ocnlar pressure is belng wainrsived, The pilot ia
required to work hard at muscle tensing which {n {teelf may be fatiguing and some perfoimance decrement
may rasult. Exposures to highcr acceleraciom levels indicate that above the 6C level, a man convea—
tionally protected is in hw.rmwg danger of viaual loss. and lars of cmaclousnoss, In a receusi juint
United States Air Force and Royal Alz Yurce study (1) txvlve . nerimod centrifuge subjects werm -
subjected to +8C, for two pariods of one winute aach. They were squipped with anti G suits and por!omd
tla Wl manceuvre. Of the pasaible total oY iwenty four minutes spent st 8G, only seventeen minutes were
achleved dua tu w088 of vision or consciousnass. Additionally, the.e is snome avidence, from saimal
lt._qdiu, that exposure to iilgh, sustained acceleration may result in a degru of cardiac dacage,

In ordct to mafatain adequate vhion the masn blood pressure at the eye mist exceed the 20-25 s ng
iutra oculer pressure and, for some wmargin of safety, a pressuce in the order of 50 mm Hg would be
accaptable, At +80,, & funhor 190 mm Bg pressurs ig required at hsart level simply to vvarcoms the
hydrustatic prassurs drop resulting from the 30 cm vertizal distance between heart and eye. Thercfora,
at haart level a predsuzc c7 240 wm Hg must be developed. This ir at least a twofold incresse over tha
wormal valuw. At this bigh level of arterial blood pressurs the sortic baroreceptors will be sxposed to
4 pressure considerably ia excess of that which is normal and they will function to reduce the blopd
pressura. At this laval of sccelsration thersfore, maintaiinivg vencus return slona, as a convesntiomal
entl G suit doss, s likely to hava little, {f any, effect, The problem st high G levels centras aroumd
this great dispsrity of rressurcs at hesrt and eye lavel, hot.ctlon must bs centred 'npmd attempting
to reduce this differsace. . - ) ) _

nu r.clhin. seat is nrha,;- the most pu..rkul wathod at th- moment , This ruthod of nducing the .
affoctive heart to brain distsuce is Dot new and has uven the subject of wuch discuswion asd experimenc.
By reclining the back of the puot'l seat a 46, mirmut is changed to ous with a c.oulnuion of ‘6,

and Gy,

The wvarticsl heart to brcin dhnm- ot a pnot reclinea in this ny s the cosine 2t th. mh of
the seat back from the vertical. Given a heart to brair distanca of 30 cms when vertical, then at 66°
from the vertical, the vertical heart to braic distance will be 12 cms, At this angle tbu blood preasure

required at heart level to maintain the deefrabla 30 ma Hg ut the eys {» 120 wm Ky whtich adould Se easily

maintained during scceleration. Thus, by using . reclining seat a situstion which imposes a severe

cardiovascular stress wey be allaviated to :he point where a norwal blood pressurs wili suffice. However,

a spay vith a back engle of 66° from the vertical would mesn s complete respprajsal of the rockpit. The
fcrward vision from such & cockpit partieularly {a the landing configuration is iikaly to be severely
restricted, One aserodynamic factor is of note in ciis situstion. When tight turus or pulling up
manceuvras are performed the lifting surfaces of the aircraft are required to gensrate an {ncreased
smaunt of 1ifL corresponding to the smount of G pulled, In order to do this the lifting surfaces h{n to
be prusented to the relative aizflow at an increased mugle of attack, i.e, the nirvavaft fi{es in a nose
up sttituds to the airflow. The pilot's maat is effectively .vaclined to the G vector by the same smovat
as the angle of attack has increased. In.sowe nev aircraf: -this ability to fly at large ~agles of attack
may assuma practical proportions in increasing G tolerance, Consider en aivcraft equipped with a sest
with a back angle of 60° from the vertical., This would rmsult {rx a halving of hesrt to brain disteacs,
1f this.aireraft waxre capable, in high ¢ mancauvres, of flying at a 13° {ucreas» :in angle of sctack then
the relative back sngle to the G vector would be 75° giving an sffective heszt e train diatasce of 8 cme
when 3 blood prasaurs of 120 m Hg vould be adequate for Approxi-.cly 126, .

, H\illt a ruuniu seat ddes result ia cmucubh reduction in en‘diovucuhr stress during
incressed accelecation the +Gg component 1 still efignificant with the resul: that ia those areas salow
tha haart vhere will still be pooling of blovd and sowe lowsring of venous return. To prevest this s
cooventional aoti G suit would still be useful and such a suit has beon’ lho\m to incraase pezipheral’

' ;nyont thresholds even at back ;nglu of 75° from tho vcrticn @.
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From ti otnu.mcum aspect the ruclining seat, whau large back angleas froo the vortical ara uud.
:laxwwm ’ good method of provuhg yroncuon. Xt tha ngigu.ary rystem {» mmru‘ the situation
o less ypeoi! d.l;

A recliy J,ng seat, to be ct!octiw Ln num-. mdlwm‘u utrens, subjects ths pilet to a large
0y caugonss;. When subjects are axpossd to 4Gy rhere is u reletively nmall decrssse in vital canacity
(VC), soms 15X decresse st +60;. This {s due ta & reduction in iuspiratory vapacity, resfdual voiwss (RV)
and ¢ mctional reniduxl capacity (FRC) ramaining comstant. OChanges in regloual ventllation rerfision
rati.J within tha lvng rasult in & fall in perceutage srteiisl oxygen seturstion to appw:h«coly 852 at
+505. Jubjects axpused to +3y showed & marked fall in VC rith a redilction {o sxpivatory rescvve volume
C(eRv) which at +3G, hasr virtually divappsared. Further increasa ia 4G, producss a furthat raduccion In -
VG until at +6-/Cy the .VC is valy Lalf ths one ¢ voluma, Axterisl ouym saturstion falls in & efallir
mepmer o that sesu during +Gy rgain bhaving fallen to 85X at 0. The refuctiow in VC secn during the
is attributed to the {ncraused wei t of the cheet wall anl restrictios of Risphragmatic aobllity by the
abdominal viscara, The rxeductica if FRC {s known to predisposs to accclerstion atelectasis, In order to
overcoms these respirvatory difficulties it has been suggesred that a syatem of positiva pressure breathing
should be nsed. Positive breathing iucreasces systemic artarial prassurs which weuld be an addit{ioual bonus
for the pilot although the effecL of diminishing vemdus return to the heart would nead to ba counteracted
by turthey iaflatiom of the mnti G suit. ' The {usrsesed {ntrs pulmensir? pressurs would tend to eane
1ifting of the chest wal! incrsasing total lung capacity (YIC) and FRC, TYha increase fn FRC would reasult
in a larger vumber of alveoll baing available for effectivo gas axchange end the tendenmcy to atelectasis
would be rveduced particularly if the gse supplied under pressurs coutsinsd some nitrogen or similar inert

Thus, one possible method of high ¢ protection uwolm & reclirsd asat, a comventional sati G suit
and a positive presaure breathing hcl‘u.ty. ’

The second method which might provide ﬂu dcgru o! protection nesded is wvater {mmersion. This
mathod, agein, haw been avprecisted for ssas time ard hes bemn ehown to be at least partly practical in
the Prenks F'yfug ".{t. During flight trisls of the Pranks suit in 1944 cousidecable protaction was
claimad, soms pilots reporting accelerations of up to +9G; without visusi lmtou. The suit was not
adopted dur to censiderations of bilk, weight and discomfort,

The coocept of water lLmsersion is a:tnct!.voly simple and offers the .dvnngo thai no supplies to
the suit are required in the aircraft.

In the cases of total body immersjon anv tntnul hydrostatic pressure gradient is balanced by an
identfcal prassure outside ths body thus, cerabral sdd retinal perfusion should remain unsifected by

" acceleratican of any wmagnituda or dfrection., Very high uccelerations, in the order of 306, have baen

colerated for short psriods of time usirg totol body {mmersion es protection (3). Immarsion to eye level
has besa reported to edable 8 subject whos normal greyout threshold was +3G; to tolegate +16Gg with no
visual loss, Obviously {mmersiom to this degres i{s unacceptibla in airc:afi but immersior fvom the haart
lovel Acwa may be feasible. 1TIn such a situstion sn iacrease in +G; would have no effect on the venous
veturn to the heart with no pooling fu tha lower limbs and abdomen above that sesn st +1Gg. Thus, tha
compansatory changss seen normslly during unprotectsd accelersation axposures could be directed exclusively
to msintaining cerebral blood flow., A further possibility fs to increase the tounicity of the 1iquid :
surrounding tha body so that the pressure exerted by the suit excieded thot created within ths body by
increased acceleration. This would temd to have a direct effect on the pressure st heart level and
enhanca venous return. A cimilar effect could be seen by raising the level of the liquid covar to tha
nack including the arms in the suit, With such a suit wot caly would thare be a direct (Ifect on the
arctarial pressure and increass in venous return with incroase in G, but the hydrostaric columa to ba
supported would be reduced from hsart to brain distance to neck to brain distance, a reduction of
possibly 302. Despite ths suit giving sdequate protection to the systemic vasculature the pulmonary
effect secn at high +Q, would obviov:'ly scill be preseat, In this situation agaiu a pressure breathing
€acility would be of usas. The concapt of surrounding sircrev fn liquid from che nack down vay sesw out~
landish but the possibility of obtaining good G protection at high lsvels vithout major cockpit redesign
ie attraztive, particulsrly as a liquid filled suit may be used for thermal couditioning in some air-
craft, The anthropometric and bi.miuuh; probless of such a suit uy howaver, make it unuuimbh.

In susmsry, thi couventional auti G wuit ie unlikely to prov{do mtuchnt protaction at hi.h
sustaived G levels, Of the two poseibil tiss for improved protection, the ceclining seat with an anti G
suit and pressare bruthiu is probably the practical solution although the liquid ﬂl.lod ‘sult has
nt:ncuu festuxes if the prectical ptoblm could bo ovorcon. :

1. W, R.J., NORTON, l.l.. LEVERETT, B.D., MICHAE™.B0M, I.D. and SHUBROOKS, 8.). PBuman Physio-
logical Responses to u.n. Sustained OG. Accelerati n, Iay-l Adr Porce- Iuthun ol Aviation .
Madicine Raport Mo, 3537,

2. DORMAM, P.J. and LAWTOM, R,W. Kffect on G Nluwco of wttin nphudoa o-bhod ndl the nti ]
suit. J Aviat Med 27 1936 wo-us.

3, CLARK, C,C. and YLANAGAN GRAY, l.. A dhcnicion on restraiat snd prot-ctlon of the human experienc-
ing the smocth snd zscillating accelerations of projomed space vehicles™, Chapter VIXI {n Amn-
ograph Bo. 48, "lio-uuy tuhhuu for hn ,ntri!u.u ml !’hynloluiul lftoc&n of
Acceloratiom", .
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A COMPARISON OF RECENT ADVANCES
IN BRITISH ANTI-G SUIT DESIGN

by
Surgéon Commander J W Davies, MB, ChB,D Av Med, Royal Navy

Royal Air Foree Institute of Aviation Medicine
Farnborough Hampshire UK

SUMMARY

Comparisons in the field of a knee length anti-G suit and an external anti-G suit, with the
standard British anti~G suit worn close to the skin, are described and the results discussed.

The present form of anti-G suit used by the Royal Air Force and the Royal Navy is that worn close to
the skin, separated from it by a thin undergarment. This form of garment has always been considered to
provide the maximum physiological protection, the most rapid onset of protection, the minimum bulk and
the minimal possibility of snagging hazard, Its disadvantages in service are:

1. The difficulties of donning and doffing - especially in haste, which usually prevents its
being removed between sorties. :

2. It results in the wearing of nylon close to the skin which is considered in some circles to
be a hazard. ’

3. It is often uncomfortable when worn over an Air Ventilated Suit (AVS).

4. When worn in conjunction with long underwear, it inflicts a high degree of thermal insulation
in the leg and pelvic area resulting in heat stress and sometimes considerable discomfort from
sweating, not only in tropical climates but even in summer temperate regions.

British aircrew have requested in the past that consideration be given to some form of externally
worn anti-G suit.

The main theoretical disadvantages of such an anti-G suit seemed to be:

1. Reduced physiological protection,

2. Less rapid response.

3. A conaider;bly greater interaction and snagging hazard in the cockpit.

Initially therefore an anti-G suit with reduced surface coverage, attained by the exclusion of the
below knee portion of the suit, was considered. Preliminary studies on the human centrifuge in the
United States and at this Institute (Crossley, R.J. and Glaister, D.H. 1970; Lemon, J.H. 1970;
Crossley, R.J., Lemon, J.H. and Turner, G.M, 1972) showed the mini anti-G suit, as it was called in
fond memory of a female garment highly popular with,the male population in recent times past, was as
effective a means of protection against +G, acceleration as the full length garment, Calf pain during
acceleration on the centrifuge was reported by a few subjects but was not reported by a number of pilots
who wore it in flight (Reader, D.C. 1972)., Crossley et al 1972, recommended that a full experimental
trial should be conducted to assess the response of aircrew to the suit when it was worn during routine
squadron operations. This trial was carried out in 1973/74 and was reported by Crossley, R.J.,
Allnutt, M.F., Harris, B., Lemon, J.H. and Turner, G.M. in March 1974,

The mini anti-G suit differs from the in service Mk 6 and 7 series in that it covers the abdomen
and thighs only and as a result does not require a closure sliding fastener, It is fitted instead with
a tensioning sliding fastener.

The heat load imposed is obviously less by the amount of reduced leg coverage, and whereas it still
cannot be doffed very easily (ie without removing the flight coverall) it is easier to remove and to don
than the full length suit.

Three sizes of suit were employed i{n the trial and a total of 54 subjects flying in RAF Lightning,
Phantom and Gnat aircraft took part, The majority of subjects (thirty-six) were Phantom aircrew, half

of whom were pilots and half navigators. The subjects used the mini anti~G suit for all operations for a
period of nine weeks, reverted to their full length G suits for two weeks and then continued with the

mini scit for a further period.
The subjective results of the trial are summarised as follows:
Twenty~four aircrew (45%2) preferred the mini anti-G suit on all counts,
Five (9%) preferred the mini suit on the ground but thought the suits equivocal in the cockpit.

Sixteen (30Z) preferred the full length suit in flight but still preferred the mini on the ground.

Four (7%) thought the suits equal on all counts,

Five (92) preferred the full length suit.
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Approximately a thiod of tha airerews subjective opnlulon was lat cie wminl G Jult gave less
protection againat +G; scceleracicn than the full teagth o-'c,

8ix of the fifty~four aircrew in tae ¢r. 21 reported calf discomfort when exposed to +G, whilst
wearing the mind sult. All six vere Phaatowm sircvew - 4 pilots and 2 navigators. Flve of these
described ouly discomfort ~ a feeling of fullnase or a dull sche but >ne pllot did complain of severe
pain.

Centrifugs studins suggest that pain occurs at And above #6G_, A combined USAF SAM/RAF IAM
ceutrifuge uvtudy (Croveley, R.J., Burten, R.R., Leve~ett, 8.I'. Jr., nnd Shubrooks, 8.J, Jr. 1973)
indicated that the call pain could ba prevented if the cudjerts tensed maximally during the accelerstion.
Caution is requirad in transferring this lnformation to Cha fl1ight situation av the exposure on ths
centrifuge, whilst prolonged, was vot repetitive. Bowaver, the welght of available s idence suggestn
that calf pain occurs on axposure to +G, acceleration when v iariug the mini ant{~G suit unly vhen the
wesrer ia relaxed, It romains to bm repeated, however, ~hat signi ‘{cant calf discomfort did occur {n the
RAF trial and in a similar US flight tcisl of & mini anti ¢ suit ~fgnificant calf paln was veportad at
6G. It is possible that calf discomfoxrt and pain cem occu - aven in tensed, experienced, sircraw at
sccelarations of +6G, and ubove. Therefore the mini anti-y suit could mot be recommended unequivocally
in the triel report and an lotensive comparative trial of the rini and full leagth suti~G suite in Bumtcr
and Phantom sivcraft performing bigh +C, manceuvras wvas suggaested.

After study of ths asbove report a dec'sion vas made not to procead furtbar with the mini anti~C
suit but to try out the comcept of am external anti—G suit similar to that wrn by the Lufted SLates, the
Federal Republic of Germany, and Itslisn aircrvew. -

The nesd appesred to be greatest in the case of Harrier sircrev diuploved in Rurope vhere the alrcrew
csn spend long periode in tha field at a high degree of resdiness with vircually no cooling facilitiew.
Therefore, six prototype external anti-C trousers, designed by the Ministry of Defence (Prc::urement
Rxsacutive), ware manufectured for trial by them. The trousers incorporated the ssma bladdei~ as the
Mark 6 and 7 series; they were adjusted and fitted by laces on the thighks snd calves, and on the right
and lefc sida of tha walst at the rear, The lacas were coversd by material closed with sliding
fastensrs, The trial was conducted between April and September 1774 at RAF Wildenvath with aix Harrierx
pilots from No. 20 Squadron acting as subjects (Harris and Owsn 1974).

The trousers vere fitted with care, over the aircrevw's normal summer aircrew equipment mesewhly
(ARA), with of course the exception of ths Mark 7D anti-G suit. Thigh and lower leg pockets were fitted
to the sxternal anti~G trouser for use in place of the ajrcrev cowirall pockots vhich were occluded Ly
the Lroussr.

The trial wae ccoducted in a eimilar fashion to rhat nf the mini anti{~GC vrouser in that the six
subjscts wore the axternal trouser for eight weeks, followed by thelr {n-erervice Merk 7D. anti~G trouser
for two weeks, snd fiually completed the trisl vearing the external trouwser sgain. Questionnaires sere
completed by .u subjects one week after returniug to wearing the exteinal anti-G trouser, and again oo
complation of the trial.

It ceu ba stated iwmediutaly that the garmeats wevre greated witt nnthusiasm and that the trials
team had sowe difficulty ii recovering the garments from the apprecictive aircrew.

The questionnsires r.etloct.d their opianfon:
I. All six preferred the trisl gsrment to their normal Mark 71 ant{-G suit,

2. All six thought the external garment more comfortable than the Mark 7D airborne when
uninflated, and as comfortable inflated.

3. Bubjectively all subjects thought the protection against +G, acceleratione to be equal to that
of their Maxk 7D suit. (Previous sxperienca at RAF IAM euggests that in fact there will be a
reduction {n protection of approxiwately 0.2G.) .

b, ALl oubju:t- found it advantageous to remcve the external trouser on tha ground though not on
all occasions. A particular sdvaatage was the ability to remove the load of the in-flight documents
contained in the pockets at the sase time as the trousers, and then to be able to quickly don the
anti-C trousers and know that all the documents were immediately available.

3. Five of the subjects felt sudbjectiveiy coolex nound the legs and sbdowen wheu vearing the
extousnal trousers rather tlun the Mark 7D suit.

ﬂurc were & numbar of criticiems of the triale garwent, The most consistent of these was
concerning the multiplicity of slide fastensrs and suggestions that some might be replaced by velcro.
The slide fasteners over the adjusating laces have already been raplaced by an elasticated wmaterisl.
Lighter materials for construction of the suit were also suggested and a lightweight external suti-G
suit - adjusted by valcro gussets which i{s In currant usa by the United States Marine Corps, was demon-
stxatad by an exchange officer. '

To summarise - the results of the trial showed that ali six subjects prefarred the external anti-G
trousers to the Mark 7D anti-G suit which they ara curreantly wsaring and that their preference was

" strong. The meln advsntage of the external trouser is the facility to remove them between sorties and

don thems immadiataely prior to vnlkin; out . to the Ah'crolt thuo nliwinx the .h‘ctw of some vei;ht snd
thermal dhco-!ort. '




These advsatages apply In the main to tropicel and temperats summer conditions, NHowevar, in )
temparats vintar conditions British sircrev normally wesr an ismersion coverall, often over imsulating
wpdergarments., It would seem unlikely tlist an extarnally worn snti~C croussr would provide sdequsto
protection againet +Gg accelerations in such circamstances, The combination would also be very tulky,
The trial report recommended that the accaptadiiity of the use of the external anti-G trouser under or

over sn immersion coverall, be carried out.

A preliminary aircrev clothing integration exaxrcise wearing the external trouser under a Mark 10
{smarsion covarall suggestaed that it might ba possible to wear the trouser in auch a fashicu if minor
fimprovements to reduce its bulk were carried out. A wtudy of the exterual anti-G troussy worn over a
prototype single layexr fmmersion coverall which is to be carrisd out on the centrifuge at the RAF
Institute. of Aviation Medicine, has just commenced, Meanwhile the trial of the sxternal anti-C trouser
in the MHervier afivcraft has been considered sufficiently successful to iunitiate further trials of its use
in other sircraft. This way in turn give rise to the need for furthex studies on the cantrifuge of the
use of the external aati-G trouser at high levels of +G, acceleration and in combination with various

AZA's,
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THERMAL PROBLEMS IN MILITARY AIR OPERATIONS

by

: Dr, J.R, Allan
Royal Air Force Institute of Aviation Medicine
Farnborough
Hampshire
UK

REVIEW AND INTRODUCTION

Military air operations may be conducted over the full range of natural environments from extreme
arctic cold to tropical heat. The present emphasis on mobility, with a strong tendency to reduce the
number of overseas bases, has diminished the extent of direct experience of environmental extremes.
The result is that physiological acclimatization is less widespread among military forces and
behavioural adaptations, so markedly affected by experience and training are less readily available.

The effects of natural environment extremes are most pronounced on the ground activity side of air
operations and in the survival situation. In contrast to the effort expended on behalf of aircrew the
problems of ground crew have received relatively little study. The situation may be with us soon in
which the overall effectiveness of air power in operations under adverse environmental conditions is
limited more by the ability of ground crews to maintain, refuel and rearm aircraft than by the ability
of aircrew to fly them. The imposition of chemical protection techniques is 1likely to reinforce this
position.

Nevertheless the present course is primarily concerned with tune problems of aircrew and the present
segsion on thermal problems will be mostly concerned with the flight enviromment. The three papers
deal with operations in cold environments, thermal problems in high performance aircraft and personal
conditioning. It would not be possible in the time available to deal comprehensively with the whole
thermal research programme at the Institute and the three papers selected concentrate heavily on the
applied problems in the RAF. Our basic research is mostly published in the open literature and
therefore available for those with a special interest,

Thermal problems in the flight environment are only partly and mostly indirectly caused by the
external ambient environment. In high performance aircraft, for example, kinetic heating of the cock-
pit is largely dictated by speed and altitude and differences in ambient temperature of the order of
20°C between temperate and tropical countries have only a small effect. Another potent contributor to
the thermal load in the cockpit is the increasing amount of avionic equipment in modern aircraft.
However, perhaps the most significant cause of thermal problems arises from the necessity to protect
the pilot from a whole range of aviation hazards. Such protection involves the use of complicated
multi-layer clothing assemblies including several impermeable garments such as anti-G suits and partial
pressure jerkins. These clothing assemblies significantly increase the insulation between the pilet
and his environment and diminish the effectiveness of his normal thermoregulatory responses. The
recent introduction of chemical protection adds a further dimension to this aspect of the problem, ]
This matter and its influence on the design of cabin and personal conditioning systems is dealt with in
some detail in the other papers.

The end result of many investigations into thermal stress problems is a statement of the relevant
environmental conditions and of the pilots' body temperature responses to these conditions, The diffi-
culty often lies in the interpretation of these findings in terms of their likely effects on operational
efficiency. Usually, the levels of stress observed fall well short of those associated with
physiological collapse, but they frequently come within the range where adverse effects on performance
might be expected. Herein lies one of the major problem areas in the thermal field since existing
literature concerned with the performance effects of thermal stress is far from adequate to enable
confident definition of what is acceptable and what is not. For the time being this Institute uses a
deep body temperature limit of 38.00C as the upper acceptable limit beyond which serious performance
decrements are likely to occur. The evidence for this limit is only tentative and much detailed work
is required to substantiate or modify it. It might be useful to outline some of the problem areus:

(a) Much of the existing literature relates performance directly to environmental parameters, It is
very difficult to apply this work to aviation because of the overriding influence that factors
such as work rate and clothing have on the pilot's response to defined environmental conditions.
It is more useful in practice to relate performance to specific levels of thermal strain in terms
of deep body and skin temperatures and heart rate,

(b) There is insufficient evidence to enable us to distinguish performance effects that are directly
due to increments in the temperature of blood perfusing the brain from those that arise from
unpleasant sensory stimulation at the periphery.

(c) Little is known of the performance =ffects of transient thermal stress which is, of course, common
in high performance aircraft. High rates of increase of body temperature might have greater
adverse effects than absolute levels.

(d) Almost nothing is known of the effects of duration of body temperature elevation on performance.
(e) it is unknown whether those whose routine experience includes frequent elevations of body temper-

ature are less effected by them than those for whom such stresses are only occasional, Most of
the exiating experimental results are for individuals in the latter category whereas pilots of
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high performance aircraft are probably im the fowmery-

Lo (2) Thevs in some information available ou the interactions of different stresses {nsofar as perfor—

manca offects are concerned. In some cases these may be additive such as when thermal stress {»
combined with loes of sleep or acceleration. In ather cmsas, such as thermal stress and noise or
vibration, the combined effagt may be lave than that of tharmsl stress slone. However, with tha

k © present lack of detailed kuowledge on the performance sffsct of {ndividual stresses, it {s doubt~
. ful whethar the curreut vogus for vork oft mult{=stress envivooments will do much to elarify the
problem. .
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I bave mentioned this problem in my introduction because you will hear little more of it in the
remainder of our presentations fu the tharmal field. Nevertheless it reamains an important problem
srea and ons vwhich merite more attention than {t is currentiy ;ottiug {n the varioua aviation

udicino ruurch centres,
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_ OPEBATIONS IN COLD KNVIROWMENTS 7
by

Dxr. P. Marxcus
Besd, Cold Eavironnent Basesvch Section
RAY Institute of Aviation Medicine
Taruborough
Rumpshire
UK. -

Summary
incidence of cold stréss in wilitary aviation is discussed togather with mathiods for owvercoming

The
~ tha problaas it poses, by cedin conditioning or by the use of insulating or heated garmmnts. Protective

clothing is also required by aixcrew Lo aid survival in emsrgencies and the principles of its design are
considered. Lastly, an account is given of the RAF'a pomnc cold climate detachments and of cold

veather oparational sad survivul training.

Iantroduction

" Tha flaxidility of modern military air power makes it common for sircrew to operate at short notice
from bases with cold climstes quite different frcm those with which they ars familiar., Cold stress occuxs
on the ground in these situationa, It way also occur in the air even after taks off from s Cemperate air-
tiald as the performance characteristics of wodemn aircraft subject them to gross temperature changes in a
single sortie. Alrcrev caunot fly cfflciently and safely unldss protacted from low tamperatures, Saversly
cold conditions interfere with unskilled tasks and may even give rise to illness but much less drastic
altevations in the environment, perhaps in cowbination with other flight stresses, can ceuse decrements in
skilled taska involving flue wanipularion, judgement and memory. Aviatiou requires the exercise of these

8kills in large messure.

" In & eui;mcy the aircrev wember may have to survive on land or sea in s hostile climate. There
will usually be little time in which to prepare and the survivor will be forced to 'make do' with & minimum

of equipment and protective clothing.

This paper will consider somm of the problems of low timutun stress in military avistiou.
Additionally, it will suemarise the cold weather training with which the RAP is sssociated. This training
is intended to snsure efficlent operations in the cold climate and to enhance the chances ¢f survival of

an amergeucy in such an envirvnwent,

Cold Strass in Aviation

One charscteristic of dero enginss is that they ptoduce much hot air aand nowadays some of this can
usually be used for canin conditionivg. In the past 10 years this has not sluays been the case., PFor
example., in World War 1I che tail gunners in large bombers became especially cold. In some cases it was
posalule to keep them warm with electrically heated clothing but in ¥lying Fortress bombers the USAY had
more wunlnn from frostbite than from enamy action. Even now there is a cold problem in wmany sircraft

in certain conditions and in a favw routinely.

Ground stand-by for long periods im low ambieut temperatures with the cockpit open can cause chilling
of the crew,ths more so bacauss they canfiot move around to keep warm., Light alrcraft with swall powur
pleuts, for example Sioux and Wasp hellcopters, where air is often just drawn over the oil cooler, have
poor cabin hnting performance., In t!u Chipmunk thers i{s no cabin heating at all, Search snd Rescue heli-
coptexs fly with their doors off ae sows balicopters in sn anti~submerine vcle. Othar helicopters must
he flown doors-off for vieibility whon ‘deck landing or to susure escsps in the svent of ditching. Another
aircraft with a bad cabin conditioning system is the Canberra especially when used for high-altitude slow-
spesd photo-reconnaisrance or targat-towing duties. Cold stress also exists in certain test flights with
the hatch off or csnopy open and in this situation will be altitude dependent. In an emergency when the
fusslage is breached at altitude, cold is likely to bacome a problem, although with tha wodam ewphasis on

low level flight this is not likely to be so serious.

Onxcodng Cold Stress

lroully, any uwitomunul stress can be l:ton\utnd ia ive genaxatiom, ltl transmission or its effect
ou the man. There is littls that can he dous to avoid climatic. extrsmes in aviation and protection frcm
cold commsnces with {aterruption of transmission. The cockpit may ba shielded from low asbisnt tempera-
tures whilst the sircraft is on the ground by the use of hested hangars, Fuselage insulation end paint~
work which abaorbe solar radiation wmay help. Csre wust bs taken to avoid exposure of the alvcrev them-

selvey to cold struss hefore they enter the coch;i:._

Daspite such- measurns it is aiun necessary to protest aircrev trou low tupan:uru during flight.-
" Thers ars_ two possible approaches to the problem; to heat the alrcraft cabin and to provide insulating
clothing or personal hasting. PFor many reasons the lattsr massures sre comeonly taken even whet some cabin
‘hesting is availsble. Cabia conditioning plant is heavy sad the penalty in performance or paylvad associ-
ated with an efficient system often foxcas a compromise when i new aircraft is being built.
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Ia & cold aircraft the body triss to malntain {ts deep tsmpersturs against a gradient dus to the
reduced alr temperature. Vasoconstriction soon becomss maximsl., Raducing the surfacs ares of the body by
hoddling up is oot possible in an alrcraft and a person strapped into a ssat cannot produce mors metabolic
beat aucept by shivering, which interferes with fine co-ordination. Loss of heat from tha body stores

_acts as & buffer to soms extent but too great a loas is é#ifficult to regain. Increase ian clothing insula-

tion i+ the best avallable pzotsction but this 14 limited by the thickness and insulation of waterials.
1t is not possible to wear wore than sbout ['" of clothing, that is about 3 Clo, or the use of controls,
aad nau:i.oa and ejaction characteristice are interfexsd with.

It is a basic principle that the man and his oxygen equipment should be protected agsinst cold by
such maanuras as shielding and insulation if possible. Sometimes it may not be practical to protact by
insulation alone sud it may bu nacessary to supply hast as hot air, hot watar or slectrical power. The
limit to tha temparature of surfacsys in contact with the skin is 45°C. Above this tissus demage can occurx.
Since the temperature gradient is so small the flov rates of fluid warming media wust be high. The hands
are particularly vuinersble to cooling. It is very difficult to supply enough warmth and stil] aliow
msnual dexterity except by slectrical heating and in certain wilitary aircraft slectrically hested gloves
arc used. Socis or insoles for flying boots can also be hested. 3lectricity is a convenient form of
heating oines distribution and control ars relatively easy and the source of supply is readily availabla
in wost sircraft.

Oxygen equipment must also be protected from cold aud freering of moist expirate is particularly
troublesomse., Mask valves must be wmade of neoprene rubber to stay pliable at lov temperatures. Ice
build-up on the inspiratory valve is preventad by & nylon ice guard and shrouding prevents it on the
explratory valva. Occasionally electrical heating of valves and vizors is neaded for equipment to mat
its lov tewperaturs lp.cificntion.

Clothing worn every dey in the cockpit must protact on the ground in an emergancy snd this dual
requiremsnt poses difficult problems. A good maxiwm that is rarely followed is to dress for the envirom-
ment aad sst cockplt temperstures accordingly. Even in routine use clothing insulation must be flexible
As heat preduction can vary so greatly. Either layers of clothing must be taken off as required or there
must be fasteners vhich can be opensd o increuse heat loss. The layer system is mada use of when
possible; a number of thin layers of clothing are worn rather than a concentration of inaulatioa in a few
thick layers. This ensures versatility but for the system to wovk the succeeding layevs must be appro-
priately designed and sized. Unfortunately in high performance aircraft partial pressure, anti-g and air
ventilated suits sust often be worn so that extra thermal protection, when required, is added as a one-
piece coversll to avoid further complication, As well as providing insulation, clothing must be permeable
to watar vapour, 500 ml per day of insensible perapiration are produced and evaporated at rest and during
sveating much larger quantities are secreced. ' Unless the clothing is permeable all the sweat will collect

For avan the shortest exposure to severe climates protective clothing is necessary. The precise
bature of this will depend upon the environment against which the man must be protacted; vhather cold/dry
or cold/wet and whi.thar windy or not, The ultimate of the cold/wet survival situvation is immersion in the
saa. The open ses around Britain is cold eveu in summer and the uninsulated msa will quickly succumb to
hypothermia. A completely waterproof outer layer is sssential {n this situation but as statad abowé such
a gareent would cause sweat accumulatios in routina wear. This clash of requirements is overcoms by the
use of ventile fabrics. ’ ’ : T

Because of its vascularity heat loss from the head can be considerable. In flying, because helmsts
are worn for other reasons, the head is adequately prutected and suitable emergency head zear is carried
in the parsonal survival pack.

The Octurrence of Cold Strass at RAF Perwaneat Basas

‘The RAF has few bases vhare severe cold and large amounts of snowfall caa occur. Thers are two per-
mnant detachments; one at Goose Bay, Labrador and one at Offut Aix Force Base, Rebraska. In additiom,
as dalrribod below, tenoury dguchuntl axa clrrhd out to Morth Norway,

A: Goose hy, from Nuvewber to May, an avcrage of 4-5 feat of snow cover occurs., Vulcan bomber
training takes place from here; very low level flights over undulating terrain which are not possible over
UK training aress. No aircraft are kept here permanently, they are sent over from UK for short periods,
but there is & small detachment of ground personnel. At Offut, VYulcer aircraft undergo integration train-
ing with the Amsrican Strategic Air Command.

The severely cold conditions dictate certain changes in handling aircraft on the ground. If for any
reason the aircraft hawe to stand out on the hard pen overnight, before flight they must be dug out of the
snow snd towsd into a haated hangar. Pre-flight checks are carried out here., They are then towed out
just bafore takse off and the engines startad up at onte. The groumd crevw's living sccommodation is some-
vhat overhested and the rapid transition from this to conditions of ~20°C with blowing snow can ba very
stressful. A heated bus stands by while the ground créw are oparating to provide iomadiate rewarming-
hcxutin Clothing indoctrination is essential snd is handad on from one datachment to the next. Thate
L{s a good overlap perlod for this purpose. Aircrew on detachment carry out a vne-day survival exsrcise;
lesruing to cope vith anow shoes, survivel camping, fives and retions. Howewsr they do not sleesp out of
doorxs, . : o

Htuut ‘rulniu in Ncmuy AR R

Allied Command l:utopc mi.nninc s Moblle Foreo, the AMF (Lmd). uclng troops from the UK. Itsly and
‘Comada. Ao AMF (Air) is also provided for close support, ground attack, reconnaissance, trooping logletic
‘aupport -and sirfiald protection. Alrcraft from UK, USA, Belgium and Holland are involved. .The RAF sup-~
: -pliu tht‘rn tor ricse. um;oxt and also lulieoptotl tor tho ot.hn rolu. From January to March the .
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AT (L) deploys in Motwsy for trainiug the pround forces in viater coudicions. AMF (A} accompanies them,
The Welicoptars are tramsprorted by alr to Sola, wsar Stavangir. They are rebuilt hers sand thea flowm to
Somosn, near Jerpgin. AMF (A) parssmnel tiavel by air vis Bergen. The Lalicopter aircrew carry out an
intonsive flying progrssm: i{ncludiag soft sucw lsndings, flylug in "white-eut' couditioms, tralning in
dapth percepeion in #now cowarved terrain, flyin) in recircula:ing snow, packing, transporting and deliver-
iag loads, uight flying, navigation sasercises, troop drills and casually evacuation of ground troops.
Where rossible the aircrews carry out JHuter survival S8chool Traioing firsc,

The aircrew and growmd crev live in tentad xccommodaticn. They wear tha BAF's Arctic Scale of
clothing, designed ou tha layer priuciple. The tents wsed are 12 x 128 which can bs arrangad in randem
vhen pacessary. Cround crev training is slso an isgortant part of the ezercise. Herman-Nelson heaters
are used to blow hot alr directly over the part of the aircraft worked on in the opea; in addition a tem-
porary shalter can be sracted arovnd the repair. .

Pimed ving aircraft traioiug s carried out at the same tima to familisrise aircrew with Winter
fiying. Opersting from snow-coversd stxips, sircraft comceslmsnt in enow and operating from detached
sitas are all practisad.

T ground forces lnvolved are assentially snowshos troops but about a third of thea train exten-
sively on skis, They stay at Murfelt Youth Hostal. They operate in 5-10 msn sections and are given speed,
fire support and flexibility by the use of Volvo nwer-snow wahicles, Logistic support is carried out by
various other army units and arwy ielicopters arxe alsc oparated from the Bomoen District air strip.

Cartain subsidiary exercises sre carried ocut whilst the above training is in progress. Por exawple,
the Defance WBC School often mounts an exercise to test chemical procedures in the cold, usually during

Yebruary.

Bach Wintesr a Kaval exercise is carrxied out in Morway inder tha aegis of SACLANT and includes training
of Marine Commandos at Rarvik, helicopter squadrona at Bardutoss and small boat squadrone at Tromso. The
land forces are essentially eki-trcops,opersting in small groups,vho would expect to be landed by helicopter
from a commando c¢axrier. Normally a forward operating base would be established so that the Naval hali-
copters would be indapendent of their ships. For the purposes of the exercise, because of the inconvenience
of having a ship stand-by off the coast of Norway for two or three wonths at a time, the aircrsft ara now
landad by ehip et Sorreisa and fly to Bardufoss. Tne squadron personnel live in huts but carry out sur-
vival training in tented accommodation. The purpose of the exercliue is to train aircrew and ground crew
to operate & Yorvard Base in Arctic conditions, to carry out a flying training programme similar to that
of the BAF helicopter squadrons and to perform suxvival traioing.

The Winter Survival School

A WBE ie set up sach year by RAF Germany in Bavaria. There are five fortnightly courses for aircrew
which take place in the first three months of the year. The school accepts approximately 50X of its
students from UK and 501 from Germsny. Most students are frow the BAF but other arms are catared for as
wall, The School of Cowbat Survival and Rescue, RAF Mount Batten, supplies instructors. The students
wmdergo ski-training in the first few days to toughen them and them spend 4 days living out in the woods
with enow upderfoot, in survival shelters. Next, there is an escape and evesion exercise. They travel
across coutry for a distance depending on the prevailing conditions, hunted by German pararroopers and
then umdergo tactical questionning when caught, Each coursa carries & volunteer medical officer. e
last few days of the courss arxe again spent ski-ing.
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THERMAL PROBLEMS IN HIGH PERFORMANCE AIRCRAFT
By

Dr. J.R. Allan
Royal Alr Force Institute of Aviation Medicine
Farnberough
Hampshire
UK

This paper is intended to give a general review of current thermal problems in high performance air-
craft, their origins and current design trends in their solution. It will deal in principles rather
than detailed design since the latter is usually specific to type.

THE ORIGINS OF THERMAL STRESS

It might be thought that modern engineering skills should be capable of providing a thermally com~
fortable cockpit. However, the rate of improvement of aircraft performance, both in low level speed and
manoeuvrability, and the enthusiasm of avionic engineers to instal more and more black boxes within or
near to the cockpit, increasing both the heat input to the cockpit and demands for cooling air, has
resulted in the design of cabin conditioning systems scarcely keeping up with the demands placed upon
them. Indeed it is true to say that there is not a single military higlh performance aircraft flying
today that is wholly thermally comfortable in all flight conditions, Complaints are frequent, even
from the European theatre and diminished only by the fact that aircrew have come to accept that they
have to sweat it out as their predecessors did.

Looking at the problem in more detail and taking the input side firat the main sources of heat are
aerodynamic heating, solar radiation, electrical heat 1load from avionlc fits and the aircrew's own
nmetabolic heat production.

Aerodynamic heating

The end result of aerodynamic heating is a raised aircraft skin temperature, the equilibrium level
being a function of the ambient environmental temperature and the speed of the aircraft, During high
speed low level flight aircraft temperatures may be as high as 110°C, This results in a high heat in~
put into the cooler cabin air by convection and directly to the pilot's clothing, helmet and skin
surfaces by radiation.

Solar radiation

lnspite of the increasing use of avionic aids, all round visibility from the cockpit remains a pre-
requisite for flying. Thus modern aircraft retain large cockpit transparencies which do little to
filter the high radiant loads on the cockpit structure and pilot from the sun,
Electrical heat loads

The increasing use of sophisticated avionic alds influences cabin temperatures in two ways,
Firstly, most of these equipments are highly temperature sensitive and place high demands for cooling
alr from the main conditioning plant, Secondly, they generate hot surfaces within the cockpit area
which exchange heat with the cabin air and further increase the radiant load on the pilot.
Aircrew heat production

A pilot at rest generates approximately 80 watts of heat from his internal metabolic processes,
This can be raised by a factor of 2 or 3 during high performance flying and the greatly improved
manoeuvrability of modern aircraft at speed increases the physical work on the pilot.
A modern example

To place these various heat sources into perspective Table 1 gives figures derived from theoretical
calculations for the Multi-Role Combat Aircraft:

MRCA flying at Mach 0.9 At Sea Level in TISA +35

Aerodynamic heat load 9.0 Kw )

Solar radiation locad 2,5 Kw )

Electrical heat load ) Iztzt girectkhz:t ~
(cockpit instruments) 1.2 kv ) ;2 9 ; cockp

Pilot metabolic heat pro- ) R
duction 0.2 Kw )

Electrical heat load (equip- )
ment bays) 9.5 Kw )

Table 1. Cabin Hoat Loads for MRCA
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Yrom this short consideration it may ba seen that theri:al problens are not confined to aireraft
operations in tropical climates since wmany of the wost potent haat so \rces are present {n temperate
climste flying though some of them are obvicusly less savaere.

CURRERY DESIGH TREMDS IN CABIN CONDITIONINCG

At che start of this section the author wakes no apology for excursions into the systems engineer's
province since #0 much of tha and result represents a comprominme between what is physiolopically desir~-
able and vhat fe practical from the engineering and operational point of view. 1In arriving at this
compromise it ie desirabla that the blologist and the englneer sheuld each have a propar appreciation of
the other's problems.

Therwma' comfort

To deal first with tha physiologically desirable eud-point, this is thermal comfort. VFor practical
purposes, that is to enable the engineer to wake calculations, s definftion of thermal comfort is
raquired., A suitadbly simple definition is to state that a thermally comfortable man has a mean skin
temperature of 33°C with a renge of skin temparature of not greater than 6°C from the trunk to the
peripheral parts of the limbs, This definition can be greatly complicated and qualified by the academic
pbysiclogist but it has the practical merit of simplicity.

Design calculations

With this end point in wind the aystems enginesr can calculste the rcquirements for cabin con~
dicioning air in terms of mase flow and inlet temperature and techniques for doing so have been described
by Hugbes (1968). In doing wo he will take intc account all the sources of heat input in representative
flight condftions lncluding the pilot's own hest production.

Aircrev clothing

In making these calculaticus one very important factor i{nflusncing heat exchange between a pilot and
his enviroument is the insulation of his flying clothing asseubly, The requirement to provide pro-
tectioa against the whole range of aviation hazards with anti-G suits, pressure clothing, chemical pro-
tective clothing, life presarvers and so on, placas a considerable layer of insulation between the
pilot's skin surface and the cabin air. To achicve adequate heat exchange across this insulation places
grester demands on the cooling system than would be the case if "shirt sleeve" flying were possible.

The fact that saveral of the garments worn {nclude wvater {mpermeable layers considerably eambarrasses the
affectiveness of the pilot's thermoregulatory sweating mechanism by restricting sweat evaporation should
thermal comfort no: be maintained throughout flight. The increased demand on cabin cooling systems
arising from the effect of complex alrcrev clothing is among the more {wportant reasous for a serious
consideration of personal ccnditioning systems v“ich can achieva the desired physiological end point
wore econdmically.

Typical cabin conditioning performance

To {llustrate the type of informgtion tha: should emerge from prelimingry design calculations of the
type described Table 2 gives the data derived for the Multi-Role Combat Afrcralt.

Mach No ~|Taxy | .3 .9 J75 1.8
Altitude Faat 0 0 0 |36000 | 50000
Ambient temperatura °% | 40 | 40 40 -65 ~40
Humidity g/kg| 22 | 22 22 0 0
Ram Temperature °c| 40 | 46 9 -2 111
Cabin Heat Load kW | 4.5 | 7.0 Jl10.5 =3.3 1.7
Cabin Air Flow kg/8| 0.13 (0,39 | 0.40 0.23 0,27

- Required cabin temparature
for comfort % - |1e.4 138 - 6.7
Cabin inlet temparature % 15 2 6 39 -20
Cabin outlat temperatura °c 43 | 15 27 27 |- 23
Cabin tamperature °c 36 12 22 30 ] 12
Selector setting FULL COLD FULL FULL

: HOT l COoLD

Table 2. Cabin Conditiouing Predicted Performance Calculations




System desipgn rules

SHaving outlined the vacious factoxs determining the required performsnce of the cabin comditioning
system, insofur ss the pilot {s conce'sed, s number of genaral design rules say ba stated, Befors
doing va a “vief dascription of a typical afrcraft cabin conditioning eystem will aid the veader to
. follow subsequent discuseion.

Yig. 1 is & dlagram of such a typlcal cystex. Bigh tempersture, high pressure air {s tappid froa
the engine rompressors and after preliminary rum air cocling by s ;rimsry heaat exchanger the alr i«
sapandad Chrough a turbine with & mavked drop in pressure and temperatura, Tha physical work dons by
this tucbine ia uged to drive a compreassor in the upatream side vhi:h raises the pressurs and tempsrature
st this point aud enables further cooling to ve echieved in s ssccadar, heat exchsugsr (inter coolar).
This type of Cold Afy Unit, vhich ferms the heart of the systws, i2 known as a Mootatrop Celd Ale Unic,
Water dropists which condenss ocut during thie cooling Are removed by a wuter aeparating davice and the
air ie then ducted to the corkpit end squipment baye. Yig. 1 e0 {1lustrrntes the saveral subsid'ary

functions of the cabin conditioning system including rain dispereal, wing ssaling, demisting and CAV

J besring cooling.

T

——— - Primary

Heat
& -
b Blesd -
: Equip Bay AV.S. k.
¢ - __1 E)ectors H
{ C.A.U. [
: Cabin Venturi : F.
f —"ac , revre—— PRV 1
2 8/P
i Valve
’ S Reces Pack
: Cabin By -pass Air/ Fuel
v Cooler ‘
Rain 3 Servo  Ejectors i
§ Dispersal Se Blesd v
14 Demist 0 Engi :
ngine
‘ anlnrng g |
7 System
r '
' FIG. 1. TYPICAL AIRCRAFT CABIN COMDITIONING SYSTEM
‘:
¢
€ =y
§ [ 2
] i Distribution d'wrwork snd outlets
9
g § In detexrmining the wses flov and temperature requirements xor cabia cocling air the design of the :
‘ E Alotridbition system downstream of the cold air unit i{s vital, 4 poor ‘dletrivution ayatem will make
§ ; inefficient use of available cold air. In the past {t has gensrally mot been possibla to produce a
H t mesn cavironmental temperature ixuicdiately surroualing the pilot that is ceoler than sbout the cabim H
i} T outiet tempezature. Thus if inlet t-poumu is say 10°C and cutlet temperature 30°C, the mean

teuperzture surrouading the pilot will be Zn the regiom of 30°C, Meticulous danign can reduce this
' tempersture to & point more like three fourshs of the gradient from {alst to outlet temperature, ie Er
aasrer 25°C in the quoted exemple. 3

Tou distribution system should be designed to produce the coolest conditioun {meediately surrounding
the pilot. This le achiesed by carsful positioning of tha cabis air outlets in relatiom to the pilot
and by the use of noxsle outlets specially designed to reduce air entraivment (Bughes -~ persomal cowmumi-
cation). The latter s a friturs of poor nossle dssign im vhich warm cabin sir {a drewn {nto the outlat
cold air jet immedistely downstream vf the ansile snd substantislly downgrades the quality of cooling air
reaching the pilot. The system should also gllow parsonal sdjuatment by tle puot, particularly with .
regard to face ventilatioa. -
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Insulation Lo

= The coutribution of bigh airerafr ekin uw«uﬁru has alveady been mentionsd. Claaxly this can.
be reduced by careful attention to fnsulation of the eoekpit welle h‘o- the ubh air vich reduction fn
both the counvective and radiative imputs to the cockpit,

It is slso importest to imsulate tha dlstributive ductwork betvaern the cold air uanit and the outlets
to rum'm qu: {aput to the cabin cold sir supply bafore it reaches the pilon,

Nois.' wutm

Whilst not strictly relavant to the subject mutter of ‘thle paper:it nmu be oentioned that cabim
condicioning systesw are imwportant contributors to the cockpit noise problems, Agsin careful design can
winimise tolse gensration i{n ductwork and outlets. :

Water ssparation

As a result of the substantial temperature drop ascross the cold atr uait, considerable quantities of
vater are condensed out of the cabin sir supply eithar as water droplets oxr lce, Without an adequate
system for removal, these droplets or particles of ice can be carried through the distridutive ductwork
and be blowm onto tha pilot. This is a common occurreace on seversl existing aircratt, Even if this
doen not happen tha lack of affective water ¢ paration will lasd to vesbsorption in the ductwork and s
riss io bumidicy of ths cabin alr supply.

Reduction of radisat heat loads

Mention has alrsady been made of the value of cockpit wall fusulation in reducing the radfant load
on the pilot from high temperature aircraft skins. This lesvas the more difficult problem of reducing
the rolar radiation load through tha canopy. Tha difficulty lies in the requirement to msintain
axternal visibility particularly fm twilight conditions, but some succeas can be achieved by the use of
filters such as gold film. .

Demistiog systems

A secondary function of most cabin conditioring systems is to provide a trsnsparency demisting
facility. This bas often taksn the form of a hot alr supply to outlaets which direct it over the trans-
parsncies. Such a system {ngtroduces large quantitles of hot alr iato the cockpit. Use of ths de-
misting system 1o cowmon durlng tha later stsges of descent to lew altitude at s time when it would be of
considerable advantuge to prolong tbe advantagan of cold sosk at altitude for as loug as possibla, In
soms aircraft, for example the Phsntom, the ductwork ts common to the demisting sysiem and the cabin
corditioning, This has the added disadvantage that use of the dembating syatem hests wp much of the
distributive ducting which than has to be recoolesd on raversfon to normal cadin conditioning, Thews is
considerable advictage in using electclcal mwathods in the primary demisticg system, with a hot aicv system
as & back-up. The latter should have ductwork antirely separate from the cabdin conditioning distric
bution syatem.

Design limitations

The huge demands for cooling air both for maintaining pilot comfort and for avionic cooling have now
reached the point in sodarn military afrcraft where they represent the maximum that can be achievaed
withio the limits cf pressnt techuology. Alrsady the axtent of air blesd fromw engins cowpressors is
begioning to have {mportant effects on engiuve thrust performance. Tapping aixr frow late compressor
stages io wodrsu jet sugines results in very high tempsrarurs blesd air which in turm produces probloms
in the design of heat exchangers. Thua the position has baen resched whers further increments in cabin
cooditioning parformance are hardly possible amd thie baa laed to an increscing interest in perscnal com~
ditioning for the pilot and im alternative means for aviouic cooling.

GROUMD FACILITIES

Hovever effective cabin conditioning syscems may be all are engine dependent snd work less effect-
ively during taxying and not at all durfng ground pre-flight checks or stand-by. This {s particularly
unfortunate since many tharmal stress problems are assoclated with the pre=flight period when afreraft
usy have been hot-sosked. Psllistion ran be obtained by the use of fimed ground facf{lities and groud

sir crolleys,

Fized grousd ferilities

Yrom time~to-tize the use of such aids as sun-shades and thermal blaukets ususlly special to type,
has been dewoustrated to be effective {n resducing solar radfant dasting of aircraft ocn the ground.
Uafortunately these devices preseanr logistic problems, particularly av dlsperssl airtields.

A spin-off from the iacreasing ues of hardened sites for aircraft parking will be the reduction of
solar loads.

Cround cooling trollays

When availeble tho use of growad trolleys te provide cold sir supplies to cociaplte during the pre-
flight pericd is a highly effective wathod for reducing pre-flight therwal stress. Again, thsse cen
preseat logiscic problams and incresse the wurk of ground crews. Nowsver, vhere sffective personal
coaditioning is wot availsble pre-fifight, their use is streagly sdvocsted,
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 SUMMARY

. ¥rom this short zaview ¢ may bs ssen thet tha causes of thermal problems {n modern silitary aiv-
craft are vell understood and the solutions, though they stretoh the conditioning engioser's cechnology
to the 1fmit, are known. Neverthelass tha position has besn resched vhen conelderable design sod
opsrational sdvantagss might accrus from the use of efféctive parsonai condirioning systems rather tham
by trylng to achiewve comfort solsly through the cooling of cabin air supplies. o

The fact chat 6o many current mircraft are not thermally comfortable reflects the acceptance by
sivcrww that Ligh performance aircraft have slways besn uncomfortably hot with the result that this part
of the weapon sysutem has often received inadequate atteutiesn,

Several factors suggest that a more positive attitude may have to be taken in the future. Firstly,
tha provision of chemical protective clathing will add a further increment to existing thermal strain
and secondly, the oversll incresss in the complexity of the pilot's task makes the acceptance of even
ninor discomforts more difficult., Perhaps the time has cowe to abandon the position in which the
question usually asked {a "can pilots tolerats these condicions?" ané ask In ite place "how much woru
effectivaly vill pllots perform if conditions are wholly comfortable?”
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PERSONAL THERMAL CONDITIONING

by

Craig Saxton
Squadron Leader
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SUMMARY

The inadequacy of cabin conditioning systems in high performance aircraft has resulted in aircrew
being exposed to severe heat stress situations within the cockpit environment during certain flight pro—
files. To alleviate the physiological strain imposed upon the man, methods of thermally conditioning the
micro-environment within flying clothing assemblies have been investigated and applied to operational
situations. The cooling agents used in the '"personal thermal conditioning" role have been air or water.
The former has been utilised either as an evaporative agent or convective cooling agent. In this paper
the relative merits of the different personal conditioning systems have been discussed and a case made
for the development of a practical liquid~cooled suit system for use in present and future high-performance
aircraft.

INTRODUCTION

It has been established that man's fatigue is increased and his efficiency of task performance reduced
when he is exposed to thermal stress. The efforts to offset the ever increasing thermal input to the cabin
environment of recent generations of high performance aircraft, by improving cabin thermal conditioning
systems, have not been wholly successful. In the immediate future further improvements in man's thermal
environment in high performance aircraft cockpits depend upon the ability to condition the micro-environment
within the flying clothing assembly.

THE REQUIREMENT FOR PERSONAL CONDITIONING

During the last two decades rapid advancement in the development of aircraft engines and structures
has permitted equally rapid changes in the flight envelopes of high performance aircraft. This has
increased the thermal stress within the cockpit environment in the following ways:

1. Increasing the speed of flight at low level raises the thermodynamic heating of the aircraft's
structure to levels where aircraft skin temperatures substantially exceeding 100°C are frequently
encountered.

2. Inclusion of more sophisticated avionic back-up equipment within the cabin results in an
increased number of radiant heat sources both in close proximity to the pilot, and in sites where
they produce an additional thermal input to the cockpit environment and increase the demand for
cooling air from the environmental control system.

3. The increased manoeuvrability of modern aircraft during high speed low level flight increases
the workload of the pilot and therefore his metabolic heat production.

4. The flying clothing assemblies worn by aircrew operating high performance aircraft have high
Lnsulatxon values. Some flying garments are of course meermeable to water and 'will thus inhibit
man's most useful thermal regulatory mechanism for 1ncreasxng his heat loss to the environment,
namely sweat evaporation., Recent proposals for protecting aircrew from chemical agents using
specific items of clothing, involve additional insulation and a fully enclosed headgear system,
It can be predicted that this will further increase the heat strain upon the man.

It is desirable that aircrew be maintained in thermal comfort throughout the entire sortie. This
period extends from the time the man leaves the crewroom, through the walkout, taxy and flight stage, to
the time he re-enters the crewroom. Engine powered cabin conditioning systems provide no cooling before
take~off. This problem can be alleviated by provxdlng ground cooling trolipys ‘tocondition cockpits whilst
the aircraft is still on the pan without engines running. Although this is a relatively simple fac111ty
to provide on permanent flying stations, it becomes an increasingly difficult logistic problem when air-
craft are obliged to opernte from dxspersal sites, where back—up facilities may be of a very limited
nature. Even when the engines are running and the aircraft is taxying, the cabin conditioning system is
inadequate to cope with any large thermal load, because the output from the cabin conditioning system is
proportlonal to the engine power. The latter is of course operating at a low output during the taxy phase.
This is also true during certain other phases of most flight profiles, such as idling descents, when a
marked increase in cockpit temperatures can he noted.

Even if these problems were soluble, it is doubtful if cabin conditioning systems alone could provide
a cockpit environment where man could be maintained in thermal comfort. This stems from the large insula~-
ting values of the flying clothing assemblies. Because of these large insulating values, the man requires
A wreater temperature gradient between his skin and the cockpxt environment to lose sufficient heat to
miintain thermal equilibrium. To achieve this the cabin air temperature i8 required to be consxdernhly
rooler than would be necessary Lo maintain a lightly clothed man in thermal comfort. lowever, in achicving
this situation an increased gradient between the cabin air and the aircraft's skin temperature results,
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producing a greater heat ioput from the aircreft structurs to ths cabip enviroumeat. Shavefore, to produce
an seceptabla thurwsl suviromment within the eoukpit requires & high lavel of performance from the condi-
tioning system to provida the mwass of varlable temperature mir needed to cope with the divuras inflight
conditions encountered. Buch systems imposs cons'derable size and weight pesaities on the aircrafe. 2lso
the aix used for the cabin conditioning system is obtained by tappiuy the englue compressors. The mass of
air bled from the engiue for this purposs has at the preveut time reeched s level whare any further
increase would result in significant raducticn in englne performance. '

It would seem therefore that major improverents of cabin conditiouing mystems in both present and
future gensration high performance aircraft eve unlikely. Biace it is incremningly difficult to couditiom
the rockpit enviroament satisfactorily, atteation has been orientated to conditioning the wicro-environment
vithin his flying clothing mspeably,

DESION REQUIREMENTS OF PERRSONAL CONDITIONING SYSTEMS

The idsal baing aimed st when considering thermally conditjoning aircrew is the achievemanc of thermal
comfort in ail pheses of the aorcie. This {uiludes pre-flight, {n-flight and post-tlight sit acions. The

definition of thermal cowfort used in this context {s:
‘1. A wesn skin temperature of 33%.
2.  An eveporative haat loss equivalent to 20X of the metabolic rate.

3. A relatively higher skin temperature in the central body region than in the extremities
(preferrad dletribution of skin tamperature).

Methods available for personal thermal conditioning st present utilise either air or water as the
wedium for excaunging heat between the man and his enviroument. Air can be used as & heat transfer ageat
in two modes; either using its evaporative capacity, or utilising its convective power. Vhen water is
uted as the nooling ageat the heat trangfer mechanism is more complicated, both conductive apvd convective
elements being present. - ’

AIR VENTLLATED SYSTEMS (AVS)
1. MECHANISH OF ACTION
a., Evaporative

Although there are several engineering advantages to this method of using air ventilation, it
is the least acceptable mathod of personal thermal conditioning, {n terwms of both physiological and
subjective assessmants of thermal comfort. The mechanism by which heat is transferred from the man
is by rewmoval of latent heat of vapourisstion of sweat. However, before man begins to sweat a
degree of thermal straln must exist. Therefore, although a thermsl steady state situation way be
arrived at by using evaporative air ventilation in a heat stress situstion, it wiil be sccompanied
by 8n elevation in deep body tempesrature and some lose of thermul comfort.

b. Convective

The use of air ventilation for removal of sensible heat in this mwode offers the obvious advantage
that the heat transfer mechanism does not require tha man to sweat before it begins to work. Thus it
is possible to maintain thermal comfort without any elevation in deep body tempersture. This ie s
mote acceptable method of maintaining thermal comfort both in tsrmn of objective physiological
responses and subjective criteria. However, this advantage le offset by sevaral disadvantages in
terms of the penalties on the aircraft of providing the quantities of cold air needed for the syatem
to function adequately.

2. SUPPLY REQUIREMENTS

When utilising sir as the cooling agent for personal thermal counditiouing eystems the mechanism of
hest transfer, i.e. evaporative or convective, has important implications on both the design of the air
supply systens and of the garments utilicing the supply systems. The temperature of the air for svapora-
tive cooling need not be lower than that of the mean skin temperature. What is {mportant is that the
wster conteat of the air is wminimal eo that maximum evaporation from the wet skin to the air can teke
place. Air temperatures of up to 40°C with low humidity will still provide sufficient cooling power to
mainzain a thermal steady state, slbeit at an elevated deaep body temperature. This means that the inevi-
table heat pick-up by the veatilating sir supplies, from the pipework system between the cold sir umit,
water axtractor, snd the man, is of less importance thsn in convective cooling. In the latter system the

tempereture of the alr supply to the man must be less than the mean skin temperature for comfore, i.e. 339

However, humidity 1ls less {wportant thas for avapoxative afir ventilation, Greater quantities of air are
necessary for removal of & glven quantity of heat by comvection then evaporation. An inadequacy of both
types of AVS is that tha temparsture countrol for all sircrev sesbers in ar aircraf: is set by a master
coantrol switch which the pilot operates, All othar crev members csn ouly control the flow rate to their
" individual garments. 1lllustrations of the air supply syatems for svaporative and couvective personal
thermsl conditioning are shown in Figures 1 sad 2. It can be scen from these figures that the couvective
air supply system may incorporate a turbo-fan cold air unit. The sdditional cooling power availsbls from
this unit wesns that less load is placed on the primery heat exchanger utilisiug enviroamental control
system sir. This results in s lower heat load being passod to the cabin conditioniag air then in the’
evaporative AVS. ! - o : ' . )

-x . .
Dol "l




89

3.  GARMENT DESIGN

When considering the garments used in conjunction with air supplies in both evaporative and convec-
tive modes, substantial differences are again encountered. Since different skin sites sweat at approxz-
mately equal rates, evaporation is most efficiently achieved by providing equal volume flows of air to
squal skin surface areas. If this equal flow to equal skin area distribution is not achieved, sweat will
not ba evaporated adequately from some regions and therefore a higher sweat rate from the supplied areas
will be required to maintain sufficient heat extraction. Also in those areas where the distribution of
air is inadequate, wetting of the garments will take place producing discomfort. In the past thias equal
volume flow to all skin areas has been achieved by a complicated ducting system comprising a large number
of equal bore tubes supplying air jets within the garment (Figure 3). Although at the present time it is
felt that the air distribution system might be simplified, the necessity to provide equal air flows to
equal skin areas does limit design improvements. For convective air cooling a relatively greater amount
of cooling must be provided to the periphery than the central body area to maintain preferred skin tem
perature distribution. The design of these garments has allowed a simpler pipework system than that used
in evaporative garments to be developed (Figure 4).

A summary of the advantages and disadvantages of these two systems is shown in Table 1. It can be’
seen from the comparison of the two air ventilation methods that in terms of maintaining the aircrew in
thermal comfort, the convective principle is the method of choice. However, the penalty on the aircraft
of the bulk cf equipment to provide the ventilating supply is considerably less using the evaporative
principle. It is for this reason that at the present time in the Royal Air Force, only the Buccaneer has
the facility for providing the aircrew with convective AVS cooling. However, the multi-role combat air-
craft (MRCA) in its present Phase 1 development is being produced with the facility to provide convective
cooling to the crew if required. Even if future generations of aircraft are manufactured with this type
of cooling system there still remain several problems to be solved. Firstly, the pre-flight heat stress
which can result from either the climate or from a high workload. To date it has been found impossible to
provide a practical portable conditioning unit to supply ventilating air whilst the individual is mobile
in the pre or post flight phase. The only prototype portable units produced have been of such bulk and
mass (more than 10 kilograms fully charged) that initial assessments suggested that the cost of carrying
the item, in terms of workload and subjective discomfort, outweighed its useful cooling properties. In the
absence of ventilation to the suit, the air ventilated garments become yet another layer of thermal insula-
tion, adding to the total thermal stress on the individval., Secondly, since personal thermal conditioning
systems utilising air ventilation are engine dependent, then in all gituations where low engine power is
being applied, i.e. idling descents, and taxy, cooling is likely to be inadequate and an increase in ther-
mal strain will occur. In ground standby, with no engine power available, no air supply will be available
unless it is supplied from an auxiliary ground cooling unit. Finally the policy to protect aircrew from
chemical agents requires suitable filters for the air supplies to these garments. These filters reduce the
performance of the cooling system.

LIQU{D CONDITIONED SYSTEM (LCS)
N *

In principle this process involves the exchange of heat between the man and the liquid flowing in
small plastic pipes mounted within the fabric of a stretch material garment (Figure 5). The mechanism of
heat transfer is a combination of both conduction and convection. To date, the liquid used has been a
mixture of water and ethylene glycol (the latter to prevent freezing in the supply system). The present
proposal is for a 50/50 water glycol mixture which will meet the most adverse operating conditions, but
will allow freezing of the coolant during ground cold soak to =609C, Any further increase in the fraction
of ethylene glycol in the mixture will both reduce the cooling properties of the medium, by lowering the
thermal conductivity and specific heat, and also increase the specific gravity and viscosity of the mixture
requiring a greater power source to maintain a given flow through the system. In order to maintain the
preferred skin temperature distribution, the liquid after entering the garment at an inlet manifold, flows
firstly to the peripheral parts of the limbs, and then flows proximally towards the central trunk area to
an outlet manifold.

The liquid cooled system works on a fixed flow principle. At present design requirements demand a
flow rate of npproxxmately 1.L.min"l. The temperature of the coolant to the suit inlet can be varied from
15°C to 45°C and is controlled by 1nd1v1dual crew members. This is achieved by mixing hot and cold streams
of coolant to a value selected by the crew member on his temperature controller. The suit inlet tempera-
ture is prevented from varying outside the range quoted above, by sensors in the supply system which pro-
duce an error signal and cause the by-pass valve to work, cutting off the suxt supply. Cooling is achieved
using a vapour cycle refrigeration system (Figure 6). T :

Field and laboratory assessments of different personal thermal conditioning systems, including liquid
conditioned systems, convective air ventilated systems and evaporative air ventilated systems, have fur-
nished evidence that both on physiological objective measurements and subjective criteria, the liquid con-
ditiored suit system is the most acceptable. The use of water as a cooling agent offers several advantages
over air, The specific heat of water being considerably higher than that of air, a much larger quantity of
heat can be accepted by a unit mass of water, The liquid system provides a closed loop system and this has
two advantages. Firstly, because recirculation of the heat transfer fluid takes place, only the heat picked
up by the coolant from the man and the cockpit environment has to be eliminated from the system. Secondly,
protection of the cooling medium from chemical agents is far easier than with that of an open circuit system
uping air ventilation, The smaller power requirements and reduced flow of the cooling medium facilitates
the development of a practical portable conditioner. To date prototypes have been produced wearing approxi-
mately 5 kilograms fully charged (Figure 7). All crew rooms where LCS are being used by the aircrew can be
provisioned with a supply of readily charged portable conditioners. The user only requires to disconnecct
A conditioner from its charging source and connecc it to his inlet/outlet suit manifold. The endurance cof
a fully charyed conditioner varies with the heat input from the man and environment, but under normal opera=-
ting procedures, i.c. walk-out to aircraft phase endurances of 60 min have been recorded. The LCS, unlike

the AVS, is independent of engine power requiring only electrical output from the aircraft's system. This,
in conjinction with a practical portable conditioning unit means that personal thermal conditioning is
- e L
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availadla to the aircrew throughout the whole sortie. The comparative sdvantages of the ICS are sum~
mavised in 'r&h 1 with those of the AVS systems.

To date no sircraft have been developed with an inuegral liguid conditicmed suit system, d.-plte the
opinions of most lavestigators in the field of persomal thermal conditioning that the LCS offers consider-
able net advahtages over air ventilated systems, However, at the present time discussion is procecding on

the femaibility of incorporating a li{quid conditioned -pit system in the UK varisnt of the MRCA.
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CABIN PRESSURISATION AND OXYGEN SYSTEMS~REQUIREMENTS
by

Wing Commander J. Erusting, OBE
RAF Institute of Aviation Medicine, Farnborough

SUMMARY

The considerable interactions between the physiological requirements for cabin pressurisation and
the relationship between concentration of oxygen and cabin altitude required of oxygen delivery systems
for aircrew in flight are explored in this paper. Although work performed until 1960 suggested that
hypoxia induced by breathing air at altitudes of up to 8000 feet was acceptable, investigations performed
more recently at RAF IAM and elsewheras suggeat that the maximum acceptable degree of hypoxia for aircrew
in flight is that assoclated with breathing air at 5000 feet. The incidence of hypoxia due to malfunction
of oxygen delivery equipment and of decompression sickness at altitudes above 20,000 feet is such that the
maximum cabin altitude in combat aircraft should not exceed 20,000-22,070 feet. The concentration of
oxygen which must be breathed to avoid transient hypoxia on sudden failure of a pressure cabin even when
100X oxygen is delivered to the respiratory tract immediately the decompression occurs is generally
greater in high differential pressure aircraft than that required to prevent significant hypoxia with the
pressure cabin intact. Even in modern combat aircraft this consideration requires a higher than "5000 feet
equivalent" breathing mixture at aircraft altitudes greater than 35,000 feet.

INTRODUCTION

Although the basic physiological requirements for cabin pressurisation and the performance of oxygen
systems are well established the interactions between these two essential life support systems have only
been explored in detail over the last 15 years. Some of these interactions and the way in which they
affect the physiological aspects of the requirements for cabin pressurisation and oxygen systems are con-
sidered in this paper.

The crew and passenger compartments of virtually all modern high performance combat and transport air-
craft are pressurised with air in order to prevent the occupants being exposed to the low pressure of the
environment in which the aircraft may fly, At first sight there would appear to be great advantages in
maintaining the absolute pressure in the cabin at one atmosphere (760 mm Hg) throughout flight. Such a
requirement would however impose considerable penalties with regard to the weight of the pressure cabin
and the pressurisation equipment, and hence the performance of the aircraft, Furthermore, the larger the
pressure differential across the wall of a cabin the greater is the risk of damage to the aircraft and its
occupants in the event of a failure of the structure. Thus, in practice, compromises are made between the
physiological ideal of a cabin pressure of 1 atm absolute, the weight and performance penalties of a high
cabin pressure differential and the risk of explosive failure of the cabin. A clear recognition of the
effects of low envixonmental pressure upon man in particular hypoxia, decompression sickness, expansion of
gastro-intestinal gas and the effects of rate of change of pressure upon the middle ears and sinuses is
essential to the derivation of the best compromise cabin pressurisation schedule for an aircraft. The
form of the cabin pressurisation schedule can affect the ideal relationship between the concentration of
oxygen delivered by the oxygen system and the cabin altitude. The cabin pressurisaticn schedule also
determines the pressure differential applied to the oxygen and respiratory systems in the event of a decom-
pression of the cabin.

HYPOXIA DURING ROUTINE FLIGHT

The intensity of hypoxia which is acceptable in aircrew operating aircraft has important implications
for the design of both pressure cabins and aircraft oxygen systems. It sets the maximum cabin altitude in
aircraft in which air is breathed during flight and the minimum concentrations of oxygen delivered by an
oxygen system.

The results of numerous studies of the effects of acute hypoxia carried out before and during World
War 11 suggested that psychomotor and mental performance is unimpaired by breathing air at altitudes up to
about 12,000 feet {McFarland (1); Ernsting (2)}. The one exception was the light sensitivity of the dark
adapted eye which is significantly reduced by the hypoxia associated with aninspired Py, of 110 mm Hg (3).
It was accepted as a result of these studies and practical experience gained in flight “that the hypoxia
induced by breathing air at altitudes of up to 8000 feet was acceptable for flight deck crews. In 1962
however, Ernsting, Gedye and McHardy (4) found that the ability of subjects to reproduce a sequence of
eight digital operations learnt whilst breathing air at BOOO feet was significantly impaired as compared
with their performance when the task had been learnt whilgt breathing 100% oxygen at 8000 feet. This find~
ing led to two further studies at the RAF Institute of Aviation Medicine of the effects of mild hypoxia
upon performance during the learning of a task (5 and 6). The performance of matched groups of subjects
wag measured during the learning of a complex orientation task whilgt breathing air at ground level, 5000
and 8000 feet. The subject carried out mild exercise on a bicycle ergometer and was also required to main~
tain a constant pedalling speed. Performance at this complex orientation task was impaired by mild hypcxia
whilst the test was being learnt but not after the subjects had practised it. Impairment during the learn-—
ing phase was only just detectable at 5000 feet (227 increase in mean reaction time (p< 0.05)) but con~
siderable at 8000 fect (mean reaction time twice that obtained at ground level (p <0.02)). Several other
independent studies have shown that breathing air at 8000 feet produces a significant impairment of per-
formance during the learning phase of a vigilance task (7), a complex psychomotor task (8) and a complex
choicre reaction task (9). Other investigations in which subjects performed two-dimensional tracking (10),
mental problem solving and auditory vigilance (11) confirmed that the hypoxia associated with brrathing
air at altitudes up to BOOD — 10,000 feet has no detectable effect on performance if the task has pre-
viously been well lcarnt at ground level.
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In summary, therefore, recent studies have shown that the hypoxia induced by breathing air at alti-
tudes of up to 10,000 feat (inspired Poz = 99 mm Hg) has no effect upon well learnt tasks but ?oes prolong
the time taken to learn a new task. This impairment of learning increases with the complexity of'tha
task but even choice reaction times ave significantly prolonged by breathing air at 8000 feet.' Impairment
of learning even of a complex tusk is only juat detectable at 5000 feet. Although routine flying consists
primarily of the practice of thoroughly over-learnt tasks, unpractised emergency situations do occur in
both military and civil operations and novel combinations of complex tasks occur repeatedly in combat
flying. Thus reduction of the inspired Pp, to 108 mm Hg (equivalent to breathing air at 8000 feet) should
not be accepted for aircrew employed in n?g operations because it produces a very significant 1mgairm§nt
of the sbility to respond to novel complex situationa. It is concluded that a practical compromise with
regard to the degree of hypoxia acceptable when oxygen economy or the magnitude of the cabin differential
pressure are of concern is that inspired Pg,s down to 122 mm Hg i.e. breathing air at altitudes up to
5000 feat are acceptable for aircrew opcrltzng both combat and transport aircraft. Thus the cabin alti-
tude of an aircraft in which the aircrew breathe air should not exceed 5000 feet. The engineering and air-
craft performance penalties of applying this physiological requirement to current transport aircraft over
the whole range of operating altitudes is however aignificant. The current practical compromise get in
the UK is that the cabin altitude shall not exceed 6000 feet at the maximum cruising altitude of the air~
craft. The minimum oxygen concentration-cabin altitude relationship for current UK crew oxygen delivery
systems is a ground level equivalent (inspired Pg, = 159 mm Hg). The use of a minimum concentration of
oxygen which produces hypoxia equivalent to that “induced by breathing at 5000 feet (inspired P02 = 122 mm Hg)
has however been used for many years in North America.

MAXIMUM ACCEPTABLE CABIN ALTITUDE BREATHING OXIGEN

In combat aircraft the weight and hence aircraft performance penalties of a high differential pressure
cabin such that the crew may breathe air throughout flight, are unacceptable. Furthermore it is usually
considered that the threat to the integrity of the pressure cabin by enemy action and the possible ensuing
decompression should be taken into account in this type of aircraft. Thus, it is generally accepted that
the crew of combat aircraft will wear oxygen equipment throughout flight so that the magnitude of the cabin
pressure differential in this type of aircraft can be congiderably less than if the maximum cabin altitude
is limited to the 5000 to 8000 feet required by air breathing.

The early post war combat aircraft designed and built in the UK had 2 maximum cabin pressure differen-
tial of 3.5 Lb./sq.in. (180 mm Hg) so that cabin altitude was of the order of 25,000 feet when the aircraft
altitude approached 45,000 feet. It was believed that this cabin pressure differential represented the
best compromise between the risk of hypoxia and decompression sickness during flight at high altitude on
the one hand and of damage in the event of a sudden decompression on the other. As experience was gained
of the reliability of pressure cabins and the altitudes at which service flying was carried out approached
and exceeded 50,000 feet and the maximum cabin pressure differential for combat aircraft was increased to
4.0 Lb./sq.in. (210 mm Hg).

By progressively enriching the inspired air with oxygen it is possible to maintain the alveolar oxygen
tension at the value asgociated with breathing air at sea level at altitudes of up to 33,000 feet. However,
the rate at which the function of the central nervous system is impaired by an interruption of the oxygen
supply so that the aircrew man reverts to breathing air increases progressively as the altitude is raised
above 15,000 feet. The time available at an altitude of 20,000 feet for an individual to recognise that
his oxygen supply has ceased and for him to carry out the appropriate corrective action is approximately
three times greater than the time available at an altitude of 25,000 feet. Furthermore, the reduction of
the inspired oxygen tension produced by a given fractional inboard leak of air due to an illfitting oro-
nasal mask increases with increase of altitude. Thus, although it is theoretically possible to maintain a
normal sea level alveolar oxygen tension at altitudes of up to 33,000 feet by increasing the concentration
of oxygen in the inspired gas these considerations suggest that both the incidence of hypoxia and its
severity will increase with increase of altitude above 15,000 feet. The incidence of hypoxia accidents in
unpressurigsed aircraft in World War II was 6 times greater for flight at 25,000 feet as for those at
20,000 feet whilst when the altitude of flight was 30,000 feet the incidence was nearly 70 times that at
20,000 feet., The experience of the Royal Ailr Force over the last 20 years has amply confirmed these war-
time observations, with the incidence and severity of hypoxia accidents rising markedly with increase of
cabin altitude between 20,000 feet and 25,000 feet,

Other aeromedical consequences of the use of maximum cabin pressure differentials of 3.5 and 4.0 Lb./
8q.in. gauge have been a significant incidence of decompression sickness and,associated particularly with
the introduction of aircraft capable of very high rates of descent, the occurrence of otitic and sinus
barotrauma. There has been, therefore, over the last 10 years an inecreasing tendency to-advise that the
maximum cabin altitude in strike aircraft should be reduced from 25,000 feet towards 20,000 feet. The most
recent UK requirement for cabin pressurisation which in this respect is in agreement with the United States
MIL specification for the pressurisation of the cabins of strike aircraft requires that the maximum cabin
pressure differential shall be 5.25 Lb./sq.in. (275 mm Hg). This requirement provides a cabin altitude of
16,000 feet when the aircraft altitude is 40,000 feet and a cabin altitude of 19,500 feet at an aircraft
altitude of 50,000 feet.

CABIN PRESSURISATION SCHEDULES ~ COMBAT AIRCRAFT

The telationship required between cabin pressure differential and aircraft altitude in a combat air-
crafe depends upon a number of considerations, At first sight it may appear highly desirable that pres-
surisation of the cabin should commence at the lowest possible aircraft altitude and that the cabin alti-
tude should be held constant as the aircraft ascends until the maximum cabin pressure differential is
reached., This ia the form of pressurisation schedule required by United States MIL specification, In
practice, in order to avoid pressurisation of the cabin when the aircraft is on the ground it is necessary
to delay the altitude of onset of pressurisation to a pressure altitude which exceeds the lowest atmospheric
pressure which may occur when the aircraft is on the ground. A reasonsble compromise would appear to be
that the pressurisation of the cabin of a strike aircraft should commence at an aircraft altitude of 5000
feet. With a maximum cabin pressure differential of 5.25 Lb./sq.in. it is possible to maintain a cabin
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altitude of 5000 feet batwsen sircraft altitules of 3000 and 19,000 fest (Table 1, MIL specificatiom).

Table 1. The m.;mj.us between cabin sltitude and
- !!M“!‘t [15 G4 or 8tr Teraft

= = P

Adrcraft Altitude Cabin Altitude
(taet) (feer)
MIL Specification VX Resquirement
(4] (4] [s]

5,000 5,000 5,000
10,000 5,000 6,500
15,000 3,000 8,500
20,000 5,500 10,250
25,000 8,500 12,250
30,000 11,250 13,500
35,000 13,750 14,750
40,000 16,000 16,000
45,000 17,750 17,750
30,000 19, 500 19,500

& pressurisation schadula of this type ensures that the cabln altitude is maintainsd at the lowest prac-
tical level over the whole flight envalope, However, from the points of view of structursl fatigue of the
ptessurs cabin and the risk of damage tc the occupants arising from a structural failure, it is highly
desirable that the proportion of the flight envelope in which ths maximum cabin pressure Jdifferential is
operative should be kept to a minimum, Thewa cons!derations result in the type of cabin pressurisation
schadule euployed in UR combat saircraft in which the maxipum pressure differeatial is not operativa wmtil
the aircraft altitude exceeds a value, depeading upon the magnitude of the maximm pressure difference,
batween 25,000 feet and 40,000 feet. At altitudes between thar at which cabin pressurisation commeuces
aad that st vhich tha maximm prassure differential becomes operative the sbsolute pressure in the cabin
variss linearly with the exterrii atmospheric pressure, Tha latest UK requirement for strike aircraft

requiras that the masimm cabin differential cf 5,25 Lb./eq.in., is only operative at and abova an aircraft
altitude of 40,000 feet (Table 1 - UK requirement),

Although the UK pressurisation schedule results in higher cabin altitudes at aircrafe altitudes
batween 5000 snd 40,000 feet than those given by the MIL specificstion schedule (Table 1) tha differxance
i of little cignificance with respect to the potential occurrence of hypoxic incidents since the differ-
suce cnly arises at cabip altitudes below 1§ ({0C Test., Indeed che diffarences between the cabin sltitudes
produced by the two schedules is greatest at the lower aircraft, and hence cabin altitudes where the possi-
bility of sigalticent hypoxia occurring in flight can be virtually discounted,

Of considerably greater practical importence however is the difference in the rate of change of cabin
alticude with a given rate of desmcent of the mircraft produced by the MIL specification and U types of
schedule. The MIL spacification schadule provides a constant cabin 2ltituds on descent from an aititude
of 19,000 fest until the aircraft passes through 5000 feut below which cabin pressurisation coases snd
the rate of docreass of cabdbin sltitude equals the rate of descent of the alrcraft, With the UK require-
mgut however the cabin altitude decrssses progressivaly as the aircraft descenda from 19,000 fest to
5000 fect. Ou the other hand, descent from aircraft alticudes greater than 19,000 feet gives a progressive
dacrease of cabin altituds with either schedule., PYor 2 given rate of descant of the aircraft howevar the
rate of iucrease of cabin sbsolute pressure produced by the MIL specification is about twice that produced
by the UK pressurisation schedule. Thus with high rates of descent from altitudes considerably above
19,000 fest the MIL gpacification schedule raquires a wors frequent venting of the middle ear cavities and
sinuses and with very high rates of descent of the aircraf” would be expected to cause a greater incidence
of otitic and sinus baratraums then that associated with the UK pressurisation schaduls.

It may be concluded therefore that seromsdically for a strike aircraft which operates primarily at
altitudes below 20,000 fest the MIL gpacification schedule of cabin presaurisation is wore suitable thaa
the UK scheduls. On tha othar hend the UK pressurisation schedule is more desirable than that given by
the MIL spacification when the aircraft ic expected to spend a significant proportion of its flight timm
at altituder in tha 20,000 feat to 50,000 feet rangs. REnginsering considerstions related to the increassd
structural fatigua produced by the NIL wpacification pressurisstion schedule could give an overall advan-
tage to the UK requiremsnt even for a strike aircraft which oparates predominantly at altitudes below
20,000 feet. .

HYPOXIA INDUCKD BY RAPID DECOMPRESSION

A rapid docomprassion of the pressure cabin of an aircraft flying st altitude produces sn equally rapid
fall of the l02 and P of the alveolar gas. Thus rspid decompression whilst breathing air from 8000 feet
to 40,000 faat“in 1.s°23c produces a virtually instantanaous fall of alveclax '02 from 65 to 15 mm Hg and
the alveolar Poi remaing baiow 18 mm Hg for as long as air is breathed st 40,000 fest (4). If the subject
doss mot start fo bresthe 100X oxygen uatil 8 ~ 10 sec after the beginning of decompression unconsclousness
supervenss approximately 5 =~ 7 sec lstar. KEven whan 100% oxygsn is delivered to the respiratory trsct at
tha begimming of the decompression thare ia s very sigaificant impairment of performmnce durlag tha period
from 13 sec to 40 pac aftar the dacompressiom.

Extensive studies at the RAF Instituta of Aviatjom Medicine of the effects of rapid decomprassion
(times of dacomprusaion veried between 1.3 aad 90 suc) whilst bresthing air from 8000 fset to final alti-
tudes between 25,000 fest snd 43,000 feet in which 100X oxygsn has beem daliverad to the respirvatory tract
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at vaxribus incervals aftar the dacomyression have led to the comclusion that there is a gignificant
impairment of perforwance saud detestable changes in the eag if the alveclar P, ls reduced to balow

30 wm Hg evan for a very short pariod. Parformsnce has been msasured by :uc?& tha abilicy of the sub~
Ject to reproduca a recently learnt sequence of opsrations of s set of three keys (12) and the resction
time to & tapidly repeated spatiml oriemtation task (13). The luteusity of the changes of the eeg and the
degrea of impasimment of perforuance have been found to be proportionsl to the magnitude of the hypoxic
pulse as expressed by the srea on an slvsolar Po.-tima plot below a Pg, of 30 wm Hg. The intensity of the
hypoxic pulsa increases as the Final altituda {s"raised progressivaly e 30,000 feet and as the interval
batwisn the beginning of tha decowpression and the delivery of 100X oxygen to the resplratory tract is
lengthaned.

Any impsirmant of performance as detacted by the two tasts used i{n these studies ie ccnsidered to ba
unaccaptabls in aircrew who are vequired to perfors skilled tasks during and following a rapid decospres-
sion in tlight. It follows tharefore that the alveolar Pg, thould not fall below 30 mm Hg during or
{mmediately after a ropid decompression. Thus, whilst vleg decoupressions to an altitude of 25,000 feet
the delivery of 100X oxygen csn be delaysd for up to 15 msec, oxygen must be breathed imsediately whan the
final altitude is 30,000 feet. At final sltitudes greater than 30,000 fest the concentration of oxygen
in the gas bdresthed at 8000 feat bafore the decompression must be greater than 21X even if 100X oxygun is
breathed imssadiately the decompression occura. The concentration of oxygen which sust be breuthed before
& decowpression to pravent slveolar Po, falling below 30 ma Hg assuming that 100X oxygen is delivered to
the respiratory tract as the decompreesion occure will depend upon the initial and final altitudes (and to
s smaller extant upon the durstion of the rapid decompression). The relatioaships between the concentra~
tion of oxygen requirsd in the inspired gas and cabin altituds to pravent significant impairment of per-
forwance (i.e. the alveolsxr Pp, falling below 30 mm Hg) following rapid decomprassion to various finsl
altitudes are depicted in FiguPe 1. Analysis of this velationship shows that even in combat aircraft with
a 5.25 Lb./sq.in. cabin pressurs differentfial the conceantration of oxygen required to prevent significant
hypoxis on a rapid decompression (assuming 100% oxygen is delivered immediately the decowpression occurs)
excesds that required to maintain sn inspired 1’02 of 149 mm Bg during routine flight at cabin altitudes
above 16,000 feet i.e. aircraft altitudes greater than 40,000 fast. 1t can also be calculated that the
concantration of oxygen required to prevent hypoxia following rapid decompression exceeds that nacessary
to maintain an inspired Py, of 122 s Hg (equivalent to breathing air at 5000 feet) at cabin altitudes
above 14,000 feat i.s. an kircraft altitude of sbout 35,000 feet. These requirements with ragard to tha
pravention of hypoxia following rapid decompression assume that 100X oxygen is breathed immedistely the
decompression occurs. A delay {n the delivery of 100X oxygen beyond the beginning of the rapid decompres-
sion can induce mevere hypoxzia (14). The design of the oxygen delivery system should enpure the delivery
of 100X oxygen to the mask cavity within 2 sec of the beginoing of a rapid decompression to an altitude in
excexs of 30,000 feet.

RELAYTOISHIP BEKTWEEN OXTGEN COMCENTRATION AND CABIN ALTITUDE

The ideal relationship between concentration cf oxygen in the inepired gas and cabin altitude is set
by a number of physiological end operational faciors. As has been seen the minimum concentration is deter-
mined by the need to prevent significant impairwent of perforsance during routine flight and foilowing a
rapid decompression. The actual relationship between the minimum acceptable concentration of oxygen in
the inspired gss and cabin altitude necessary to meet the physiological requirements is set by the cabin
pressurisstion schedule and the flight altitude of the aircraft. Iun aircraft with high differential pres-
sure cabine the miniwum accaptsble concentration of oxygen in the inspired gas is determined principally
by tha requirement to prevent hypoxia ou rapid decompression., Thus in aircrxaft with high differential
pressure cadbins (8 - 10 Lb./sq.in. gauge) in which the cabin altitude during routine flight does not
exceed 6000 - BOOO feet the concentration of oxygen in the inspired gas must exceed that in sir if hypoxia
is to be avoided following rapid decompression to & final altitude above 30,000 feet. When the final alti-
tude after sudden decompression {s 40,000 feet about 40X oxygen (Figure 1) must be breathed before the

"decompression if transient hypoxia is to be avoided (assuming that 100X oxygen is breathed immedistely

after tha decompression).

Io aircraft with low differential pressure cadbins (4 - 5.25 Lb./sq.in.) the concentration of oxygen
required in the inspired gas is determined at cabio altitudes of up to about 15,000 feet by the need to
prevent hypoxia with the pressurisation system intact whilst at higher cabin altitudes it is sat by the
neud to prevent hypoxia on a rapid decompression. The heavy solid line in Pigure 1 shows the minimum con-
centration of oxygen required in the iuspired gus in s typical combat aircrafe (cabin preasure differeuntial
of 5.25 Lb./eq.in.). The maximm concentration of oxygen acceptable in the lnspired gas is determined by
the need to avoid lung collapse on exposure to sustained accelerative forces (4Gg) and to prevent dela,ed
otitic barotrauma (15).

s i et e ————




MO 001001 111,k o

AL AL g

T

o

o TR S T YTy TR T A

97

WRFERENCES

10.

i1.

12,

13.

14,

5.

McFARLAND ,R.A. (1971). llu-ln factors in relation to the development of pressure cabias.
Aerospace Med 12: 1303.

BRNSTING,J. (1975). Prevention of hypuxia - acceptable compromises. Tha 10th Harry G Armgtrong
Lecturs = to be published in Aviation Space and Environmantal Madicine.

McPARLAND ,R.A. and EVANS RN, (1939). Alterations in dark adaptation under reduced oxygen
tensions. Am J Physiol 127, 37,

ERNSTING,J., GEDYE,J.L. and McHARDY,G.J.R. (1962). Anoxia subsequent to rapid decompression.
In Human Problems in Supersonic and Hypersonic Flight. (Zd by Buchanan-Barbkour,A, and
Vhittingham,H.E.), p 359. Oxford: Pergamon Prass.

DENISON,D.M, and LEDWITH,F. (1964), Complex reaction times at a sinulated cabin altitude of
8000 feet. FPlying Personnel Regearch Committee Raport No. 1235, Ministry of Dafence, London,

DENISON,D.M., LEDWITH,F. snd POULTON,E.C. (1966). Complex reaction times at wimulated cabin
alticudes of 5000 and 8000 feet. Aerospace Med, 17, 1010.

CROM,T.J. and KELMAN,G.R. (1969). Psychological effects of mild hypoxia. J Physiol: 204, 24P,
BILLINGS,C.E. (1974). Evaluation of performance using the Gedye task. Aurospace Med ﬁ: 128,

LEDNITH,F. (1970). The effects of hypoxia on choice reaction time a=d movement time.
Brgonomice, 13: 465.

FIGAROLA,R. R, and BILLINGS,C.E. (1966)., Effects of meprobamate and hypoxia on psychomotor
performance. Aerospace Med. 37: 951.

PEARSON,R.G. and NEAL,G.L. (1970). Operator performance as a function of drug, hypoxia, individual
and task factors. Aercospace Med. 4]: 154.

ERNSTING,J. (1966). The effects of hypoxia upon human performance and the eeg. In Oxygen Measure-
mente in Blood &nd Tissues (Ed by Payne,J.P. and Hill,D.W.), p 245. London: Churchill,

DENISON,D.M., BYFORD,G.H., ALLNUTT,M.F. and READER,D.C. (1974). Time ' of uselul consciousness
following rapid decompregsion from 8000 feet to 25,000 feet or 27,000 feet. Preprints of
45th Annual Meeting cf Aerospace Medical Association.

ERNSTING,J. (1961). The xelation between the capacity of the reguiator-mask hose and the incidence
of anoxis following rapid decompression. Flying Personnel Committee Report No. 1165. MOD, London.

ERNSTING,J. (19613). The ideal relaticnship between inspired oxygen concentrations and cabin
altitude. Aerospace Med. 34, 991.




T—
il

e

gy

B

'

A o
il AR

I

ooy

-

=T
e L

R L o

-

98

Inspired Oxygen

Concentration
60
/l
/e 7‘
Minimum for , /
Combat ,/‘r
50 Aircraft B\‘ e 1
Vg
1~ - P\ //
7
g 7
4
i T 7
P /'
/l
/'k
\\ P 4
7
X
7
-
0 10,000 20,000 30,000

Cabin Allitude (feet)

i 1. Relationshipa between coucentration of oxygen in the inspirsd gas and oabin altiiude required
(1) to maintain alveolar Pp, at 103 mm Hg (ocurve marked G.L. Bquive), 24i) to maintain alvealar PoS at 75
ma Hg (curve marked 5,000 1t Equiv), (411) to prevent significant hypoxia on rapid decompression t3 final
altitudes between 30,000 and 42,500 feet providing 1008 oxygen is breathed immediately the decompression
occurs (dotted ourves murked 30,000 ft, 35,000 ft .,.. 42,%0 ft) and {iv) depioting sinimue concentratioa
of oxygen required at various ocabin altitudes in a cowbat airoraft vith a saxisum cabin differential
pressure of 5.2% Lb./sq.in. gauge (solid curve marked minisum for combat airoraft).
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SBAT MOURTED OXYGEN REGULATOR SYSTEMS IN
UNITED KINGDOM AIRCRAFT

by

Dt A J F Macmillan
RAF Institute of Aviation Medicine
Farnborough
Hanta
England

SUMMARY

The rationale for wounting a demand oxygan regulator assembly on the ejection seat of combat air-
craft has been described. The wpacial facilities which have been irzorporated in systems used in the
Royal Air Force by utilising the advantages of seat mounting are discussed and it is considered that the
system provides true duplication of essential components, allowa very simple crew drills and reduces
aircraft servicing penalties in the event of walfunction of the regulator package.

INTRODUCT ION

In rccent years, a variety of sites within aircraft cockpits have been used for mounting the demand
regulator which controls the composition, flow and pressure of the gas delivered to the crewman.

Many of the aircraft currently operated by the Royal Air Force incorporate oxygen systems in which
the regulator is torso mounted, Mounting in this site has meny advantages over panel mounted regulators,
including ease of servicing, snd ready accessibility but suffers severe disadvantages because of vulner-
ability to damage snd many more regulators than aircraft are required to meet the mervice needs,

A review of tha availatle sites for mounting a demand regulator conducted within the United Kingdom,
concluded that the wost desirable position is on the side of the ejection seat. This paper describes the

advantages embodied in thuse systems and the special features of thege systems used in United Kiugdom
aircraft.

ADVANTAGES OF SEAT MOUNTED OXYGEN REGULATOR SYSTFM

1) Ministure man mounted oxygen regulators in present systems are sited on the crowman's torso harness.
The introduction of improved harness restraint syatems has led to withdrawal of ihe torsoc harness thus
the convenient location on the crcw member's chest iy no longer available, Therefore positioning the
regulator elsewhere in the cockpit is required.

2) A chest-mounted regulator is extrewely susceptible to damage. Experience has demonstrated that s
high proportion of the unserviceability associsted with man mounted regulstocrs Lies been caused by blows
to the regulator either duriag donning ur doffing the torso harness, or entry and exit from the cockpit.

3) A seat mounted regulator reduces the amount of equipment carried by the crewman. Aircraft equipment
assemblies are bulky and any reduction {n the equipment carried by the crewman has advantages. Further~
wore there is more space available on the seat than there is on the man.

4) Since there is more space available on the weat it ia possible to make the regulator package larger
ttan that which can be comfortably mounted on the crewman so that more comprehansive protection for
component failures including duplication of regulators can be provided,

5) Duplication of regulators increases the flexibility and operational cepability of the system sc that
either the wain or ewergency oxygen supplies may be used through either of the regulators. The outlets
of the two Jemand regulatore being connected via a sivgle hose to the craw member's oro-nasal mask.

6) The total number of regulators required on au aircraft fleer is considerably less than the number
required vhen demand regulators are issued personally to all aircrew.

SPECIAL FEATURES OF UNITED KINGDOM SEAT MOUNTED OXYGEN SYSTEMS
1)  Oxygen supply

Two neparste stores of oxygen are provided, wain and emergency, The main supply is used throughout
routine flight and the emergency only in the event of fsilure or contamination of the msin supply or
following ejection, The wain oxygen supply may be stowed either in liquid or gaseous form, but in order
to achieve optimum regulator parformance the pressure at which the gas is delivered to the regulator ie
waintained within narrow limics (70-80 Lb/eq in), It is carried to the seat mounted regulator assembly
by a flexible pipe through a quick velease welf-pealing coupling.

The emargency oxygeu supply enters the regulator assembly through the same port as the main supply.
The on/off valve at tha outlet of the smergency oxygen cylinder can be operated manually by the creow
wember by mweans of a control on the front of the sest pan. It is also turned on automatically on ejec~
tiocn, The pressure st which the gas from the emergenc: oxygen supply ic delivered to the regulator
assenbly is reduced by a valve to 45 Lb/sq in. This arrangement ansores that if both the main and
emergency supplies are turried on, the wain supply is used in preference to the emergency supply. The
crev meuber can determine vwhather or not tha omergency suprly {a being consumed as a pressure gauge
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indicating the contents of the emergency supply cylinder is mounted on the front of the seat pan at a
position whare he can see it in flight,

2)  Regulator Asssmbly

Consideration of the essontial componants of the oxygen delivery systew which {t is estimated are
the wost likely to malfunction during flight has resulted in the decisfon to employ two demand oxygen
regulators in the seat mounted regulator assembly. The regulator to be used is brought into operation by
switching the cowmon oxygen supply (from the main and emergency stores) to that regulator.

However complete duplication of the regulators would require that ecch of the regulators proyided all
the facilities, namely airmix and 100X oxygen with automatic safety preasure and pressure breaching,
Hovever, the provision of both air dilution and 1007 oxygen in the same miniaturised regulator imposes
certain compromises on performance and it wes decided that one of the two regulators would provide airmix
whilat the other provided 100X oxygen. Selection cf airmix or 100X oxygen during flight then becomes
simply a matter of switching tha oxygen supply to the appropriate regulator, Thus the valve in the
oxygen supply line becomes the airmix/100X oxygen selector switch. The airmi~ regulator is then the
primary regulator which is used throughout flight whilst the 1COX oxygen regulator (the secondary regu-
lator) is used only in the event of a failure of the afrmix regulator or when 100X oxygen is required,
This arrangement does not provide air dilution with ite attendant oconomy of the use of oxygen in the
event of failure of the primary (airwix) regulator., The crew member can however continue to use the air~
craft oxygen supply through a demand regulator and the only penalty of failure of the primary (airmix)
regulator is a reduced endurance and the physiological disadvantage aesociated with breathing 100X
oxygen. It ie necessary to fit an oxygen pressure opening valve to the air {nlet of the airmix regulator
in order to ensure that air cannot enter the system when the 100X oxygen regulator is selected, This
air shut off valve only opens when there is an adeaquate oxygeu supply pressure to the inlet of the airmix
regulator. This feature also provides a warning to the crewman in the event of failure of the wain supply
when the airmix regulator is selected. The air-inlet would shut and he would experience difficulty
breathing in.

The primary airmix regulator provides all the necessary facilities, namely oxygen diluted with air,
automatic mafety pressure at cabin altitudes above 15,000 fext and pressure breathing abuve 40,000 feet.
It also haw a press~to-test facility whereby the miek pressure can be raised to 20-30 mm Hg in order to
test the functlion and the integrity of the system bofore (and during) flight,

Minimal reduction of operational capability is imposed on seicction of the secondary 100X oxygen
regulator following a failure of the priwiry airmix regulator because the former also provides automatic
safety pressure and pressure breathing. tafety pressure is required when 1007 oxygen is sclected in
order to ensure adequate protection of the respiratory tract againat toxic materisl in the cockpit
atwosphere., Thus the secondary 100X oxygen regulator provides a fixed safety pressure from ground level
to 40,000 feet and pressure breathing above 40,000 feet,

The magks used with the seat mounted svstem are fitted with conventional inlet non return and com—
pensated cuclet valves. Such a mask valve system has the disadvantage that a rise of pressure in the
delivery hose relative to that of the cockpit environment due to; head moveuent causing hose pumping,
overshoot by the regulator, a leak across the demand vaive of the regulator or a rapid decompression,
produces excessive resistsnce to expiration. This disadvantage is overcome in the seat mounted regulator
assembly by fitting a compensated dump valve between the outlet port of the regulator snd the cockpit.
The datum pressure for this dump valve is obtained from the reference chamber for the breathing diapnragms
of the regulator in use.

The two regulatoxrs are built into a single assembly which has a single inlet port and a single out~
let port. The regulator assembly is attached to the forward surface of the personal equipisert connactor
(PEC). The regulator-PEC coubination can be easily aud rapidly renoved from and replaced on the side of
the pan of the ejection seat,

3) Emergency control

There is & mechanical link between the emergency oxygen control on the front of the seat pan and the
airmix/100% oxygen selector switch of tho regulator assembly. This link {s such that whenever the emer-
gency control ias pulled to turn on the emergency oxygen supply the selector level switches the oxygen
supply from the primary (airmix) regulator to the gecondary (100X oxygen) regulator. Thus, {n turning on
the emergancy oxygean Supply the crew wewber automatically selects the secondary regulator, ie under
normal flight conditions pulling the emergency oxygen control not only turns on the emergency supply but
also selects the secondary regulator. Should the main oxygen supply be intact the crew member will com-
tinue to use oxygen frow it, If however the main supply has failed he will suffer no interruption to his
oxygen supply. He will however bLe awvare that he is using the emergency oxygen supply by the cessation of
operation of the flow indicator (which is contained in the main supply line) and the progreasive fall in
the conteuts of the exargancy oxygen cylinder.

The wechanical linkage between the control operating the emergency supply and the valve switching
the oxygen supply (main and emergency) from the primary to the secondary regulator greatly simplifies the
drills o be carried out by a crew member in the event of an actual or suspected malfunction of lLiis
oxygen delivery system. The drill is the same for all malfunctions namely check the integrity of counnec-
tions and pull tha emergancy oxygen control. If the emergency oxygen cylinder remains full then the crew
member can continue the sortie at altitude. It {s also possible for him to reselect the primary (airmix)
regulator after operating the emergency oxygen contrel and detearmine whether the primary regulator is
still performing correctly.

The possibility of lioking the emergency oxygen control with the primary/secondary regulator iclet
valve which mwarkadly simpllfies ewergency drills {s one of the major advantages of mounting the regulator
on the ejection seat.
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ABSORPTION, METABOLISM AND tXCRETION OF HYPNOTIC DRUGS

Stephen H. Curry, “.Pharm., Ph.D,, M.P.S.
Senior Lecturer in Charge, Pharmacology Section
Department of Pharmacology and Therapesutics
The London Hospital Medical College
Turner Streat
London, E1 2AD

Summary

Absorption, metabolism and excretion are the processes which govern the growth
and decay of plasna coucentrations of all drugs, inciuding hypnotics.
Variations in plasma concentrations lead to corresponding variations in effect,
although the exac® detail of the relation between level and effect is more
complex than is implied by thls statement. Existing data on absorption,
metabolism and excretion for the various hypnotic drugs are of variable detail.
Total absorption of oral doses is germxally believed to occur, although when
systematically examined, absorption has sometimes been found to be incomplete.
Metabolism occurs by a variety of reactions, but only occasionally to
pharmacclogically~active compounds. Excretion is of bath unchanged drug and
metabolites in bile and urine. These events and processes as they rclate to
hypnotic drug actions are consldered in detail in this paper.

Introduction

For an orally-administered drug to exert a hypnotic effect it must first be absorbed from the
gastrointestinal tract. It must then be transported from the portal circulation to the central necvous
system, and it must be capable of penetration to its site of action In its target tissue, the brain.

For 1ts effect to wear off when no longer required, the drug concentration in the opraln must fall, and

this will generally occur by metapolism and/or excretion. The processes of absorption and tissue
distribution comprise drug disposition. The processes of metabollism and excretion are important in the
fate of the drug. Drug disposition ard rate are conveniently studied by measurcment of drug concentratlons
in body fluids, principally plasma. The study of drug concentratlons in plasma 1ls sometimes termed the
sclence of pharmacokinetics (1),

Bagic Pharmacokinetic Phenomena

Standard reference data is most readlly obtainable from experiments with intravenous doses. When
a drug is administered rapidly by this route (injection time less than one circulation time) a number of
clearly definable pharmacokinetic phases appear to occur in sequence: (i) a phase lasting less than one
minute when the dose is unevenly distributed through the plasma volume; (ii) a phase of variable length
during which distribution in the plasma is basically uniform, and during which equilibrium distribution:
into tissues of high vascularity such as liver, lungs and brain {(in spite of restrictions imposged by the
blood-brain barrier) 1s gradually achieved; (1ii) a further phase, also of varlable length, during which
distribution in the plasma and tissue of high vasculerity is at equilibrium, and during which distribution
into body areas of low vascularity such as voluntary muscle and fat, is gradually achieved; and (iv) a
tinal phase during which equilibrium oncentrations (but not necessarily even distribution) have been
reached throuchout the body. 1lhere Ls obviously some overlap of these phases, as, for example, the
relatively slow penetration of fat commences as soon as any molecules reach plasma, However, generally
speaking, these various events affect drug concentrations in plasma as if they occurred sequentially.
Ignoring the initlal phase, which has no relevance to current usage of hypnotic drugs, concentrations of
drugs decline most rapldly during the second phase and most slowly during the final phase. The final
phase indicates the rate of release from tissues for metabolism and excretion once equilibrium has been
reached.

When intravenous doses are given relatively slowly (e.g. over five minutes) there is an increased
degrae of overlapping of the phcrmacokinetic phases, with the initisl phase disappearing completely. A
further mode of intravenous injection, infusions, is designed to balance exactly the declining couhcentration
with continuous input.

Oral (and intramuscular) administration adds a new dimension, in that the dose requires a finite
time for absorption into the blood, A definable phase of rising concentration in plasma thus occurs.
Absorption apparently never occurs in less than one circulaticn time, s¢ the initial pnase seen following
intravenous dosage disappears, The second and third phases are commonly still evident following the peak
concentration (which indicstes the point beyond which absorption is of minimal importance), as absorption
clearly must occur more rapldly than does tissuc penetratlon (otherwise the concentration in piasma might
never riseh Even 5o, when absorption occurs relatively slowly, the second and third phases recarded
during the intravi.nous study may disappear, leaving only a rire in concentration with absorption as the
major influerce followed by a fall (with metabolism and excretion as the major influence).

Additionally, oral doses (and intramuscular doces more rarely) are subject to: (1) delay before
absorption commences; and (il) incomplete absorption. The former will lead to a lag before the rise in
concentration commences. The latter will lead t¢ the recording of a reduced area under the curve of a
graph of concentralion against time, compared with that following an intravenous dose.
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The most important pharmacokinatic measurement is the time for a drug concentration to fall by half
(the half-life or half-time), 1t must be appreciated that this time will he relatively short if measuced
in any phase of a declining concentration-time curve other than the final one.

In considering individual examples in this paper I shall ignore the initial phase following
intravenous doses. I shall refe: to half-timms dur'ng the second and third phases together as
pre-equilibrium half-times. I shall refer to half-times during the finmsl phase as elimination half-times.
I shall alsc refer to absorptive phases and to areas under the curve when assessing rates and degrees of
absorption.

Pharmacokinetic Data for Various Actual or Potential Hypnotics

This section should be read in conjunction with an examination of the data in Tahle 1 (2-15). These
data are provided for refersnce purposes, rather than commitment to memory. The various compounds now in
use, or potentially useful, as hypnotics, have been studied in various ways, although few have been
adequately assessed. For example, not all have been studied following intravenous doses, and without such
studies, conclusions about half times and absnorption are inevitably tentative. Of those compounds which
have been assessed following intravenous doses, only one (chlordiazeporide), falled to show a pre-equilibrium
half-time and an elimination half-time. In contrast with this, sophisticated mathematical snalysis cof
diazepam data following intravenous doses has apparently demonstrated subdivision of the pre-equilibrium
phase into two distinct lesser phases (the second and third phases discusmsed eariler).

With soime examples, it has been claimed that a pre-equilibrium phase and an elimination phase are
detectable after the concentration peak following oral doses. While these phases are undoubtedly detectable
at t.mes, any such claim must be considered very carefully, as continuing absorptlon can greatly distort
the falling phases, even though the peak plasma level may have passed. This may be the reason for apparent
discrepancies, for example, that between oral and intravenous pentobarbitone.

Avsorptlon of Oral Doses

As implled earlier, very few hypnotlcs have been studied systematically in regard to their absorption.
Systeratic study would involve determination of mechanlisms, and quantitative assessment by means of
intravenous and oral doses of ‘he rate and extent of absorption from plasma level data. As regards
mechanisms, it may be presumed that absorpticn occurs by diff.sion, down concentration gradients from the
gastrointeastinal lumen to the blood, and that active transport plays virtually no part. Absorption will
occur to some axtent from the stomach, but principally from the intestine, being influenced by the chemistry
of the drugs concerned and by a wide variety of non-specific factors, including gastric emptying time and
surface areas available for ehsorption.

Only with diszepam, chlordiaZepoxide and nitrazepam has a reasoned comparison between data following
intravenocus and oral duses has been made. With diazepun, the ratio of area under the curve (oral/i.v.) ranged
from 0.901 %o 1,205 (mean 1,002). These data indicate that oral doses cf diazepam are completely absorbed.
1n ~ontrast, examination of similar data for nitrazepam revealed a mean figure of 78 (range 53-94)%
absorption, and for chlordiazepoxide 81% (single subject).

Certainly with most, perhaps with all of the other .ompounds in Table 1, 1t is generally supposed
that the entire oral doseé 1s absorbed, and there is no evidence to suggest that this supposition is
incorrect in any particular case. Nevertheless, caution is necessary, as systematic examination of
absorption often reveals anomalies. This occurred, for instance, with chlorpromazine, which is extensively
metabolized in the intestinal wall (16). In particular, claims of full absorption based solely on oral data
mist be viewed with suspicion. Such claims are often made following a common abuse of pharmacokinetics,
involving estimation of the time at which absorption apparsntly ceases, and calculation of relative
absorption at times up to this point, which inevitably provides a 100% asymptote in any graphing of the
data obtalned.

Metabolism and Excretion

Metabolic reactions of drugs are velatively uninteresting unless they are involved in some way with
the pharmacological actions of the compounds in cquestion. Generally speaking, drug metabolism, which
occurs principally in the liver, leads to relatively polar drug metabolites. These polar metabolites are
more likely than the parent drugs to be actively sxcreted in bile and in the renal tubule., Additionally,
they ure lesa likely to be reabsorbed by diffusion in the renal tubule after filtration at the glomerulus.
Thus drug metabolism facilitates drug excretion by mechanisms common to a wide variety of examples.

Barbiturates are principally metabolized by oxidation of the alkyl side chains, producing inactive
compounds.
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The side chains are Rq and Ry in formula A. For example, phsnobarbitone (R1 = phenyl; Ry -~ ethyl) is

matabolized to p=hydroxyphenobarbitone. Additionally, thiobarbiturates (in which C-2 is replaced by S)
are converted by substitution to conventional barbiturates (e.g. thiopentone to pentobarbitone). Also,
hydrolysie to urea and a malonic acid derivative is possible. This last reaction removes activity (17).

The major route of metabolism of methaqualone (8) in man 18 by hydroxylation of the tolyl
substituent, Little unchanged drug is excreted. Additionally, an Ne-oxide has been isoclated as an
intermediate in the formation of 2-nitrob¢ .o-o-toluildide. These reactions are not considered likely
to lead to active products (138},

(B)
NTCHB N C}l3
CH3 CHZCH
0
"
N NO2
@3{) 9 s
0 [¢]
g Oy
Ethinamute (2) 1s metabolized by hydroxylation and glucuronidation (19).
0
o-&
X
CECH

(<)

Glutethimide (D) is also metabolized by this route, but there are several iscmers possible, and
there is a suspicion that L-hydroxyglutethimide 1s pharmacologically active (20). The hydroxylation
reactions are shown below.

(D)
3 L C6H5 CG”S
Cuf2 © ———y
C,Hg CH(OH) ~CH,
H 0 H 0 °
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The metabolism of the benzodiazepines is of considerably greater interest. The major reactions
occurring are: (1) demethylation and deamination; (2) oxidation; amd (3) reduction of N-oxides. This makes
possible a wide renge of related compounds., For example, the compounds in Fig. 1 are all related
metabolically, and many of them are marketed drugs. Ganerally speaking, however, the only compound found
as a metaboiite (as opposed to following its own administration) is N-—desmethyldiazepam. The major
benzodiazepines not shown in Fig., 1 are nitrazepan (E) which is metabolized by reduction of the nitro
group, in addition to the oxidations mentioned above, and flurazepam (F), which is metabolizad to
dN-desalkyi derivatives analogous to thooe arising from diavepam (21, 22),
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Generally spesking, the time course of onset and duration of drug effect relates closely to the
disposition and fate of the drug in question. There are, of course variations in human sensitivity,
Lafluences from tolerance, metabolite phenomena, and other reasons for this general principle .. uppear
to fail on occaslons, but its value as a rule of thumb is undoubted.
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Most of the drugs used as hyprnotics appear to show a two or three-phase plasma level pattern during
! oral dosage, with a rising phase and one or two phases of fall in concentration. These phases of fall

ha'e the pre-equilibrium and elimination half times mentioned earlier. Induction and wear—off of depressant
ef fects can be presumad to occur at points oun either side of the peak concentration, not necesgsarily at
identical concentrations in each case. Induction or onset of effect will clearly occur on the rising
phase, and will thus relate to degree and speed of absorption. In the field of hypnotics, there 1s little
evidence for any dramatic differences in deqrees of absorption, but rates of absorption vary enormously.

At a first approximation, the time of the peak concentration assesses the moment wien absorption has
virtually ceased. Mear. times recorded for this peak vary from 1.1 hours after the dose (dlazepam) to 6
hours after the dose (haptabarbitone). Within the data for each compound, variation can be as much as
from 2-12 hours (mean 3 hours) after the dose (quinalbarbitone). Since intensity of effect relates closely
to the overall level, and since the helght of the pesk is liversely related to the time taken to reach the
peak, the rate of absorpticn 1s also capable of exerting a dramatic effect on the overall level of effect.
Similarly, sre-equilibrium and elimination half times will both be of importance to the time cours. of

drug actlon. and elimination half times will also be the most obviously useful indicators of rates of loss
of drugs fr-m the body. These half times can alsc be used to indicate levels of 4drug localization in

tissues.
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Fig. 1. Metabolic relation of various benzcdiazepine drugs. I, chlordiazepoxide;
II, metabolite of I; III, demoxepam; IV,medazepam; V, diazepam; VI, clorazapate;
VII, Medesmethyldiazepam; VIII, oxazepam; IX, temazepam.

It is with wear-off of effect that difficulties with hypnotics arise, and it should be immediately
obvious that the wear~off time willi be dramatically affected by the position of the level at which wear-off
occurs on the falling concentration pattern i.e. whether it is on an early rapidly falling section or a
later slowly falling section, on those occasions when two phases occur. This is shown most clearly with
the anaesthetic barbiturate thiopentone, which has been given in various doses to human subjects, and n
detailed examination of the data is worthwhile at this point. The dooes given were 0.4, 1, 2, and 3.8 q.
The times of regaining consciousness were 0.25, 0.5-1, 132} and 4-6 hours later respectively, the duration
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of action being disproportionately long at the higher doses (23), The rata of mstabolism was the same in
each case., Consclousness was regained when the blood concentration was about 8 ug/ml. This was reached

on the early rapidly-falling phase at low doses, and on the later slowly-falling phase at higher doses.

The disproportionstely long action at high doses thus related to the fact that effects were still obtainable
in the post~equilibrium periocd when decline was slow, after high doses. Thus, if a drug effect wears off
during the rapld'y falling phase, it is likely to be of brief duration, but if it wears off J-ter, it is
likely to be of diaproportionataly long duration, and low doses may be of one ty.e while hiyh doses may be
of the othar. It is of interest in this regard that the pre-equilibriur ph:ise haa been noticed as
persiating for 2 h with amylcbarbitone, 3 h with pentobarbitone, and as much as 12 h with diazepam.

It 1s probably true that s good hypnotic will have rapid onset of effect, and slow and/or irregular
absorption (e.g. longer than 2 hours to the peak) will be a disadvantage. Another requirement is complete
wear—-off of effect within B hours of induction of sleep. The exact requiremerts will of course depend on
the reascus for the sleep disorder, but a drug with, particularly, any residual effect on waking will La a
bad hypnotic. In fact, most hypnotics actually come into this latter category. Thus amylobarbitone,
nitrazepam, and flurazepam have been shown to cause specific lmpairment of function during the days
following single nighlly doses (24, 25). Of these compounds, nitrazepam snd amylobarbitone have long
second phase half-times, and the persistence of effect iz not surprising in view of earlier comments on
concantratlions in plasma, However, heptabarbitone and methaqualone have been found to be devold of residual
effects, in splte of half-times which will still leave a considerable residue in the body at 8 hours (see
Nicholson, A. N., these proceedings). it may be that these compounds, unlike nitrazepam and flurazepam, are
suffliciently potent as hypnotics for onset and wear-off of effect to occur withli. the rising and rapid-<all
phases, while they are devoid of potency in the small amounts persisting in the slow-fall phase. Conceivably,
they might cause residual impairment if doses larger than necessary were to be given fer a hypnotic effect.
Quite obviously, much more work relating impairment of {unction to pharmacokinetic factors is required.

Although the benzodiazepines have been extensively investigated as hypnotics, and the.r potential and
known advantages are obvious, little attention has been paid to the prototype compound in this serles,
dlazepam, as a hypnotic. This may have resulted from the quite early dlscovery of its long half-time.
However, small doses of dlazepam do have hypnotlc actiocon, and this is quite poscibly exerted at doses
leading to no residual effects. In our department, we recently tested diazepam as a hypnotlic in 11 anxious
medical students. In a double blind comparison of diazepam (10 mg, one howr before ratiring) and placebo,
it was shown that the diazepam group expericnced significantly superior sleep, with no residual effects,
and alleviation of anxiety during the day following., It has already been shown that the metabolite of
dlazepam, N-desmethyldlaszepam, which has mininal sedative propertles, 1s superiovr to diazepam as an
anxiolytic. Since diazepam (10 mg) improves sleep without causing reslidual effects, it would appear that
diazepam in this dosage exerts a hypnotic effect which wears off on the rapidly falling comcentration phase,
at an early stage (even though this phase persists far as much as 12 hours), while producing its anxiolytic
metabolite for exertion of a psychomotor effect during day time. As such, it may be the best hypnotic of
all fcz both anxlous and non-anxious patients, (26).

I have not thus far referred to multiple dosing. Ideally, the use of hypnotic drugs would be
considered as a serles of single doses, such that the dose each evening was given to the patient in a
baseline situation as far as his pharmacological features were céncernad. However, as shown by the data
already discussed, the previous night's dose is unlikely to be totally removed from the body before bedtime
the next night, With fixed dosing, the concentration in the body will then build up and although homeostatic
influences will ensure that some form of pseudo-steady-state will eventually be reached, and although enzyme
induction may actually reduce the drug concentrations below the predicted level, there will still be a
persisting residue, day and night, during multiple dosing, at a level higher than that persisting in the
body in the day following a single acute dose. If this higher level is above the threshold levei for a
particular pharmacological effect, then this effect will occur, night and day, in a way not observable after
single doses. It 13 considerations of this type that make phencbarbitone,with its relatively low lipid
solubility, slow absorption, slow penetration of the blood brain barrier, and long half-time, unsuitable as
a hypnotic, although, of course, some prescribers consider that its day and night sedative properties are
of value in their own right (1, 6),

Conclusion

Although much 18 now known of the absorption, metabolism and excretion of hypnotic drugs, and
sophisticated methods now exist for evaluation of hypnotic effect, the relation between pharmacokinetic
factors and effect i3 still far from clear,
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RESIDUAL EFFECTS OF HYPNCTICS ' . e

A.N, Nicholson
Royal Alr Force Institute of Aviation Madicine
Farnburough, Hampshire, United Kingdom,

INTRODUCTION

Many studies have Lnvestigated th: effectiveness of hypnotice and the changes which thay induce in sleep
patterns, but loss is known about t.iir residual affects on perforimance. Von Felsinger, Lanagna & Beecher
(1953) observed impaired perf.r ince on tests of visual perception, attention and computation up to Bh
after pentobarbitone sodium (100 mg) and Kornetsky, vates & Kessler (1959) reported deficitas on digit
symbol substitution and symbol copying around 14~15h ::fter quinalbarbitone sodium (200 mg}. More recently,
behavioural impalirments have baern detected tou 13h after amylobarbitone sodium {100 mg) (Malpas, Rowan,

Joyce & Geott, 1977) and to 12h atter butobarbitone sodium (100 mg) (Bond & Lader, 1972},

Tests vhich involve motnr ekill may be nore esensitive than tests of cognition to the residual effects
of a ba~bit cate (Bond & Lader, 1972). 1In this context McKensie & Elliott (14Y65) obsarved performance
decremants on a visual pursult tracking task 22h after secabarbitone sodiun (200 mg)}, though no changes
were detected after 100 mg of the drug (Hartman & McKensie, 1966). The residual effects of hypnotics
after theilr therapeutic purpose has .een fu’filled need caranful consideration, particularly if they are
given to perxsons involved in skilled activity. We have studied this prablem using the technique of adaptive
tracking which demands a high level of skill acquirued only by considerable practice.

METHODS
Measurement of performance

Performance was measured us.ng an adaptive fracking task. The task required the subject to poaition
a spot inside a randomly moving circle displayed on an orcillomcope. The wovement of the spot was controlled
by a hand held stick. An exror sigr.l, proportional to the distance between the spot and the centre of the
circle, controlled the difficulty of the task by modulating the mean amwplitude of the movement of the circle.
This technique provided the adaptive compcaent of the tasy which maintained optimun performance of the
operator.

The movement of the clrcle on the oscilloscope was produced by two independent maximum length bipary
sequences, Low pass filtering smoothed the ¢ “put of the binary sequences and the movement of the circie
was statistically random. Ind.pencent x and y signals derived from high grade potnetiometers mounted on
the control stick were fed via an 'aerodynamic loop' tu the inputs of the oscilloscopa. The loop avolded
an artificial one to one xelation between the control stick and spot wmovement and smoothed out eny small
steps caused by the potentiometer windings.

Tha oscilloscope (Airmec 183) had a sitrotion free, medium persistence tube and displayed the task over
an area of 20 x 20 cm. It was modified by the addition of x axis bean switching and allowed two independen
signals to be displayed in each axis. A voltage proportional to the distance between the spot and the
centre of the target civcle was measursd and the ra:llal error signal computed, A voltage proportional to
the sguare of the circle radius was ~ubtracted from the square of the radial erxor signal. The output from
the scoring circuit was fed to a voi.age integrator and the output of the integrator, scaled from 0-10,
controlled the mean amplitude of the task.

At the start of each experiment the output from the integrator was set at zero and the circle was
stationary. The subject positioned the spot inside the circle and the negative error signal made the
integrator output increase. The circle tended to move away from the spot and, when the spot ¢ould no longer
be maintained inside the target circle due to the increasing difficulty of the task, the polartity of the
voltage to the integrator reversed and the task became less demanding. The integrator had a long time
congtant which ailowed each subject to 'warm up' gradually,

With zero error the task required about 258 to reach maximum dffficulty. A coastant displacement between
the spot and the centre of the circle of 4 cm would reduce the task to zero difficulty within Gs. As the
subjects became aware vf the penalty of error signals they tried to avoid all errors, but the *task did not
permit a performance level of 10 to be ~eached.

An eight channel pen recorder monitored the equipment and the performance of each ibject, The position
of <lrcle, spot and radial error signal were recorded for each axis together with the output frow the task
integrator. Each tracking run lasted 10 min and the asubjects reached a plateau level of performance within
the first 100s of each run. The mean ampiitude of the task over the final 500s was computed using a voltage
to frequency convertor and :ligital counter, The subjects were infrowed that this time interval only was used
in the assegsment of their performance, but they were unaware whan this period of time commenced,

Subjective assessment of performance

Each subject was presented after each task with a line 100 m» in length. The question 'What standard of
performance did you reach' was asked and the subject made tne assessment by crossing the line with a penecil
between the extrames of Zero and Perfect, The assessmant was quantlified by measuring in millimetres the
displacement of the mark from the Zero extremity.
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Experimental procedure

Healthy male volunteers were used, Instructions were given to all subjects to avoid alcohol and they
were not involved in any other form of therapy. There were nu restrictions on the consumption of non~
alcoholic beverages. The experiments were carried out in a sound attenuated and airxr-conditioned room.

The subjects wurs reduired to rach a plateau level of performance on the task bafore studies commenced.
In subjects familiar with this technique, such as pilotas, this level of performance would be reached within
about five days, but with laboratory perscnnel a plateau level of performance was usually reached with
daily practice after 2-3 weeks, Training seesions were made available during the pracedin, week of each
experiment to maintain levels of performance which had been reached during initial training,

Assesament of the effect of placebo or each drug was carried out over 3 days. On day 1, before the
ingestion of placebo or drug, four assesaments of performance were made at (900, 1200, 1500 and 1800h.
The capsule (placebo or drugi was given at 2300h the same evening and the subject slept at howe. The
sujects attended the laboratory on day 1 at Od430h, but were brought to the laboratory on day 2 between
0800h and 0830h, On day 2 perofrmance was measured at the same time as on day 1, {.e. at 090Ch (+ 10),
1200 (+ 13), 1500 {+ 16) and 1800 {(+ 19h after ingestion of placebo or drug)., On day 3 performance was
measured at 0900h (+ 34h) only.

RESULTS

The detailed results of a series of inveetigations are given elsewhere (Borland & Nicholson, 1974,
1975 asb, Boxland, Nicholson & Wright, 1975), but a summary of the studies is of value.

Barbiturates. Decremente in performance were observed at the lOh interval after 200 mg, at the 1Ch and
13h intexvala after 300 mg and at the 10h, 13h, 1l6h and 19h intervals after 400 mg of heptabarbitcne.
Decrements in performancc at each interval and the persistence of the effects were dose related, Similarx
repults to the 400 mg dose of heptabarbitone were obtained with the 200 mg deose of heptabarbitone sodium,
Suojective assessmencs of performance correlated with measured performance, but the subjects, as a group,
over-estimated thelr performance after placebv and heptabarbitone. With heptabarbitone (400 mg) highly
algnificant decrements in performance persisted to the 19h interval after ingestion, but subjective
aszesements of performance to the 19h incerval did not differ significantly from subjective assessments
ot control activity of the day before.

Benzodiazepines. Impalired performance was observed at 10h, 13h, 1léh and 19h after nitrazepam (10 mg) and
at 10h, 13h, léh after flurazepam hydrochloride (30 mg). Increased reaction time persisted *n l6h after
nitrazepam and lfurazepam hydrochioride. During the morning immediately after ingestion, the subjects as
a group were able to differentiate correctly between placebo and drugs, but they were not able to assess
accurately the persistence of the residual effects of nitrazepam, Flurazepam hydrochloride would appear
to be a more prowmising benzodiazepine than nitrazepam for use as an hypnotic by perions involved in
sklilled activity. There was a rapid recovery of performance during the aftermoon and, unlike nitrazepam,
subjects retained the ability to recognize impaired skill.

With diazepam (10 mqg) decrements in performance on adaptive tracking were observed only at 0.Sh and
2.5h after morning .ingestion. Reaction time was slowed at O,5h nd 2.5h aftexr diazepam. The subjects
as a group differentiated correctly between performance decrements on adaptive tracking and the
persistence of the decrement in performance was accurately assessed., However, these studies were carried
out on mworning ingestion and the possibility does arise that overnight ingestion of diazepam may still
give rise to residual effects.

Methaqualone hydroch) ;ride (400 mq). There was no evidence of imwpaired performance on adaptive tracking
from 1Ch to 19h after overnight ingestion. With reaction time there was an increase at lOh.

DISCUSSION

These studies suggest that the residual effects of hypnotics on performance vary considerably. It
would appear that the benzodiazepines, nitrazepam (10 mg) and flurazepam hydrcchloride (30 mq) have residual
effects comparable to those of heptabarbitone (300 mg) and pentobarbitone (200 mg), and in this respect do
not offer an advantage over the barbiturates. Methagqualone hydrochloride (400 mg) and diazepam (10 mqg)
may prove to be of value as an hypnotic for persons involved in skilled activity, but more i{nformation is
required on the effectiveness of these drugs as hypnotics. It is, however, likely that diazepam or a
closely related drug will prove to be of particular value in the context of this work. Current studies on
the effectiveness of diazepam and varicus derivatives on sleep in man are being published in the British
Journal of Clinical Pharmacology (Nicholson, Stone, Clarke & Ferres, 1976, Nicholson, Stone & Clarke, 1976,
Nlcholson & Stone, 1976, In presgs).
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PROGRAMME OF FCURTH ADVANCED OPERATIONAL AVIATION MEDICINE COURSE,
FARNBOROUGH, 17-26 JUNE 1975

Opening Remarks Air Commodore C.J.W.8outar, MBE, QHS, RAF
Commandant Royal Air Force Institute of
Aviation Medicine
and
Alr Commodore D.W.Atkinson, RAF
Director of Health & Rescarch
Ministry of Defence (Air)
UK National Co-ordinator ASMP

Aviation Medicine Training of Alrcrew

Chaimman -- Air Vice-Marshal R J.A Morris, CB, QHES, RAF ' 'r

Royal Air Force Strike Command

Aviation niedicine training in the Royal Wing Commander J.Emsting, OBE, RAF
Air Force
Work of the RAF Aviation Medicine Training Wing Commander G.R.Sharp, RAF

Centre (AMTC) North Luffenham

Training in the use of oxygen equipment Wing Commander G.R.Sharp, RAF texts not available
Dr A.J.F Macmillan r

Orientation training Dr A.J.Benson
Squadron Leader G.J.Murphy, RAAF

Aircrew anthropometry Wing Commander J.Emsting, OBE, RAF
Mr G.Turner

Naval Helicopter Operations

Chairman — Surgeon Captain W.A . N.Mackie, DSC, RN
Royai Navy, Naval Air Command

Underwater escape from helicopters Lieutenant G.N.Greener, RN cexts not ava}l;;ble

Helicopter operations in NATO Commander J.D.W Husband, RN for publication

Helicapter operations on the northern flank Surgeon Lieutenant Commander A.P.Steele-Perkins, RN ;

of NATO :
i

Medical aspects of operating on the northem Lieutenant W.J.Blake, RN !

flank of NATO ‘

The opcration of Helicopters from small ships Surgeon Commander J.W.Davies, RN :

The immersion victim Surgeon Commander F.S$t.C.Golden, RN

Developments in Personal Equipment

Chairman — Group Captain A.J.Barwood, OBE, RAF
Royal Air Force Institute of Aviation Medicine !

Mechanics of head protection Wing Commander D.H.Gl.ister, RAF

Auditory communication Mr R.Green ;
Eye protection and protective devices Dr D.H.Brennan .
Helmet mounted sights and displays Mr J.Laycock

Current developments of headgear for military Wing Commander J.Ernsting, OBE, RAF
aircrew in UK*

Warning systems in aircraft: considerations Squadron Leader D,C.Readef, RAF
for military operations

* AGARD Report No.642 (Supplement) chusified NA 10 CONF
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Developrzents in

Advances in military cockpit displays
Map displayn

-

Chairman - Gro

Physiological limitations to high speed escape
Principles and problems of high speed ejection
Current and future escape systems

Helicopter escape and survivability

The physiology of high g protection

A comparison of recent advances in British

anti-g suit design

Chairman -~ Wing

Thermal problems in military air operations
Operations in cold environments

Thermal problems in high per{formance aircraft

e e 2t s | i So——

Personal thermal conditioning

TSI W ey

Cabin pressurisation and oxygen system
reyuirements

Seat mounted oxygen regulator systems in
UK alrcraft

.

sl M‘!i Dl

sl .

Chairman — Air
Director of Health

W ol

Absorption, metabolism and excretion of
hypnotic drugs

Residual effects of hypnotics
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Developments in Personal Equipment

Royal Air Force Institute of Avistion Medicine

Development in Personal Equipment

Royai Air Force Institute of Aviation Medicine

Use of Hypnotics by Alrcrew

T e

Personal Equipment (Continued)

Dr J.M.Rolfe
Mr R.Taylor

up Captain P.Howsrd, OBE, RAF

Wing Commander D.H.Glaister, RAF
Group Captain A.J.Barwood, OBE, RAF
Squadron Leader D.C.Resder, RAF
Squadron Leader D.C.Reader, RAF
Squadron Leader B.J.Lisher, RAF
Surgeon Commander J.W.Davies, RN

Commander J.Emsting, OBE, RAF

Dr J.R.Allan

Dr P.Marcus

Dr J.R.Allan

Squadron Leader C.Saxton, RAF

Wing Commander J.Emsting, OBE, RAF

Dr A.J . Macmillan

Commodore D.W. Atkinson, RAF
& Research, Ministry of Defence (Air)

Dr S.H.Curry
(London Hospital Medical College)

Wing Commander A.N.Nicholson, OBE, RAF
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COURSE MEMBERS

Majoor-Med. P.Vandenvosch

Institute of Aviation Medicine (Brussels)
Lor¢. straat, 44 )

B-1500-Halle, Belgium

Major John A Macdcugall, MD

Otficer Commanding

School of Operational & Aerospare Mcdicine

Defence and Civil Institute of Environmental Medicine
1133 Sheppard Avenue West

PO Box 2000, Downsview, Ontario

M3M 3B9, Canadx | C

Oberstarzt Dr Xay Staack, GAF, MC
St Generalarzt Der Luftwaffe

5 Kdin 90

Postfach 902500/522, Germany

Oberstarzt Dr Joachim Garbe
Flugmedizinisches Institute Der Luftwaffe
808C Farstenfeldbruck

Fliegerhorst, Germany

Oberstarat Dr Heinze Muchlen

1 Luftwaffe Division (1 GAF Div)
7470 Albstadt 5

Zoilernalb Kaserne, Germuny

Oberfeldarzt Dr E. Krach
Le Heeresflieger Transo. Ryi. 20
8542 Roth Bei Nimbcrg, Germany

Oberfeidarzt D Med. Karl-Heinz Schneider
Waifenschule Der Luftwaffe 190

D2942 Javer

Postfach 500¢, Germany

Major Dr Guiliano Maniero
1st Acrobrigade
Padova, Italy

Majoor-Vliegerarts Bas Voorstuijs
Vliegbasis Volkel

Zeelands Bijk 10

Volkel, The WNetherlands

Dr F.Vogt Lorentzen

Royal Norwegian Air Force
Institute of Aviation Medicine
Oslo, Norway

Major-Medico Fernandc lose de Melo Coelho
Centro de Medicina Aeronautica

Paco do Lumiar

Lisboa, Portugal
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i UK: Wing Commander N.H.Mills, RAF
& DPMO(A)
Headquarters Strike Command
E Royal Air Force
. High Wycombe
. Buckinghamshire, UK

Wing Commander S.A.Marthall, RAF
SMO

Royal Air Force

Little Rissington

Cheltenham, Gloucestershire, UX

Squadron Leader P.H.R.Gill, RAF
Royal Air Force Institute of Aviation Medicine
Famborough, Hampshire, UK

Squadron J.eader J.A Baird, RAF
SMO

Royal Air Force

Valley

Holyhead, Gwynedd LL65 3NY, UK

Flight Lieutenant T.M.Gibson, RAF
! ‘ Royal Air Force Institute of Aviation Medicine
! Farnborough, Hampshire, UK - -

USA: Dr Bryce O.Hartman
United States Air Force School of Aerospace Medicine/ VNE
Brooks Air Force Base, Texas 78235, USA

Captain Ronald K.Ohslhnd, MC, USN

Naval Medicine Research & Development Command
Natlonal Naval Medical Center, Building 142
Bethesda, Maryland 20014, USA

Colonel D.H.Spoor, USAF, MC. SFS
United States Air Foice School of Aerospace Medicine/(NG)
Brooks Air Force Base, Texas 78235, USA

Captain William W.Simmons, MC, USN
Bureau of Medicine & Surgery Code 511
Washington, D.C. 20372, USA
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Lietenant Colonel J.J.Treanor, MD
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Army Aeromedical Activity

Fort Rucker, Alabama 36360, USA
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the Royal Air Force Institute of Aviation Medicine, Farnborough~ Representatives from
nine NATO countries attended the course, and they included doctorsYrom sea, land and air

he course covered in depth some aspects of aviation medicine which are of current concern
to the etfectiveness of NATO air forces. The topics included the training of aircrew in
aviation medicine, medical aspects of naval helicopter operations on the northern flank of
NATO, developments in-personal equipment with special reference to helmet developments,
high speed escape and thermal problems, and the use of hypnotics in air operations,

This publication includes lectures delivered to-the Course.

This Course was conducted under the auspices of the Aerospace Medical Panel of AGARD.

|l

i o R, " S




(Auawuopueqe) adeosy
s1a)dosipH

smaid ydny

duniop fealung
juswdinbs fenplarpuj
Butures) pasijerads
upipaw dedsordy

-N.hvo.mn.mmw”mm.m_ 9:69°E19
TP d-MAVOV

Gld

'$3230} 11 pue
puB} ‘B3S WOIj S10100p papnoul £341 put ‘asinod ay}
papu3jie SUUNCI QIVN 23Ul wo1) saAlTIuasaiday
‘y3noioquue ‘SUDIPI UONERIAY JO ainlsu] 92103
1y [eAOY Yl 1B P[3Y SEM 3SINOD) AULIPIP UONEBIAY
feuonesad(y pasueApy Yunog ayl §.6{ oung Suung

saded $7 1

9161 AW paysiqng

UOSIOYPIN'N'V Aq pa1ipg

SL6l ANMAL 9T—L1 ‘FATHSIWVH

‘HONOUOBNYUY “IANIDICIW NOILVIAY 49 10l
-LLSNI 30404 ¥IV TVAOY ‘IS¥N0D INDIAIW
NOLLVIAV TYNOLLVYIdO dIONVAQAV HLYNOA
OLlVN “wuswdo[aasqg
10] dnoin  Ki0Siapy
I¥9°ON Hoday qYVOV

pue  Youpdssy soedsciay

(1uswuopueqe) adedrsyz
s131dootjay

$maI2 34314

Funpopd [pAang
juswdinba [enpuaipug
Juiuteny pasiedadg
auipaw asoedsoroy

CLYOEL6T9:65°T19:69°E19
P d-advov

‘OLd

'$33J0) Ire pue
pue| ‘eds wodij s1oop papnpur L3yl pue ‘asinod -yl
Papudlie sauunod QIYN QUL Woij s3anejudsazdsy
‘Yy3noloquie ‘AuUDIPIW UONRBIAY JO 3QNINSU] 33104
a1y [PAOY Yl 1B pjoy sem 3sINO)) JUDIPIW UOLIBIAY
feuoneiadQ pasueApy yunoj4 Ay §iej sung Suung

. s38ed $7 |

261 AR PaysHQng

GOS[OYJIN'N'Y 4q papl

SL61 INNT 9Z-L1 ‘“TITHSIWVH

‘HONOYOANAVA ‘ANIDIGIW NOILVIAY J0 410l
-ILSNI 304804 dIV TVAOYd ‘ISHNOD INIDIAIN
NOILLVIAV TYNOILVHIJO GIDONVAQY H13N04
OLVN “watirdoraasg
10 dnoin  Atosiapy
T¥9°ON uoday QIVHV

pue  yoreasay acedsoray

(uswuopueqe) adeosy
siaydoonsH

SMa10 W3y

3unpop Eawing
wawdmbs penplarpu]
Suuten pasieads
supIpaw oedsosay

‘o'Ld
SA010j 1IE pue
pu®| ‘23S WOj SSOIS0P Papn[dUl A3 pue ‘IsIm0d Ay
papuslie saUunod QLVN QU wolj saanejussaday
y3noloquie ‘IUINPIW UONEIAY JO MLSU] 32104
ITY [BAOY 3Y) 1B PJ3Yy SBA ISINOYD) JUINIPIY UOTIRIAY
(ruonesadp paoueApy yuaod @3 SL6[ sung 3uumg
saded 71
9L61 ABW P3usHQng
UOSIOYMN'N'Y £q parpy
§L61 ANNT 9CLT ‘FUIHSINVYH
‘HONOYMOINYVA “INIDIGIN NOLLVIAV 40 3101
-JISNI 30404 ¥1V TVACY ‘I$¥N0D INIDIGAN

NOILVIAY TVNOLLVYIJO dIONVAQY HIANOd
OLV¥N “yuawdopiasg

(yuaisuopueqe) sdersy
s3vydooNsy

$/4313 g

3urylo) jeAalAIng
juawdinba [enpiatpu
gututel} pasifeidadg
auIpaw doedsoldy

‘o'Lld

$32i0j ITe pue
PUE[ ‘BIS WOIJ SIO1I0P PIPR{oUl A3} pur 9sInod I
Papualie soUUNOd QOLVN [ulu woly saanerssaday
‘ySnosogie ] ‘SUIPOW UOLEIAY JO IIMISU] 32104
11y [BAOY Y] 1B P[3Y SEm ISINCD IUIPI LONEIAY
reuonesad PIdUBAPY YUNOJ i G/g] aumy ZuumnQ

saBed 71

3161 A2W PIYsTIgNy

UOS[OYIIN'NY AQ paUpPF

SL61 INNI 9Z-L1 ‘FATHSIWNVH

‘HDONOYOENI VA “INIDIAIN NOILVIAY 40 91Nl
-ILSNI d0¥04 ¥V TVAOY -3$410D INIOIQIN
NOILVIAY TVNOILVYIAO JIINVAQVY HIENO0H
QLVYN “uswdojaasqg

I L L P 0SS A B s

2 LPO'EL6T9:65°T19:69°€19 |pue  yaueasay aoedsosay  50)  dnoin  AIOSWPY | TLVD'EL'679:65T19:69°€19| Pue  yoreasay  acedsoray  s03  dnor)  Aiosupy
Wrd-qdvoyv Z$9ON Hody qQUVOHY [44-002-1 04 T¥9ON Hoday QUYOHV
b b i e o ot g e A M D e s NS 1 S R e o BTG TS




O-L1Z1-S€8-T6 NdS1

‘AAVOY
O PUBg [ESIPIN 0BdSOIIY Y Jo sdidsne Iy 1apun PILINPUCD SEM FUNO) SIY]

*I5IN0)) ) O} PAISAIPP SUMIII sapnoul uontedrgnd sty |

suonetado s uy sonoudAy
JO %0 2y pue ‘swaiqoad feuusyl pue dessd paads yBiy ‘sjuawidoiIalp Pwisy 03
U ELads [IW Juswdmba reuotiad Ut HuIwdoPAIp ‘QLYN JC JUBY WIyLou
] uwo suoneiado 193doo1jaY [EABU JO 5303dSB [OOIPOUI ‘JUIDIPIU UOIIBIAE Ul M3IJIOJTE
wo Sururen Sy1 papnout s91dol Y] "SI0 I OLVN JO SSRUAAIINJI2 Ay 0) WIdUuod
UALM?D JO 3T® YOIym UDIPII UOHIRLAE JO s)oadse swios Idap Ul palaacd asmnod ayJ

OLiT1-5¢8-T6 NES!

‘qdVOY
JO 1PURg [EOIPI 3deds0ldy Ay Jo sadidsne SY3 IOPUN PAIONPUOT SBA MO STYL

"3RINOY) Y3 O) PAIIATAP $uNJo3] SIPRPUT uvonesngnd snyy

suoneiddo e ur sogoudAy
3o osm ayy pue ‘swqord puuayy pue adesss pasds YAy ‘quawdopeadp Jaunay om
20ua13)as fe1dads Y Juswdinbs reuosiad ut siuswdoaasp ‘QLYN JO Yue WIdNLIOU
Yl uc suonedado 13)1dosnay AU jo 5103dsT [EOIPAW ‘QUIDIPIU UONEIAER UI AJiuTe
3o Burneny 3Yy papnjoul o1doy Y] 'SI010J JTB OLVN JO SSSUALDDYYD 3y} 0} WITUOD
UALMD JO A8 YOIYm IUDIPIW UOIIBAE JO spoadse awos 3dop WY PoIdaod Wmod J |

0-L1Z1-5£8-T5 NES!

‘GAVOV
Jjo [oueg [edtpaW Joedsossy Iy JO seordsne Y] JIPUN PIPONPUOd SBM ISINOD SRYL

*38IN07) Y} O] PIIAATIP SAUNIII| sapnjout uonesnynd sty

suoneiado Jre Wt sonoudAy
jo asn sy pie ‘swapgaxd reunayl pue odedss paads ydny ‘sjuswdopaasp laumey o)
30U RS It Justudmbe Teuosiad Ut sjUsWdoPAIp ‘QLVN JO Nuel wayuou
21 uo sucQerdo 1AOON T [RABU JO 5103dSE [EIIPIW FUIIDIW UOHEise Ul MALIITE
jo ButuTEn i3 PIpRoUl 1do} Y] $0I0) T QL YN JO TSIUANIAYI Y} 0] WIBDUOD
JUAUMD JO QTR GOTYM SUTOTPAll UOHEIAR JO 5152dse awos NIdIp U PaIsAc) sINOD AYY

0-L1T1-5¢8-76 N4UST

, ‘TAVOV |
30 JouBg [edIpAy 20rdsoiay a1 JO sadmE A JSPUR PIJONPUCS SBA IWINCD SNYY

IINOY) Y] 01 PAIPANIP SUUNYII] SIPNPUT uoneongnd siyy

suopudo I w sogoudAy
Jo asn A pue ‘suwjqoid [eunsyl pue adeoss pasds yBny ‘sIuUdwdOIAIP jaundy o)
ouas2jal [eads 3w juawdmba ruosiad w1 spuewdojaasp ‘OLYN JO YURY WAjUou
31 vo suone:ddo 13)dodnay [BARU JO S)0udSE [EOIPSUI JUIIPIW UOHEIAE UT MAIDITE
30 Suturer; ayy pspnpun soidoy Y] "S9030) JIE QLVN JO SSRUIARDII2 I} 0) WIIDVOD
JUALDD JO AT YDIYM JUIDIPIW UOHERIAR JO 5)3dsE awos [Pdop UT PaidA0d xmoo Y]

AR T B I

AR TR T MR SR U 1 W




AGAIRID

PANY
A
NATO v OTAN DISTRIBUTION OF UNCLASSIFIED
7 RUE ANCELLE - 92200 NEUILLY-SUR-SEINE AGARD PUBLICATIONS
FRANCE

Telephone 745.08.10 - Telex 610176

AGARD does NOT hold stocks of AGARD publications at the above address for general distribution. Initial distribution of AGARD

publications is made to AGARD Member Nations through the follo
available from these Centres, but if not may be purchased in Microfi

wing National Distribution Centres, Further copies are sometimes
che or Photocopy form from the Purchase Agencies listed below.

NATIONAL DISTRIBUTION CENTRES

BELGIUM
Coordonnateur AGARD - VSL
Etat-Major de la Force Aérienne
Caserne Prince Baudouin
Place Dailly, 1030 Bruxelles

CANADA
Defence Scientific Information Service
Department of National Defence
Ottawa, Ontario K1A 0Z2

DENMARK
Danish Defence Research Board
Qsterbrogades Kaserne
Copenhagen @

FRANCE
O.N.E.R.A. (Direction)
29 Avenue de la Division Leclerc
92 Chitillon sous Bagneux

GERMANY
Zentralstelle fiir Luft- und Raumfahrt.
dokumentation und -information
D-8 Miinchen 86
Postfach 860880

GREECE
Hellenic Armed Forces Command
[ Branch, Athens

ICELAND
Director of Aviation
c/o Flugrad
Reykjavik

UNITED STATES

ITALY
Aeronautica Militare
Ufficio del Delegato Nazionale all'AGARD
3. Piazzale Adenauer
Roma/EUR

LUXEMBOURG
See Belgium

NETHERLANDS
Netherlands Delegation to AGARD
National Aerospace Laboratory, NLR
P.O. Box 126
Delft

NORWAY
Norwegian Defence Research Establishment
Main Library
P.Q0 Box 2§
N.2007 Kjeller

PORTUGAL

Direccao do Servico de Material

da Forca Acrea

Rua de Escola Politecnica 42

Lisboa

Attn: AGARD National Delegate
TURKEY

Department of Research and Development (ARGE)

Ministry of National Defence, Ankara
UNITED KINGDOM

Defence Research Information Centre

Station Square House

St. Mary Cray

Orpington. Kent BR3 3RE

National Aeronzutics and Space Administration (NASA),
Langley Field, Virginia 23365
Attn: Report Distribution and Storage Unit
THE UNITED STATES NATIONAL DISTRIBUTION CENTRE (NASA) DOES NOT HOLD

STOCKS OF AGARD PUBLICATIONS. AND APPLICATIONS FOR COPIES SHOULD BE MADE
DIRECT TO THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS) AT THE ADDRESS BELOW.

PURCHASE AGENCIES

Microfiche

Microfiche

Technology Peports
Centre (DTI)
Station Square House

Microtiche or Photocopy
Space Documentation Service
European Spuace Agency

114, Avenue Charles de Gaulle

Natwnal Techmicat
Information Service (NTIS)
5285 Port Royal Road

Springficld 92200 Neuilly sur Seine, France St. Mary Cray
Virginia 22151, USA Orpington, Kent BRS 3RF
England

Requests for microfiche or photocopies of AGARD documents should inciude the AGARD serial number. title, author or editor. and
publication dute. Requests to NTIS should include the NASA accession report number.  Full bibliographical references and abstracts
A cvenin thr follsevine fanenale

n T elan s ol
S AGARD pullications are giv |

Scientific and Technical Aerospace Reports (STAR),
published by NASA Scientific and Technical
Trformation Facility
Pt Office Bos 8787
[IRAY

ERISRIN [ S N SRS

Government Reports Announcements (GRA),
published by the National Technical
Information Services. Springfietd

Virginia 22151, USA

&

Prineed by Technical Fditine and Rerreduetion Lead

vt d Hhnese, 7

U Charlotre St Londooy WP THD




