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Chapter 1
RENERAL DATA ON CONTEMPORARY FACILITIES FOR THE RESCUE OF
AN AIRCRAFT CREW UNDER EMERGENCY CONDITIONS
§1. FACTORS LEADING TO THE DESIGN OF AN EJECTION SEAT

An improvement 1n the tactical flight characteristics of flying
craft 1s frequently limited by the physilological potentials of man.
The contradiction between the required tactical flight characteristics
and the capabllitlies of a human belng became particularly pronounced
in the recent decade, starting at about the end of the Second World
War (1941-1945). As this contradiction was being resolved, there arose
a new branch of physiology — aviation medicine* — and there were also
new brancheg in avlation engineering, i.e., high-altitude equipment
intended to ensure the safety and functional capacity of a crew during
flight (oxygen masks, pressure suits), and rescue equipment intended
to enable a crew to abandon an aircraft safety under emergency condi-
tiohs; the first such pilece of equipment was the so-called ejection
seat.

It was only comparatively recently that the only available means
for a member of a crew to depart an aircraft under emergency conditions
was the parachute strapped to his back. In the case of an emergency
the pilot (or any other member of the crew) abandoned his aircraft
through the simple expedient of climbing out of the cabin. Having spent
a few moments in free flight, he opéned his parachute and descended
safely to earth. |

With the increasing velocities of flight, however, this method of

-1 -
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§£feguarding a crew in the case of an alrcraft accident proved to be
impossible for two reasons, i.e., at indicated velocities 1n excess of
400 Km/hr it 1s, first of all, extremely difficult to overcome the
very high airstream pressure encountered on leaving the alrcraft and,
secondly, at these veloclties the stream would propel the individual
abandoning the aircraft (if he were able to leave the alrcraft in the
first place) with such force that a colllsion agailnst the wing, the
horizontal stabllizers, or the £in of the aircraft would be totally
unavoidable.

These cbnditions led to the development of an ejectlon seat, l.e.,
a seat equipped with a special firing mechanism which (generally by
means of an explosive cartridge) imparts a vertical velocity +o the
seat, sufficient to pasa up and over the rudder. Since this velocity
must be imparted to the seat over a comparatively short path, the
e jected seat and the human being are subject to considerable verticel
acceleration.

As soon as the seat enters the airstream the man 1s subJjected to
G forces from back to front (the so-called deceleration force) and he
is also subject to the pressure of the approaching free stream which
causes the seat to turn, thus changing the direction of the accelera-
tion. |

Thus upon separating from an aircraft in his escape equipment a
man 18 successively subjected to G forc;s in the directions "head-
pelvis," "back-chest," "pelvis-head," and he 18 also subjected to the
pressure of the approaching free strgam, the effect of the angular
veliocity of seat rotation, and the dynamic shocks produced by para-
chuté opening. He subsequéntly experiences a lengthy (1f the escape
from the aircraft occurred at great altitude) and rapid descent during

which atmospheric pressure increases rapidly, and he subsequently exe-

FTD-TT-63-420/1+2 -2 -



cutes a slow descent by means of the main parachute, flnally landing
on the ground (or in water). |

The human organism is-not bﬁilt to withstand all of these pres-
sures; therefore the individuals engaged in the design of escape and
high-altlitude equipment seek to attenuate the effect of these pres-
sures to limits of human tolerance.

The problem is 1itself complex and made even niore difficult by the
fact that 1n addition to enabling an individual to escape from an air-
craft undef emergency conaitions, the equipment must also provide for
satisfacto ¥ performance in 1ts primary function, l.e., the seat and
equipment used by a pllot must provide the required ease and convenience
of alircraft control. The requirements Iimposed on the equipment with
respect to convenience of alrcraft control and safety under the emer-
gency conditlions in which a pllot might be called upon to escape from
his aircraft are contradictory. If 1n addition we consider the diffi.
cultlies of {esting this type of equipment under actual conditions
(tests with dummies do not yleld exhaustive data, and tests with a
human being are not always possible), the over-all complexity of the
solution td thls problem becomes clear. The escape of an alrcraft crew
in the case of an emergency assumes the solutlion of »roolems pertain-
ing to entire complex of equipment (the cockpit — [ejection] seat —
parachute system — high-altltude equipment — portable emergency sup-
plies).

EJectlion as a means of forcediescape from an alrcraft can save
the life of a pilot in unanticipated and completely unforeseen situa-
tions.

We know, for example, of a caée in which a pilot was eJected under
water; the ;vents were the following.?* Upon takeoff from an aircraft

carrier the alrcraft suffered engine fallure; after ditching in the

-3 -
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sea, the aircraft sank. Since the hydrostatic pressure prevented the
pillot from forcing the canopy, the pillot elected to eject himself. Be-
cause his lifejacket was automatically inflated, he floated to the
surface and was rescued. |

vAs was pointed out earlier, the need for the development of ejec-
tion seats was brought about primarily by the rise in aircraft indi-
cated speeds above 400 km/hr. In the foreign press the opinion has
frequently been stated that with the continued rise in indicated air-
craft velocities the ejection seat will be replaced by more perfect
escape facilities such as, for éxample, eJection capsules or cockpits
entirely separable from fhe aircraft.
§2. BRIEF REVIEW OF STATISTICAL DATA ON IMPLEMENTATION OF EJECTION SEATS

In 1957 the statistics of USAF experience with ejection seats were
published.*

These data on the results of ejection involving human beingus are
presented in Table 1 and in Fig. 1.

TABLE 1
1 Fkoaumno I 1 P Koansectao : )
Tpesuu XATARYAD- % Tossuu xatanyas- »
Tuposanni I Tuposamuit
|‘3|C‘l' . 316 42 ?lmuc 110 1)
HeSossmne 4° 158 21 || Cuepressane 6 11 2

1) Traumas; 2) number of ejections; 3) none; 4)
minor; 5) serious; 6) fatal.

As we can see from Fig. 1, the percentage of unsuccessful ejec-
tions rises sharply for low and great heights, since the ejection seats
employed by the USAF at that time were poorly adapted for helghts below
300 m or for operations above altitudes of 10,000 m.

The average percentage of unsuccessful ejections in the inter-
mediate range of altitudes (about 20%) also indicates the absence of
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total safety in ezzariig from an alrcraft
under emergency conditions. The curve
shows that up to a certain limit, the
greater the altltude, the fewer ejection
failures. This concluslion, as explalned
by foreign speclalists, indicates that

at low altitudes too much time 1s re-
quired to actuate the parachute systems
and that the rellability of the automatic

systems 1s lnadequate (as a matter of

fact, the time required for the normal operation of the automatic

equipment 1s too long fdr the time avallable); with regard to high al-

titudes, thls concluslion 1lndicates defects 1in the parachute system and

in the oxygen-supply system.

On the baslis of the data presented in that same source, the num-

ber of ejection fallures in the case of an aircraft operating in a non-

steady regime (climbing, in a spin, turning, spiral, roll, or dive)

amounts approximately to 40%. The 1ncrease in the number of ejection

fallures in nonsteady regimes 1s explalned ty the difficulty which the

pilot encounters in assuming the proper 1nitial position.

Even this brief review of the statistical data pertaining to

flights at low indicated velocities (89% of the ejectlions were carried

out at velocitles below 750 km/hr), shows the over-all complexity of

the problem 1nvolved in ensuring safety 1in emergency ejectlion from a

centemporary alrcraft.

§3. DIFFICULTIES IN ENSURING EMERGENCY-EJECTION SAFETY IN THE CASE OF

A MODERN AIRCRAFT

The difficulties 1n ensuring safety in emergency escape from an

alrcraft are governed by the following set of circumstances.
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l. The potentials of the human organism which restrict the toler-
able G forces, angular velocity, ram pressure, etc. |

Special devices make it possible to expand the range of tolerable
limits, but the design of such devices proves to be extremely complex.

2. The necessity of implementing safety devices over a wide range
of altitudes, velocities, and aircraft attitude. '

In terms of veloclity the range of ejection-seat implementation
iay, for example, extend from 300 to 1200 km/hr.%* The aerodynamic
~orces operating on the seat change by a factor of more than 16 over
chis range. This complicates the possibility of stabilizing the seat
it the indicated yelociiies, and it also complicates the possibility
>f eliminating the harmful elfect of the deceleration forces and angu-
.ar velocities which are functions of the ram pressure.

Taking into consideration the great range of ejectlon-seat imple-
ientation with respect to altitude (from C to 25,000 m), we find it
.ecessyry to coordinate a number of the contradictory requirements im-
0osed on the parachute system. For example, at low altitudes it 1s
ecessary to have the main parachute, which is the one which saves the
ndividuai, open as quickly as possible; at high altitudes, on the
ther hand, we must achieve a stabllized rapid descent from the high
ltitudes, having the main parachute open up only at 3-4 thousand
eters.

3. The necessity of more complete automation of the escape opera-
ion, taking into consideration the likelihocod of loss of conscilous-
238 (although only for a brief period of time), as well as the im-
roper actions of the individual. In practical terms, this means that
’ter the pilot has acfuated the ejJection lever, all remaining opera-
~ons must proceed independently of the pilot in the required sequence,
.th regard to the intervals that depend on the altitude and velocity

-6 -



of flight.

L4, The necessity of providing manual back-up controls for opera-
tions executed by the main seat mechanisms, bearing in mind that 1in
the case of an emergency the automatic system may fail.

5. The ejectlion seat must provide for crew safety not only 1in the
case of aircraft emergency, but in the case of a forced landing which
may be accompanied by considerable longitudinal acceleration. If in
this case the individual 1is not adequately strapped‘to hils seat, he
may suffer injury as a result of being thrown forward against the
steering column or the instrument panel.

6. The rescue facilities should not complicate aircraft control.

The evaluation of an eJection seat from the standpoinﬁ of 1ts
ability to satisfy the above-enumerated requirements should be ap-
proached with consideration of the probability (océurrence) of a given
type of emergency situation. For example, comparing a seat ensuring
100% safety in the case of straight flight and only 50% in the case of
maneuvering flight with a seat which provides 75% safety under all
conditlons, we should give our preference to the first seat since ap-
proximately 70% of all ejection occurs under conditions of s*traight
flight. In other words, with mass application the first seat will pro-
vide emergency-ejection safety in 85% of all cases, whereas only 75%
safety can be achleved with the second seat. Generally, whenever a
range of implementation 1s increased by an even insignificant impair-
ment of safety conditions 1t becomes extremely important to weigh care-
fully whether such an "improvement" will not lead to a rise in ejection
failures.

These conslderations are fuliy applicable to the problems of back-
up'c0ntrols. If the back-up system impairs the basic system in any man-
ner, no matter how slight, in the majority of cases it 1s inexpedient
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to employ such a duplicate system.
§4. DIRECTION OF ACCELERATION EFFECT WITH RESPECT TO THE HUMAN BODY

Without going into the physlological aspects of the tolerance
limits for a human organism with respect to acceleration and angular
velocities, we will present the maximum tolerances considered accept-
able at the present time.

For our purposes it 1is sufficient to establish four directions in
which the G forces operate with respect to a human body, and these are
known as (Fig. 2): 1) "pelvis-head"; 2) "head-pelvis"; 3) "chest-back";
4) "back-chest." ‘

In the case of downward ejection the G forces act in the "pelvis-
head" direction; when catapulted [ejected] upward the individual ex-
periences G forces in the "head-pelvis" direction, etc., i.e., always
in the direction opposite to acceleration.

It should be borne in mind that the tolerable G forces are strong

functions of the duration of their effect. The greater the duration,

the lower the maximum G-force tolerance.

2. Figure 3 shows a graph of the maximum G-
| force tolerances for various directions as a
function of the duration of thelir effect.*
lt ‘2 In adadition to the limit values of the G
forces, it 1s also necessary to know the maximum
value of the angular velocities which a human
being can withstand. At the present time it 1is
L the practice to hold that a human being is cap-
gégé;:é$§ggézg§§; able or'yithitanding an angular velocity of up
2) "head-pelvis"; to 2 revolutions per second, i.e., up to 12.3
i :ggg;f;g:g%nﬁ radians d. Wh k of
. per second. en we speak of 1limit values

of G forces in a given direction we mean the maximum value of the G
—8-
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Fig. 3. Tolerable G forces as a function of time. 1) The solid lines
indicate the consciousness boundary for the given position; 2) experi-
mental data; 3& "pelvis-head"; 4) "head-pelvis"; 5) "chest-back" and
"back-chest”; ©6) sec.

force, if only at a single point on the body.
T In other words, with the simultaneous effect
I of linear acceleration, angular acceleration,
“ e and angular velocity the maximum local value
\ %{ of the linear acceleration, beginning from

the head, is taken as the theoretical [maxi-

mum] magnitude.
Fig. 4. Simultaneous

effect of linear G The maximum G force 1is determined by the
forces, angular ve-

locity, and angular following formulas (Fig. 4)

acceleration. 1)

Center of gravity. ) Ry =041 ‘:‘ ‘l
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Ih the general case, the formulas become somewhat more complicated. In
all doubtful cases the engineer should not make use of the solution
without consulting with a medical. specialist.

When we refer to a doubtful case we have in mind the combined ef-
fect of linear acceleration and rotation, resulting in an irregular
change in the G forces.

For the preliminary evaluation of the tolerance of a given regime,
it 1s also necessary to take into consideration the rate of change in
the G forces. The maximum{pérmiasible rates of change 1n G forces are
generally assumed to be e 1al to 250-300 per second in the direction
"head-pelvis" and 500-600 per éecond in the direction "back-chest" and
"chest-back. " |
§5. EJECTION SEAT EQUIPMENT

The following units (Fig. 5) should be distinguished on the basis
of ejection-seat designation.

1. The actual seat, cénsisting of the bucket, backrest, headrest,

and the mechanism for regulating the relative positions of these in
terms of the pilot's heigﬁt.

2. Power source for seat operation (firing mechanism and reaction-

thrust booster), imparting an initial linear velocity to the seat that
is adequate to eliminate the possibility of colliding against the
frame of the aircraft.

3. Ram-pressure protection devices: a face guard visor (a curtain

seat); arm and leg restraining devices to prevent the arms and legs
from "flailing," and from the injJury and pain that might be caused by
thé compression of the extremities to the seat by the ram pressure.
Among these devices we should also include the protective (high-alti-
tude) clothing (first of.all, the helmet and boots).
4, Seat stabilization units, whiqh provide for the proper posi-
- 10 -




Fig. 5. Basic devices employed in contemporary ejection seat. 1)

Bucket seat; 2) backrest; 3§ headrest; 4) firing mechanism; 5) visor;
6; device to restrain arms; 7) stabilization panels; 8) harness straps;
9) parachute-system contalner; 10) seat control levers; 11) sepa?ation

mechanism.

tion of the seat upon 1ts entry into the alrstream and 1limit the angu-
lar velocity of 1ts rotation. These include the stabllizatlion para-
chute (with or without a retractable rod) and stabilization panels
(either fixed, or extendable).

Contemporary eJection seats are noted for thelr relatively high
centers of gravity, and thus without stabilization devices they tend
to turn end over end. This 1s an intolerable situation since 1t would,
in this case, be impossible to actuate the parachute system and the
G forces act in a useless direction, i.e., "pelvis-head."

These clrcumstances made 1t necessary to Introduce speclal stabil-
1zing devices into [ejection]-seat design.

5. Harness and suspension systems with fast-action releases, to

strap the man to the seat and the parachute system.

6. The forced-posture system provides for the proper position

that must be assumed on ejection and eliminates the dangerous weakness

- 11 -




of the harness system.

T. The parachute system, generally consisting of three parachutes:

a) a stabilizing parachute which provides for the stabilization of the
seat at the initial instant of time; b).a brake chute (opening when
the speed of the seat has dropped off to a magnitude permitting the
actuation of this parachute) which ensures a stable descent from great
altitudes to heights at which the main parachute can be opened; c¢) the
main rescue parachute which 1s actuated at a comparatively low alti-
tude (where it is possible to exist without oxygen equipment).

Among the devices employed in the parachufe system we should also
include the following: the guns which release the first and occasion-
allj the second chutes, and the spring locks which connect the para-
chutes to the aircraft, etc.

8. The control system. This is an automatic system which provides

.ror the normal operational sequence of all units and the properly
timed actuation of all stages of the parachute system after pressure
has been applied against a single lever; the backup control system
makes possible manual actuation of the most important links of the
crew-rescue system (the release of the pilot or main parachute, sepa-
ration of the individual from the seat, etc.).

The dblock and release functions which eliminﬁte possible errors
in seat control are also included in the control system; under unusual
circumstances these functions might permit an unusual sequence of op-
erations to occur (for example, ejection through the canopy).

In order to reduce the force required to actuate the control
‘levers of the ejection seat, in many cases it Lacomes necessary to in-
corporate amplification devices, i.e., mechanical or pyrotechnical.
These must also be included as part of the control system.

9. The oxygen supply system has a separation device which ini-

- 12 -




tially releases the seat from the aircraft, then releases the man from
the seat, and switches the supply of oxygen from the on-board system
to the emergency system carried by the man.

The portable emergency kit which should provide for the well-being
and safety of an individual after landing (or ditching in the sea)
should also be included in this equipment grouping.

10. Auxiliary units which provide, for example, for the raising

or lowering of the seat (to facilifate entry into or exit from the
aircraft) or the shifting of the seat in the forward-backward direc-
tion (to facilitate access to control and communications equipment) or
changing the angles of seat position (to place the seat in a position
that is convenient from the standpoint of resting). Depending on the
englineering flight data for the aircraft, certain seat units may be
lacking or, conversely, the seat may have been equipped with additional
special units.

§6. PROCEDURE FOR ABANDONMENT OF CONTEMPORARY AIRCRAFT UNDER EMERGENCY
CONDITIONS

Figure 6 shows the procedures involved ir the emergency evacuation
o a contemporary alrcraft. The pllot, having decided to abandon the
aircraft, must assume a particular position, depending on the type of
ejection seat employed. Figﬁre 7 shows the three most commonly em-
ployed positions, 1.e., "hands on curtain"; "hands on handrails"; and
"hands on center hold." In all cases the pilot's hands are positioned
on a specific lever. After the actuation of this particular lever, the
following operations must be carried out in sequence:

1) the accuation of the comgulsory-position harness, correcting
the pilot's posture, 1if incorrect, and taking up the slack in the har-
ness; |

2) Jettisoning of canopy;

- 13 -



Fig. 6. Basic stages in emergency ejection procedure. a) Instant of
ejection (stabilizing rachute fillas out at the instant that the seat
leaves the guilde rails); b) opening of brake [pilot] parachute (free-
ing of stabilizing parachute by automatic release); csastabilized de-
scent; d) pilot chute pulls main canopy out; e) £i1lling out of main-
parachute canopy.

Fig. 7. Positions prior to ejection. a) Hands on
¢urtain; b) hands on handrails; ¢) hands on cen-
ter hold.

3) actuation of firing mechanism;

4) actuation of arm and leg restraining devices, these preventing
the extremities from "flailing” in the airstream;

5) as the seat moves along %he guide rails, prior to the instant
at which the seat leaves the cockpit, the first stadbilizing parachute
must be ejected or the stabilizing panels must be extended (the stabil-
izing parachute 1s generally ejected by means of a special pyrotechnic

- 14 - '



device, i.e., "a gun"); stabilization in the first instant after e jec-
tion of the seat into the airstream i1s an absolute necessity in order
to ensure the required seat position until the start of the following
operation (the ejection of the following parachute), in order to pre-
vent 1ntolerable angular velocltles and in order to keep the seat from
turning end over end.'The required degree of stabilizatlion can be
achlieved without stabilizing devices, by keeping the center of gravity
for the seat and the pilot sufficiently low, but structurally thils is
not always possible and for this reason 1t 1s necessary to stabilize
the seat with panels, a parachute, or a combination of the two;

5) the combined action of the panels and the stabilizing para-
chute should provide for the stabllization of the seat and llmit the
maximum speed of rotation over a period of time adeqﬁate to reduce the

velocity of the seat to 500-600 km/hr;

7) at this speed the brake [pilot] parachute should be actuated,
this chute providing for a stabllized descent to heights of 3-4 thou-
sand meters (stabilized descent from high altitudés is necessary,
since the extended turning 1n an uncontrolled free fall may result in
serious consequences for the parachutist);

8) upon attainment of the required altitude, the main parachute
is pulled out and the harness releases binding the pllot to the seat
are opened; the pllot leaves the seat and descends to the ground by
means of hils parachute.

A portable emergency kit* 1s frequently made part of the suspen-
sion system; thls kit contains all of the materlals required to provlde
for first aid and sustenance for several days (it includes food sup-
‘plles, medical supplies, communications facilitles, a boat, skis, hunt-
ing and fishing equipment, etc.). This NAZ [portable emergency kit]
must be capable of maintaining an indivicdual under the most varied of

- 15 -



cond;tions, l.e., in forests, deserts, at sea, etc.

In each specific case the above-cited procedure of ejection may
be altered slightly, but in the general case all of the above-indicated
elements of the ejectlon system must be incorporated in the design of
a contemporary ejection seat.

In an 1deal case all ejection procedures must be executed auto-
matically, in the proper sequence.

Generally, the most important links of this system are provided
with manual back-up controls. In the majority of cases the device to
release the pilot from the seat is duplicated (manual release) and
duplicate controls are also provided for the ejection of the brake
[pilot] or main chutes. The backup-system makes 1t possible for a mem-
ber of the aircraft crew to eject the pilot chute in the event that
the stabilizing chute or 1its releases fail to function properly, or he
can cause the blllowing out of the canopy of the main parachute in the
event that any or all of the elements of the safety system which should
come into play prior to the opening of the main parachute fails to
function.

The most rellable procedure 1is providing a back-up control for
the ejection of the main parachute, 1l.e., duplicating the concluding
link of the rescue system. |
§7. CLASSIFICATION OF EJECTION SEATS

The classification of contemporary [eJection] seats has not yet
been fully established and for this reason it 1s only tentative in
nature in the present work. ‘

 Contemporary e jection seats may be classifled 1in accordance with
a variety of indicators.

[Bjection] seats are frequently classified according to aircraft

type for which they are intended, i.e., distinctions are made between
- 16 -



seats for fighter and bomber alrcraft, and these in turn are divided
into seats for pilots, navigators, etc.

EJec;ion seats for flghter aircraft are the simplest, since they
are intended for use over only a comparatively short period of time..
The design for bomber seats in which crew members must spend many hours
must provide for a rest posipion, l.e., provision must be made for
changing the angle of the seat, and in the case of certain specific
crew members (the navigator, the guaner, and the radio operator), pro-
vision must be made moreover for shifting the seats in the longitudinal
direction or for rotating them about the vertical axis. certain
cagses the seat must simultaneously serve as a'lift, i.e., it must pro-
vide for vertical shifting. >'

Seats are distinguished on the basis of ejection directilon, 1i.e.,
ur and down. Downward ejection raises the minimum height of safe eJéc-
tion and makes it impossible to achieve rescue in the event of a take-
off emergency. However, we have encountered cases (with 1o%g fuselage
lengths and great flight velocitiles) in which downward ejection 1is the
simplest method.

As has already been pointed out, seats are distinguiébed on the
basls of the posltion assumed by a crew member prior to ejection.

Until very recently the positions involved "hands on handrails"
or "hands on curtain,” but now there is also the position of "hands on
the center lever."

The curtaln 1s inconvenlent in the case of flight involving the
use of special helmets; flight at great altitudes, however, demands
that the pilot wear an airtight helmet. Therefore, the curtain seat 1s
not employed at great altitudes. The position "hands on center lever"
makes 1t possible to reduce the‘dimensions of the seat sOméwhat and
also facllitates the extent to which the effect of the ram pressure
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2an be withstood.

Seats can also be classified on the basis of the parachute systems
amployed, i.e., multistage, two-stage (without stabilizing or pilot
sarachutes), or even single stage.

The most common forms of operational parachute storage are the
*ollowing:

a) in the bucket of the seat; _

b) "soft" storage, directly in the backrest of the seat;

c) parachute storage in rigid container behind the backrest of
:he seat;

d) the pllot's back [seat] pack parachute.

Combined versions of the foregoing are encountered, for example,
‘here a portion of the system is carried in a rigid ccnﬁainer, while
he remainder 1is placed in the bucket portion of the seat, etc.

On the basis of control systems. [Ejection] seat control may be

amual in which case all operations are carried out through the appli-
ation of human muscular force; mechanical control involves the appli-
ation of muscular force against spring boosters (tensioned 1in advance)
hich carry out the required operations; and finally, there are pyro-
echnical devices in which the human being has only to explode a car-
ridge, with all of the work being carried out by the system of pyro-
achanisms.

We frequently encounter a cambined system in which manual drive
3 combined with pyrotechnical mechanisms.

According to the stabilization system. There are cases 1h which
3jection] seats are stabilized by fixed or extendable panels (the

xsd panels increase the dimensions, cannot always be accommodated in
1# cockplt, and they impair the view in back) and stabilization by
:ans of 8 speclal parachute installed either directly in the tack of



the seat or on a retractable rod (to increase the moment).

According to the harness systems. There are two types of harness

systems, 1.e., composite and separate. With a composite harness system
the same straps are used to strap the man to the seat (the harness sys-
tem) and to the parachute (the suspension system). Despite the advan-
tages of the composite system,'separate harness systems continue to be

used.

According to the devices to protect extremities against flalling

as a result of ram pressure. These devices are classified as "hard"

when involving solid restraining means and "soft" when restraint is

achieved by means of a soft capron stretchable net at the sldes of the

seat during the ejection (Fig. 8).

Fig. 8. Soft protection (a) and hard arm re-
straint (b), to prevent flailling of arms as a
result of ram pressure.

According to the method of protecting the head (face) from the

alrstream, we can distinguish the method of a soft curtain (1in this
case the pulling down of the curtain releases a signal to actﬁate the
firing mechanism) and the method involving protection by means of a
helmet (Fig. 9). Finally, hypothetically we can imagine that the canopy
1s not jettisoned on eJection and the seat, turned to the proper posi-
tion, 18 separated together with the canopy (Fig. 10).
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Pig. 9. Various methods of pro-
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pressure. a) Curtain; b) helmet.

N
c N ..
. - M
- L4
e ——--

Pig. 10. Turning of geat prior to en
into airstreanm. &y



In order to protect the face we can also employ complete or par-
tial encapsulation.

It is the opinion of foreign specialists that the systems of
"hard" protection exhibit two significant drawbacks, 1.e., they make
1t difficult to separate the man from the seat and they ilncrease the
complexity of the harness system. In the case of "hard" protection of
the face or of the entire body the ram pressure will not act agdlnst
the man to press him back into the seat and, consequently, the man
will rise in the straps of the harness system under the action of de-
celeration G forces. Since the area of the harness system 1s consider-
ably smaller than the’area’swept by the alrstream, specific pressure
rises. However, 1t 1s particularly difficult in this case to protect

the head against being forward vigorously.

- Q o USSR g
Fig. 11. Effect of protective deflector in the
case of flow past a model D seat. a) Without
deflector; b) with deflector.

It 1s possible to protect a human being against thé effects of
ram pressure in the case of flights at high speeds (with M > 2) by
setting up an artificial system of shock waves. In order to produce
these shocks in front of the seaé (Fig. 11) a deflector panel is ex-
tended on a specilal rod to produce a system of shocks behind which the
ram pressure 1s reduced, producing a rise in static pressure.* This

method 1s inadequately effective for low M(ach) numbers and high ram



pressures, and such a system should generally be capable of effecting
rescue over the entire range of velocities and altitudes. It 1s also
posaible to embloy a method of canopy protection.

A brief review of the various structural and basic solutions which
confront the designer of an ejection seat indicate the'difficulty.of
claasif&ing contemporary [ejection] seats and further point up the
.rather extensive arsenal of means from which the designer must decide
upon the most appropriate selection.

During the planning stage the designer must take into considera-
tion about 20 interrelated questions:

1) the type of aircraft { "ighter, bomber, etc.), for which the
perticular [ejection] seat 1s intended;

2) the operating conditions for a given crew member (pilet, navi-
gator, etc.); |

3) the velocity and altitude at which ejection 1is & possibility;

3) the position which a pilot must assume prior to ejection; .

5) the weight of the seat, its centering, and the moments of in-
ertia with respect to the x, y, and z axes;

- 6) adjustment of seat according to pilot height;

7) desired width of emergency cockpit exit;

'8) velocity and acceleration imparted to the seat by the firing
mechanism;

9) seat stabilization system;

10) "hard" or "soft" proéection for arms and legs;

11) face protection (curtain, helmet, "hard" guard);

12) ejection control (manual, mechanical, pyroteéhnical, combined,
actuated with curtain, by handrﬁils, or with center lever); are manual
back-up systems posaiblef;

13) the parachute system (1-, 2-, or 3-stage, ejected by means of
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a gun or a spring lock);

14) the possibility of backing up the [parachute] ejection (2nd
or 3rd stage); |

15) storing of parachutes in a container, in the seat bucket, on
the person; |

16) compulsory positioning;

17) the existence of and operational life of the parachute oxygen
equipment; ]

18) the presence of and position of the portable emergency kit
(in the seat or on the back);

19) the pilot's high-altitude equipment (a spacesult, a pressure
suit, flight clothing);

20) additional mechanisms (blocking devices, the mechanism for
the shifting of the seat within the aircraft).
§8. EJECTION-SEAT TESTING

It follows from the above that the ejection seat used at low and
high altitudes in the case of flight velocities in excess of 1000 km/hr
(indicated) 1s one of the most complex units in a contemporary air-
craft. The operational fallure of any element of the seat, beglnning
with the firing mechanism and ending with any of the harness releases,
may produce fatal results. Each element of the seat, each unit of the
seat, must be subjected to verification calculations and laboratory
tests, and the entire seat must be tested on speclal test equipment
simulating flight conditions.

It 1s the world-wide practice of testing ejectlon seats with: 1)
a vertical catapult which makes 1t possible to check on the functlioning
of' the firing mechanism, the exit of the seat from the cockpit, and
the effect of vertical acceleration on the seat (Fig. 12);

2) in a wind tunnel, in which the seat is swept by a flow exhibit-
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lation to test the effect of ejec- . in wind tunnel.

Pig. 12. Vertical ejection instal- Fig. 13. Seat with dummy
tion G forces. . ‘I

Fig. 14, High-speed sled with reaction-thrust engines to test ejection
seats. 1) Dummy; 2) reaction-thrust booster; 3) sled; 4) guide rails;
5) runners; 5) tie plates.

ing realistic ram-pressure values (Fig. 13);

3)'w1th a special sled capable of developing realistic horizontal
acoelerations and (desirably) velocities (Fig. 14).

All tests carried out on these installations are first performed
with dummies and then with human beings. After the successful passage
of ground tests, the aeaﬁ'must be subjected to conclusive tests, 1l.e.,
flight tests. As in the case of ground test installations, the flight
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tests are 1initially carried out with dummies and then with human be-
ings. Only after having passed all the tests and after a determination
has been made of the factors which might produce high or low temper2a-
tures and vibration regimes in the alrcraft can the seat be considered
operational. A unique feature of the seat in comparison with other
aircraft units 1s the fact that it remains operational throughout 1its
entlire service life without ever belng used under emergency conditions.
If on the basis of the remaining alrcraft assembllies we obtain informa-
tion during the operational process with respect to defects and malad-
Justments and, consequently, with respect to the need of adjusting or

| repairing an assembly, the seat may for the first time be employed as
a safety measure even a short period prior to the completion of its
service life. Thus the designer must provide as well for a reliable
system of checking on the efficiency of the entire seat as a safety
device, and this applies equally to all assemblies of the seat.
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[Footnotes]

For a detalled discussion of this point see Armstrong,
Aviatsionnaya meditsina, IL ([Aviation Medicine, Fore Lit-
erature Press], 1954; Voprosy aviatsionnoy meditsiny [Prob-
lems in Aviation Medicine], IL, 1954; Geratevol!, Psikholo-
glya cheloveka v polete [The Psychology of Man in Flight],
IL, 1956; K. Platonov, Chelovek v golete, Voyenizdat [Man in
Flight, Military Press], 1957.

"Aero-Revue," 1959, February.

"Aviation Medicine, 1957, No. 1, pages 69-T3.

We have reference here to indicated speed.
Z. Geratevol', Psikhologiya cheloveka v polete, IL, 1956.
Known as NAZ in abbreviated form.

"Aviation Week," 1956, October. "Flight," 1956, November.
"Interavia," 1957, Pebruary.
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Chapter 9
HIGH-ALTITUDE AND PROTECTIVE EQUIPMENT
§1. GENERAL REMARKS

Individual contemporary high-altitude and protective equipment
for aircraft crew members, as follows directly from the designation,
is intended for the protection of an individual:

1) against a lack of oxygen and reduced barometric atmosphere
pressure;

2) against the ram pressure of the air in the case of ejection;

3) against the effects of low temperatures;

4) against the effects of radiation energy and high air tempera-
tures; |

5) against the effects of acceleration (G forces), arising in the
case of curvilinear flight during aircraft maneuvering;

6) against the individual's head accidentally being struck during
the executlon of maneuvers by the aircraft, in the case of forced
landings, or when the laﬁding is rough.

Moreover, the complex of individual equipment should, 1i1f neces-
sary, provide for sea-rescue requirements, protection against exces-
slve cold in the water, and some food reserve and signaling facilities
in the event that the aircraft is forced down over water or a desert.

In conjunction with the oxygen-breathing and special equipment,
the following forms of individual equipment, used in a variety of com-
binations with each other, in some measure satisfy the above-enumerated
basic requirements:

- 27 -



| 'l)ﬂhigh-altitude @ suits;
h}2) high-altitude pressure space suits;

’3) climatized [ventilated] suits;

4) antigravity devices;
’5) protective helmets;
. 6) water survival suits;

7) portable emergency kit.

High-altitude G and pressure suits are used to protect against
the harmful effﬁcts of low barometric pressure and oxygen starvation.
Climatized [ventilated] -suits supplied with conditioned air are used
to protect the human body against both low and high temperatures. Anti-
gravity [acceleration] devices reduce the harmful effect of prolonged
acceleration in the head-to-pelvis direction. Protective helmets {in-
cluding the airtight helmets of pressure and G suits) protect the
pllot's head against ram pressure and accidental impact. Moreover, the
protective helmet significantly diminishes the effect of radiated heat.

The designation of the water survival suit 1s self-evident (con-
currently we note that the high-altitude pressure suit can also be em-
ployed for survival in the sea).

The portable emergency kit may be fitted out with various food
products, distilled water, communications and signaling facilitles,
medication, fishing or hunting accessories, etc., depending on the
geographic region in which the aircraft is operating.

In order to satisfy all the operational requirements, it 1is nec-
essary to empioy simultaneocusly several types of equipment such as,
for example, a pressure suit, an antigravity sult, and a portable emer-
gency kit. The selection of a given type of equipment depends on the
specific operational condltionn, on the altitude, velocity, and the

~ duration of flight. In order properly to understand the operational
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principles, the area of application, and the potentials of the protec-
tive equipment, we must have some 1dea as to the influence of the phys-
ical conditions of flightion the human organism.

Below we present a véry brilef account of the influence exerted by
high altiltude oh the organism. The effect of acceleration, temperature,
and ram pressure will be examined in the description and evaluatlion of
the cofresponding protective equipment.

§2. EFFECT OF HIGH-ALTITUDE CONDITIONS ON THE HUMAN ORGANISM#*
Oxygen Starvation

The oxygen content 1n the atmosphere amounts to 21% by volume and
reJhins constant to altitudes of 70-90 km. Air pressure diminishes
rapidly with increasing altitude and 1n relation to the ground air
pressure is as follows:

at an altitude Of 5500 M.u.vevvuiceresecnnnnsss 1/2°
at an altitude Of 8500 Mueuverrenrnneneannnnas 1/3
at an altitude of 12,000 M.....vvveenieennesn. 1/5
* Above 15 km, from the physiological standpoint, flight conditions
in terms of partial oxygen pressure are virtually equivalent to flight
in interplanetary space.
| The human organism requires a continuous supply of oxygen. The
oxygen enters the blood through the lungs, and to make room carbon di-
oxide 1s liberated from the blood. In a state of rest a human being
executes 15-16 breathing cycles per minute, inhaling approximately 0.5
liters of air with each breath. In the case of physical work, depend-
ing on 1ts intensity, the inhalation rate increases to 20-25, and the
average intake volume reaches 1.5-2 liters. The total volume of ailr
inhaled 1in a single minute (equal to the product of the number of in-
halﬁtions by the volume of a single inhalation) 1s known under the
heading of lung ventilation. The interrelationship between lung ven-
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Pig. 168. The interrelationship between lung ventilation, intensity of
work, the quantity of oxygen required, the liberation of carbon diox-
ide, moisture, and heat. For a flight crew it is assumed that the av-
erage work corresponds to lung ventilation of 15 liters per minute,
whlle heavy work corresponds to 30 liters per minute. 1) Liberation of
heat in kcal/hr and moisture in g/hr; 2) rest (lying down); 3) rest
(standing); 4) conditionally easy work; 5) light work {shop); 6) walk-
ing, 4.8 lom/hr; 7) conditionally medium work; 8) hard work (shop); 9)
hard work (shop); 10) very intensive work (shop); 11) liberation of
heat; i2) liberation of H,0; 13) absorption of O, and liberation of

CO, in standard liters per minute; 14) absorption of 0,5 15) libera-
tion of CO,; 160) lung ventilation, liters per minute.

tilation, intensity of work, the quantity of oxygen required, the 1ib-
sration of carbon dioxide (002), heat, and moisture is presented in
Fig. 168. The curve showing the generation of heat is given fcr the
témperature interval between 10 ard 24°C. With a change in temperature
from 24 to 45°, the rise in the generated heat in a state of rest
amounts to 15%. _

Under normal conditions a man's breathing is relatively shallow
and after an ordinary expiration approximatcly 2.5 liters of air remain
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in the lungs. This air, known as alveolar air, contains 4.5 + 0.5%

oxygen and 5.5 + 0.8% carbon dioxide. The indicated tolerances corres-

pond to the varying intensity of the work performed.
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Fig. 169. The interrela-
tionship between partial
oxygen and carbon-dloxide
pressures 1n the alveolar
alr, oxygen saturation of
the blood, and flight al-
titude. The dashed lines
in the lower graph cor-
regpond to a regime of
hyperventilation. 1) Oxy-
gen saturation of hemo-
globin in %; 2) permis-
sible; 3; inadequate; 4
fatal; 5) breathing oxy-
gen; 6) breathing pure
air; 7) flight altitude,
in km; 8) partial oxygen
pressure po, and partial

carbon-dlioxide pressure
Pco, in alveolar air, in

mm Hg.

As early as during the second half
of the last cgntury, the physiologists
Pol' Ber [sic] and I.M. Sechenov estab-
lished that the oxygen saturation of the
blood, which is a function of the par-
tial oxygen pressure in the alveolar alr,
rather than of 1ts percentage content in
the blood, 1s of declsive Iimportance for
the state of the organism and the well-
being of a human being at high altitudes.

The process of oxygen intake 18 one
which involves the diffusion of this gas
through the walls of the pulmonary al-
veoll which are covered with a dense
network of blood-carrylng capillaries.
The incomlng oxygen combines with the
hemoglobin of the red corpuscles and 1s
distributed by the circulation of the
blood to all cells of the organism. It
has been established that satisfactory
functional human efficlency 1s achleved
only if the oxygen saturation of the ar-
terial blood 1s no less than 80%.

In the upper half of Fig. 169 we
can see the results of experiments car-
ried out by the physiologlst Dzh. Bar-
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Q'ifqtt [nic] (confirmed by other researchers as well), and these indi-

" cate the relationship between the oxyger saturation of the hemoglobin

" and the partial oxygen and carbon-dioxide pressures in the alveolar

‘air.»we can see from these curves that with partial exygén pressures

"‘f  of 100 mm Hg and a partial carbon-dioxide presdsure of 40 mm Hg, the

- oxygen saturation of the arterial blood amounts to 96%; 1n the case of
| an oxygen pressure of 50 mm Hg, the oxygen saturation of the arterial
blood amounts only to 80%#. With a dontinued drop in the partial oxygen

~ pressure, the oxygen saturation of the blood drops off sharply.

. Water vapors always aatu;ate the lungs at a constant partial pres-
sure of 47 mm Hg at a body temperature of 37°C, since the tension of
thé uater'vapors is a function only of the temperature and is inde-
pendént of preasure.v o

' The partial preséure of the carbon dioxide in the lungs at ground

level, given a carbon-dioxide concentration of 5.5%, amounts to

Fa»-L——E%lié-392 mm Hg.

' With increasing aititude, this quanti<y in the ma jority of indi-
'vidﬁala gradually diminishes to 35-20 mm Hg (see the lower portion of
FPig. 169). The factor responsible for this reduction 1s the increase
in the lung ventilation, the so-called hyperventilation which leads to
the flushing of the carbon dioxide, with simultaneous increase in the
partial oxygen pressure in the alveoiar air. In the case of mountain
ascents the partial carbon-dioxi@e pressure in the lungs diminishes to
a greater extent than under conditions of conventional flight; this
can be explained by the tims factor. This 1s confirmed by the fact

- that a prolonged stay in a pressure chamber (up to 24 hours) ylelds
the identical pattern as under mouritain conditions.

Moderate work at medium altitudes (4-6 km) promotes an increase
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in lung ventilation and blood circulation, and this 1s an édaptive
(compensatory) reaction of the organism to a lack of oxygen. However,
a reduction in the carbon dioxide in the organism depresses the res-
plration center and lung ventllation again diminishes. Thus in the
case of a flight aboard an aircraft in which the effect of mountain
acclimatization 15 lacking, the adaptability of an organism to high-
altitude conditions may be of but brief duration and quite 1imited.

The lower half of Fig. 169 shows the partial oxygen pressure in
the alveolar air (when breathing pure oxygen énd breathing atmospheric
air) as a function of flight altitude. Comparing these curves with the
graph on top, we see that an altitude of 4.5 km corresponds to 80%
oxygen saturation of the blood, this being the bouhdary of satlsfzc-
tory human efficlency when breathing air; when breathing pure oxygen,
this corresponds to an altitude of 12 km. |

The altitude of 12 km 1s also the physiological boundary within
which a flight crew may execute flights using conventlonal oxygen
equipment (1.e., the equipment which enriches the intake air with oxy-

i gen, but which does not generate elevated pressures in the lungs).

The reductlon of the partial oxygen pressure in the intake air
leads to a number of functional disturbances in a human belng, and
these are collected under a single heading, l1.e., high-altitude sick-
ness (oxygen starvation [anoxia]).* Below éltitudes of 1500-2000 m the
humén organism does not react to a reduction in the oxygen content in
f the atmospheric air. At an altitude of about 2000 m, because of a re-
‘ duction in the partial oxygen pressure, the brain cells are the first
; to experlence a reduction in depth perception and night vision. There-
f fore, during night flights more oxygen should be used starting at an
! altitude of 1500 m, and during the day additional oxygen should be em-

ployed above 3500 m.
| - 33 -
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. 'At altitudes from 3500 to 5000 m, particularly when the flights
Iast:ror more than 3-4 hours and under conditions of physical or ner-
vous stress, oxygen atarvation results in a number of disturbances
which disturb the balance between the inhibitory and excitatory reac-
tions in the cerebral cortex. In some individuals (with an inhibitory
ncfvoua'syafem) we note the development, first of all, of fatigue, de-
pression, drowsiness, and headache; response 1is inhibited. In other
individuals — whose nervous system 1s of the excitatory type — we find
an elated mood, & tendency to increased activity, i.e., motor and
verbal activity, while at the same time there 1s a dulling of the
ability to analyze external phenomena, coordination of movement 1is
disrupted, and the individual lacks awareness of the fact that he is
experiencing a state of nonnormal sickness.

. With increasing altitude or prolonged stay these two disturbance
complexes intensify and may merge with one another. The primary danger
and insidious nature of altitude sickness involves the fact that all
of the above-enﬁmerated symptoms are not clearly defined, the subJect
individual 1is not aware of their presence, and the transition from the
lower degrees of the disturbances to the more serious takes place un-
noticed, so that at an altitude of about 7500-8000 m, despite apparent
well-being, a man loses consciousness. If oxygen 18 not applied lmme-
diately, or if the aircraft 1s not immediately brought to lower alti-
tudes, respiratory paralysis and ceath result.

Tables 14 and 15 show the reserve-time values,* i.e., the time
-&uring which a man retaing active awareness and minimum functional ef-
ficiency if suddenly exposed to some [high] altitude (for example, in
the case of the depressurization of an aircraft cabin) or if the sup-
ply of oxygen from the oiygen equipment 18 suddenly cut off.

At an altitude of 15 km, even when breathing pure oxygen, we find
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TABLE 14

Average Reserve-Time Values when Breathing At-
mospheric Air (after Shtrukhgol'd (sicl)

1 Bucora » xa 7 ‘ ] 9 { 10 l 12 ’ 14 ' 15 1
2Pe3epn6€ ' '
speus » cex.| 300 180 80 50 26 2 15 9

1) Altitude, in km; 2) reserve time, in seconds.
that the reserve time 1s equal only to 15 seconds. If an aircraft
cabin becomes depressurized at an altitude above 15 km this 1s totally |
inadequate 1n order to permit the pllot to reduce the aircraft to a
safe altitude of the order of 12 km. Thus, for example, in ordef to
descend from horizontal flight at an altitude of 15 km to 12 km at
speeds corresponding to 0.95 M ~50 seconds are requi;ed. For this
reason, 1n the case of alrcraft whose celling 1s higher than 13 km 1t
became necessary to provide oxygen-survival equipment capable of en-

suring respiration with pressurized oxygen.

+

TABLE 15

Average Reserve-Time Values when Breathing Pure
Oxygen, not Pressurized (after V.A. Skrypiln et

al. .
1Bucora » xu ’ 13,5 14 14,8 , 13 | 16
ZFPesepanoe ‘ |

BpeMs B cex. 300 50 30 | 15 9

1) Altitude, in km; 2) reserve time, in seconds.

Effect of Low Barometric Pressure

Indepencently of oxygen starvation, the human organism is harm-
fully affected by reduced barometric pressure. The influence of the
ambient pressure becomes evident in the following forms:

1) pain in the Jjoints and the surrounding tissues (the so-called
decompression disturbances or aeroembolism);

2) pain in the gastrointestinal tract (high-altitude meteoriam);
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3) aeroemphysema (distension) of the subcutaneous tissues.*

Pain in the Jjoints occurs at altitudea of 9000-13,000 m. A single

individual may experience pain during one ascent, with no pain experi-

enced during another ascent. Most :rquently pain 1s experienced in

the Qhoulder and knee Joints. The 1nteﬁsity of the Jjoilnt pains varles,
i.e.;“from tolerablé rheumatic pains tb attacks of intense pain re-
quiring the 1mmed1a§e desceﬁ:‘frcm that altitude. With descent to 8000-
7000 m the pain, as a rule, disaﬁiears. Joint pain generally sets in
after 10-20 mimites after ascent to a great altitude or during the
course of the first hour; however, pain may be experienced later on as
well. In the case of a rapid ascent the pains are encountered more fre-
quently than in the case of a gradual ascent. The conversion of the
excess nitrogen from a dissolved state (which 1s the state in which it
1s encountered in the tissue cells) into a gaseous state is the factor
responsible for the pain. Gas bubbles exert mechanical pressure against
the nerve ending®, and this produces the sensatlon of pain.

It is recommendéd that 1n order to prevent pain in the Joints
pure oxygen should be inspired for a pericd of 30-60 minutes prior to
a high-altitude }light, and during this period there occurs the proc-
ess of "freeing" (desaturation) of the organism of nitrogen.

Of the total quantity of nitrogen dissolved in the tissues, when
breathing pure oxygen 1/3 of the nitrogen is eliminated within the
first 15 minutes; then the desaturation process gradually slows down.
During degaturation the process cannot Se interrupted or the mask re-
moved, since the entire effect would be lost and the desaturation
process nould have to be started all over again.

‘gggh-altitude meteorism is brought about by the expansion of gases

in the stomach and in the intestine. If during an ascent the gases fail
te pass out through the system in natural ways, the volume of the gases
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and their pressure against the walls of the gastrointegtinal tract in-
crease, thus resulting in pain, the raising of the diaphragm, a reduc-
tion in lung capacity, and a number of other disruptions which disturb
the normal state of the organism.

In particular, 1t 1s possible that the meteorism promotes the ap-
pearance of pain in the Joints at high-altitudes, since with reduced
inspiration the liberation of excess nitrogen from the organlism through
the lungs 1s diminished. |

At great altitudes (10-13 km) meteorism may be responsible for
extremely acute attacks of pain. These attacks in turn may lead to a
number of vegetative disturbances (perspiration, rate of heart activ-
ity, etc.). |

In order to prevent high-altitude meteorism 1t 1s necessary to
malintain diets eliminating the formation of intestinal gases and en-
suring normal functioning of the intestine.

Aeroemphysema of subcutaneous tlssues occurs when the ascent 1s

to altitudes above 20 km at those portions of the human body which are
not subject to counterpressure. Thus, for example, if the ascent to
the 1ndicated altitude were carried out in a high-altitude suit with- |
out the proper gloves, within 5-10 minutes after the ascenﬁ the unpro-
tected hands become distended and after about 15 minutes the fingers
have increased in volume to such an extent that 1t is impossible to
perform any work with the hands [2].

The immediate factor responsible for the "swelling'" of the hands
is the formation of gas bubbles between the muscles and the skin cover,
these bubbles causing delamination of the subcutaneous cellular tissue.
This phenomenon 1is brought about primarily as a result of physical
factors. We know that at an ambient pressure of 47 mm Hg (19,100 m)

water bolls at 37°C. Since the human organism contains about TO% water,
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" and the temperature of the body 1s 37°C, 1t is natural that at alti-

' %ﬂ;tudeshin excess of 19,100 m intense evaporation of fluids from the

?77tisaﬁea of the human body occurs. The water vapors accumulate beneath
 the skin and force it away from the muscles. After dropping to an al-
7;t1tude below 17,000 m; we find that subcutaneous distension disappears

. pather rapidly and leaves no trace.

“Solar Radiation, Ozone, and Coamic Rays

The radliative energy of the sun at the upper boundary of the at-
“mosphere 1s regarded as a constant quantity and on the average amounts
5_ to 1.94 cal per 1 em® of surface per minute. At sea level in clear
weather this magnitude dces not exceed 1.52 cal. Above the clouds,
‘starting from altitudes of 10-12 km the energy of solar radlation is
equal to 1.78 cal and gradually increases to 1ts 1limit. During the day
thexintenaity of solar radiation increases from O to the maximum and
| again diminishes to O with the onset of darkness.

'} The thermal effect of solar radiation 1s caused primarily by the
1nfrared portion of the spectrum. Infrared rays are actively absorbed
by water vapor. Therefore, with increasing altitude we find a direct
- relationship petween the reduction in moisture content and‘the inten-

sity of the infrared rays.

'.l‘he intensity of the ultraviolet radiation on the average in-
creases by 3-4% with each 100 m of ascent in comparison with its value
at sea level. This occurs as a result of the reduction in the scatter-
ing of this portion of the spectrum by gas molecules whose quantity
per unit volume 1is reduced with increasing altitude. The ultraviolet
rgdiation, exhibiting a wavelength from 200 to 290 mu never reaches

‘tha,ground, since it 1s absorbed by the ozone layer at an altitude of
~about 40 Jan. ’ |

. Solar radiation 1is responsible for virtually all processes taking
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rlace within the terrestrial atmosphere, including changes in tempera-
ture with increasing altitude. In the troposphere (to an altitude of
9-11 km) the thermal equilibrium is baslcally regulated by the shift-
ing and the state of the water vapors. From 11 to 32 km the temperature
of the atmosphere 1s virtually constant (-56.5°C). Above 32 km, be-
cause of the absorption of radiative energy by the ozone, the tempera-
ture of the atmosphere rises and at an altitude of 50-55 km reaches
+60° to +80°C. This temperature 1s retained to an altitude of about

65 km; then it drops to —30° at an altitude of 80 km, after which a
continuous rise in temperature occurs as a result of the lonizatlon of
the air which is accompanied by the liberation of heat.

At an altltude of 200 km the temperature of the molecules reaches
400-500°C. However, because of the limited density of the air and the
removal of heat as a result of radlation, in the upper layers of the
atmosphere the temperature of a body at this altitude wiil be slgnifi-
cantly lower.

The high ozone (03) content in the upper layers of the atmosphere
represent a danger to human l1life. According to data from a number of
investigations [16 and 21], the maJor portion of the ozone is found at
an altitude of 15 to 35 km. Above 50 km there is virtually no ozone.
The maximum concentration.of ozone (by welght) 1s encountered at alti-
tudes of 21-26 km where it reaches 0.0005 mg/liter. With an ozone con-
centration of 0.0002-0.001 mg/liter, we find irritation of the mucous
membranes of the nose, throat, and eyes. Breathing air containing O3
in quantities of 0.002-0.01 mg/liter for a period of 1 hour results in
coughing, fatigue, headaches, and a burning sensation in the stomach.
A concentration of 0.02 mg/liter results in pneumonia and irreversible
pulmonary edema.

The maximum permissible concentration of ozone in the air for pur-
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5 ‘ﬁ6sea of breathing 1s held to be 0.0001 mg/liter (BSE [Great Soviet.
,iEncyclopedia], Vol. 30, page 568). '

Ir we take the atmospheric alr at an altitude of 20 km where the

. ozong content on the average amounts to 0.02 cm/im,* and if this air

' 1s compressed to the cabin pressure which corresponds to an altitude

"of 8000 m, the ozone content (given a specific weight of 2 g/liter)

l‘iilllamount to ebout 0,0026 mg/liter, which is significantly in excess

of thé permissible norms.

Thus at altitudes of 2C-30 km compressed atmospheric air cannot

- be used for human breathing purposes. The human being must be pro-

tected against the ozone or devices have to be developed to dissolve

the ozone, changing it into oxygen (02)

‘ In addition, let us take note of the fact that ozone 18 an ex-
tremely active oxidizer of all rubber products, significantly reducing
their service life. |

The cosmic rays moving in from interplanetary space continuously

5 bambard the atmosphere, moving at velocities close to the speed of
:ilight. In the upper atmosphere, the earth is surrounded by an apparent

halo of rapidly moving charged particles restrained by the terrestrial
magnetic field. '
Seventy nine percent (79%) of the primary cosmic rays consist of

the atomic nuclel of hydrogen (protons) and twenty percent (20%) of

the primary cosmic rays consist of helium nuclei (a-particles). The
remaining (1%) of the primary cosmic rays 1s made up of heavy atomic
nuclei (the composition and relationship between the various atomic
nuclei in the cosmic radiation, apparently, corresponds to the rela-

tionship of these nuclel in the chemical composition of planets, stars,

‘and meteorites).

The primary radilation reaches no closer than 50-25 km from the




earth's surface. In this interval of altitudes the primary rays collide
with the nuclel of atmospheric particles and form a multiplicity of
secondary particles (secondary radiation), including electrons, neu-
trons, positrons, x-rays,'etc. The 1intensity of the secondary radla-
tion changes not only over altitude, but with respect to geographic
latitude as well, .

| Because of their high speed and great energy (reaching billions-
of electron volts) cosmic rays easily penetrate matter, including the
cells of living organisms, producing molecular ionization in these
cells (ionization can also be used as a measure of cosmic-ray inten-
sity). In the middle latitudes the intensity of the secondary cosmic
radiation reaches 1its maximum and significantly exceéds iﬁs intensity
at sea level (see Fig. 206).

§3. PRIMARY METHODS AND TECHNICAL FACILITIES FOR PROTECTING MAN AGAINST
- THE HARMFUL EFFECTS OF THE ATMOSPHERE AT HIGH ALTITUDES

The problem of physiclogical safety for high-altitude flights
first of all reduces to the establishment of the required partial oxy-
gen pressure in the inspired alr. This can be échieved in two ways,
i.e., by 1increasing the total pressure of the ambient air and by rais-
ing the percentage content of oxygen in the inspired alir.

From the engineerling standpoint, the safety of high-altitude
flights 1s ensured by using: 1) hermetically sealed cabins; 2) air-
craft oxygen equipment; 3) high-altitude G sults; 4) high-altitude
space pressure sults. '

In contemporary high-altitude aviation, as a rule, two methods of
raising the partial 02 pressure.are employed simultaneously and they
involve the combination of an airtight cabin, high-altitude equipment
[clothing], and oxygen equipmeht.

This complex of equipment ensures flight safety and normal work-
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1ng conditiona ror man at any flight altitude, with minimum over-all
| unisht of equipmcnt aboard the aircraft. |
”f" ‘Contemporary airtight cabins, ventilated by compresaed atmospheric
air, generzlly are employed for the over-all increase in pressure. The
;ncrgaae in the percentage content of oxygen in the inspired air is
iﬁhieved by using individual oxygen units. |
;;:M A pressurized cabin is the most radical means of protecting a
human being against the harmful influence of high altitudes, including
_thc_harmrul‘atfects of pain in the Joints, high-altitude meteorism,
"c&id, etc. The idea of a hermetically sealed cabin was predicted as
far back as 1872 by D.I. Mendeleyev.
T-‘ﬁ ‘At the present time all aircraft (with the exception of sport,
irﬁining, and local transport aircraft) are fitted out with pressurized
éqpinn in which climatized air is empléyed.vnowever, the sudden de-
pressurization of a cabln at great altitude as a result, for example,
oi'@bréaking window, the jettisoning of a canopy or hatch, leads to
an instantaneous (in less than 0.5 second) drop in cabin pressure to
th@t of the ambient air. This process 1s known as explosive decompres-
ai&n an?! may prove harmful or even fatal to the crew.

 On the basia of research carried out by physiologists, it is
thought that explosive deccampression 1s harmless if the ratio

-yl .
D <3 (293)

uhare Pro and P, 2ve, respectively, the pressure in the cabin prior to
and after decompression, in mm Hg.

' Generally Py is equal to the atmospheric pressure Pys however, 1if
the 1088 in pressure is brought about by a break in the canopy pres-
luriaation houe, with aircraft in which the cockpit canopy rises above
thn ruaelage we tind that pk <py by 8 magnituds amounting to 20-35%
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of the ram pressure as a result of the aerodynamic rarefaction %p the i
canopy region. Therefore, in the subsequent discussion the phrase per-g

b
{

missible altitude for utilizatlon of oxygen equipment will be under-
stood to refer to the "altitude" in the cabin [cockpit], determined by

taking into consideration the possible expansion [rarefaction] (see

the note on page 157).

In the case of cabin depressurization a conventlional oxygen unit,

even 1f pure oxygen 1s supplied, 1s lnadequate to maintain flight
above 12,000 m. |

At high altitudes (above 14,000 m) explosivi decompression leads
to loss of consciousness and death, ;nd only spe}ial high-altitude
equipment [clothing] can serve as adequate protection. Therefore, in
order to ensure flight safety and pllot survival in the case of a
breakdown in cabin pressurization at high altitudes, G suits ahd high-
altitude space pressure suits are employed. In a space presag?e sult
(Just as 1in a pressurized cabin) equilibrium elev%ted air pressure acts
on the body. The air circulates freely between the airtight shell and
the surface of the body. In the case of a G sult, it 18 only the lungs
and the entire head that are under elevated oxygéh pressure. The bal-
ancing pressure agalnst the body 1s achieved by the mechanical ten-
sioning of the suit, tightly binding all parts of the body.

Figure 170 shows a G suilt and a space pressure sult. The former

1s somewhat smaller in size than the space pressure sult.

iwhen a8 pressurilzed cabin 1s functioning properly and the given
excess air pressure (the "altitude" in the cabin, as a rule, does not |
! exceed 8000 m) is maintalned, the oxygen supply for the pilot passes
| through the helmet of the G or space-pressure sult from the correspond-
‘ ing oxygen equipment. In'this case, both the sheli of the G sult and
the shell of the space-pressure sult exert no pressure against the
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T Fig. 170. Over-all view of contemporary
, " - @ and space pressure suits. a) T-1 @
o "suit (USA); b) high-altitude space pres-
ca L sure sult produced by the Goodrich Com-

pany.

body and represent virtually no restraint on the pilot's movement. If
- the pressurized cabin, however, should suddenly become depressurized
if [losé the excess alr pressure), the automatic high-altitude equipment
_'ib ilneaiately actuated and the pilotyis supplied with oxygen at the
i 'gabﬁolutevyreaaure required for the given flight altitude.
;‘ " _when the pilot wears a space pressure suit, the entire shell is
- aut&mitically filled with air (it goes without saying of course that
E  "ﬁhé jitcr of the helmet has an airtight seal). |
"' If the pilot 1s using a G suit, then after a lapse of 0.5-1.5

. - T »
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seconds the chambers of the tensloning devices are filled with air,
this being followed by elevation of the pressure in the helmet.

This sequence protects the lungs against mechanical damage as a
result of uncompensated oxygen pressure.

It should be borne in mind that a space pressure suit not only
ensures survival, but also makes 1t possible to continue flying with-
out‘reducing altitudé. A G sult 1s primarily a means of survival,
8ince the staytime at great altitudes with a @ suit having an airtight
helmet ranges from several minutes to one hour, depending on flight
altitude, the individual features of the organism, and the level of
training.

The magnitude of the absolute air pressure both for the cabln and
for the high-altitude equipment 1s selected on the basls of physlolog-
ical requirements, the maximum flight altitude, considerations of
‘strength, and minimum structural welght. In the case of passenger'air-
craft, In order to eliminate the need for oxygen 1in normal flight, the
"altitude" in the cabin is maintained at no higher than 3000 m, which
corresponds to an exceas pressure of 0.47 kg/cm2 at an altitude of
10,500 m. In the foreign literature we find the following maximum ex-
cess-pressure values and safe "altitudes" assumed [29, 34]:

~ for pressurized bomber cabins, 0.4-0.45 kg/cme;

—~ for pressurized fighter cockpits, 0.25-0.3 kg/cmg;

-~ for shells of high-altitude space pressure suits, 10,700-11,500
m;

~ for airtight helmets of G suits, 12,000 m;

‘ — for masks with excess pressure, used in coﬁjunction with a G
suit, 13,000 m.
From the standpoint of safety under conditions of explosive de-

compression, the safe "altitude" 1in a pressurized cabin in an aircraft
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Tttor any great flight altitude) is determined on the basis of Formula
:(293) Depending on the type of high-altitude equipment employed, this
lfpltitude should not, on the basis of calculation data which provide

-jﬁtho basis for the above-cited excess-pressure datq, fall lower than
'f thc tollowing values:

for a mask with excess pPressure.....cceeesa 7500 m
for a G suit with an airtight helmet....... 6300 m
for a space pressure suit with an "inside
altitude" or llommlt....ioQﬂ...Ol.l..‘ u800m
- for a space pressure suit with an "inside
altitude of 7500 m.'."................‘ o

(1.e.,
ground
pres-
sure)

ﬂ OXYGBN—BRBATHING EQIPMENT

Aviation oxygen-breathing eqpipment 1s used to increase the per-
tage content of oxygen and its partial pressure in the inspired air.
fi. Aa haava1ready been pointed out, without the excess pressure the

5

e
e

g.‘ox&gap equipment can be used for flights up to an altitude of 12,000 m.

e
&
i,
3
k!

;
Y

3Q  - Iet us determine the oxygen content in the inspired air required

g Ib 1ndividua1 cases, an” for very brief periods of time, flight to an
} altitude of 13,000 m 1is possible.

, "to ensure the given partial oxygen pressure in the alveolar air. The
. partial pressure po of oxygen in the alveoli, as is well imown, is
}f'cqmglrto the total barometric pressure Py minus the water-vapor ten-

'"*g*.u}, (47 mm Hg), the partial carbon-dioxide pressure (pco ), and minus
%\ thg ‘pitrogen in the lungs. RAthematically, this atatement is written

T

Lout na follows:

P pa =81~ pon,— [""""iﬁ““*’ )

gvhtra tqa is the oxygen content in the 1nsp1red air.

TS e PR TR VTR,

‘gi\iha cxprassion in the square brackatn is the partial prosaure of .
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nitrogen in the alveoli, since the total nitrogen content (referred to

dry air) is identical for both the inspired as well as for the alveolar

alr.
" From Eq. (294) we obtain

Po, + Pco
io,==-1~———-‘-p”__" -100%. (295)

The results obtained from the calculation of the oxygen contents

required in a mask for Peo,. = 40 mm Hg and Po. = 110 mm Hg, l.e., for
2 2 .

the partial oxygen pressure in the alveoll, corresponding to ground

conditions, are presented in Table 16.

TABLE 16

Required Oxygen Content in Mask, Corresponding
to Ground Conditions

1 Bucora ncaera s xa 0 2 4 , 6 ‘ 8 9 10

5 o
Conepxanse KNCAOPORS 8 °

Macxe 3 % 21 27 | * 49 | 68 | 82 100

1) Flight altitude, in km; 2) oxygen content in
mask, in %.

At an altitude of 10,000 m the breathing of pure oxygen is equiva-
lent to the breathing of atmospheric air at sea level.

The oxygen equipment of an aircraft includes an oxygen supply, on-
board and parachute oxygen equipmment, an oxygen mask, connecting lines,
monitoring instruments, hoses, and fittings. Here we will undertake a
brief examination only of the actual oxygen-breathing devices, without
which 1t would be difficult to understand the operation of the high-
altitude equipment.

| The oxygen equipment must satisfy the following primary require-
ments:

1) automatic control of percentage content of oxygen for [various]
altitudes in accordance with a given law (see Table 16), both for slow
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j?ann rapid ascent;

2) minimum resiatanca to inspiration;
3) minimum oxygen flow rate;
h) operational simplicity;

,‘f?‘.

5) failproof operation under conditions of aircraft vibration and

B within a temperature interval from —50° to 60° (the upper limit of

7fitha:temperature requirements increases with each passing year as a re-

sult of the rise in aerodynamic heating and the dirficulties encoun-
torod in cooling cabins)

In terms of operating principle oxygen equipment 1is divided into

'.two basic types: 1) equipment with continuous supply of oxygen; 2)
- equipment with intermittent supply, i.e., the so-called automatic

lungb.
' In the case of the first type of equipment the oxygen 1s supplied

~  in a continuous stream, whereas in the case of the automatic lungs 1t

is lupplied periodicaliy, only during the inspiration phase. The auto-

‘matic lungs are more economical in terms of oxygen flow rate, but they

aro generally inferior to the continuous-supply equipment in terms of

o dimensions and simplicity.

Inspiration backpressure 1s characterized by maximum rarefaction

'uhich & man creates in an oxygen mask in order to obtain inspired air

of the required volume. It is desirable under all conditions for the
inspiration backpressure not to exceed 15-20 mm water column. However,

tﬁig requirement from the technical standpoint contradicts the require.

‘ment of minimum oxygen flow rate (for contimuous-supply instruments)

or lcads to large valve and hose diameters in the case of automatic

i“wlungﬂ

ﬁtth contemporary oxygan equipment the indicated magnitude of in-

‘f‘apixation backprealure 1s achieved with lung ventilation of 7.5-15
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'4iitera per minute. With high 1qng ventilation (of the order of 30
liters per minute) the inspiration backpressure at sea level amounts
to 60-70 mm water cclumn. This makes it somewhat difficult to breathe
and gradually tires the pilot. Figure 171 shows a typical relationship
between inspiration backpressure and the magnitude of lung ventilation
and flight altitude. With 1increasing altiﬁude, as a result of the re-
duction in the gas density, inspiration backpressure diminishes and
this 1s a favorable circumstance. It should be pointed out that of the
over-all Inspiration backpressure, the mask (the inspiration valve
plﬁs the corrugated hose with its seai) accounts for 55-T0%, while the
remainder 1s attributed to the on-board hoses, thelr connections, and
the fittings. The inspiration backpressure of the actual oxygen equip-
ment represents but an insignificant portion of the total backpressure,
since the threshold of senaitivity for the automatic lung amounts only

to 5-7 mm water column.

The inspiration backpressure 1s governed by the characteristilc of
the mask expiration valve, 1t is a function of the magnitude of lung

g ventilation, and in the case of average
i en N
-0 T operation amounts to 30-40 mm water col-
;mw L)
é. ~oey ~ umn. This backpressure also diminishes
e S ]
-2 2, o
1 hﬂg:ébkw 1] with increasing altitude.
’ - Iet us determine the oxygen flow
] -
S v s 1 @ » rate required by a device of the auto-
. 3 Bucoma norema 8 xw
matic-lung type, starting from the re-
Fig. 171. Typilcal func-
tion relating inspiration quired percentage content of oxygen.
backpressure with flight
altitude and lung ventil- The oxygen concentration Eo in the
ation. 1) Inspiration 2
backpressure, in mm water inspired mixture 1s equal to the ratio
column; 2; liters per ‘
minute; 3) flight alti- of the entire oxygen volume to the over-
tude, in km.

all volume of the mixture, equal to the
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"Fig. 172, Oxygen content

in gas mixture and 1its
flow rate as a function
of flight altitude and
lung ventilation. The '
darhed lines are theoret-
ical. The solid lines
represent average charac-
teristics of contemporary
equipment of the auto-
matic-lung type. 1) Oxy-
gen ocontent in gas mix-
twre, in §;
required € of
0y B) oxygen flow rate,
in standard liters per
minute; 5) flight alti-
tude, in k.

2) liters per

sum 60 of the oxygen supplied by the
2

unit and the volume v._ of alr drawn in:

v
Eo: Go.;’;";' +0.2lv. (296)
| G -&4-0 '
Opy "

where Po and py are, respectively, the
pressure of the atmospheric air at sea
level and in the air. The volume of air

drawn in by the equipment 1s equal to

v',-v,-Go.ﬁ; J./min, (297) .

where vy is the lung ventilation in
1/min. B

It follows from Expressions (296)
and (297) that

annv,fgﬁsfl)ﬁf-atandard 1iter/min.
| | (298) .

The results of the calculation car-
ried out in accordance with Formula‘(298)
are presented in the form of dashed‘lines
in the lower half of Fig. 172. The solid
lines in this same figure show typical
characteristics of contemporary oxygen’
equipment operating in the form of an
automatic lung. The oxygen flow rate 1is

somswhat higher in ah actual piece of equipment than on the basis of

theoretical calculation. This is explained by the fact that the exact

Qm@&ntbnance of a given oxygen content in the gas mixture is diffic?lt

" to echieve from a technical standpoint and contemporary units yield an
Velé%atéd percentage of oxygen in the mixture, particularly in the case




of high lung ventilation (see the solid lines in the upper part of
Filg. 172). Thus in principle it i1s possible to achieve a further in-
crease 1n the economy of 6xygen equipment.

The oxygen flow rate in the case of a continqous-feed apparatus
is associated with the design of the oxygen mask and the breathing
gystem.

The 1initial oxygen equipment was of the continuous-feed type, the
mask being open. In these devices, the oxygen was supplied from a tank
through a pressure reduction valve and a metering mechanism to the
mask which had been provided with a calibrated orifice opening out to
the alir. On explration the oxygen was uselessly expended, while during
inspiration atmospheric air was drawn 1ln and the oxygen content in the
inspired air was reduced. The high-altitude capabilities of thls equip-
ment on the average amounted to 8 km and did not exceed 10 km (without
physical exertion). Among these pleces of equipment we should, in par-
ticular, include the KPA-3bis which proved itself so useful during the
Second World War. With the O2 emergency supply valve open (l.e., at
the expense of a pronounced increase in the oxygen flow rate) 1t was
possible to execute flights to 12 km and highef with this device.

In order to reduce the oxygen flow rate and to increase 1ts con-
tent 1n the inspired air, additional containers are incorporated into
the contlnuous-feed equipment complex, and this contalner fills with
oxyzen during the expiration phase. During lnsplration, this oxygen
volume 1s connected to the continuous-feed mechanism of the unit.
Structurally, the additional contalner is made in the form of a sack
on the mask or in the form of a rubber bag held in a rigid container
(the so-called economizer), installed aboard the alrcraft directly
into the inspiration-hose line.

Table 17 shows the oxygen flow rates for a single human being
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whénmuaing a continuous-feed unit for an open-type mask and a mask
with an additional container. .

TABLE 17
P Oxygen Flow-Rate Norms for a Single Individual
B Using Contiauous-Feed Equipment
' e tef2lala| e . 0 | 12

s - ‘ 4

2 Pacxox xncopo- | 0 [0~2{1—3[2—4]| 3,5-6| 6—7 | Mpudop
aa npubopou KI1-22 Ne npu-
€ u3cxoR OTKPMTO- Mensercs
ro mna » n4jman

3Pacxozxmciopo- | 0| 0 |0=2|1—8] 2—¢,5] 3—55]| 4—6,5] 4.5~7
. 3anpwbopox KI1-32 :
€ Nacxoi} ¢ memonw- '
XO® 8 nA|MEN

1) Flight altitude, in km; 2) oxygen flow rate
with KP-22 equipment, using open-type mask, in
standard liters per minute; 3) oxygen flow rate
with XP-32 equipment, using container mask, in
standard liters per minute; 4) no equipment em-

ployed. ’
m n_ Masiks
. An oxygen mask must exhibit the following properties:
o 1) it must simultaneously cover nose and mouth, and i1t must pre-
sent no difficulty in bdreathing;
© 2) 1t must it tightly against the face and should not move even
under great stress;
3) it should not shift on the face nor ahbuld it come lbose wﬁen
subjected to ram pressure during ejection from the cabin; '
4) 1t must maintain the excess pressure (for masks with elevated
~ pressure);
'5) 1t should not inhibit speech and communications by means of a
_ radiotelephone;
. " 6) 1t should not impair visibllity nor should 1t restrict the
" movement of the head; |
-~ T) the donning and fastening of the mask must be rapid, cbnvenient,
-52 -
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and rellable, and its removal must be easy and fast;

| 8) prolonged wearing of the mask should produce no pain as a re-
sult of mask pressure nor should it result in any irritation of the
facial skin; .

9) the masik valve (inlet and outlet) must function perfectly, ex-
hibit little backpressure, be alrtight, and should not freeze over in
the case o low amblent-air temperatures (in contemporary aircraft,
because of cabin air conditioning, the requirement as to anti-icing

devices retains significance only in the case of a crash or parachute

descent);

10) the materials used for the fabrication of masks and hoses

o PR RERRREE il tinmn

should be free of odor.
The airtightness of the mask 1s a primary prerequisite if the re-
quired oxygen content 1in the 1nspired alr 1s to be obtailned. |

Many of the catastrophes occurring at great altitudes, thelr
causes as yet unexplained, were probably the result of loss of con-
sciousness on the part of the pllots as a result of oxygen starvation.

This assumption 1is conflrmed by the followlng fact.*

Seeral JsAr units conducted flight tescvs of oxygen equipment.

g The flights were conducted with alrcraft whose cabins were pressurized
and with dual controls. Unbeknown to the operating pllot, the 1nspec-
tor pilot opened the air-pressure cock of the cabln prior to the take-
off. The aircraft was then taken up to an altitude of 9150 m and re-
mained at this altitude for 30 minutes. During this period 10.5% of
the flight crew being tested experienced oxygen starvation, including

7% who fainted for brief perilods of time. This was attributed primarily

to the lack of attentlon devoted to the care and maintenance of oxygen-

mask cleanliness, as a result of which the expiration valve‘was not

airtight. In other cases, the mask proved to be hermetically 1lnadequate
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because of improper size selection and inattention to its testing prior
to application and its fit on the face.

Contemporary pilot masks are generally made in several dimensions
in order to provide more uniform fitting of the mask to the face and
to ensure good airtightness for various anthropological types and head
dimensions. The airtightness of the mask is characterized by the mag-
nitude of suction air, and this must be kept to a minimum.

The transmission of speech over a radiotelephone may be carried
out by means of conventional throat mikes or by means of a microphone
mounted directly inside the mask. The microphone ylelds better speech
clarity under high-altitude conditions. The microphone should also be
preferred because the pilot will not take off from an alrfield without
requesting permission by radio and, consequently, it 1s impossible for
him to take off without his oxygen mask.

In order to reduce the forces acting on the mask in the case of
acceleration, its weight should be kept to the minimum. Moreover, a
light mask exerts less presswre against the face. In order to prevent
the shifting of the mask in the case of ejection and exposwe to the
airstream, appropriate fastening devices are employed and the mask 1is
fashioned in proper configuration of frame. The upper center strap
prevents downward movement. Movement upward and to the sides 1s, in
addition to the side strap, blocked by the lower portion of the mask
surrounding the chin.

No special requirements assoclated with ejection or exposure to
the airstream are imposed on masks and oxygen equipment intended for
passenger aircraft. For these, the most important requirement is econ-
omy of oxygen flow rate gnd simplicity of mask handling. Figure 173
shows a dlagram of a domestic oxygen mask (KM-19) with an additional
container, used in conjunction with the KP-32 oxygen equipment designed
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‘fof multiple use (20 people) aboard passenger aircraft.

The KM-19 mask operates in the following manner.

The oxygen 1s supplled 1in a continuous stream through a thin hose
7 and a perforated tube 6 to the breathing {rubber) sack 5. The latter
is connected by means of a wide connection tube 4 to the frame of the
mésk 1.

On expiration the first portion of air, which 1s richer in oxygen,
£1lls sack 5; all of the residual expired air, saturated with carbon
dioxide, 1s passed out through two porous wvalves 3. At the'instant of
1nsp1ration.the subJect draws 1n all of the oxygen carrled 1in the sack
in addition to the oxygen supplied in the continuous stream. Thus the
sack reduces the inspliration backpressure and makes 1t possible to re-

duce the oxygen flow-rate norm (see Table 17).

| Fig. 173. KM-19 o:cggen mask with additional container. 1) Mask frame;
_ 2) wire support; 3) expiration valve; 4; connection tube; 5) breathing
sack; 6) tube; 7) oxygen supply hose; 8) fastening strap.
The wire support 2 1s used to fit the frame of the mask onto the
- 55 -
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bridge of the nose, and straps 8 are em-
ployed to fasten the mask to the head.

In contemporary passenger aircraft
the possibl’lity of donning masks rapidly
is achieved by the fact that in the case
of a drop in cabin pressure the mask is

automatically releecsed from its contailner

in the ceiling of the cabin, and 1t dan-

Fig. 174. Mask expiration gles by its hose in front of the passen-
valve with excess pres-
sure. 1) Expiration valve ger's face.
frame; 2) valve membrane;
3) iris valve; 4) cover A schematic diagram of an excess-
glate; 5) connector nut;
annular shock absorber; pressure mask together with the oxygen
7) guide slceve; 8) nut; .
9) spring. A) Mask frame; unit is shown in Fig. 176.

B) inlet valve; C) bit.
The over-all view of the mask used

in conjunction with a G sult is shown together with the protective
helmet (msee Fig. 208). The frame of the mask consists of a single
plece of rubber with a soft bead to ensure tight application against
the face. A shaped steel clamp in the frame 1is used to hold the fasten-
ing ptraps of the mask. The clamp, mbreover, protects the mask against
deformation as a result of the forces of the internal excess pressure
or as a result of the outside airstream.
A schematic diagram of the mask's outlet valve, functioning under

' equaa pressure, is shown in Fig. 1T74. The oxygen enters the mask dur-
ing the inspiration phase through a corrugated hose and the inlet y
valve. The latter consists of a rubber plate valve and a plastic seat.

* The outlet valve 1s intended tc eliminate the exhaled gaseous
mixture, whether or not excess preﬁsure exists in the mask. The iris
outlet valve 3 is therefore compressed by spring 9 to its seat by the
rubber valve membrane 2 whose internal cavity is connected by a tube .

- 56 -




e o, aspr S BT R 7 7

T

to the 1nspiration line or to the mask-pressure regulator. When oxygen
undér excess pressure enters the mask at altitudes in excess of 12 knm,
the same pressure acts on the inside of the valve membrane 2, balances
fﬁé prgggure in tiw nusk, and the valve cannot open on 1ts own. The

WAl WL be sealed even more tlghtly during inspiration, as the pres-

Bure lnside the mask 1s reduced. On expiration, the pressure 1in the

mask rises, the iris valve 3 and the valve membrane 2 back off from
the gseat, and the expired mixture passes into the atmosphere through
the orifices in the valve frame. Spring 9 ensures the alrtightness of
valve 3 on inspiration and eliminates the possibility of 1its adhering.
to the valve membrane.
In order to ensure aktighter fit of the mask against the face,
a tension compensator 1s fastened to the headset of the helmet. As
excess preséure 1s'built up in the mask, the rubber chambers ol the
compensator fill with air and‘extend the mask-fastening straps.
The oxygen masks employed with automatic lungs for flights below
12,000 m differ from those described in that they have a éimple outlet

valve consisting of a thin mlca disk pressed agalnst the plastic seat

by means of a spring.

Contemporary masks exhibit the following welights:
Mask for flights below 12,000 m....... 0.35-C.5 kg
Mask with excess pressure (including
pressure regulator and tension
ccmpel“satol’,..l..t..'..!“’l‘..'..l. 102 _IOTQ
To prevent the welight of the regulator and the hoses from exerting
pressure against the pllot's head, the regulator 1s fastened to the
strap of the parachute suspension system by means of a fast-acting re-
lease.
Masks for space pressure sults are similar to masks employed be-

low altitudes of 12,000 m, but they are lighter in weight, since they
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f?l'aréinot called upon to resist the aifstream.’ln orderjto reduce the

b:digensiona'of masks worn underneath a helmet, the inlet and outlet
valves are sometimes removed from the masks and positioned along the
appropriate hoses.

Particular attention should be devoted to the problem of the tak-
ing in of food and water by a pllot wearing an oxygen mask. According
‘to literature data® the pllot of a strategic aircraft loses about 7 kg
in weight as a result of evaporation during a period of 8-9 hours,
even if he 1s sitting still. In order to retain mental and physical
opgpatioﬁal efficiency, the pilot must be able to consume water and
focd. The brilef removal of the mask can be tolerated if the "altitude
in the cabin" 1s not in excess of 6000 m. To feed a pilot at great al-
titudes, use is made of masks in whose front sections at mouth level a
special airtight valve‘has been Iinstalled. This valve can be forced
open by means of the plastic mouthpiece which can be connected, by
means of a tube, to a thermos containing tea, coffee, milk, water, or
nutritional liquid hixtures.

On-Board (Stationary! Oxrgen Equiprment

The basic and most common type of on-board oxygen equiément is
the one involving intermittent feed. It should be pointed out that in
its pure form the principle of the automatic lung, 1.e., supply accord-
ing to need during the inspiration phase, is suitable only as long as
the "altitude” in the cabin does not exceed 12,000 m and the oxygen
mask fits tightly against the face. In the remaining cases, the on-
'boérd equipment, through use of additional mechanisms, provides for a
continuous supply of oxygen. This improves the reliability of oxygen
* supply and ensures safety in high-altitude flight.

B " A typical schematic diagram of an oxygen unit, of the automatic-
| Iﬁﬁg type, 1s shown in Fig. 175.
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Fig. 175. Schematic dlagram of aniomatic-lung oxygen equipmené; 1)

!  Membrane; 2) lever; 3, 5, T, 15) springs; 4) valve; 6) injector noz-

' zle; 8) reverse valve; 95 air intake valve; 10) diaphragm box; 11)

manual air-intake switch; 12) injector diffuser; 13) diaphragm box of

excess-pressure mechanism; 14) cap; 16) connection tube (communicates

with the atmosphere or connects to the shell of the space pressure

suit); 17; oxygen mask; 18) inlet valve (rubber); 19) outlet valve

(mica). A) To indicator.

The device functions in the following manner. The expansion in

s 0

the mask on inspiration propagates along the hose to the frame of the
unit, the elastic membrane 1 bends and presses against lever 2 of the
automatic lung. lLever 2 opens valve 4 through the transmission 1inks
and the oxygen passes to the nozzle of injector 6 and simultareously

to the connection tube of the indicator. The stream of oxygen emerating
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H;‘*jfrom‘nozzle 6 produces rarefaction in the housing of the injector and

_ through the return valve 8 draws in air from the outside, forming an
_si&ggn—air mixture. The composition of the mixture 1s controlled auto-
matically by valve 9 which communicates with the diaphragm box 10.
Withlincreasing altitude the diaphragms expand and reduce the flow-

. through cross-sectional area open to the air. At an altitude of about

9000 m valve 9 1s completely closed off and pure oxygen enters the
mask, |

The pilot can set off the air intake at will by turning lever 11.
This may become necessary in the case of desaturation or upon the ap-
pearance of harmful impurities in the cabin. |

- On expiration the’pressure in the operating chamber of the device
increases, membrane 1 and lever 2 deflect to the left (of the figure),
valve 4 closes, and the supply of oxygen is shut off until the subse-
quent inspiration.

The nozzle of the injector has an extremely small orifice and may
easily become fouled. In order to prevent the stoppage of the oxygen
supply and to prevent the breakdown of the indicator, the nozzle 1s
fabricated in the form of a safety valve which 18 closed by means of
spring 5. |

The nozzle functions as a vaive as well when the required oxygen
volume exceeds the flowthrough capacity of the nozzle 1itself.

"In order to reduce the danger of oxygen starvation aé a regult of
an improperly fitted mask, the device 1s equipped with an additional
mechanism consisting of diaphragms 13, cap 14, and spring 15. At alti-
tudes in excess of 5-6 km, the diaphrazms expand and begin to press
against the membrane through the cap 14 and spring 15. If the mask is
airtight‘and a pressure of 35-40 mm water column is_maintained in the
mask on expiration, the force of the internal pressure against the mem-
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brane exceeds the force of the spring 15 and during the expiration
phase valve 4 will be closed. If, however, the mask 18 not properly
fitted, the unit will feed oxygen continuousl; . both during the in-
splratlion and expiration phases, which 1s easlly detectable from the
readings of the oxygen indicator.

The on-board oxygen equipment intended for flights to altitudes
below 12,000 m is fabricated in accordance with this description.

In order to provide the required partial oxygen pressure in the

‘case of flights at higher altitudes, it 1s‘necessary to generate ex-

cess oxygen pressure in the lungs.
Without balancing counterpressure against the chest and abdominal
Qavities, the excess pressure 1n the mask cannot be permitted to ex-

ceed 400 mm water column, and this will make possible operations at

- altitudes up to 15 km for as long a period of time as is fequired to

bring the aircraft back to the satve dltitude of 12 km.

In order to fly at altlitudes below 1: km, the absolute pressure
in the mask must correspond to an altitude o na more than 13,000 m,

and the entire surface of the body mus' *» ... '®. to a counterpres-

‘sure equal to the pressure differen « between an altitude of 13,000 m

and the actual flight altitude. If this 1s not achieved, expiration
becomes intolerably difficult, and the blood circulation is‘disrupted

~as a result of the concentration of blood from the body at the extrem-

- itles.

As an example of a plece of oxygen equipment fitted out with a
hilgh-pressure mect anism, we present below a description of the British
Mk-17 device which 1s similar to the American D-2 unit (Fig. 176).

The device 1s equipped with a pressure-reduction mechanism which
reduces the oxygen pressure on inspirition from 30 or 14 kg/cm2 to 2.1
kg/cmz, and there 1s also an autoratic alr-intake mechanism that is
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ig. 176. Diagram of excess-pressure oxycen unit. 1) Stopcock; 2; fil-
:r; 3) manometer; 4) spring; 5) inlet pressure-reducer valve; 6
ressure-reducer bellows;1?§ automatic-lung valve; 8) automatic-lung
oring; 9) automatic- unﬁ membrane; 10) injector nozzle; 11) flow-
ndicator membrane; 12) "flashing light" of indicator; 13) bellows for
itomatic air intake; 1l4) valve of automatic ailr intake; lg; return-
low valve; 16) low excess-pressure bellows; 17) spring; 1 plunger;
)) high-pressure bellows; 20) safety valve; 21) manual excess-pressure
vitch; 22) fast-release sleeve; 2?) pressure regulator for mask; 24)
mpensation valve, expiration; 2? inspiration valve. AA) Oxygen mask;
3) oxygen from on-board tank; CC) oxygen from parachute unit.

- 62 -




similar to the one described above (see Fig. 175).

The operating principle of the pressure-reductlion mechanism and
the automatlic-lung mechanism becomes clear from'the diagram.

At an "altitude" in the cabin ranging from O to 3 km, the oxygen
or air-oxygen mixture, enters from cavity C [B] of the automatic lung
into the mask at a pressure equal to the alr pressure in the cabin.
When the "altitude" in the cabin reaches a level of 3 km, the low ex-
cess-pressure bellows 16 begins to expand and the central spring 17,
which 1s tensloned, releasés and through plunger 18 and the system of
levers acts to open the automatic-.lung valve.

The forces exerted by springs 8 and 17, the area of the large
membrane, and the gear ratlos of the levers are chosen so that at an
altitude of 3.6 km a pressure of 25 mm water column is developed in
the operating cavity of the device. This pressure prevents the drawing
of air into the mask from the surrounding air and facllitates inspira-
tion. |

If the "altitude" in the cabiln rises above 12 km, the high-
pressure bellows 19 expand, as a result of which the central spring 17
becomes more tensloned and the force applied to the center of the auto-
métic-lung membrane 1increases as the pressure drops 1n the cabin, thus
cpenlng valve 7 slightly. As a result the oxygen 1is supplied for pur-
poses of 1nspiration under e#cess pressure 1n camparison with the am-
bient medium. In the case of the Mk-17 unit the excess pressure changes
from 50 mm water column at an altltude of 12 km to 410 mm water column
at a cabin "altitude" of 15 km.

The return-flow valve 15 1n the automatic air intake prevents
leakage of oxygen when the pressure in the operating cavity C [B] is
gréater than the air pressure in the cabin.

The safety valve 20 installed in the frame of the device prevents
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a rise in pressure in the operating cavity of the unit above 1000 mm
water column.

Emergency key 21 which communicates with the levers of the auto-
matic lung through a spring is operated to check the excess pressure
in the mask prior to takeoff. The key has two positions, i.e., in the
first position (turning of the key) an excess pressure of 50 mm water
column is developed while in the second position (prescsure against the
key) the excess pressure amounts to 254 mm water column.

In the event of ejection, the oxygen supply from the parachute
unit is connected and a fast-release sleeve 1s actuated, subsequent to
which the excess pressure in the mask is maintained by means of the
regulator installed at the end of the mask hose.

In addition to the described direct (mechanical) method of devel-
oping excess pressure in the oxygen equipment, we also make use of
pneumatic control. In this case, a small additional quantity of oxygen
is fed into the cavity above the menbrane and the pressure in this
cavity 1s regulated in accordance with the altitude by means of the
diaphragm and the springs of the safety valve. This pressure produces
the same effect as the direct actlon of the bellows and springs against
ths membrane of the automatic lung.

In the case of devices with excess pressure the magnitude of the
continuous oxygen supply actuated automatically at an altitude of
11,500-12,500 m generally amounts to 15-20 1iters per minute (referred
to ground conditions). The shutting off the supply may occur with a
certain lag at an altitude of about 8 km. We shall have to bear this
in mind in calculating the required 'OWgen supply. |
Honitdrigg_Inatrumcnta

The monitoring and control of proper operation of the on-board

oxygen equipment is achieved by means of manometers and so-called oxy-
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gen-£liow indicators. In the case of equipment with continuous oxygen
feed the operational principle of the indicator 1s analogous to a
floating rotameter (gas flowmeter) or 1t 1s bagsed on the principle of
measuring the pressure difference across the narrow and wide sections
of a Venturl tube. In the case of automatic lungs high-quality flow
indicators made in the form of two blinking "eyes" (tabs) are installed,

. these reacting to a change 1n pressure at the instant 6f ingpiration

at the inlet td the automatic-lung inJjector. In the case of continuoua
oxygen feed the eyes of the indicator remain open throughout.

To monitor the pressure in space pressure suits and the helmets
of G sults a combined device 1s employed, i.e., the so-called altitude
and pressure-difference indicator. The main scale of the instrument
indicates the altitude to which the pressure in the helmet (mask) cor-
responds. Moreover, the instrument measures the pressure differencé
between the helmet and the cabin.

Parachute Oxygen Equipment

General information, requirements, and operating principle

Parachute oxygen equipment (PKP) consists of elements for indi-
vidual use and supplies pilots with oxygen in the case of aircraft
ejection and parachute descent. Moreover, PKP may be employed 1in the
event that the main oxygen system breaks down, and it may also be used
to supply oxygen cduring the descent of an aircraft to a safe altitude
(1.e., an altitude of the order of 4000 m, beneath which oxygen 1s no
longer required).

In terms of operational principle PKP i1s included among the con-
tinuous-feed oxygen equipment. The oxygen supply is kept under high
pressure (150 atm) in a group of tanks or in a single bottle. Under
normal flight conditions this supply 1s not consumed and the pilot
breathes the oxygen supplied by the on-board equipment.
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' “?JThc basic requirements imposed on PKP can be reduced to the fol-

1. In the case of ejection from the alircraft the actuation of the

f-“oxyﬁbn supply must proceed automat;cally, with absolute reliability,
"and without fail.

2. In the assembly of the equipment it 1is neceasary to take 1nto

conaideration the manner in which it is carried by the individual and

the way it is stored in the parachute. The equipment should not inter-
fere with the pilot's adbility to fly nor should it hinder the ejection
procedure,

3. The oxygen supply norms and the oxygen reserve norms must be
=R

matched to the regime and time of descent during the pilot- and main-
chnte phases.

The physiological norms of oxygen supply to the mask from the
pdrachute equipment may be determined on the basis of the data pre-
sented in Table 18. |

TABLE 18 ,
Physiological Norms of PXP Oxygen Supply

1 Bucora » xx F,}f_’; nixo’o |I1lc s

;lopn RO o. 4 12

8 RAjNEN be NENER

95 | 75| ¢

CIS 2

1) Altitude, in km; 2) 12 and higher; 3) O, sup-

ply norm, in standard liters per minute, not
less than.

- In terms of the method employed to regulate the subply of oxygen,
parachute equipment can be divided into equipment having pressure-
reducing apﬁaratus ahd equipment having no such device. In the equip-
ment qith pressure-reducing apparatus, the pressure of the oxygen en-

tering from the bottle drops from 159 to 4-.10 atm (varying with the

- 66 -




m;q*ln/m

& o aa3RTE

sy g

e

2 4 5 302M
2 loesr 8 sun

Fig. 177. Oxygen
flow rate as a
function of KpP-23
operating time.
Capacity 0.83
liter; initial
pressure, 150
atm. 1) Oxygen
supply, in stand-

‘ard liters per

minute; 2) time,
in minutes.

manufacturer). At the outlet from the pressure-
reduction appafatus there 1s a jet (nozzle). The
adiabatic discharge of the oxygen through the
nozzle at asonic critical speed and with constant
pressure.in frent of the noz?le provides for a
constant oxygen flow rate in this type of equip-
ment. This flow rate 1s generally set to range
from 6 to 8 standard liters per minute. This
equipment 1s used for flights with masks to al-
titudes of the order of 10 km.

In the case of parachute KP in which there
1s no pressure-reduction equipment, the oxygen

1s discharged from a bottle directly through a

nozzle or capillary tube and then enters the inspilration hose of the

mask. In either case, the oxygen flow rate 1s greatest at the instant

at which the equipment 1s turned on and it diminishes as the pressure

drops off in the tank (bottle) (Fig. 177). This type of characteristic

is for the most part in correspondence with the required physiologicai

norms (see Table 18) and the regime of descent.

In the case of equipment without pressure-reducing apparatus and

where the dlameter of the nozzle 1s extremely small (less than 0.15

mm), fabrication of the equipment 1s difficult. Copper tubes with an

inside diameter of 0.35 mm and 4500 mm long are used in the equipment |

using caplllary tubes. The required oxygen flow rate 1s achleved by .

calibration of the inside channel of the tube with chemical etching.

The indicated tube diameter and the length of the tube are selected so

as to eliminate the possibility of the freezing in the tube of the

molsture which may be contained in negligible quantities in the oxygen.

In equipment employing a nozzle freezing is more likely, since the
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process of adlabatic discharge from the nozzle 1s accompanied by a sig-
nificant reduction in temperature.

When the separation of the pilot from the ejection seat is calcu-
lated- for altitudes of 5 km or lower, it 1is pqsaiple to use parachute
oxygen equipment that is stored together with the oxygen supply in the
gseat. This equipment may be either of the continuous-feed or automatic-
lung variety.

At the present time the most common equipment in use 1s the para-
chute oxygen equipment without any pressure-reduction apparatus, this
equipment carried either by the pilot or as part of the parachute sus-
pension system. ’

Aasgg%lg and design of parachute oxygen equipment and its functioning

on ejection

Parachute KP is assembled either with a single bottle or with a
group of tanks mounted in a flat container.

The firat assembly version is the type used in British-American
equipment. The following devices are mounted at the throat of the bot-
tle»uhieh has a water capacity of 0,.4-0.7 liter: a stopcock, a small-
scale manometer, a metering nozzle with a filter in front, and flow
and charging connection tubes. Parachute equipment of this type 1is
stored in a soft covering case which is strepped to the suspension sys-
tem of the parachute at belt height or directly to the pilot's hip
(see Pig. 170a). The bottle must be fastened securely to prevent its
being torn away on ejection.

The automatic switching on of the equipment is carried out by
means of a barometric sensing element at a pressure corresponding to
an altitude of about 13,000 m. Provision is also made for manual opera-
tion of the equipment (see the sphere with a cable in FPig. 170a).

The second assembly version is employed for domestic parachute
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~equipment, 1l.e., KP-23 and KP-27M. The schematic dlagrams of these two

types of equipment are shown in Fig. 178. The oxygen 1s carried in a
grouping of series-connected German-silver bottles with a total capac-
ity of about 0.83 liter with an outside dlameter qf 20.5 mm and a wall
thickness of 1.25 mm. The operating pressure 1s 150 atm. All of the

‘equipment 1s mounted in a 23-mm-high duralumin box which 1s fastened

to the pack of a "seat'" parachute or (in the case of a parachute back-
pack) to the suspension system. |

A charging connectlion tube 1 1s connected on one side of the bot-
tle‘group, while manometer 5 and capillary tube 6 are connected to the
other side (the parameters of the capillary tube were presented ear-
lier). The bottle grouping is connected through the capillary tube to
the stopcock device. The actuation of the equipment 1s carried out
automatically on ejection.

The KP-23 and KP-27M equipment shows & number of structural dif-
ferences, primarily in the stopcock system (the switches). These dif;
ferences are based on the fact that the first unic is employed with
seats that have not been provided with consolidated tubing releases,
while the second plece of equipment 1s designed to function in combina-
tion with a VKK [high-altitude'G suit] designed for seats iquipped
with such consolidated releases. Figure 178 shows how parachute oxygen
equipment 1s connected.

In the case of the KP-23 unit the oxygen hose connecting the on-
board equipment to the oxygen mask passes through a switch equipped
with a stop valve and a fast-acting releaée (Fig. 179). At the instant
that the pllot leaves the aircraft the disconnecting of the on-board
hose and the switching to the [oxygen] supply from the parachute equip-
ment are carried out simultaneously and automatically. With the initial
movement of the seat the halyard 16 (a chain or cable) tenses, the
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Pig. 178. Schematic diagram of KP-23 and KP-27M parachute oxygen
equipment. 1) Charging connection tube; 2) return-flow valve; 3) bot-
tle group; 4) filter; 5) manometer; 6) capillary tube; 7) stopcock; 8)
switch; 9) halyard (chain or cable); 10) starter; 11) on-board (sta-
tionary) oxygen equipment; 12) mask; 13) pressure-reducing mechanism
in mask; 14) Bowden cable guide through which passes the cable release
for the KP-27M equipment; 15) manual switch; 16) consolidated release.
A) To the mask.

pins of the release 14 are jerked out of their openings, the plate
springs 12 release the conic projections 11 of the switch and under
the action of spring 5, lever 6, and rod 10 the hose of the on-board
equipment is Jjettisoned. Simultaneously, spring 5 presses against
plunger 4, opens the stopcock 3, and the oxygen streams out of the
bottles through the capillary tube into the mask hose. The return-flow
valve 9 blocks oxygen leakage from the frame of the switch to the at-
mosphere. As the oxygen reserve is used up and the oxygen supply 1is
reduced, at vhich time expansion may tales place in the mask on inspira-
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f_ tion, the air required for breathing 1is drawn in through the mica valve

9. | |
The airtightness of the oxygen hose connecting the two parts of
the switch 1s ensured by means ¢f a rubber pad 13 which 1s kept under

peef Y J ) ;zwmm
i » i AN dope
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Fig. 179. KP-23 equipment switch. 1) Filter; 2, 5, 8) springs; 3) stop-
cock; 4) plunger; 6) lever; 7) dog; 9) return-flow valve; 10) rod; 11
"insert with conlc projection; 12) spring; 13) rubber pad; 14) release
pin; 15) screw-sleeve; 16) release chain (halyard). A) Position A; B)
to mask; C) compressed oxygen from bottles; D) from stationary equip-

ment; E) to air-raft.

pressure py means of a screw-sleeve 15 after pins 14 have been inserted
into cones 11.

Unlike the KP-23 equipment, the parachute KP-27M equipment lacks
a releasL‘for the separation of the on-board oxygen hose (the latter
passes to the side of the equipment), and there is only a starter
[trigger] for the automatic or manual actuation of the oxygen feed.
The separation of the on-board hoses 1s achieved by means of a‘special
mechanism known as a consolidated tublng release that 1s attached to
the seat. On ejectlion of the pilot the consolidated release opens auto-
matically by means of a halyard.that 1s fastened to the cabin floor.
When thils takes place the lower section of the release which 1s con-
nected to the cable (which actuates the KP-27M equipment) 1s attached
remains in the aircraft, while the upper portion of the release '"moves
away" together with the pilot. The return-flow valve in the connectlon
tubes of the upper section [of the release] close off all of the plumb-
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| iﬁ&j 1ﬁaulat1ng the breathing organs from the atmosphere. The oxygen-
‘iuppli‘hose from the KP-27M equipment to the mask and the G suit are
connected directly to the appropriate plumbing by means of a T-joint
at a point between the upper portion of the conaol}dated release and

~ the individual equipment (see Fig. 188).

" The trigger of the KP-2TM equipment (Fig. 180) funépions in the
following manner, i.e., when cable 14 1s jerked out key 13 1s pulled
out of pin 12. As a result rod 10, fastened by means of lever 11 to .
pin 12 preasés against plungers 6 and 4 under the action of the ten-
sioned spring 9. Plunger 4 opens the étopcock 3. As 1t continues to
move rod 10 presses pad 7 which 1t carries against bracket 8, thus
securing the airtightness of cavity A. The drawing in of the air re-
quired with the reduction in the oxygen supply is achleved by means of
the mica valve in the oxygen connection tube of the inspiration line
in the upper section of the consolidated release.

G W o] S yTTY
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Pig. 180. Schematic diagram of KP-27M trigger. 1) Filter; 2, 5, 9)
springs; 3) valve; 4, 6§rp1ungers; 7) pad; 8) bracket; 10) rod; 11)
lever; 12) pin; 13) key; 14) cable attached to the on-board section of
the consolidated release; 15) manual actuator. A) Oxygen to suit and
mask; B) oxygen from bottle group.

The weight of the parachute oxygen equipment is as follows: KP-23,
4.9 kg; KP-2TM, 5.3 kg.
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{ Storage of parachute KP-23 and KP-27M equipment with parachute and in

{seat

A A, < - b i S s

Parachute oxygen equipment of the KP-23 and KP-27M varlety are

used together with parachutes whose backpacks are equipped with a spe-

i

clal pocket to carcy the parachute oxygen equipment. In flights 1in

§ which the portable emergency kit 1s carried in the bucket of the seat,

the pocket for the parachute [oxygen] equipment 1s positioned between
the emergency kit and the pllot, fastened tb the parachute suspensilon
system, |

As a rule, KP-23 and KP-27M equipment 1s carried in é pocket on
~e front slde of the parachute; i.e., the trigger for the equipment
facing the same direction as the pllot. However, an opposite position
for the equipment 1is possible. If the KP-23 equipmrent is stored so
that the hoses face in the directlon 6f the seat backrest, a suffi-
clently large opening must be provided for in the bucket of the seat
to provide an exit for the separating hose during ejection and this

must be tested by operating the ejection mechanism in a ground instal-

lation.

The KP-27M equipment must be positioned so that the hose 1s di-
rected toward the consolidated plumbing release. For alrcraft from
which e jection proceeds upward, the consolidated release is generally
mounted on the left-hand side of the seat.

§5. HIGH-ALTITUDE G SUITS (VKK)
General Informatlon and Operating Principle

VKK [G sults] are used to ensure flight safety and pilot survival
in the case of cabin depressurization at altitudes in excess of 12-15
km. G sults are used eithér in conjunction with an oxygen mask under
excess pressure or in combination with an airtight helmet (see Fig.

170a).
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In the first case the maximum flight altitude is 16-17 lkm, while
in the latter case it 1s possible to operate at a flight altitude-of
40.50 km, although for only a very limited period of time involving
but a few minutes.* _

At altitudes below 12 lm the absolute oxygen pressure in the her-
metically sealed helmet 1s equal to the ambient pressure. Above 12 lm,
a constant absolute pressure is automatically maintained in the air-
tight helmet, this pressure corresponding to the altitude in question,
i.e., 144 mm Hg. Therefore, when climbing to an altitude above 12 km
we find the excess pressure in the aiftight helmet must, according to
the conditions of the standard atmosphere, attain the magnitudes in-
dicated in Table 19.

TABLE 19

Excess Preamasure in G-Suit Airtight Helmet as a
Function of Flight Altitude

Bucora no}eri s xM 12 13 18 21 25 % &:‘2
3 -

Heburowmoe aasrenne e

t maeme:

Ls ux pr.cr 0 8 | o8 | 100 | 125 | 138 | 144
58 xzjeas 0 |o0,074] 0,12| 0,180,170 0,186 | 0,197

1) Flight altitude, in km; ; 50 and hisher, 3)
excess pressure in helmet; 4) in mm Hg; 5

kg/cme.

A good G suit must exhibit the following basic properties:

1) exert uniform counterpressure over the entire body surface,
:hls counterpressure equal to the pressure of the gas in the lungs;

2) not restrict the movements of the pilot;

3) be air and vapdr tight;

4) lend itself to being put on and taken off without outside help.

The operational principle behind a high-altitude G suit involves
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the fact that the surface of the body is subject to mechanical com-

pression at a specific pressure equal to the pressure of the gas in

the lungs. This 1s achlieved by means of special tensioning devices

which incorporate pneumatic chambers.

Figure 181 shows schematic dlagrams of the operation of two'typea

of tensioning devices.

The stress-bearing diagram of the device shown in Fig. 18la looks
like a loop in the form of a figure eight in which the small circle

houses the pneumatic chamber. As the chamber becomes filled with gas

b 4)

Fig. 181. Schematic dia-
grams of two types of ten-
sloning devices for the
mechanical constriction of
body surface (cross-sec-
tional area). a) Diagram
with circular pneumatic
chambers, q = P (dk/ZR), b)

diagram with flat pneumatic
chambers, q = Pk‘ The solid

line denotes the contour of
the pneumatic chamber; the
double thin lines denote
the shell of the suit; Pk

is the pressure inside the
pneumatic chamber; 1s the
specific pressure of the
suilt against the body. 1)
Body.

it straightens out, 1ncreases in diam-
eter, and constricts the large circle,
l.e., 1t reduces the perimeter of the |
suit. o |

In the diagram shown in Fig. 181b,
as excess pressure 1is developed 1n the
chamber, the latter expands and con-
currently presses one of 1ts sides
against the surface of the body while-
the other side draws 1n the shell of
the suit. As a result pressure is ex-
erted against the body surface over
the entire periheter.

The constriction devices of a G
sult [VKK] are geherally made in the
form shown in Fig. 18la, since in this

case the swrface of the body is no-

where in contact with the rubber chamber, and as a result there 1s no

impairment of the natural ventllation of the body. Devices made 1n ac-

cordance with the dlagram shown in Fig. 181b are convenient and are
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used to exert pressure against the abdom-
e inal region, the hands, and the soles of
the feet.

Let us determine the specific pressure

against a body, produced by a suit made on

the basis of the diagram shown in Fig. 18la.

D geflepnr §mnipes M Without taking into consideration the fric-
g&;gﬁiogp:gigégy as tional force, the tensioning T of the strap
mﬁiz&gi g'? :::z:e ‘per unit length of generatrix will be
Teorotioa) magnitude T = py(4,/2) ke/em, (299)
Zg%?:z;gg’gi:g:g where p, and d, are, respecti;ely, the pres-
actual suit (2 — with sure in the chambers in kg/cm“ and the di-
gr:p:}ztﬁri:;rg;:gm; ameter of the chamber in cm.
f’)?-iggr::;gi;’grgfm?“%');)‘ The tightening [tensioning] of the
:':,."'i::io,’,"ﬁgv‘”;cgf xc)m- suit shell in turn is equal to
Specific pressure T = QR lg/cm, (300)

against body; B) pres-

sure in chambers. where g is the specific compression of the

body, in kg/cmz; R 1s the curvature radius of the corresponding por-
tion of the body, in cm.

Since the strap of the tightening device and the fabric of the
sult shell combine to make up a series-connected stress-bearing system,
the tension of the strap and of the suit shell are identical and, con-

sequently,
P(4/2) = @&, (301)
from which we get the apecific constriction of the body
q = P(4,/2R) keg/ont. (302)

The magnitude of the specific pressure g against the body must be

equal to the excess pressure of the oxygen in the hermetically sealed



|

helmet.

Figure 182 shows a qualitative distinction between the actual con-
striction of the body and the theoretical. The dashed straight line 1
corresponds to Formula (302). Because of the friction between thc G
sult [VKK] and the pilot's underwear, as well as because of the fric-
tion in the folds of the coverling case of the tension chamber, the
specific pressure exerted agailnst the body 1s lower than the theoreti-
cal as the pressure in the chamber rises (curve 2a), while with a drop
in pressure, conversely, the specific pressure 1ls greater than the
theoretical (curve 2b). Curves 3a and 3b in this same figure correspond
to the case in which the movement of the straps of the tensloning sys-
tem 1s smaller than the slack of the sult (for example, as a result of
slightly loose fit). In this case, the compression of the body 1s in-
adequate (incomplete compensation). In order to reduce the danger of
incomplete compensation, 1t 1s expedient to have as much play as pos-
sible in the tensioning system. Thils can be achieved by increasing the
diameter of the tensioning chambers, or by increasing their number. In
actual fact, if two or three series-connected tensioning devices of
identical dlameter are incorporated into the contour of the stress-
bearing system, according to Formula (299) the constrictioq of the
body will not change; however, there will be a significant increase in
the total play of the tensioning elements. Therefore, in order not to
increase the dimensions of the suit, as a rule two longitudinal ten-
sioning chambers are incorporated along the frame of a VKK [G suit].
The sleeves and pant legs are restricted to a single chamber each. The
position of the tensioning chambers can be seen from Fig. 183. Let us
determinc the pressure required in the chambers of the tensioning de-
vice. It follows from Formula (301) that

Py = 2Ra/d, ke/cm®. (303)
- 7 =



Expression (303) shows that the pressure in the tensioning chamber
must be greater than the required counterpressure at the body by a fac-
tor which i1s equivalent to the extent to which the diameter of the cor-
responding portion of the body 1s greater than the chamber dilameter.

Pig. 183. Typical positioning of tension chambers on G suit (front and
rear views of auitg? 1) Pressure [tensioni system; 2) zipper; 3) over-
alls; 4) rubber hose of pressure (tension] system; 5) connecting tube
of ‘pressure system; 6) connecting tube of G suit.

Iet us assume that all the parts of a human body are circular in
cross section and that the mean diameter of the chest cavity is equal
to 32 cm, while the dlameter of the chamber 1s equal to 6 cm. For the
selscted initial magnitudes, we obtain

| g1 |
i.e., the minimum required relationship of excess pressures between
the airtight helmet and the pressure [tension) chambers amounts approx-
imately to 1:5. Taking the frictional forces into consideration, we
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must ralse the pressure in the chambers somewhat.

Since all of the tensioning chambers of a VKK [G sult] are most
convenlently filled from a single automatic unit, it is obvious that
the’pressure in all of the chambers should be ldentical. Conzequently,
in order to ensure uniform spgcific pressure the stress-bearing cover-
ing cases of the tension chambers for the.extremities must be made of
slightly smaller diameter, in accordance with Formula (302). On the
other hand, it should be borne in mind that VKK [a G suit] fails to
provide for complete compensation over the entire surface of the body.
Such areas as the armpits and shoulder blades, the groiﬁ, the elbows,
and the knees are not subjected to adequate counterpressure and this
may result in the concentration of blood at the extremities. In order
to prevent this from happening, elevated constriction of the legs 1s‘
employed. For the hands every effort 1s made not to 1ntroduce any sig-
nificant increase in chamber diameter so as not to restrict movement
or to increase dimensions. The final parameters of the tensioning de-
vices are verified experimentally on test models.
| The ratio between the pressure in the hermetically sealed helmet
and the tensioning chambers in various types of VKK [G suits] produced
by foreign firms 1is kept within limits of from 1:5 to 1:10.

The final selection of the relationship between the pressures in
the airtight helmet and the chambers 1s a function of cabin, hatch,
and seat dimehsions. |

Design of High-Altitude G Sult

A G suit consists of a pair of overalls with straps and pneumatic
chambers. The overalls may be made of cotton, linen, capron, or nylon
material. The material must be strong, light, permit the passage of
alr and vapor, and it must also exhibit a minimum coefficient of fric-

tion.
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‘" yided with zippersd slits.

{'ff"Thp suit is tailored so that the material is stretched as little
ﬂfﬂti“pOsliblo in the direction in which tenaion 1sa exerted. The front of
fthi overnlla are open, but can be closed by means of a zipper. To fa-
f_cilitate the putting on and taking off of a fitted suit (i.e., a suit
'aajuated for the ﬁilot'a figure), the sleeves and pant legs are pro-

i»:Thc tensioning device consists of a pneumatic chamber and straps

?’uhioh are wrapped around the entire length of the chamber, each turn
‘separated by a width equal to the width of the straps. Figure 18la

lhbﬁs‘a schematic diagram of the tensioning system; an element of the

Fig. 184, Rlement of ten-

- sloning system used in VKK

[hish-altitude @ suit]. 1)

lacing; 2) suit shell; 3)

::rapl; 4) pneumatic cham-
r.

ffqhdion;ng system 1s shown in Fig. 184, The pneumatic chamber is made
f-or rudderized material, or it comes in the form of a ruﬁber chamber

f housed in a capron or nylon covering case. With the supply of oxygen

' . ' ~ the chamber straightens out and tightens

the overall material through the straps.
A single chamberv is installed 1in the
suit along each sleeve and each pant
leg, and there are two chambers on the
torso. For greater mobility in the air-
craft, the chambers are shaped so as to
conform to the seated position of a
pilot. When straight chambers are used
at the knee and eldbow Jjoints, the cham-
ber 1s fastened by means of a strip so
that at this particular cross section
the diameter 1is reduced by a factor of

3-4 (but a passage for the oxygen remains open).

FPlat chambers are used in order to exert pressure against the ab-

dominal cavity. High-altitude G suits [VKK] abroad are produced in 12
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sizes. The suits weigh from 2.8 to 3.4 kg each. Lacing is employed to
achieve individual fit of the suit in the diameter, and the lacing 1is
found around the torso, the arms, and legs. After fitting, the slack
in the suilt should be slightly less than the play pf the tensioning
system.

FPitting and Using VEK

When a pilot receives a new suit he must, in cooperation with a

suit technician, first fit and check the suit on his own body. The fit-
ting of a sult 1s geherally carried out in the foliowing sequence:

1. The suit is put on, the zippefs are closed, and an excess pres-
sure of the order of 0.3-0.4 kg/cm2 is generated in the tensioning
chambers. |

2. In seated position all laces are tightened (with the exception
of those on the sleeves) so that the straps of the tenaioning system
remain with a play of 2-3 cm.

3. Gradually the pressure in the tensioning chambers 1s raised to
the operating pressure. In this case, the margin of strap tension
should not be determined before the pressure in the chambers reaches
90% of the maximum operating pressure.

4; The laces on the-s;eeves are tightened when the pressure
reaches 70-80% of the operating pressure, so that the sleeves fit
tightly about the arms.

5. When the pressure in the chamber reaches 90-100% of the operat-
ing pressure, a check 1s carried out to determine whether the sult is
exerting pressure against the body uniformly, whether the pressure 1is
causing local pain, and to make certain that no intolerable impairment
of movement results.

A properly selected (with respect to size) and fitted suit is
evaluated subjJectively by determining whether or not a pilot has com-
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ﬁiito‘freedom of movement when there is no pressure in the tensioning

’ chanbara, and if pressure is developed in these chambers whether he

lonsea uniform compresaion against all surfaces of the dbody, with in-
significant restriction of movement. . '
. Improper (somewhat too loose) fitting of the suit may produce
nﬁdden loss of consclousness. 7
 Jersey undergarments (positively without buttons and straps) are
worn beneath the G suit, and these produce minimum friction against
tho material of the suit.

Depending on the time of the year and the theater of operations,

| conventional flight clothing is worn over the G suit. It is important

for the Jacket to have a'zippered opening in the center to permit pas-
sage of the straps for the regulator of helmet tension.

G suits may also be used in combination with waterproof survival

_ suits.
Design of Airtight Helmets*®

For flights higher than 15-17 km, the G suit is used together
with an airtight helmet [known in Russian abbreviation as a "germo-

.shlam"Q— GSh]. The airtight helmet completely protects the pilot's

head against the outside atmosphere. The sealing off of the helmet 1s
achleved about the neck by means of a multisectioned rubber valve. As
has already been pointed out, the airtight helmet serves all functions
of fhe oxygen mask. Moreover, it provides'ideal pressure compensation
abdut the surface of the head. The airtight helmet also protects the
face and head of a human being against the effects of ram pressure on
ejection, as well as against the accidental striking of the head
against obJlects.

The magnitude of the required excess oxygen pressure in an air-
tight helmet [GSh] was given in Table 19.
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Onlikz an oxygen mask, the following additionél requirements are
J impoaed on an airtight helmet:
v, 1. The ope.1 space of an éirtight helmet [GSh] should not be overly
large, to provide for normal operation of the automatic lung and to
ensure a low concentration of carbon dioxide in the inspired air (with
an excessively large free space the expansion resulting from inspira-
tion may be inadequate to set the automatic lung into operation).
2. The helmet must satisfy hyglenlc requirements with respect to
ventilation and protection'against radiative heat.
| 3. The helmet should not restrict visibility, fog over, or impair
head movement. | ' |
4. The helmet must be of minimum weight (this is particularly im-
portant at the instant of accelerétion on seat ejection when fhe pilot
- f£inds his head forced forward; a heavy helmet may damage the neck ver-
tebrae).
5. The helmet must have a movable light filter for use when flying
into the sun. |
6. The visor of the helmet must exhibit good optical properties
and produce no distortions (the angular shift with normal ray incidence

should be no more than 51).

7. It should be possible to put on and remove the helmet visor
with one hand.

Figure 185 shows one of the most bopular types of airtight hel-
meté. This hermetlically sealed helmet consists of three baslc units: a
face frame 1 with a helmeﬁ liner; a helmet 2; and a transparent visor
3. A thin rubber helmet liner 4 i1s hermetically sealed to the face
frame, and this liner 1s fitted out with a valve to ensure the air-
tightness of the helmet about the neck. The rubber liner 1s covered
with a stress-bearing material liner 5 which 1s attached to the same
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Pig. 185. Design of contemporary airtight helmets, employed as part of
regular Air Force equipment in many foreign countries. 1) Face frame
with soft helmet liner; 2) helmet; 3) transparent visor; hz airtight
rubber helmet liner; 55 strong helmet liner of material; 6) bundle of
communications leads; 7) microphone; 8) oxygen hose; 9) window-heat
leads; 10) helmet tensioning roller; 11) helmet release; 12) visor re-

lease. A) Position A.
face frame. The material liner 1is provided with laces for purposes of
régnlation and a zipper to permit rapid donning. At the bottom the
1iner terminates in a neckplece which 1s worn beneath the G suilt to
prevent its creeping out as excess pressure 1s generated in the helmet.
The rigid helmet 18 fastened to the face frame at three points, 1i.e.,
on top at the center, and at the sides. The helmet contains an adjust-
able soft section designed to permit change in helmet depth as it is
fitted on.the person. The transparent visor 1s fastened to the face
frams at 2 points, 1.e., suspended from a hook at the top, and tight-
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ened at the bottom by means of a catch.

The airtight sealing of the visor 1is achieved either on the basis
of the "knife against rubber" principle, or by pressing an inside
valve to the surface of the visor. The transparent visor [face platé]
is made of plexiglas, two pieces bonded together, with heating ele-
ments consisting of wires 0.03 mm in diameter between the piates. The
spacing between the wires 1s about 0.25 mm. This electrical heating
provi&es a temperature of 30-37°C on the inside surfacelof the glass

specific power of the electrical heating for various types of helmets

and completely protectg the ;lass against fogging overyznd icing. The
ranges between 0.08 and 0.15 w/cm®. Figure 186a shows the required
specific powr as a function of the temperature difference between the
inside surface of the helmet glass and the outside air, the latter cals
culated on the basis of the conventional heat-transfer formulas in
which convection and radiation have been taken into consideration on

the basis of a heat-transfer coefficient a = 6 kcal/me-hroc.
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Fig. 186. Characteristics of electrically heated visor plates of her-
metically sealed helmets (in quiescent air). a) Temperature difference
between inside surface of plate and the outside air as a function of
the specific heating power; b) heating time for plate with various

specific powers. 1) Temperature difference At °C; 2) specific power in
w/cme; 3) 0.15 w/cmz; 4) specific power; 5) heating time, in minutes.

The time required for the heating of the plexiglas plate as a
function of the specific power 1s shown in Fig. 186b. The platé tem-
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porature is controlled manually by means of a rheoastat or automatically.
Tbc unaing element of the autamatic temperature regulator is a minia-
.t:urc themistor glued into the plete.

- A balanced outlet [expiration] valve 1is mounted in the lower por-
tion of the visor plate (the same as shown in Fig. 174) and an inspira-
t;j.on valve 1s also attached here, with the corrugated hose that con-
1ects to the on-board oxygen supply connected to the frame of this
lattor valve,

As excess pressure 1s developed a rather great force directed up-
ru‘d is exerted on the helmut, this force being equal to the product
f A‘tha excess pressure and the area difference between the cross sec-
:don of the helmet (at its greatest points) and the neck. With an ex-
:oﬂi preisure of 0.2 l:g/czu2 (corresponding to a flight at an altitude
£ 36 Kn and higher) this force is, on the average, equal to 70 kg.
1t: k«p the helmet on the head and to prevent its shifting upward

mo 1s a tensioning device provided for the helmet (see Fig. 170sa).
mrq is a single roller on each side of the helmet, and these are
uspended from free-swinging hinges. A thin cable is passed through
ach of the rollers and this cable is fastened by means of snap hooks
o_rim that have been sewn, for this purpose, into the G suit. The
angioning system of the helmet is provided with a length control that
s Oporatod at will by the pilot by tugging at the strap passed through
self-gripping buckle. Partial autamation of cable tightening can be
Jh;qvcd by taking advantage of the pressure in the chambers of th;a
. -

'unn the helmst 1s on communications are effected by means of
zi‘ph@s or a nicrophogn mounted generally on a headset worn directly
1“thc head. The quality of communications depends in great measure on
xdfdistance between the microphone and the lips. If the microphone is
: - 86 -




mounted on a special bracket as part of the headset, the position of
the microphone 1s virtually independent of the position of the GSh
[airtight helmet] which may nevertheless shift upward under the action

of the excess pressure.

Other types and designs of hermetically sealed helmets are pre-
sented in Fig. 187.

The airtight helmet shown in Fig. 187d has a rigid plastic helmet
(for example, made of fiberglas or giass textolite) which covers the
entire head, and a visor which can move radially upward and can be
fixed in this position. The light filter 1s mounted inside the helmet.
This procedure makes 1t possible to automate the closing of the visor.

The semirigid airtight helmet shown in Fig. 187b is equipped with
a permanently closed viewing visor. To prevent foggihg of the plastic
plate, the latter 1s designed df two panels which a clearance (there
is no information as to whether or not a vacuum exists in thls clear-
ance).

There 1s an opening with a cover in the lower portion of thé face
frame of the helmet, this orifice intended for breathing on the ground
and for the intake of food.

The airtight helmet shown in Fig. 187e isrbf 1n£erest beééuﬁé the
sealing valve 1s positioned between the neck and a ring on which the
helmet turns. This makes it possible to remove the helmet and put 1t on
agalin easily, thus providing great operational convenlence, since 1t
enables the pilot durlng the hot season to prepare for takeoff without
‘having to remain enclosed within the helmet.

Some of the airtight helmets from among those shown in Fig. 187b,
¢, and d have the mask incorporated as part of the design (these types
of helmets are common in Great Britain). The significance and purpose

of the mask 1s to reduce the volume of dangerous space and thus to re-
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.lduop tho carbon-dioxide content in the inspired air, as well as to re- |
,‘&ce’ the hunidity of the air in the vicinity of the visor plate. Such
LR ¥ hak, faatened not to the race but to the forward portion of the
?,.,h-lp-t is not completely airtight; however, this is safe since the en-

. tire helmet 1s filled with oxygen.
'wen §latem of a High-Altitude G Suit

B CL R ISt S

In the event of cabin depressurization at altitudes in excess of
12 000 m, the excess preasure 1n the lungs and the lLalancing counter-

‘prouurc of the G guit against the body must be generated automatically
andwithout delay, within a period of time not to exceed 3.5 seconds.

“ In thia cuo, so as not to damage the lungs, the rise in pressure in
tho mnt ‘chambers must precede the appearance of excess pressure in
tho lungs by 0.5-1.5 seconds. This represents the main feature of the
v ~o§men system employed in a high-altitude G suit.

_“Pigure 188 shows one of the possible block diagrams of a VKK [G
suit] oxygen syztem. In addition to the oxygen sources for the suit
and airtight helmet, the system includes an on-board oxygen unit with
an aéceloration_—blockim mechanism 8, a consolidated release 12, a
parachute oxygen unit 11, i pressure-ratio regulator 9, and the cor-
responding phmbing (hoses). The connection tubes located along the
1ine A-A are used to connect the airtight helmet and the suit once the

) ‘pilo‘t 13 seated in the cabin. The separation of the hoses connected to

the common release 12 in the event of ejecticn takes place along the
line B-B [B-5].

- Below an altitude of 12 thousand meters the pilot's supply of oxy-
m u providad by the on-board oxygen equipment whose operational

principh is analogous tq that of the excess-pressure equipment (see
~ P1g. 176). Above 12 Im diaphragm valves installed in the blocking
' mschanism provide for the rapid £illing of the suit chambers with oxy-

-
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Fig. 187. Various types of foreign airtight helmets used in conjunc-
tion with G suits. a) Mass-produced USAF helmet; b) helmet with sewn-
in double visor plates and mouth hatch; ¢ and d5 helmets with movable
plates and hatches for food intake (these helmets are used by English
test pllots); e) helmet on rotating bearing (experimental helmet, USA).

gen (within 2-3 secohds), with subsequent automatic switching to con-
tinuous feed at a rate of 15-20 standard liters per minute, this being
required to compensate for losses and to develop the excess pressure.
The pressure-ratio regulator 9 apparently conslsts of two regu-
lators connected within a single frame, 1l.e., the pressure regulator
in the helmet and the pressure regulator in the tension chambers of
the suit. This regulator prevents the untimely rise in mass or helmet
- 89 -
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n‘g. 188. Typical jlock dlagram of oxygen system for high-altitude G
sult. 1) Oxygen bottle; 2) on-board charging connection tube; 3) T-
oint with return-flow valve; 4) stopcock; 5) pressure-reduction unit;
) oxyzen flow-rate indicator with manometer; 7) pressure manometer in
dreathing system; 8) on-board oxygen unit with blocking mechanism; 9
pressure.ratio regulator; 10) manual actuation of parachute unit; 11)

' parachute oxygen unit; 12) consolidated release.

' - eXcess pressure during the initial period in which the chambers are

filled up, and then it maintains the given pressure ratio between the
helmet and the chambers. On ejection and transition to the oxygen sup-
Piy from the parachpté equipment this regulator maintains the given

. pressure regime in ébe helmet and the suit. The préssurg-r&tio regu-

"lator 1s generally positioned on the hoses between the parachute unit

Pigure 189 shows another possible version of an oxygen system for

- & Bgh-altitude G sult, as produced by the Prench company Intertech- -
aiqm Boulogne-Billencourt.®* In this system the parachute oxygen equip-

ment is fitted out with an automatic lung 8 and a pressure regulator 9

which sutomatically connects the supply of pure oxygen from the emer-
- goncy bottle 7 1if the cabin altitude exceeds 12,200 m. On seat ejec-

has ‘been made for releases 5 and 6, fitted out with stop (return-fiow)




I,

Fig. 189. Block diagram of the oxygen system used in the high-altitude
G sult produced by the Intertechnique Boulogne-Billancourt Company. 1)
On-board oxygen bottle; 2) on-board oxygen equipment (automatic lung);
3) valve; 4) pressure-reduction mechanism; 5 and 6) disconnect sleeves
with return-flow valves; 7) bottle with emergency oxygen reserve; 8
automatic lung; 9) pressure regulator of emergency oxygen system; 10)
suit tension chambers; 11) breathing chamber; 12) seat; 13) airtight
helmet; 14) pressure regulator of breathing system; 155 distributor

valve,

valves.
One of the shortcomings of a conventional G sult 1n breathing at

high altitudes under excess pressure is the fact that additional mus-
cular exertion 1s required on inspiration and the chest cavity experil-
ences no compensating counterpressure on expiration. These factors
lead to rapid pilot fatigue and may disrupt the circulatory system and
the supply of oxygen to the organism. To ease breathing under excess
pressure, a pneumatic chamber 11 1s placed beneath the suit shell in
the chest area (Fig. 189), this chamber connected to the inspiration
line of the oxygen equipment. With such & breathing chamber the pilot
during inspiration draws in oxygen from the chamber and the counter-
pressure agalinst the chest cavity 1s reduced, whereas during expira-

tion the chamber, conversely, fills with oxygen as & result of the

contlnuous feed from the equipment and the pressure in the chamber
-91 -




#ises, thus easing expiration. With a G suit equipped with this auxil-

185y breathing chamber the time during which it is possible to remain

%w l£’h1sher altitudes increases severalfold in comparison to operations

;"with a suit not equipped with such a chamber. A drawback of the chamber
§? 10 the slight impairment of hygienic conditions, i.e., the ventilation
i: of ‘the body in the chest area is curtailed. The tension chambers of
jx‘tho preaaurized gloves are connected to the breathing chamber by means
a“‘of thin tubes situated along the sleeves.

i .Since during the course of a flight an emergency develops suddenly,
{{‘tho flight ocrew muast be trained in advance and become familiar with

’ ths handling of the VKK [G suit] equipment and the oxygen spparatus on
;Jkthn ground and 1in a pressure chamber.

,‘ ‘:2 Special training oxygen equipment is used for purposes of learning
;fto breathe at elevated pressures under ground conditions, and this
%koquipuont makes 1t possible exactly to regulate the excess pressure in
a'th. hreathing system (the same equipment determines the magnitude of

© leskage from the oxygen masks). An advantage of the KP-T is the fact
; that it providoa for small fluctuations in excess pressure in the hel-
? met (or mask) during inspiration and expiration, which cannot be
y*lchioved under ground conditions when using the manual elevated-

i pr!alure regulator of the on-board oxygen equipment.

}% Prior to each takeoff, after assuming his position in the air- |
;“crlrt, the pilot must generate the operating excess pressure in the

{ breathing system and in the suit for a period of 1-2 mimutes, person-
iéllly veriryins the proper tunctioning of the entire equipment complex.
!6 ‘BIGH-ALTITUDE SPACE PRESSURE SUITS

fggg!ggl Data and Classificstion

? ’ _ In the event of aircraft cabin depressurization at high altitudes
(tn excess of 12,000 m) prolonged continuation of flight without reduc-
ﬁ'-;" , -9 -




ing altitude and completion of the mission can be achleved only by
means of a high-altitude space pressure suit. Moreover, the space pres-
sure sult serves for purposes of pilot survival on ejection from the
alrcraft at great speeds and altitudes. The space pressure suit 1s

- also used to deal with problems of protecting man against the effects
of low and high temperatures and for water survival.

According to foreign literature, the high-altitude space pressure
sult 1is an.airtight pair of overalls connected to a helmet.* In terms
of operational principle, the space pressure sult 1s analogous to a
pressurized cabin, i.e., it 1s a very light, elastic, gastight "cabin,"
described about the body and equipped with hinges at the points of the
ma jor Jjoints.

On depressurlzation of the alrcraft cabin, the absolvte air pres-
sgre'in the space pressure sult i1s generally kept equal to the pres-
sure of an altitude of 10,700-11,500 m..Under conditions of a complete
vacuum this corresponds to an excess pressure of 0.24.0.21 kg/cm2,
which 18 completely adequate when breathing pure oxygen. Setting the
"altitude" in the space pressure suit within 1imits of 10,700-11,500 m
can be explained by the effort to draw the greatest posslble advantage
from a compromise between inadequate mobility of the shell under con-
siderable excess pressure and the conditions under which high-altitude
sickness sets 1n.**

However, when a man experiences high-altitude pains in the Jjoints,
it 1s desirable to descend to an altitude of 8000 m which is equivalent
to the generation of an excess pressure of 0.35 kg/cm2 in the space
pressure sulit. In a pressurized cabin the excess préssure in the space
pressure suit does not exceed 0.02 kg/cm2 (200 mm water column).

In addition to satiéfying the above-indicated requirements with
respect to the magnitude of the absolute and excess pressures, in the
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opipion of forelign scientists a space pressure suit must exhibit the
ftbli&wing properties: |
‘4.‘,‘1) 1t must have good mobility, enabling the pilot to execute all
nec;aaary movement ;

2) 1t must pro@ide adequate visual freedom;

- 3) 1t must be strong (a static strength margin of about 3), light
"in weight, gastight, and ozone registant;

4) 1t must ensure hygienic conditions with respect to ventilation,
moisture and carbon-dioxide removgl, and température control; |
o 5) 1t must be easy to put on and fit with respect to height, ex-
 erting no painful pressure against the body;
.k 6) 1t must be capable of floating and be water repellant, and it
should also provide protection for the pilot in cold water.

1 Depending on the ventilation method and oxygen supply high-alti-
tude space pressure suits are subdivided into ventilation and regen-
eration units. Each of these two types of space pressure suits can be
produced with or without a mask, 1.e., wiih an oxygen mask on the face
’(mlido the airtight helmet) or without a mask.

Bllié Space Pressure Suit Design®*

- A typical diagram of a ventilation space pressure suit with a
mask is shown in Fig. 190a. The ventilation air for the space pressure
" suit is talen from the compressor of the turbojet engine, it passes

through the flow-rate and temperature regulation assemblies and enters
" the shell of the suit, in which special tubes and panels propagate the
air throughout the entire inner space of the suit. Thus water vapors
and carbon dioxide liberated from the body are removed.

The pilot receives his oxygen through a mask from on-board oxygen
‘equipment of the automatic-lung type, similar to the way shown in Fig.
| 175. The only difference between the automatic lung intended for opera-
-94 -




tion in conjunction with a space pressure suit and conventional equip-

ment 1s the fact that the outside cavity of the membrane 1is hermetic-

ally sealed and connected by means of a tube to the shell of the space
pressure suit. If this 1s not done, as excess pressure 1s built up in
the space pressure suit the membranes will not ahift as a result of

the rarefaction generated by inspiration, the inlet valve dr the auto-

* matice lung will not open up, and no oxygén will enter the mask.

During a parachute descent the oxygen supply 1s received from the
parachute equipment which 1is actuated autamaticélly at the instant of
ejectlion. In the case 6f engine failufe the emergency pressurizatioh
of the space suit is carried out automatically with the aid of a spe-
clal on-board tank. The sensing element in thls case 1s the diaphragm
box fitted with contacts that actuate a solenoid valve. The air which
ventllates the shell and helmet of the space pressure sult, as well as
the oxygen, are passed into the atmosphere through the pressure regu-
lator in the shell of the suit. This regulator freely releases all of
the gas below altitudes of 8-11.5 km, while at higher altitudes it
maintains a constant absolute pressure in the space pressure sult.
Moreover, the space pressure sult i1s equipped with a gaiety valve which
1s set for the maximum excess pressure which the strength of the given |
shell can withstand. To prebént the fogging of the visor plates, the
expired air is removed through the expiration hose which is found be-
tween the soft material curtain separating the helmet and the frame.

The ventilation-type space pressure suit without a mask (Fig.
1905) differs from the equipment Just described in that at high alti-
tudes pure oxygen 1s fed into the helmet and only the extremities and
torso are ventilated with air.* The helmet 1s separated from the frame
by means of an airtight curtain made of thin rubber.

| If a large-volume helmet 1s used with a space pressure suit of
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Pig. 190, Schematic diagram of ventilation-type space pressure suit
, (8 = with mask; b — without mask). A) Oxygen from on-board bottles at
- pressure up to 150 atm; B) air supply from on-board climatization sys-
: temj O) air from on-board omergency bottles; M) oxygen mask. 1) Helmet;
©-2) she 3) airtight gloves; ) space pressure suit pressure regu-

. lator; 5) stopcock; 6) pressure-reduction mechanism; ?1)' flow indicator
- with manometer; 8) altitude indicator and pressure-difference indica-

. tor; 9) altitude danger signal; 10) solenoid valve; 11) air flow-rate

- dndicator; 12) retering tube; 13) return-flow valve; 14) ground ven-

. tilation econnection tube; 155 automatic pressure mechanism of anti-

- gr8vity unit; 16) air filter; 17) on-board oxygen equipment; 18) con-

- s0lidated release; 19) parachute oxygen equipment; 20) warning light.

: D} Radiotelephone communications lead; E) to electrically heated plates;
~¥) from redio unit to telephone and microphone. A = A; =B; B=C.
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i
 this type, continuoué helmet ventilation ty means of an oxygen-air mix-

ture or pure oxygen in quantities of about 40 liters per minute are re-

\
- quired for purposes of removing the carbon dioxide. The ventilation of

the helmet 1is a¢hiev€d by means of a continuous-feed oxygen unit, and
it 18 enough to pass a rather thin hose from this unit to the helmet

|
of the space pressure suit.

{

In the case of a small-volume helmet (for example, the rotating

helmet shown in Fig. 170b), it 1s possible to use the automatic lung,
§ or a combined pilece ok équipment in which the‘automatic lung 1s oper-
' ated in conjunction with a continuous-feed mechanism.

; The relative humidity of the air in the helmet of a space pres-

{ I

|
sure sult without a mask 1s higher than in the case of a suilt with a

mask, since the air 1s expired into the helmet. Therefore, in order to
guard against the fogging of the visor plates the helmet of a space
pressure'suit without a mask 1s made of two plates with an air clear-
ance or with electrical heating. In all other respects, the two ven-
tilation space pressure sults are identical.
It should be pointed out that the hyglenic conditilons for the

human head with respect to ventlilation and the temperature regime in

{

{‘the case of a space pressure sult without a mask are somewhat inferior

to the mask verslion. Damage to a helmet without a mask and the'disrup-

tion of 1its airtightness leads to the danger of oxygen starvation, but
at the same time the helmet exhilbits the fonllowing advantages:

1) there 1s no mask which can press against the face and irritate
the skin; ~ |

2) vomit represeﬁts no danger (with a mask the vomit could clog
the valves).

In order to complete the comparison of the mask and maskless

l
space pressure-suit ventilation-type versions, let us calculate the
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- &siving Eqs. (304) and (305) simultaneously, we will obtain

l‘ 'n flow rate for the space preaaure suit without a mask, proceeding
m the rollowing two conditions:
.¢1) the total supply of oxygen and air through the helmet is equal

to CO liter's per minute:

A

_"i‘j:' ', S o “ Go -D-+V =40 l/min; o ' (304)

2) thc omon content in the gas mixture corresponds to the given
02 porcentage. '

A)
(o.zw.-!-a,,ulm . (305)

wye e RER

00" gtand. 1/mtn.  (306)

. The rouulta of the calculation performed in accordance with For-
-uq (306) are shown in Fig. 191. The required oxygen flow rate 1is
calcghtod for two values of oxygen concentration, l.e., the required
Ilninn (according to Table 16) and the flow rate corresponding to ac-
tull equipment (see Pig. 172, the curve for v1 = 15 liters per minute).
mu same sraph also shows the oxygen flow rates in the case of equip-
-nt with periodic feed, operating in conjunction with the space pres-
m suit. In the latter case the volumetric oxygen flow rate is equal

to the lung ventilation, since if even only slight excess pressure is

_ i’mmt in the space pressure suit the return-flow valve in the auto-

matic air intake closes and the drawing of air from the atmosphere
(from the cabin) ceases.

24 . Jrom thegse graphs we can see that at an altitude of 7-8 lm, given
lung ventilation of 15 liters per minute, the oxygen flow rate in the
case of the space pressure suit without a mask is higher than in the
éan of a space pressure suit using a mask, and this by a factor of

almit 2.
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N T Regeneration-type space pressure 5
; e suits are generally used without oxygen '
ol masks. The removal of carbon dioxide
,‘% and water vapors from the expired air

18 carried out in absorption cartridges

through which the gas flows in a con-

Pecxed rucsspeds #unjuun
> L3

!
!
A Py | tinuous stream to fill the free space
] [
1 i of the space pressure suit. The energy
0 2 ¢ & 1 9w .
C‘“W"’"'v source for the circulation is provided
Fig. 191. Mean oxygen flow by an injJector which takes advantage of
rate for ventilation-type
space presgure suilt with ' the compressed oxygen in the bottle, or

and without masks. 1) 0,

flow rate for space pres- a ventllator with electric drive is

sure sult with mask, in |

the case of lung veﬁtila- provided.

ﬁign(3§tﬁsai§t§§§aﬁﬁraﬁiﬁ‘ A schematic dlagram of a regenera-
off); 2) minimum required ., . aystem for space pressure-suit

§ 02 flow rate for space
. pressure suit without mask; supply 1s shown in Fig. 192. The gas 1is
3) probable O, flow rate

with actual equipment for drawn out of the space pressure sult by

space pressure sult with-

out mask. A) Oxygen flow means of inJjector 2, 1t passes through

rate, in standard liters

per iinute; B) v, = 15 the carbon-dioxide absorptiqn cartridge
liters per minute; C) al- 9, then through the moisture-absorption

titude, in knm.
cartridge, from which it is returned to

the helmet and the space pressure-suit shell. A speéially prepared hy-
drate of calcium oxide may be used as the absorption agent for the
cgrbon dioxide, and silica gel 1s used to absorb the water vapors. The
maximum absorptive capacity of 1 kg of these materials is, respectively,
120-150 liters of carbon dioxide and 350-400 g of water vapors.

There are chemical aubstances which can liberate oxygen while

simultaneously absorbing carbon dioxide (C02) and moisture. It should

be stressed that the substances known to be capable of absorbing 002
-%-
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1) Pressure reducing mechanism; 2) injector; 3) cock; 4) manometer; 5)
oxygen supply hose; 6) pressure-difference regulator; 7) distributor
tubes; 8) hose for removal of waste oxygen; 9) absorption cartridges.
A) Oxygen; B) silica gel; C) KhPI [not specifically identified in text;
protiably refers to chemical absorbent of carbon dioxide]. :

'!1éi 192. Schematic diagram of regeneration-t space zressure suit.

i

j, can be exployed only at positive temperatures and if water vapors are
present in the gaseous mixture.

f f If it becames necessary to regulate temperature along the circu-

: ~filtdry path of a closed gas circuit; heat exchangers for purposes of

 h‘tt1n¢ or cooling may be set up.

7

In order to develop pressure in a regeneration-type space pressure

" suis and to balance the losses through the shell, oxygen from a bottle

is fed continuocusly through a pressure-reducing mechanism and a cali-

brated crifice. The nozszle of the injector could bo employed as this
‘orifice. |

The magnitude of the oxygen supply must exceed the magnitude of
the leakagec losses and in the case of & regeneration space pressure

‘suit generally amounts to 3-5 standard liters per minute. For ventila-

tion-type space pressure suits a somewhat higher rate of leakage loss
can be tolerated, the maximm of this loss being limited by the average
o « 100 -
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‘magnitude of the oxygen supply available from the parachute”oxygen
equipment{ | | -
Future‘space pressure suits will apparently be of the regéneration
type.* These pressure suits must exhibit the highest order of airtight
closure. They will be confronted with the problem of removing carbon
dioxide and generating oxygen by completely new methods. The successful
solution of this problem 1s possible if it becoﬁea bossible to apply

photochemical processes for this purpose, using direct or converted

s0lar energy.

Space Pressure-Suit Design##

Basicaliy, a space preséure sult consists of two fundamental
parts, i.e., an airtight shell and a helmet (Fig. 193). The shell is
provided with removable airtight boots and gloves.

Fig. 193. General view of Goodrich space
pressure suits made of rubberized fabric
with corrugated articulation. The helmet
turns on an airtight bearing. a) A 1956
space pressure-suit model; b) a 1958 space
pressure-gsuilt model.

The problem of déveloping a flexible, strong, alrtight, convenient,
and light shell has not been completely resolved to the present time.
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me prineiple or eonetructim a eoft space preeeure-euit ehell is

een preeeure tende to eeeme the shape of e body of revolution. It 1is

thex'erare expedient to represent the human body ae coneieting of 1nter-
eee.txng bodiee of revolution' the toa'eo, represented as & cylinder;
the pelvis and the buttoch as hemispheres; the hipe, ehine, and fore-
u'!le u truncated conee, etec. Proceeding from epecific perimeters of
perte of the bmn body taking into coneideration the thickness of .
tbe meide clothing lnd the elight clearances for air, the deeignera
conetmct a shell about euch an 1dea11:ed shape and evolve all elemente
or the shell with precision, resarding the shell as a solid body. Re-
Jection or thu principle leads to the appearance of elevated local
lmms at the poin‘ce at which the individual parts of the shell are
conmcted, 1t leede to a reduction 1n the strength safety margin, and

tre«tian deviations from the antioipatod shape.

At the points correepondi.ns to the poeition of the joints on a

m bod;r hinges are installed in the shell (see Pigs. 170b and 193).

u q relult, 1t 1: possible to echieve satisfactory mobility both with-
”tha shell and the atmosphere. '

,"‘: One of the significant features of a material shell (unlike metals)
ll ite ignlrimt eloagation under the action of internal pressure.
If this elcmtion is not restricted, the helmet of the space pressure
Mt rieee eomiderebly above the head or the man, and the armholes of
«tbe tlme will cut in beneath the arms. Therefore, each shell is pro-
ﬂ.ded with a etreee-beering system eomuthz of thin laces which can
be mlayed to regulate length and which dlocks the "growing" of the
lpeee pressure suit and serves for the individual fitting of the shell
pith respect to height and length of extremities.

R . - 102 -
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There are two basic types of soft space pressure-suit shell con- !
E  structions: . PR | “
s 1) a single shell of airtight (generally rubberized) two- or :
fhreé-ply material over which a stress-bearing system is imposed and‘ f
| 2) a space prQsaure suit with individual shells, the inside rub- é
. ber shell ensuring the airtightness, the outer shell serving as the
‘.streaa-bearing system and offering protection against accidental
‘mochanical damage. This outer shell may be connected to the suapénsion
aystem'os the parachute, and if it is fabricated of flaméproor alumin-
ized fabric it offers additional protection for man against radiative
heat in supersonic flight and against fire. |
In the fabrication of the first type of shell - made of rubberized
fabric -~ it 1s in all cases expedient to'put on light clothing abbve
the space pressure suit in order to protect the latter against chance
scratches and tears. |
| There are many structural solutlons and methods of donning a space
| pressure suit. The most popular is the open front, as in the case of
overalls, making it possible for the pilot to put on and remove the
space pressure sult by himself. The hermetic sealing of the open front
is generally achieved by means of a wide cylindrical throat-like con-
striction made of thin gasproof rabrié sewn into the suit (thg 80~
called appendix) which 1s screwed in and tied shut after the shell has
been put on. These open fronts are also used to ensure the airtight-
ness of water survival suits.
There are airtight and stress-bearing zlpper designs, but from
the operational standpoint they are less reliable than the appendix.
Occasionally the pressure suit is put on through a rigid Jjoint separat-
ing the shell into two parts, i.e., in the form of a belt, a "false
front" as in the case of diving suits, or a chest connection (along
- 103 -
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2 dil‘nnll tron shauldor to bclt) All of these solutions lead to
| % Iﬂ&t culbcrlont and ho.vicr designs than the open-front type appendix
i lirtilbt s:ppor. nigid elements placed on the chest can be

i ficult clllcntl or tho dosisn ' The aimpleat solution is given by elbow

lnd knee Jointn bonding in a single plane at an angle not in excess of
160°. This is achieved by means of addi-

tional slack - ?orange_peels;" as shown Ln
the diagram in Pig. 194. The longitudinal

o 5 tensioning laces are positioned along neu-
ag) " Bl) '

a';,» ! ~ tral generatrices whose length does not
ﬂur;nég“;ef%‘sz;;.°‘ ~ change when bent.
:;;giggzitzznftgiiggzg_ " Mobility for the shoulder and pelvis-
'1:é§3ini atroi:-z) hip Joints which execute rotational and |
llcc' 1::;;d3%°‘:;g‘ translational motion in all planes, 1s the
;g;é:‘.:21:1;3‘2§0°f ‘ most complex of the problems to resolve, |
 form of a “orange ~ since the center of these natural Guk [sic]

pool.
: Joints lies inside the body. The hinged

1p:61nti barrODpondinc to these natural Joints are for the most part
nldo in the form of “acocordion pleats” provided with additional braces
uhich slide over rollcro or along guide rails (see Fig. 193).

: In order to achi.vo good mobdbility for the arms, the space preasure
;luitn are 8lso fitted out with airtight bearingz at the shoulder and
i.lyoy (or wrist) joints (see Pig. 170b). The shoulder airtight bearing
;ﬁ}obians for the free movement of hands in the vertical plane. The |
{naarzng above and below the elbow or between the hand and the forearm.

I - 104 -
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makes it possible to turn the arm about its longitudinal axis, which

is necessary to control the numerous assemblies, instruments, and

| switches of a contemporary aircraft.

The airtight bearing must simultaneously exhibit a high degree of
airtightness and its moment of rotation must be sﬁall.

Ease in walking is achleved by using radial-support bearings, and
airtightness 1s achieved by means of slide valves. The inside valve
ensures the hermetic sealing of the gas while the outside valve pre-
vents the entry of water into the shell. '

The shoulder beafings provide good mobility for the hands when
working 1in a space pressure suit with excess pressure; however, in the
case of a prolonged flight local shoulder and chest-muscle pains may
result, even if there 1is no pressure in the shell. |

The designer, having sétisried thé numerous requirements imposed
on a space pressure sult, geeks first of all to provide the pilot with
normal operating efficlency in a properly functioning pressurized
cabin. Therefore, a tendency to use soft joint hinges wherever pos-
sible in order to have minimum shell weight and operational convenience
in thé basic operational regime, i.e., 1in the pressurized cabin, has
been detected in space pressure-suit development.

‘For purposes of providing a better fit of the space pressure suit
to the form of a seated man and to facilitate movement over the air-
field, a zipper 1s incorporated into the stress-bearing shell across
the abdomen (on bulwarks) (see Fig. 170b). This zipper is kept open
when ﬁalking and 1s closed after the pilot has been seated.

In order to reduce the diameter of the sleeves and pant legs,
these are sometimes fitted out with laces. Reducing the diameter leads
to a reduction in the force required to bend the hinged Jjoint, and the
lacing facilitates the donning of the shell.
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ol Pig. 195. Contemporary rotating helmets used
R - in foreign space pressure suits. a8) Helmet
el for a space pressure suit by the Arrowhead
" Rubber Co.; b) helmet for space pressure
- sult by the Goodrich Compeny.

"
v

) m most "unpleasant” dimension of the space pressure suit from

,iidth across the shoulders. For a space pressure suit with soft shoul-
C dn,' hinged joints, corresponding to a commercial suit size of 5254,

 this width 1..‘@31 to 660-7685 mm. For space pressure suits with

‘shoulder bearings the width across the ahouldei- reaches 750 mm.* There-
- fore, the width of the cabin must be no less than 800 mm. The required
- oabin dimensions with respect to height increase by 30-40 mm.

‘ T™he helmets of space pressure suits, as we had occasion to men-
tion in our examination of the schematic diagrams, are made in large
or small volume., To ensure breathing at the ground and low altitudes a

_ window which can be opened 1s built into the front part of the helmet

48 & rule, and this window 1s made to flip down or move up. In some

. designs with & soft rear wall (not intended for great ram pressures)
. the entire forward part of the helmet moves up and back. The large-
: _'volmo helmets sre attached to the shell of the space pressure suit

Mntly by means of a release ring with catches. In such a helmet

B
3
i

.

& pilot is cepedble of moving his head freely in the required direction,
~ even if he is wearing & mask. The small-volume helmets (Fig. 195e, b)

‘lw-

&
%




are mounted on a‘Joint with an airtight bearing and rotate about the
pilot's head (see also Fig. 170Db).

‘These helmets have been provided with visors which move upward.
The movable light filters for the helmets are situated over the visors.
In the case o: the helmét produced by the Goodricﬁ Company the visor
is moved into the helmet; a soft hinged joint in the neck region makes
it possible to execute slight forward and back movements of the head.

In deﬁigning a helmet for a space preséure sult without a mask
thé designer encounters the same contradictions as met in the design

of airtight helmets for VKK [high-altitude G suits]. The essence of

' these problems involves the combination of a low oxygen flow rate and

a low carbon-dioxide content in the expired air with good ventilation
and cooling of the head. Figure 195d [sic] shows one of the contem-
porary American helmets in whose design an attempt has been made to
resolve these contradictory requirements. On the inside the helmet 1s
divided by a face seal into two compartments. The forward ccmpartment
is alwéys fi1lled with oxygen, while the rear compartment 1s connected
to the shell of the pressure suit and is ventilated with air. The hel-
met 1s equipped with a visor'which can be drawn into the helmet. The
. 8ealing of the visor 1is carried out by means of an inflatable chamber.
Since it is held that a space pressure suit 1s intended for fast cliﬁb-
ing aircraft, the addition of air to the inspired oxygen was excluded,
thus making it possible to use simplified minilature oxygen equipment.
The latter 1s carried on the left-hand side of the helmet. The oxygen
"on-off" valve and fhe depressurization release for the visor are
mounted on the oxygen equipment. The oxygen 1s supplied through a per-
forated tube mounted around the visor, thus reducing the fogging over
of the plates. On the riéht-hand side of the helmet there is a lever
by means of which it 1s possible to control the inside straps and soft
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'nm, colmn, is maintained relative to the pressure in the shell ig

'wdor to prevent the possible drawing in of air around the edges of

tho hco seal. The expired air passea through the expiration velve in
'?tbo lpace pressure suit.

3 m lpeciric pouer of the electrical heating required to prevent

f%
ﬁthc} rogginc of the visor platea is the same as in the case of airtight
bchnta for high-altitude G suits (see Pig. 186). The radiotelephonic
aiugnicatxom 1ink from the helmet is set up by means of telephone-
£

and throat -ﬂms or microphones. In the apace pressure suit with a )
iﬁ; usk thc microphione 1is mounted inside the mask. In the space pressur-:

l\uta vithout masks the microphone 1a mounted on a bracket attached to
oy tho luadut or helmet.

m airtight doots and gloves for the space pressure suit are, as
\,, l mlo, made removadle so that the pilot can fit these as to size.
MOovor, it offora a number of operational conveniences, 1.e., the
mtting on of the pressure suit is easier, prior to taksoff it is pos-
e llhh to achieve a certain amount of natural ventilaticn on the ground,
tnd M 1s easier to dry the shell and its elements.
. The omctionn for the gloves must be such as to enable the
pﬂot to remove and put on his gloves during flight. This my become
momry to sxscuts any fine manipulations of instrument control.

ﬂ.nsu‘ nobility in the gloves 1s achieved by using thin rabric semi-
hnt finger shapes, and hinged Joints.

“: .
")
cw,‘

N & cm' of pressure in a space pressure suit is achieved auto-

htmlly by m of a rcsuhtm' mounted in the shell, generally at

Bn ioft h:lp. The characteristic of the regulator is such that bolow
n . . - 1w -




an "altitude" in the cabin of the order of 11,000 m the regulator
valve freely releases air from the shell and maintains a pressure in
the shell of no more than 0.02 kg/cma, providing for a loose shell fit.
about the body of the pilot. If the "altitude" in the cabin exceeds
the indicated 11,000 m, the regulator diaphragm ciosen the outlet
| valve and then, regardless of the altitude inside the space pressure
suilt, maintains a constant absolute pressure.

The equipment for floatling and keeping the head above water 1s
generally carried on the straps of the composite parachute suspension
system. ’

The weight of the entire space pressuﬁe-auit complex (shell, hel-

met, boots, and outer clothing), designed for an operating pressure of
0.25 kg/cm®, may come to 10-15 kg. | |

The ventilation of the entire body surracevand the maintenance of
a normal thermal regime are provided by proper distribution of air
through the shell and by the thermal ingulation of the latter.

Space Pressure-Suit Operation®

In order for a space pressure suit to be convenient and for the
forces required for movement to be small, space pressure sults are
sewn in various sizes for individual fit. The complete putting on of a
space pressure suit generally requires the aid of an additional persoh
and takes about 10 minutes.

For normal operation of a space pressure sult 1t 1s necessary to
have dpecial equipment, 1.e., an air-conditioning system aboard the
alreraft and ground air conditioners for pilot ventilation during the
period he has the space pressure suit on at the ground.

Before fiying in a space pressure suit, pilots must carefully
study 1ts construction ahd undergo training in a pressure chamber.
Each pilot 1s responsible for checking out all automatic operations
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,-Mmd to close or opon the visor, to control the pressure in the
p lpnéc pressure auit, to remove and put on gloves, ete.

B

,,mgotion of Ventilation Magnitudes for a Space Preasure Suit

" The vantilation required for a space preuure sult is chosen on
th. basis of the permissible concentration of carbon dioxide and water
wd:porl and from the standpoint of providing the temperature regime in
tho shell and helmet [30].. |
s The permissible carbon-dioxide concentration determines the vol-
ﬂ of thc oxygen-air mixture uhioh must be supplied over a period of

1 ninuto ‘to the helmet of a space pressure suit without a ‘mask (we
lnvo in mind the fixed helmet with a large free volume).

-&caording to the physiological-hygienic norms, the partial CO,
muurc in the inspired air cannot exceed 12 mm Hg (at any altitude).

The ‘calculation is carried out in accordance with the following formula®

om0 (g, +4) 1nin, (307)
llherc \ is the required volumetric ventilation of the helmet, in

lihrl per minute; Poo.. do is the permiasible partial CO, pressure,
o dop

.‘m ln Hg; 9 is the quantity of carbon dioxide (by weight) in the sup-
,plud gas; q, is the quantity of carbon dioxide liberated by the pilot
in g/min; T 1s the temperature of the gas in the helmet, in °K.

, In our case qp = 0. The gas constant for carbon dioxide is Rco =
2
= 19.3 n/°C. Iet us assume that with moderate work a single individual

.1iberates 0.6 standard liters per minute of CO, (see Pig. 168). The
- specific weight of tha CO, at 0°C 1s equal to 1.977 g/liter. Conse-

quantly, the required ventilation at which the partial CO, pressure
;,.mz not exceed 12 mm 'Eg amounts to

e

oy DAL ™ a4 Latn,

| %his qmantity (rounded off to 40 liters per minute) was assumed
£ ‘ :
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earlier in calculating the required oxygen flow rate in the space pres-

!
sure suit without a mask. |

The required space pressure-sult ventilation as a function of the

given relative humidity of the air 1s determined on the basis of the

familiar formula

O =i w/hr, (308)

where GH20 is the quantity of water vapors liberated by man, in g/hr
B is the desired relative humidity, in ¥; ? is the absolute humidity

for saturated air at the given'temperature in g/h3, E is the absolute

humidity of the air supplied to the space pressure suit. ‘

With moderate work and a temperature of the order of 20° C, a man
liberates about 80 g/hr of water vapors. The absolute humidity or the
air (see the psychrometric tables) at 20°C amounts to 17.8 g/ms.

The absolute humidity of the compressed atmospheric alr above 7 km
is virtually equal to zero. For good rlushiné of water vapors out of
the shell of the space pressure suit, it 1s suggested that the rela-
tive humidity be of the order of 30%. Substituting these initial data

into Formula (308), we will obtain

=15 m/hr =204 1/min.

Uy o=
'ﬁ ‘1"

It 1s held that in order to achleve comfortable conditions in a
space pressure suilt of the ventllation type, 150-200 liters of air per

minute must be supplied (referred to ground conditions). For normali
sensation of warmth the temperature of the supplied air directly at
the inlet to the shell must correspond to the curve shown in Fig. 203.
Af 2 cabin temperature of +50-60°C the‘air mist exhibit a temperatufe
of +10-5°C; 1f the temperature in the cabin 1s reduced to -50°C, the
temperature of the supplied air must rise to +80°C. This does not mean
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, .'mmmuormmmmmc-rs ormwmnxmmmms,
5 s_,,nnnn RMERGY, AND EXCESSIVE COLD IN WATER ‘

? timl conditiona and Extreme ature Regimes
m cﬂw of an aircraft is subject to the action of a great vari.

cty dt t:lgantly oztrcmly varicd cliutic conditions, since during
tlu em od' a unslo tugbt tho rouovi.ng oporational situations are

pouﬂah: _
:,{* 1) tntlolution or takeoff at an urnem;

&.‘W

1--—1

:fg‘se%

“‘_3) mclmto duccnt from the upper layers of the amosphuo, |
g \ ‘_{‘g) mncy hndmg 1n open utor, with the tomerature of the
“‘hm lbdut o’c or hnding ‘in an Arctic region.
e th'at two phases of & £light are standard. Thers my be
mmm and polar airfislds et which the air temperature at the ground
v_uu«fra-&sow—&%.. e
3 _During the period of the takeoff the temperature in the cabin of
,zs muuat aircraft is close to the ground temperature as a result of
tho hhcml inertia of the cabin.
e -n- temperature in a pressurized cabin of an aircraft operat-
m nt mmnic lpeeds, with the air-conditioning system functioning
nemu: ‘gonsrally ranges from 15 to 25°C, However, with transition
5&0 mu'aanu rnght velocities the pr:nry source or cabin heat is .
m W heating of the aumft surface. - -
- Wm'snncamm“bmtmnmwrmwmtwm- |
maztuwot&oomaw:uuchmumorwumhl ean-
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Fig. 196. Change in human body temperature at low and high outside-air

 temperatures. a) Drop in body temperature for man wearing flight

, clgt?%ng and seated, the outside temperature ranging from -12.290 to
-1 . c:

1 clo = 0.18 °¢/(keal/m®-hr);

" b) rise in body temperature for man engaged in various forms of phys-

~ ical work. The body temperature is recorded after 15 minutes of work
and an over-all period of 40-60 minutes. 1) Drop in mean temperature

At °C; 2) thermally insulated clothing; 3) body temperature; 4) skin

surface; 5) heavy work; 6) medium work; 7) rest; 8) time in hours; 9)
air temperature, in °C; 10) rise in body temperature, in °C.

opy proJjection.

The temperature conditions in a depressurized cabin may vary de-
pending on altitude and flight velocity. At subsonic flight speeds and
failure of the air-conditioning system, at an altitude of 10-20 km the

temperature in the cabin may drop to —30 to —40°C and lower. Calcula-

tions show that at velocities corresponding to M = 3, all other condi-
tions being equal, the skin temperature reaches 400°C and the air tem-
perature in the cabin may rise to +70 to +80°C [4].
The temperature conditions during a parachute descent are well

known. . ‘
‘ In cold water a human being racga the danger of death due to ex;

treme cold. At water temperatures of 0-5°C people who have not been
. trained to survive in cold water will, within several minutes, exhibit
- 113 -
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M»y of cold nbocl: with lou of cmcioucmu. sm mdivimh

. tbau mmd to withltand thc oold 1111 lm cmcionmu within

eo.ss uinutu at a water uuyaratm-e of o° and within 40-50 minutes at
maturo of 10°% ' '

m cxposure of tha bead and partiouhrly the ocoipital rogion

mature drops to 25-22"0. Even if the water tamporature 18 of the

M of 15°c, the cooling of the maniu continues, and although
‘m uthin 3-5 hours the vioti cwunou headaches, arowsiness,
voomuhiom. tnd finally. loss of oonsciommn. | |
‘4w Piguro 196 shows graphs which'indicate the influence of low and
'hm lnbunt-an' texperatures on the human organism.’
| l!n curves in Pig. 196a show hov the average body tenperatm-e and
ﬂn mrtturo of the ald.n mrrnco of 8 human being uittins quietly
mrﬂa oold (srithout wind) dmnwz 1f he 1s clothed in worm flight
Mhm . The control of body heat 1s uthor rapidly disrupted and
-um 1.5-2 hours an individusl is no lunpr able to function normally.
ltlhwldbopointcdout that the change in the temperature of
zndivmm portions of the body is by no means identical (see Table 20).
iy an dats shown in Table 20 coafirm thst particular atmmon rust
hbwtoatotumml insulation of the legs. o
= mlﬁbwmarhomwmamouumuonofm
mhnt-ur temperature and the intensity of work.®® At an air tempera-
4 M of +45°C and medivn work the budy tempersture rises by 1.3°, i.e.,

Vf‘v*.’,s‘gi;ﬂ:-’f-'f"f’ﬁfs'!‘?ﬁ"* fare. et «v»z—r;m‘-‘a"‘?"’" , 5 ;‘ «,;iv:‘-: RE S

@ymwﬁ%#ﬁv

God kL
Faiet:

2 zt ;ﬁnehu 38%¢ which, a3 is we2l known, indicatss a sick organisn.
o mmwlmusmuaurmammmmu-am-

mt of uumam in the following ways (st t = 20°C)s

" th (mtim).....uu...u....... i:’

R nthmauu.un-......................... Bog
%, evaporation. 21.78
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TABLE 20 -

Change in Temperature at Individual Points of
the Body at Reat after Two Hours at a Tempera-
ture of +10 and +45°C (after data from N.K

Vitte) o

1 : 2 Haweneune reusepatypy s *C

Mecro ‘ Tipu ¢ :

|3 g B g
48 soauumesnoR suxe | o 40,1 40,72
58 xncrx pyxm, asxaroft » xysax -7,0 +6.4 y
68 noaxosennoR suxe . —4.8 +6.8 : ;
T8 crone (veyay sasssaum mor) } ~10,2 i +13

1) Point of measurement; 2) change in tempera-
ture, in °C; 3) at an air temperature t of; 4)
- at the armpit; 5) at the hand, clenched into a
e fist; 6) at the back of the knee; 7) at the foot
(between the toes).

(the remainder is expended to heat food, water, and the air in the
lungs).

The thermal regime in which no more than 50% of the total loss of
heat is attributable to thg transfer of heat as a result df evaporation

is regarded as normal.

'5‘. \, The organism uses convection'and
\) .
- o A radiation not only to liberate heat, but
- J %,-,né V.
' & /7’ under certain conditions (when the am-
»
1' ) 3 1/,’ bient temperature 1s above the body tem-
A ,
I“ J‘r perature) the body takes on heat from
the outside medium. In the latter case,

’ 0 X N
* Uremepenye fesdua 8¢
Fig. 197. Loss of heat by

the control of heat can be achieved only

human body as a result of through evaporation.

evaporation as a function

of air temperature. 1) Figure 197 shows the quantity of j
Loss of heat due to evap- |
oration, in kcal/hr; 2) heat which the body loses by evaporation j
work of 130 kg/m in 1 min- : ;
ute; 3) at rest; 4) air as a function of the temperatwre of the @

temperature, in ©C. . ;
. ambient medium at a speed of air motion ]

less than 0.2 m/sec. With intense work the heat output of a human being




: m dou not aoomhu in tho tom or drops and aimltamoualy there
Mld bo no unution of oxceuiw cold. In thia case, the loss or
ht‘ht on ﬂa part of the organism will be kept to a minimum.

o h\t ocamplexity of d-nxopmg individual equipment is & result of
ﬁq fut tm:l: is necessary aurim thc course of a single flight to
ﬁotcot the vidml against doth oxtremly low and extremely high

,,tqoraturu. !hia probhl is regarded as insoluble only in terms of
‘cu uhotion of the cptinm thermal insulation, since a human being

i
v
K

Iﬂ]‘ umwidably oxpu-unco excessive heat under certain conditions

M -omuin c0ld under othorn. i

' It h the opinion of foreign lpecinliata that the problem would

Inlt 'bl rnolvcd by the establishment of a microclimate zone about the
tvidull by msans of ventilated elothing fed with dry conditioned

au from ground and on-board installations.

R . (T} type of ventilated clothing mcludes the hish-altitude apace

mnm mlt. m, the Iddition of a thermally insulated layer

m m moc pressuxre suit 1nto [ rcnablc means for water survival

””’i: "mwssz‘a?&f';"ﬂ? :{.“’W ‘?* i b

t»
m t high-altitude G auit 14 used, ventilated and thomlly in.

Lo

E; mua clothms is put on om thu suit when necessary, and when
imm over water s materproof m suwivl suit 1s put on over all of
Lthe ammm deneath. mmmg on the specific operational conditions
gwm mmuo mm 1n vhish the flights ave bnins carrisd out,
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f ‘arat91y. or in some combination with one another. If neéeaa.ry; the

' 'appropriate suits may be connected into a single suit. A suit of this

type exhibits an advantage in terms of the time required to put it on.

The Ventilated Suit
The primary purpose of a ventilated sult is to protect the ind.-

viduai against heat and to remove the moisture vaporized at the sur-
face of the skin. It 1s natural that the sult must be contimuously

* supplied with air. The required quantity of air comes to 250-400 liters
 per minute, and the temperature of this air must correspond approxi-
mately to the curve (see Fig. 203). .

A well-ventilated suit must satisfy the following basic require-
ments: L
| i) 1t must ensure uniform ventilation of all portions of the body,
‘ kaepi#g the skin surface in a dry state, and 1t should produce no local
overheating or supercooling;

2) 1t should not restrict movement, 1t should be soft and flex-
ible, and the sult should exert no painful pressure against the body;

3) the suit must exhibit low hydraulic resiatance. |

The simplest ventilated suit can be presented in the form of a
systein of perforated tubes 6-8 rm in diameter, poiitianed between the

~under and outer clothing of the individual. In practical terms, it is

convenient to fasten the tubes to the inside surface of the outer
clothing. In the case of a space pressure suit or a water surviial
suit this involves a thermally insulated suit put on beneath the air-
tight shell.

A drawback of this form of clothing (with a small number of t&bea)
mey be the ununiform ventilation of the entire body surface and high
hydraulic resistance. With a large mmber of parallel tubes it is pos-
sidble to achieve low resistance; however, as a result there is an in-
e 117 -
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of‘ Mic, and thtro are round elastic spaces with large openings

%: cmeh connect the inside and outside fabric of the suit. These openings,
oﬁm tln ontirc m« and spaced about 100 mn apart serve to
.;5*‘ oarzy amy th. waste air to the outside. The sutt does not restrict

&: m-hnm;, unu 1t has been prmm nth a mmber of openings which

3 wvtm uud to 1ud in the hoses of the G and antigravity suita.

p D m«m of a soft suit (without body tubing) is the insta-
gvmny of air anw:mem for m:l.ous body positions, 1.e., standing,

% mtpa, and prticuhrly man the ltrapa of the parachute suspension

ggmt%n;m,emm. o o :

m opm untmm cuit amrcntly mist be & combination of

Ry

: mx mn and in additton to mtmtad panels and soft channels
M ﬂm: alao have a system of branched tubing. The former ensures low

Wnuc ruhhn«, muo the httor maintains relative stability of
w mn'muon. ‘

¥
=
%
¢

£

. A tmmm ingulated suit must provide for the therml stability
n&ummmmtu sonditions and in lce water. A man
f#earing alrtight and tharmally insulated clothing liberetes as much
ﬁ ecuwmmut~o°uummmmmnauutm




. The materials used for a thermally insulated suit must be light, i
elaatic, nonhygroacopic, and they must exhibit low thermal conductivityQ;
It 10 desirable for the fabric to be flameproof. We know that fabrica '
_with the thickest possible interlayers of air or air pockets exhibit
the lowest thermal conductivity. Good material mua£ be elastic, l.e.,
its compartments should not producé residual deformation under the ac-
tion of external forces. Of the materials of organicmorigln, preference
should be given to felt made of deer combings. The shortcoming of thia
material is sorbtional moisture ab=orption. Great future promise 1is
shown by such synthetic materials as foam rubber with closed or opeh
air pores. Material of this type, in addition to exhibiting outstanding
thermal insulation properties, absorbs little moisture, dries easlly,
and cannot rot.

Table 21 shows the characteristics of some thermal-insulation ma-
terials. ,

For a comparative evaluation of thermal-insulation materialﬁ used
for purposes of clothing, specialized foreign literature recently pub-
1ished a new concept, 1.e., a unit of thermal insulation, the clo. The
- magnitude of this unit 1s set so that 1£ correaponda'to the insulation
provided by conventional clothing (i.e., a suit and underwear) at room
temperature of 20°C and an air-circulation velocity of 0.1 m/sec.

Under these conditions

: 1 olo = 0.18 °C/(keal/u® hr), | (309)

(the thermal resistance of the air interlayer betweeﬁﬁfhe body and the
 clothing 1s not included in this quantity).
A thermally insulated sult 1is generally sewn in the‘;orm of a

complete pair of overalls.
To facilitate movement, the suit is provided with slits. The in-

' sulating material is not used at points of contact snd where bending
| - 119 -




i

SRR

Lo

e( e ~g, ﬁ?‘"}.l‘fg:(‘} ko)

. e g o g
¥ \.go-na-;qyfR;fﬁ:ﬁi‘{i:.*_fﬁ'm.-—?{j R -l = DAY

g T.‘.nmumu (for rigid designs); M
ocm (for example, at the armpits and knees). |
? : The muy insulated suit 1is put on over the ventilated suit,
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7 Basle cbluctorutica of Certain Heat-Insulation
L htcrinlu

O . z T
Al B Konptomenr | sonss. |2ior0ee] phe.
5 0 = | Hessewossuwe nagasumn | TETSONPO° | uud pecmume e | SRS
e xxa4|x wae*C| X3|23 "." .
‘ l‘ Bofsocx x3 marypazsamx | 0,031—0,028 ' 2
. ] mepcranuxz onecos
3 [Pesnss ouasor usrxnf H 0,08 1 o.z 4
3 |Pemna xsecomrescuss I 0,050,086 | 100— %
. 4 |JMexyeersenune usrepuasn| 0,03—0,04 01 0'8 o
Do 16 SmETTINN DOPAMM
8 |KTioposois (Posella) ¢ o+ 0,038—0,04 M ‘79 o
: EPUTMIN BopaNN o " M
.~ 8 |LAssbosesss msossums ¢ 0.034—0,05 | 4000 | oxose | owose
T ecATymEMER A 00
(usmulnpyun .

‘A) tm §o. ; B) designation of insulation; C) coefficient of thermal

.;Gﬂndlwtivityi koal/m-hr®C; D) specific weight, kg/n3 E) moisture ab-

tion in » in %; PF) moisture liberated in 8 hours, in %; Q)

of mturtl wool combings; H) soft spongy ebonite rubber; I) kvali-
Lic] rubber; J) synthetic materials with closed pores; K)

with open pores; L) Alfol galtsmimm foill maulation with air
about.

m aohieﬂng higher efficlency for the latter. To reduce radiative

mt trmfor, the surface of the thermally insulated suit is occasion-
l.uy mads of aluminized fabric which exhibits a low emissivity.

Pigure 198 shows a space pressure gult with outer protective

5 nm made of aluminized fabric providing protsction not only

mm-t radiant energy dut against flarss in the cese of a fire aboard

: the urcrart (tm' s period of 10 seconds). The suit 1s structurally
7’11nbd with the suspension system of the parschuts whose straps are

m to the outalde shell. According to literature data®* the equipment
mhx nhm in the photocuph was tested at a temperature of +77°C
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Fig. 198. Cutside Fig. 199. Pilot in
protective sult of water survival suit
aluminized rabrilc and protectlive hel-
wlth parachute sus- met with parachute
pension system sewn backpack and emer-
in and worn over G gency survival kit.
sult or space pres- Valves for release
sure sult. of ventllation alr

can be seen on
sleeves and pants.

Water Survival Sults*

A water survival sult must:

1) be waterproof;

2) exhibit the capaclity to float and provide for a body position
at which tne head 1s above the water level:

3) be equipped with devices for turning the pllot's face upward
automatically and for the rapid filling of life preserver or vest;
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4) make possible comfortable working and free movement;

5) protect the individual against excessive heat and cold.

The last requirement i1s achieved by using the above-described
ventilation and thermally insulated clothing in conjunction with the
waterproof water survival suit. _ ’

Figure 199 shows a water survival suit. This sult together with
the underwear, the ventlilated and insulated clothing, provides thermal
insulation equal to 3 clo (including the 1.5 clo provided by the ther-
mally insulated suit). The clothing complex provides thermal protection
and normél conditions for the individual under the following conditlons:
in ice water, no less than 2 hours; at an air temperature of —35°C,

1 hour; at an air temperature of -1%, for an unlimited period of time.

By making the thermal insulatlon thicker 1t 1s possible to in-
crease these time perilods.,

At a cabin temperature of +15 to +20°C and higher it 1is unhy-
glenic to use such a suit without ventilation.

- It should be borne in mind that the ailr interlayers between the
thermally insulated and waterproof suits significantly increase the
\ heat-protection properties.
| Four valves — one each on the sleeves and on the pant 17gs - are
provided on the outside waterproof shell (see Fig. 199). The valves
are opened by the discharge air and are cloaed by a spring as soon as
the air flow ceases. The installation of several valves provides for a
reduction in the resistance of the,ventilation system and for the uni-
form distridbution of the air over the entire body.
Air is fed into the suit through a flexible hose fitted out with
a fast-release sleeve which has a return-flow valve to prevent the
. entry of water into the insida cavity of the suit.
‘ A V-shaped opening ecged with a zipper is provided to permit don-
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ning of the sult.
The penetration of water into the suit 1s blocked by the "appen-

dix" (Fig. 2CC). When open, the appendix provides a large opening

through which the suit can be put on easily.
The sult 1s kept alrtight at the neck and wrists by means of elss-

tic rubber valves. To protect the arms against cold, use 13 made of
waterprccf gloves with halfbent fingers, providing for better thermal

Insulation due to the more uniform alr 1lnterlayer.

Fig. 2C0. Opening

(3] 14
Yét:eaaggiggégl Flg. 201, Life preserver vest with col-
sui% lar andg "gllls".for stable upward posi-

) tlon of head.

In order to malntain the'required floating position such that the
head and occiplital reglon are adequately 1lifted out of the water, the
sult i1e equipped with a floating collar and there are additlonal
sazks — "g1lls" — which fold under the armpits when not inflated, and‘
these provide for stable posltion. Generally the two devices are in-
corporated Iinto a life preserver (Fig. 2C1). The life preserver 1s
fillled with carton dloxide from a special tank carried together with
the su.t. The tank may be operated either manually or automatically.
The latter becomes necessarylif the pliot falls Into the water in an
uriconscious sgtate,

One of the posclble designs for a mechanism to ensure the auto-

matic actuation of the carbon-dioxide tank involves a frame in which
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' Fig. 202. One-man inflatable raft
contained in Navy pllot's portable
: emergency kit (USA).

there 1s a piston, a spring-operated plunger, a rubber flap valve, and a
chemical tablet consisting of 6% tartaric acid and 40% bicarbonate of
soda. In water, the latter passes through the valve, softens, and dia-
solves the tablet, as a result of which a gas is formed. The pressure
of the gas closes the rubber valve and sets the plunger into motion,
and this in turn operates the spring-driven plunger, the latter lower-
ing the pin of the mechanism to plerce the membrane of the carbon-
dioxide tank. As a result, the life preserver is filled. The device
operates within 15 seconds after hitting the water and weighs about
0.15 kg. | |

The water survival suit is generally used in combination with
some type of high-altitude equipment such as, for example, the airtight
helmet of a high-altitude G suilt or a protective helmet.

To protect the head «gainast the entry of water into the helmet
and also to pfovide protection against excessive cold while at the
sane time ensuring bdbreathing is'regarded as a difficult problem. It is
held possible to design a device to attach to the helmet, which would
pass air but would block the entry of water into the breathing units.
In the absence of such a device it is necessary to use the inflatadle
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raft which 1s included as part of the equipment in the portable emer-
gency kit (Fig. 202).

A shortcoming of cxisting airtight helmets, as indicated in for-
elgn literature, 1s the.unsatisfactory ventilation of head and fece,
since the oxygen supply provided by the automatic'lung is 1nadequate
to remove all of the heat. If 1t 1s partlcularly hot, perspiration
blocks vision and hampers work. An 1ncrea§e in the oxygen f;ow rate
would provide good results, but this would significantly ralse the
weight of the alrcraft structure.

To reduce the heating of the head resulting from solar radiation
and the emission of the cabin walls, helmets are coated with a light
paint of low emissivity. Thermal insulatlon 1s provided on the 1lnside

of the helmets.
Conditioned Alr for Ventilated G Sults and Space Pressure Sulta¥*

In order to ensure hyglenic conditions, a space pressure suit, a

water survival sult, or an individual ventllated sult must be continu-

ously ventilated.
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Fig. 2C3. Required air temperature at 1nlet to protective clothing as

a function of ambient temperature. 1) KRequired air temperature at in-
let to shell, in ©C; 2) alr flow rate, 200 standard liters per minute;

3) ambient air temperature, in ©C.

With an outside alir temperature of -1C to +10°C the minimum re-
quired ventilation may be 80-1CC standard liters per minute. As the
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Fig. 204, Diagrams of ventilation of protective clothing employing
cabin climatization systems employed in foreign aircraft. ag For a
cabin without turbine-operated cooling unit; b) for cabins cooled with
turbine-operated cooling units. 1) Air line; 2A) support valve; 2B)

- heat exchanger; 3) connection tube for ground ventilation; 4) return-
flow valve; SAS valve; 5B) air-feed regulator; 6) metering tube; 7)
flexible hose; 8) consolidated release. C) To cabin; D) air from TRD
[turbojet engine ] compressor. A = A; E = B.

range of the amdbient temperature increases, the supply of air thét is

required increases and in the case of space pressure suits and water

iqrvival suits amounts to 200-250 standard liters per minute, while

for independent vehtilated clothing the requirement is 350-400 standard

liter's per minute, _ |
Pigure 203 shows an approximate relationship between the required

lempérature of the ventilated air at the inlet to the protective cloth-

ing and the outside temperature. The disposable air pressure differ-
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ence across the inlet to the clothing must be equal to the hydraullc
resistance of the sult's ventilation system for a given air flow rate.

Thlis resistance for contemporary equipmenthamounts approximately
" to 0.2 kg/cm2 for an alr flow rate of 200 standard liters per minute
and varles quadratically for ofher values o! the air flow rate.

Depending on the resistance of the on-board tubing and the excess
pressure in the space pressure suit at high altitudes, the'required
" air pressure head correspondingly increases to 0.6 kg/cmg.

The supply of conditloned alir for the protective clothling may be
achieved by:

1) taking climatized air from the tubes of the cabin climatization
system (Filg. 204a);

2) the installation 1n the aircraft of an autonomous air condi-
tioning system for clothing (see Fig. 205);

3) the utilizatlon of an installatlon which uées the heat and
cold sources of the cabin system, but which has an lndependent system
for the automatlc regulatlion of air temperature. d

In the majority of aircraft the avallable head in the tublng of
the cabin blower system (behind the turbine-operated cooler installa-
tion) 1s inadequate to provide for the ventilation of Lhe protective
clothing, and even more 80 of the space pressure sults. Therefore, ad-
ditional installatlons are required. Two possible versions of such in-
stallations are shown in Fig. 204. ®

The diagram in Flg. 2CLha shows a simple spring disk valve mounted
in the tublng of the cabln blower system which opens as air passes,
i.e., a so-called support valve. The operatlion principle for this
valve 1s analogous to that of the dam in the case of a water mill.

In front of the support [bleeder] valve there 1s & connection
tube from which air 1s taken for the ventllation of the clothing. The
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Fig. 205. Air-conditioning system for ventilated suits aboard the
"Canberra" aircraft. 1) Selector valve; 2) command transmission mechan-
ism; 3) heat exchanger; 4) fuel [combustible] supply to engine; 5)
moisture dryer; 6) air flow-rate regulator (maximum feed limiter?; 7)
return-flow valve; 8) selector position indicator; 9; switch; 10) man-
ual.cocks; 11) fast-release connections on seats; 12) fast-release
connections (sleeves) on suit; 13) air tubing to suits; 14) connection
tube for linking of ground conditioning equipment; 15) tubing from en-
gine compressor. '

monitoring of the quantity of air is carried out by means of a flow-
rate indicator which measures the pressure difference between the nar-
row and wide sectiona_or'the metering tube.
" The basic element of the design shown in Fig. 204b 1s the heat
exchanger (in the form of a jacket) mounted in the tubing of the cabin
. blower system. This approach is expedient because it exerts absolutely
no influence on the hydrﬁulic resistance of the cabin blower system, |
while at the same time making it possible to achieve a high available
head at the inlet to the protective clothing. The ventilation air is
taloen from the engine compressor, it passes through the feed regulator
‘,N§B, and enters the heat exchanger 2B where it 1s heated or cooled.
From the heat exchanger 2B through hose 7 and the consolidated release
8 mounted on the sest, the air enters into the suit. |
A shortcoming of these two described versions, as indicated by
yforcign specialists, is the fact that under certain operational regimes
there may occur a certain "mismatch" between the temperatures of the |
‘»alr fed Into thotcabin and into the suit. In this case, the pilot will
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.experience eiti. r excessive heat or exceasive cold and will have to

A et st o s vt |

e

jreduce the supply of air manually.

Provision has been made 1n both deslgns for an on-board connec-

s o

ftion tube to be employec for the ventllatlon of clothing on the ground
by means of a portable ground air conditlioner.

Figure 205 shows an air-conditioning system developed by the Eng-
iish firm'"Godfrey” for the ventilatlon of clothing, used aboara 'Can-
berra" aircraft which operate in troplcal regions. The systiem 1s de-
slgned for the ventllation of a crew conglsting of 3 men and ylelds a
supply of 40 m3/nr of alr at an excess pressure of 0.5 kg/cm2 (1.e.,
about 225 liters per minute for a single individual).

. The heat exchanger mounted 1n the maln kerosene fuel line 1s used
to cool the air. The air taken from the englne compressor througn the
selector-distributor 1 passes into the system elther through heat ex-
changer 3 or directly. Then the alr passes through drier 5 and maximunm-
feed limiter 6 into the tubes connected to the work positions of the
crew. Each pllot 1s provided wilth a manual stopcock 10 to controli the
quantity of ailr as a function of individual sensation of heat. The
selector valve 1 controlled from the cabin makes 1t possible to obtain
alr of the desired temperature by redistributing the quantity cf alir
passing through the heat exchanger or %ypassing lt. The connection
tube of the ground ventilation 14 13 connected to the maln system
through a T-connection'which 1s fitted out with a return-flow valve 7.

Forelgn sclentlsts propcse various verslons 2nd refinements of
thle design. They ho:d that the oreration of the dissriburtor valve
must, first of all, te automa*ted !in 23cordince wih the fequired air
temprerature. Thls cin be acrleved Iln "wo ways: {.e., by the installa-
tion of a temperature senging elcoment beneath the shell or by the in-
gta.la*lon of *wo 3ensing e.ements — one !n the tuding, behind the
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diltributor, and a second, in the air of the cab a in order to provide
for automatic correction for heat transfer on the part of the tubing.
Iha first method, in their opinion, 1is inferior with respect to_the
fact thaé excess electrical connectlons are required to link the pilot
with the inboard facilities of the aircraft, and because of the inter-
changeability of the sensing elements with the temperature regulators.

It 18 held that other sources of cold may be used in an aircraft.
In particular, the heat exchanger need not be installed in the fuel
manifold, but can be mounted on the tubing of the cabin blowef system,
behind the turbine-operated cooling ﬁnit. It 1s also possible to in-
stall an individual turbine-operated cooling unit designed especially
for the ventilation of the protective clothing.

For purposes ot.ventilating people wearing protective clothing it
is held necessary to use ground air-conditioning installations.

There are two types of such installations, e.g., with an air
sycle (1.e., with a turbine-operated cooling unif) and a compression-
vapor cycle (with an evaporating cooling agent, as in home refrigera-
sors). The first type of installation is generally designed for large
1ir flow rates with a low head and 1s used primarily for ventilation
:nd cooling of aircraft cabins. ,

Ground air conditioners working with a compression-vapor cydle
xhibitrsmallar dimensions and are used for the supply of cool dry air
o the ventilated suits. This type of installa®lon (préduced by the
ritish firm "Godfrey") produces 35 m3/hin of air at a discharge pres-
e of up to 0.7 kg/cm? (at the indicated flow rate). The installa-
lon is mounted on a two-wheeled car trailer.

It 1s conienient to'ﬁae buses equipped with such an air-.condition-

£ system at airfields fo transport pilots. The tubing is connected
each seat in the bus.* |
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Protection Agalnst Cosmic Rays

We can arrive at relatively rellable assumptions as to the results
of prolonged exposure of the human organism to cosmic radlation 1in
analogy with the effect of lonizing rédiations obtalned in laboratories.

The blological effect of radlation depends not only on quantl!ty,
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Filg. 206. Intensity of cosmic radiation (expressed in physical equiv-
alents of the roentgen) as a function of altitude and geographic lati-
tude. 1) Intensity of rays, milliroentgens per day; 2) north latitude;

' altitude, 1n k.
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but on the nature and characteristics of the rays. Thus, for example,
the harmful effect on the organism of y-rays 1s smaller by a factor os
10 than that of a-particles and smaller by a factor of 20 than the
fast neutrons whose energy exceeds 20 mllllon electron volts.

The following radiation tolerances (1n physical equlvalents of
roentgens) have been established in the Soviet Unlon: (.05 roentgens
per day (more exactiy, during a single work day) and no more than 0.3
roentgens per week, 1f 1t 1s difflicult to control the dally dosage
[11]. On the whole these norms correspond to the recommendations of
the Internatlional Radilological Congress held in Lecndon in 1950.

A single exposure to 50-100 roentgens can be tolerated.

The ionizing capacity of cosmic rays i1s greater by a factor of

about 10 than the effect of 7y-rays and therefore the permissible dosage




be set at 5 milliroentgens per day.

i
l
o

'of the former must be smaller by a factor of 10.

| ‘
, Figure 206 shows the results obtained | by Milliken in the measure-

nent of the ionizing effect of cosmic rays\at various geographic lati-
tudes, expressed in physical. equivalents og the roentgen. Frqm these
curves we can see that in the middle latitudes (50-60°) at altitudes
of 20-30 km the maximum radiation dosage i; 13-15 milliroentgens‘per
day, whereas in the case of regular irradiation the limit dosage should

i
1

- At the present time aircraft fly for séveral minutes at high alti-
tudes and pilots neet fear no harmful effect from cosmic radiation.*
However,' future astr Hauts, in the opinion Bf foreign scientists, will
have to contend on a more.serious level with pfotection against cosmic
radiltidn, and from the engineering standpoint the problem 1s 4iffi-
cult, Neverfheleqs, it 1s possible to protect the most sensitive por-
tions of the human organism against radiation, thus raising the per-
missidble level of radiatioh dosage.** In the ppinion of foreign scien-
tilti this can be ach{eved by using light filters made of silica glass
containing large quantities of lead to protect the eyes, and by incor-
porating lead atripa\;n the clothing to protect the region of the neck
lymph nodes, the heaff, the spleen, and the gonads. In seeking the
solution to this problem it should be borne in mind that in the pres-
ence of high-energy particles excessively thin screening may result in
a cascade of secondary particles which, in turn, produce a harmful ef-
fect. | |
The curves shown in Pig. 206 show that at altitudes below 40 km
the intensity of primary cosmic radiation increases toward the terres-
trial poles. This phenomenon is brought about by the fact that the ter-
restrial magnetic field deflects coamic rays approaching the earth
from outer space toward the magnetic poles. Therefore, if a flight is
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fcarried out in the viclnity of the geomagnetic equator at the indicated

}interval of altitudes, the harmful effect of cosmic radiation may be
sreduced by a factor of approximately three in comparison wilth a fllight
jcarried out at a latitude of 60°.

f §8. PROTECTION OF INDIVIDUAL AGAINST RAM PRESSURE AND DECELERATION G
' FORCES ON EJECTION

On eJectlion at great speeds man 1s subject to the pressure of the
approaching free airstream, thls pressure proportional to the square
of the true speed and the density cf the alr.

In the case of.upward ejJectlion the effect of ram pressure beglns
as SOOn as the canopy 1s Jettlsoned and thelpilot's head rises above
the cockplit.

The ram pressure attains its maximum within 0.08-0.14 second, and
then diminlshes father rapidly (by a factor of more than 2) during the

first second.

| The influence of ram pressure on the human organism and on the
streangth of the equipment 1s studied 1n open wind tunnels. Man (or sa
dummy) 1s subjected to a sudden airstream; then the veloclty 1s reduced
by opening the slde bleeder orifices.

In actual flight the seat, after eaection, 18 Immediately decel-
erated by the air. In this case the acceleration [G forces] 1s experi-
enced 1n the "back-chest" direction. The maximum magnitude of these G
forces are calculated in accordance with the formula presented 1n
Chapter 5, §10.

We know from foreign sources that the influence of the G forces
resulting from linear acceleration 1s studled on trolleys driven by
rocket engines (the so-called rocket sleds) mounted on a speclal

straight track 6C0 to 6000 m long and equipped with a brake mechanism.

As has alreédy been polnted out, great ram pressure can be with-
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at&od because the seat supports all parts of the human body (givgn the
condition that measures have been taken to prevent the flailing of ex-
‘tremities). |

| Various types and component parts of high-altitude and protective
equipment function in a variety of ways under ram-ﬁressure conditions
aﬁawtherefore thelr protective effect should be examined in separate
elements. o

Protection of the Pilot's Head. The Protective Helmet

g, dhe face is the part of the human body most vulnerable to ram‘
présaure. Below an indicated speed of 750 km/hr (which corresponds to

a ram presaure of 2700 kg/hQ) the pressure of the airstream can be
‘ withstood without harmful éffeat. With continued
rise in the velocity, the eyes, mouth, nose, and
respiratory organs may be damaged.

On ejection at great altitudes, a continuous
oxygen supply is required in ﬁddition to protec-
tion of the face against mechanical damage. There-

{ Fig. 207. Trans- fore, when an oxygen mask is employed the latter

parent oxygen
mask produzed
by the Scott
Aviation Cor-
poration, this
mask covering
the entire face.

must be kept in proper position on‘the face and
the airtight fit must remain intact éfter cessa-
tion of the ram preasuré (a period'of 2-3 seconds
during which airtightness 1s lost can be tolerated).
- Conventional masks with reinforced four-point attachment to a
headset can withstand ejection at V, = 700-750 km/hr.
| Pigure 207 shows an experimental rigid transparent mask which

covers the entire face. This mask can offer protection against ram
pressure at a V, on the order of 900-950 m/hr.

Brief ascents to alﬁitudes of 15-16 km are generally carried out
in an equipment complex consisting of a G suit, an oxygen mask with
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Fig. 208. Protective helmet with oxygen mask used by the USAF and
other countries. a) Protective visor, light fillter raised; b) protec-
tive visor, light fillter lowered. 1) Hose to tension compensator of
oxygen mask; 2) oxygen-mask release; 3) textolite helmet; 4) protec-

tive visor-light filter; 5) oxygen mask.

excess pressure, and a protectlve helmet.

The protectlive helmet has several functions: to protect the head

and face agalnst beilng struck accidentally, and to protect the pillot

against the blinding effect of solar rays and the ram pressure.
Protective helmets are made 1n one of the,follbwing two verslons:
1) a single protective helmet (replacing the helmet headset as

well); in this case, the telephones are connected to the helmet on

plate springs;
2) an antishock helmet with a movable light filter, worn over a

headset.
In the flrst case the oxygen mask 1s fastened to the protectilve
helmet, while in the second case 1t is attached to the headset.

The cocnstruction of a protective helmet fabricated 1n accordance

with tne first design 1s clear from Fig. 208.
The helmet portion 1s stamped from synthetic filber material such

as, for example, glass textollte which imparts the required strength
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,"aﬂd,§last1c1ty to the helmet. The outside surface of the helmet is

| Vpoliihed ip order to reflect radiated heat, while the inside surface
18 coated with thermal insulation. A movable light filter made of non-

?: breakable plastic is hinged at two points and attaghed reliably at the

> T

two_citreme positions. When the light filter is in the lowered posi-
‘v“ ticn 1t-aervea as an additional means to keep the mask on the face. In
1;@1@ gygit;op the’pe?miarible ejection velocity is 900-100C im/hr. The
s hnii;un §§loc1ty i1s generally limited by tne relisbllity of oxygen-
mask attachments and its airtightness (after the effect of the ram
pressure). '
" The weight of the protective helmet on the average amounts to 2.5
- kg, ‘
 The airtight helmet of the G suit may protect the head to v, -
- liOO lan/hr, while space presswre sults can serve this function to
V, ® 1200-1300 lan/hr.*

Table 22 shows the tolerance values of indicated speed at which

 various types of equipment for head and face protection may be employed.

The lower permissible velocities for a protective helmet and the
airtight helmet of a VKK [high-altitude G suit] in comparison with a
ipace pressure sult can be explained by the fact that the airstream
may cause a sharp turning of the head to the side and force it away
from the headrest. The rise in the permissible ejection &elocity for
;theso types of equipment 1s assoclated with the mounting of additional
devices on the seat to prevent the shifting of the head. _

The utilization of a space pressure sult with a fixed helmet,
with its relatively large volume in which visibility 1s achleved by
turning the head inside the helmet, results in other complications on
ejection. The ram preasuée exerts absolutely no effect on a man'a head
in such a helmet. Therefore, the inertial forces developed by G forces
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i TABLE 22
Tolerable Ejection Velocities as Functions of
Face-Protection Method Against Ram Pressure®
' An B ﬂon_\'cruuacn ckopocts V,
! no Tun cuapuxenns
nop. xM|sac
1 | Macka ¢ maemodononD 750--800
2 | M52 £ 3AWHTHEM WAEMOM ¥ ONYIUEHHMM 900950
ceetopnastpon E
3 | TepvernuecxitA wiew ¢ KOMNEHCHPYOWHM 10001100
KOCTIOMOM
12001300

4 | Bucotumft cxadanap G

*The permissible ejectlon veloclities are presented from translated
sources and are tentative. It should be borne in mind that the permis-
sible velocity is a function of helmet design features, its strength
margin, and the method by means of which 1t 1s connected to the pro-

tective clothing and eJection seat.
A) Item No.; B) type of equlpment; C) permissible velocity V,, in

km/hr; D) mask with headset; E) mask with protectlive helmet and low-
ered light filter; F) airtight helmet with G svit; G) high-altitude

space sult.

on deceleration of the seat 1n the airstream lead to a intense depres-
sion of the head forward, and this may result in tne face striking
against the helmet or the wrenching of the neck vertebrae.

This forward movement of the head 18 also experilenced when the
pllot 1s protected against the ram pressure by the cockpit canopy.

G forces below 25 in the '"back-chest' direction are regarded as
completely safe for a pllot's head and neck 1if he 1s wearing a space
pressure sult. At higher G-force values it becomes necessary to resort
to special measures in order to prevent the consequences of the head
being forced forward, 1.e., automatic fixatlion (tensloning) of the
head at the instant of eJection or the '"wedging" of the head inside
the helmet by means of chambers which inflate automatically.

As reported in the foreign press, some pillots, not wishing to
wear alrtight helmets, hold that in case of the need for ejJection they
will first reduce flight velocity. However, it 1s not an infrequent |
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'656u?rence that an emergency Yegins with loss of aircraft control and
entry into a dive. It is obvious that in this case it will be impos-
lible to reduce velocity. Under other circumstances, in order to reduce
valoéity, the pilot will instinctively pull back on the stick and the
‘aircraft will climb to an altitude at which the oxygen mask will no
longer be able to ensure retention of consciousness. It is held there-
fore that aircraft pilots operating at supersonic velocitles must use
equipment which will provid2 & certain "coefficient of safety," 1i.e.,
to make it posaible to use G suits with airtight helmets or space pres-
sure suits. | |

The Punction of the Protective Clothing on Ejection

In addition to its primary function - to provide the necesﬁary
pressure in the alveolar air and at the surface of the pilot's body —
& high-altitude G suit and the shell of a space pressure suit on ejec-
tion also protect man against the effects of ram pressure.

In the case of great ram pressure the specific pressure at cer-
tain points of the body may attain extremely high magnitudes.

The purpose of high-altitude clothing (from the standpoint of
protection against the airstream) involves the uniform transmission of
the resulting stresses over the body or, more’exactly, in the develop-
ment of a stress pattern over the body such that these can be with-
stood without harm.

In this connection the space pressure suit and other forms of
protoctive‘clothing vary as to operation.

The shape of a space pressure sult is altered by the action of
ram pressure, thus leading to a reduction in the internal volume and
to a pronounced increaaelin the pressure inside the space pressure
suit, attaining 80% of the total ram pressure. Of course, a portion of
the space pressure-suilt shell in this case touches against the body

- 138 -




surface and exérts pressure directly; however, an increase in the pres-

?sure inside the space pfessure sult eases the abllity to withstand

these stresses.

-

Filg. 209. Idealized dliagram of space pressure-sult and G-suilt opera-
tion in airstream. 1) Shell of space pressure sult; 2) ram pressure
against shell; 3) pressure agalnst human body; 4) back of seat; 5)
suilt. _ :

Let us assume that the space pressure suit is sufficlently strong
and that we have filled 1t prior to ejectlion to the ram pressure. In
t;is case, a pllot wearing thls space presgssure suit willl be virtually
unaware of the alrstream pressures.

W. In all other forms of clothing the redistribution of pressure 1s
achleved exclusively through the work of the clothing fabric itself

and 1t 1s impossible to achleve the same uniformity of stress dilistribu-
tion as with a space presgssure sult. The patterns shown In Fig. 209 11-
lustrate the above-cited concepts.

§9. PROTECTION OF MAN AGAINST EFFECT OF CENTRIPETAL ACCELERATIONS

Effect of acceleration on human organism and methods of reducing its
harmful effect

Unlike the eJjectlon process in which the acceleration due to the
gxplosion of the firing cartridge and the acceleration [G forces] due

to the deceleration of flight velocity after ejection from the aircraft
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&ct on the individual for a period of 0.1-0.2 second, in the case of

"'~'rlight maneuvers accelerations are felt for a rather prolonged perilod

of tixe, il.e., from several to tens of seconds.

V"mOn ejection the short-duration "shock" acceleration (if a certain
fixation of the body 1s not provided for) may lead to pure.y mechanical
damage to internal organs and the spinal column (particularly the lum-
bar §ertebrae). Even slightly prolonged accelerations, although of
considerably smaller magnitude than on ejection, reduce the working
efficisioy of a pllot as a result of a temporary deficiency in the
supply of blood to the brain. SubJecfively, this may be felt as dim-
ness. The accelerations result in the draining of blood from the head
and:the chest cavity to the abdominal cavity and the lower extremities.
This has been confirmed by experiments on a centrifuge in which an in-
crease in the volume of the shinbone and simultanedus reduction in the
volume of the pinna have been detected. The described phenomensn is
accompanied by a reduction in blood pressure in the vessels of the
brain and an increase in the venous blood pressure at the lower ex-
treﬁitiea, as well as by a wide range of similar disruptions of circu-
lation regulation.

The foregoing suggests a method of protecting a pilot against the
effect of positive acceleration during curvilinear flight.

It is necessary to prevent the drain of blood to the lower ex-
tremities, as well as to guard against the shifting and intense f111-
ing of the organs in the abddminal cavity with‘blood. This 1s achieved
by means of antigravity devices (PPU). Before undertaking a descrip-
tion of their design, it 1s expedient to become familiar with the re-
sistance of an organism to prolonged acceleration. In the conventional
vertical working position of a pilot (with a back lean of 15-20°) and
the effect of mechanical forces in the "head-pelvis" direction, brief
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(1-2 seconds) accelerations below 6 units can, for the most part, be
withstood without a noticeable reductlon in operational efficlency.
Trained pilots are able to withstand satisractorily.accelerations below
7-8 for a fractlon of a second and in this case only a few will experi-
ence brief dimness. They can also withstand satisfactorily prolonged
acceleration below 4-5 units lasting 15-20 seconds. With prolonged ac-
celeration above 5 and with brief acceleration above 8-9 significant
functlional disturbances generally set 1n, including brief loss of vis-
lon and consciousness.

The antigravity devices ralse the tolerance of the organlsm or,
in other words, reduce the harmful effect of acceleration by a factor
of about 2.5-3 units. Thus 1f a 9 G force acts on an aircraft, physil-
ologically the pilot experilences G forces of 6 units. It should be
stressed that the protective propertles of the antigravity devices nmay
be used only in the case of G forces acting in the "head-pelvis'" direc-
tion. PPU [antigravity devlices] produce no positive effect in the
event of Instantaneous acceleratlons 1in the case of seat ejection.

Deslgn of Antlgravity Devices*

The antligravity equipment coﬁplex conslsts of two basic parts:

1) an antigravity suit (Fig. 210) which 1s an individual plece of
equlipment for the pllot;

2) a special automatic unit (the so-called pressure automat)
which controls the air pressure in the pneumatic chambers of the sult
in proportion to the acceleration magnitude.

The automatic pressure unit 1s flxed in position aboard the alir-
craft and 1s supplied with compressed air from the engine compressor.

The antlgravity suilt exerts mechanlcal pressure against the lower
extremitlies and the abdomen, and 1t 1s made wlth tensioning devices of
the same type as in G sults (see Fig. 181). The magnltude of the alir
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presswe in the chambers and théir geometric
dimensions are selected so as to balance the
increase in the hydrostatic pressure of the
blood in the lower extreqities produced by
the action of the acceleration.

Pigure 211 shows the Air pressures in
two types of tensioning devices as functions
of acceleration magnitude. For a sult made 1in

the form of Fig. 18l1a (with circular chambers)

the required pressure in the case of G torces

. equal to 10 units amounts to 1.3-1.5 kg/cmz.
Pig. 210. QGeneral

view of antigravity For a suit with flat chambers the'required
suit as worn by a
person. pressure 1s less and with 8 G forces does not

exceed 0.65 kg/cme. These quantities are the minimum air pressures
which the aircraft designer must ensure at the inlet to the PPU auto-
matic unit.

‘Antigravity sults are made either in thg form of a separate suit
or structurally combined with a high-altitude G suit. The independent
antigravity suits are made either only with flat chambers (see Fig.
210) or with a combination of chambers, and namely: round chambers are
included to compresa the legs (calves and hips), and a flat chamber to
compr'ess the stomach.

JIn view of the fact that the abdominal chamber has great area and
nay distend more than necessary upon application of pressure, it has
1limiter laces on the inside. This makes 1t possible to apply as much
ressure to the abdominal chamber as to the round chambers.

JAntigravity suits are generally made of capron or nylon fabric
ind are produced in 6 sizes. For individual fit about the diameter
acing is passed through eyelets. The suit with flat chambers generally
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Fig. 211. Required excess alir pressure in tensioning chambers of anti-
gravity suit as a functlon of acceleration magnitude and chamber type:
1) for flat chambers; 2) for round chambers..A) Air pressure in cham-
bers, in kg/cmg; B) abdominal chamber; C) acceleration in "head-pelvis"
direction.
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has 5 pneumatic chambers, 1l.e., one‘each at the hips, the calves, and
at the stomach, fashioned into a single whole. To prevent the chambers
from sticking together, a steel spiral in a capron covering case 1s
included on the 1nside. An antlgravity sult weighs about 1.5-2 kg.

The automatic pressure unit 1n the event of acceleration acts in
the "head-pelvis" direction and must maintain a pressure corresponding
to the curves shown in Filg. 211 autamatically and without delay. A
schematic dlagram of the automatic pressure unit 1s shown in Fig. 212.
The device consists of frame 1 in which slide valve 2 shifts vertically.
Weigzht 3 presses against the top of the slide valve; in the‘absence of
acceleration the weight 1s offset by the force of spring 4. In this
case, the window of the 1lniet connectlion tube 5 is closed by slide
valve 2 and no alir can enter the sult chamber. The small quantity-of
alr which 1is drawn 1in through the clearances between the frame and the
8lide valve 1s discharged through special drain orifices that have
been provided for in the frame.
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* At the instant that the acceleration appears, the inertial forces

of the weight and slide valve compress spring 4 and force the slide
valve down. In this case, a trapezoidal passage in the slide valve
cpens to permit movement of the compressed air and the latter proceeds
into the chamber of the antigravity suit through a hose. A portion of
the air passes through an openihg in the neck of the slide valve to-
the lower chamber beneath the slide valve whefe'pressure 18 developed
to raise the slide valve upward. As a result, the slide valve 1is
mounted in some equiiibrium position éorreaponding to the magnitude of
the given #cceleration and the air leakage losses from the automatic

pressure unit.

70 ) ’
- 3' : ¢ )
il ' 8 i
ESN='m il
NN ~d [
. PR = ’
A &) p '
\ ~
— § - N
. L

Flg. 212. Diagram and opersation of automatic pressure unit in anti-
gravity installation. a) No acceleration; b) with acceleration. 1)
Frame; 2) slide valve; 3) weight; 4) spring; 5) inlet connection tube;
6) rubber cap; 7) check valve; 85 spring; 95 connection tube for air .
discharge into PPK [antigravity suit]. '

Various characteristics for air pressures developed by the auto-
matic unit (during the design stage of the latter) are obtained by
changing the weight and the diameter of the slide valve., There are
automatic units in whose design there are two weights, so that the
pillot can, at will, use one or both weights by turning the head of the
unit. This makes it possible to obtain two different characteristics
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from a single automatic unit.

Aboard an aircraft the automatlc pressure unit 1s mounted only in
the vertical position. For reliable and fallproof operation of the
device 1t 1s necessary for the ailr entering the unit to be free of
dust, moisture, or oll. Therefore, a special filtér 1s mounted in

front of the automatic unit and the upper portion of the unit is cov-

}
!

ered with a soft rubber cap 6 to prevent the entry of contamination

between the sllide valve and the frame. The cap 1s made elastic so that

after the englne has been started the pllot can check the operation of
the automatic unit and his antligravity sult by pressing his finger
against the welght.

et mo e em A

§10. THE PORTABLE EMERGENCY KIT (NAZ)

In the case of emergency abandonment of an aircraft the members
of the crew may find themselves in some uninhablted area. The alircraft
may break up, burn, or sink. For this eventuality the survivors must
be equlpped with facllities to signal thelr position as well as to
have availlabie a minimum supply of water, food, and medicines.

This 1s the purpose of the portable emergency [survival] kit.
Dependling on the geographlc region of alrcraft operation, 1ts
routes, and 1its operating range, the content of the portable emergency
survival kit may vary. Signaling facilitles are of decisive Importance
in ensurling success of the search operations, since 1t is extremely
difficult to detect a man in a forest, 1ln the ocean, or in a desert

from an aircraft or some other form of transportation.

The food included 1n the survival kit 1s chosen so as not to in-
duce thirst. In this connectlon, enriched hard candy is better than
chocolate. "Pemmican" (prepared by North American Indians from dried
ground meat, grease, and berry Jjuice) 18 a valuable high-calorie pre-
served product. It 1s expedlent to package the daily rations individu-
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ally.

Below we present an approximate enumeration of the items and

éqaipment included !n a survival kit, this information having been

talen from various foreign sources.

1.

An inflatable aingle-seat rubber raft with a device for rapid

1hrlltion.

2.
)
2)
3)

»

)
5)

6)
anow; |
7)

3.

1)

2)

3)

k)

b,

1)

2)

3)
stomach
L)

5)
awamps.
5.

Signaling and detection facilities:

& radio transmitter and a direction finder with a power source;

a mirror reflector (a heliograph);

a pocket flashlight; ' ‘ :
a smoke signal;

signal (firing) cartridges (flares);

chemical (luminous materials) to dye the sw'face of water or

a whistle (to signal at sea during fog or in a.foreat).
Nourishment (water and food): ,
flasks with water (replaced with a chemical purifier at sea);
cans or meat,-cheese, and berries;
sugar, hard candy, chocolate;
biscuits.
Medicines: |
bandages (gauze and rubber);
antiseptics (iodine);
burn ointments and pain killers, synthomycine (to prevent
upset) in tablet form;
injection tubes for subcutaneous injections;
pantocide in tablet form to disinfect water taken in lakes and
1

Survival items:
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1) matches in watertight container (windproof or glowing);

2) a compact stove and solid chemical fuel (alcohol or gasoline

in bfiquettes);
3) fishing tackle; |
4) a knife-file combination or a folding military dagger;
5) sea-water distiller;
6) a compass; |
7) a magnifying lens for ignition;
8) a waterproof poncho; |

9) needle and thread.

A Maemo A

C
Mecme [

Filg. 213. Attachment of portable emergency survival kit on suspension
system of parachute. 1) Backpack straps; 2) main strap of suspension
system; 3) lacing; 43 parachute oxygen equipment; 5% leg straps of
suspension system; 6) ripcord handle; 7) ripcord; 8) protective cover-
ing case for release. A) Position A; B) position B; C) position D; D)

In the case of flights over degerts the raft and distillatilon
unit is replaced by a larger supply of bottled water in quantities up
to A liters (based on a calculation of 3 liters per day). For flights
in the Arctic and during the winter over dry land provision 1is made
for folding-type skis.

All component parts of the survival kit are packed into a single
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Fig. 214. Diagram of raft
‘'release from backpack of
portable emergency sur-
vival kit and its gas in-
flation in the air. 1)
Portable emergency sur-
vival kit; 2) parachute
suspension aystem, 3)
shroud line; 4) release
lina, 3 safety valve; 6)

release cable.

backpack which is attached to the suspen-
sion system of the parachute. The hack-
pack is stored in the seat bucket or sus-
pended from the pilqt'a back (Fig. 199
shows a pilot wearing a portablé emer -
gency survival kit and a parachute back-
pack).
The emergency survival kit 1s packed
in a waterproof container and the kit
can float. The individual parts of the
kit are also made to float or they are
connected by means of thin cables to the
nonsinking backpack frame made of light
plastic foam. | |
The over-all weight of the portable
emergency survival kit intended for
deserts or oceans may reach 16 kg. As a
rule such a kit 13 carried in the seat.
The backpack is lower in weight and has
a limited supply of materials (but not
at the expense of signaling facilities).

In order to fasten the NAZ [emergency survival kit] to the sus-

pension system of the parachute, provision 1s made for a special pack

of strong fabric.

Since the NAZ [emergency survival kit] 1s rather heavy, it 1s re--

leased from its pack prior to landing in water or on the ground and it

is lowered on a shroud line (approximately 12-15 m long). For this pur-

pose there 1s a handle connected by means of a cable to the pack re-

lease straps. The cable passes through a flexible tube fastened to the
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suspension system (Fig. 213). Before landing, a pilot pulls this handle
at a height of about 100-200 m, the straps open, and the NAZ [emergency .

; survival kit] falls out from the pack.
§ The rubber rescue raft is folded so that it 1s the first to be
released from the backpack. The raft 1s held by the outside flaps of
the backpack, which are held shut by means of pegs and slats with the
two pins of the release cable.
‘ The gas Inflatlion of the raft 1s achlieved from a carbon-dioxide
} bottle manually after landing in water (by pulling on the release
| cable) or automatically as the NAZ [emergency survival kit] is released
from the pack oh the suspension system. In the latter case, a special
short shroud line from the backpack 1s first (during the preparation
for the flight) connected to the release cable of the backpack and
with the release line attached to the safety valve of the carbon-
dioxlde bottle and to the lever which opens the valve of the latter
(Fig. 214).

On ejection of the NAZ [emergency survival kit] all shroud lines
are tensed and the piﬁs and safety valves are released thus automatic-
ally freeing the raft and filling it in the air, before it reaches the

_water surface.

For landings on dry ground the backpack 1s provided with shoulder
straps to carry the NAZ [kit]. During storage these straps are stuffed
into the pocket at the top of the backpack.

The simplest signaling devices (a flashlight, flares) are best
stored 1n an alrtight contalner 1n special pockets directly on the in-
dividual, thes2 pockets sewn 1into the water survival sult or space
pressure sult precisely for this purpose.

The problem of behavior and crew actlion to ensure survival in the
event of the emergency abandonment of an ailrcraft in desert regions 1is
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Lo oonoidzred in detail in special literature.* -
" §11. REIEASE OF "PLUNBING® ON EJECTION
”:‘ft _Jith increasing altitude and rlight velocity for sircraft and as
thu high-altitude equipment becomes more complex the number of required
connections has undergone considerable increase (hoses and electric
wiring) to connect the pilot with the instruments and assemblies in-
stalled in an aircraft cabin.
h If a pilot was formerly connected to on-board aircraft equipment
by means of a single oxygen hose and a single four-cable electric wire
for flights to altitudes below 12,000 m, at the present time in order
to exscute flights with a high-aititude,auperaonic pursuit aircraft
the following gas and electrical connections are required, as shown in
Plgs. 188-190:
%; gg;egiggzzthe on-board oxygea unit....ceeee. 1=3
- antigravity sult....ccccececcosccrcccacses 1
3) elngﬁii:gegiggif.......................... 1
communications (telephone and microphone) 4
glass heating with temperature regulator. 2 -h

All in all, there are up to 5 gas and up to 8 electrical connec-
tions.

In order to ensure safe ejection the instantaneous separation of
all of the above-enumerated connections must be possible with moderate
force (no more than 40-50 kg). At the same time, those gas connections
through which oxygen from on-board equipment was supplied to the air-
tight helmet and the tensioning chambers of a G suit or through which
the oxygen and air supply passed to a space pressure sult must be
sealed off (by the pilot). |

If this were not done, the pilot would not be able to develop the

necessary pressure at greht altitude for the organism and he may suffer

fatal sonsequences.
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The closing off of the connections 1s
carried out automatically by means of re-
turn-flow valves.

The alir hoses of antigravity and ven-
tilated sults on a land aircraft need not
be equipped with return-flow valves. How-
ever, if the equipment 1s used in combina-
tion with water survival suilts for flights
over wéter, i1t is obvious that the return-

flow valves 1in these connections are neces-

e i e A
-y e ~

Fig. 215. Pllot wear-
ing space pressure The fast-release connectlions used
sult without mask, the

hoses of this sult aboard aircraft can be divided into two
connected to a con-

solldated release. 1) types:

Consolidated release;

2) hoses; 3) manual 1) connection sleeves with calibrated
switch for parachute

oxygen unit. force (known simply as '"sleeves");

sary to preveht the entry of water.

2) mechanical releases which are opened by means of a static line
fastened to the aircraft.

Sleeves are used expedlently only for those types of equipment
whose d;sruption of airtlghtness at great altitudes wlll not lead to
loss of pllot consclousness. These include the antigravity and indi-

1dually ventilated suits (1f the latter is used without a high-alﬁi-
tude space pressure sult).

Max!mum rellabllity 1s required of the oxygen-hose releases. Ran-
dom movements and pilot gestures in the cabin (for example, as a re-
sult of negative acceleration) should not cause the hoses to release
or to disrupt airtightness. At the same time, the release must operate
simply and rapidly under normal operating conditions such as, for ex-
ample, when removing the seat.
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For conveniepce in servicing, reducing the time required to pre-
pare for takeoff, and simultaneous release on éJection all connections
are passed through a single unit known z: the so-called consolidated
éonnoction release. This same unit can effect the automatic actuation
of the parachute oxygen unit on ejection. |

Consolidated releases are made to incorporate varicus numbers of
connections, depending on tﬁe type of equipment with which they are
being employed. We should distinguish releases intended for upward or
doﬁnuard ejection seats, since the direction of ejection makes it nec-
essary to vary the manner in which the release 1s connected to the
seat and where it 1s to be positioned.

Pigure 215 shcws a pilot in a space pressure sult without a mask,
equipped with hoses connected to a consolidated release, as he climbs

into the cockpit of his aircraft (USAF).
Opersting Principie and Design of Consolidated Releases

The release consists of three basic parts (Fig. 216): two sections
1l and 3 with connection tubes and a middle frame 2, these being con-

nected to one another by means of a mechanical locking device which 1s

incorporated in the release unit. The middle portion of the release 1s
permanently attached to the seat. At the instant of ejection the strap
attached to the floor or some other element of cabin structure opens
the release and the latter separates into three parts. With this, sec-
tion 3 (which we have agreed to designate as the lower) together with
the on-board hoses and leads 4, 5, 6, and 7 connected to it remain 1in
the aircraft; the middle portion of release 2 remains with the seat,
while section 1 (the ubper), connected by means of hoses and the per-
sonal-equipment leads, remains with the pillot.

The excess preassure in the oxygen system of a G suit or in a space
pressure suilt after ejection is ensured by means of return-flow valves
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installed in the connectlon tubes of the
upper sectlon. Upon release these valves
are automatically closed by springs. The;
return-flow valves of all o: the lines

(with the exception of fhe inspiration l%ne)
are provided with strong springs and rubber
pads. The connection tube of the 1nspira-
tion-valve line has a mica return-flow

valve wlth an extremely weak spring. If the

oxyge' reserve frpm the parachute equipnent

L 3
Flg. 216. Three baslc 1s consumed durin' the course of a para-
elements of a con-
solidated connectilon chute descent, the pilot can inspire at-
release. 1) Upper sec- ’
tion; 2) middle frame; mospheric alr through the mica valve,
3; on-board sectlion; :
4) communications The release 1s made so that it makes
leads; 5, 6, 7) air
and oxygen connections. it possible to achleve separation not only

from the statlc line, but 1t also enables the pillot to separate the
upper sectlon by himself. Thils partial separa%ion of the release 1s
employed by the pilot during the course of normal operations so that
he can leave the cockplt of the alrcraft tog%ther with the parachute.

The automatlc actuation of the parachuté‘oxygen equipment on e jec-
tion 18 carriczd out by means of a special hook on the lower section.
This hcok connects to the eyelet of the release cable for the parachute
oxygen equipment immediately upon the 1initlal deflection of the re-
lease lever, even prilor to the total separation of the upper and lower
parts of the release.

In other types of designs in which the pillot, on the ground, does
not leave the cockpit with the parachute and oxygen equipment, the
cable release 1s fastened directly to the lower section of the release,
e.2., by means of a belaying rin {a bolt with chock and hinge).

- 153 -



ﬂounting,the Consolidated Release on the Seat

Figure 217 shows two of the most common means of setting up con-
solidated releases on a seat and fastening the static lines for the

release as encountered in various foreign publications. The plane pass-

bd)

FPig. 217. Versions of consolidated release instailation on seat and
attachment of static line as function of eJjection direction. a) Upward
ejection; b) dowiward ejection. 1) Release for upward ejection; 2) re-
lease for downward ejection; 3 and 4) static lines for actuation of

release.

ing through the axes of the release connection tubes must be vertical.
Until total separation of the release, the release sections should not
come into contact with any of the seat elements.

-For upward ejection (Fig. 217a) release 1 is mounted on the side
surface of the seat dbucket, horizontally or at an angle of up to 20°
to the side of the release. The static line 4 (cable) for the actua-
tion of the release 1s positioned vertically or deflected from the ver-
tical by no more than 15°, forward or back, and by no more than 5-7°
toward the outside of the cockpit. The deflection of the static line
toward the seat is not permitted.

For downward ejection release 2 is mounted vertically, the buckle
at the bottom on the side rear support of the seat, to the rear and
somewhat above the seat bucket, as shown in Fig. 217b. The static line
3 1is fastened to the reaf and above the seat. This procedure is em-
ployed to prevent the lower section (in the given case, the rear sec-
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fion) of the release from striking the pllot at the instant of ejec-
tion and release actuation.

The static force of release actuation may reach 40-50 kg. A four-
fold strength margin is required of the static line and 1ts attachment
in the cockplit, 1.e., these should be designed for a desﬁructive force
of the order of 200 kg.

When mounting a consollidated release on a new seat, the entire
system must be checked by firing 1t on a ground catapult, dragging the
seat out of the cockpit, and in flight tests with a dummy. When the
seat 1s dragged out of the cockplt, it 1s Important to check to see
that the slack of the hoses 1s greater than the lensth of the static
line.

The slack of the statilc line 1s made as small as possible, 1l.e.,
it can exceed the range of seat-bucket regulation with respect to |
height by no more than 20-30C mm.

In order to prevent the upper sectlion of the release {rom striking
the pllot on ejection, 1t 1s fastened by means of & strap or rubber
bands to the suspenslon system of the parachute or to the bnackpack of
the latter.

In a number of cases, particularly when the parz:nute 15 kept per.
manently in'a container on the back of the seat, the consolidated re-
lease 18 not convenlient when the pillot 1s being seated In the aircraft
cockplt. Therefore, additional operatlional group and 1ndividual re-
leases are bullt 1nAfor the connection hoses. In the case of antigrav-
ity sults, sleeves are used, while the oxygen hoses are collected into
manually operated group releases holding 2-3 hoses each.

The pilot uses these releases during normal operation. In the

case of an emergency, however, at the instant of ejectlion, the con-

solldated release 1s actuated to release the pilot from all connection
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linking him to the aircraft.

512. COMPARATIVE EVALUATION AND AREA OF APPLICATION FOR VARIOUS FORMS
: OF HIGH-ALTITUDE EQUIPMENT. CALCULATION OF OXYGEN RESERVE#*

Gomparative Operational Evaluation of High-Altitude Equipment

An aircraft déaigner must make proper selection of the high-alti.
tude, survival, and protective equipment complex 1n accordance with
the flight-engineering and operational characteristics of an alircraft.
The'rlight and maintenance crew must have a clear idea as to the oper-
ating principle, the potentials, and the limits of applicatlon of any
given type of equipment or apparatus. A comparison of the basic char-
acteristics of high-altitude equipment (permissible altitudes and
flight durations) is presented in Table 23.-

These data show the time available to a pilot in the case of cabl
depressurization at great altitudes. When using a high-altitude G suit
and breathing under excess pressure the pillot has but a few minutes at
his disposal and these, however, afe sufficient only to descend to a‘
sare altitude of the order of 12,000 m.

The permiaaible flight time at altitudes of 10-12 km when breath-
ing pure oxygen is a function of the individual properties of the or-
ganism and its high-altitude resistance. Each pilot must be aware of
his own potentials, these being dbased on training sessions 1n a pres-
sure chamber. However, it is recommended that no pllot be called upon
to spend more than 30 minutes at an altitude of 12,000 meters. At an
altitude of 11,000 meters, and even more so at 10,000 meters, man 1s
capable of functioning normally (when breathing pure oxygen) for many
hours, i1f he experiences no high-altitude pain; For a flight of unlim-
ited duration the altitude should not be higher than 7500 m, and this
ean be achieved (1in addition to the use of a pressurized cabin) only
by using a high-altitude pressure suit. In addition to altitude, it 1is
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TABLE 23

Permissible Altitude* and Duration of Flight
when Using Oxygen and High-Altitude Equipment
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¥The permissible altitude for the application of high-altitude
5 equipment should be determined on the basis of the possible rarefac-
i tion in the cabin, and this depends on the shape of the fuselage and
; canopy and may amount to 35% of the total ram pressure Uax max’

For example, let the rarefaction in the cabin be equal to 25%
dax max’ and let the 1ndicated flight velocity Vi = 1000 km/hr at an

altitude of 10,000 meters.
For this case (without correction for compressibility)

0.125 71000\2 2.
Q-lxm:=_5"2§(‘5“6‘) = 4800 kg/m ’

the rarefaction in the c¢abin

4800-25

3 =5 =120 mm water column (88 mm Hg)

and, consequently, the absolute pressure in the cabin at an altitude
of 10,000 meters 1s (p = 196 mm Hg)

abs
Pxass =198—-88=110 mm Hg,

which corresponds to an altitude of 13,700 meters; i.e., the "altitude"
! in the cabin at 3700 m exceeds the flight altitude.

{

: (Continued on next page)
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"~ It should be borne in mind that such an elementary calculation
method i» permissible for comparatively low altitudes, since there 1s
no consideration of a correction factor for the low static pressure.

A) Item No.; B) type of equipment and apparatus; C) permissible alti-
tude, in km; D) potential flight duration; E) note; F) oxygen equip-
ment with continuous feed, open type mask; G) up to several hours; H)
mask with additional space; I) oxygen equipment with periodic feed
(automatic lung); J) up to 30 minutes; K) several hours; L) oxygen
equipment with excess pressure; M) several minutes; N) high-altitude G
suit, mask with excess pressure; O) several minutes; P) time 1s a func-
tion of flight altitude, quality of suit fit, physical stress, and in-
dividual features of organism; Q) airtight helmet with excess pressure;
R) from several minutes to a single hour; S) high-altitude space pres-
sure suit, "altitude" in space pressure suit 11 km; T) unlimited; U)
10-20 hours; V) provided there is protection against penetration of
ozone and a temperature of 10-259C; W) "altitude" in space pressure
suit, 7.5 km; X) the same; Y) uniimited.

also neceasar;to provide man with corresponding temperature conditions
within the aircraft cabin or to set up microclimatic conditions by
means of ventilated or thermally insulated clothing.

‘The protective properties of the various pleces of equipment with
respect to ram pressure were presented in Table 22, The apéce preasuré
suit completely protects man at flight velocities (referred to standard
ground conditions) of 1200-1300 km/hr and is superior in this regard
to all other forms of individual clothing.

Problems of operational ease are of great significance for the
rlight crew. ft 13 for this reason that the opinions expressed by
pilots operating in various types of flight clothing are of such great
intetest.

' Navy combat pilbts have provided the following comparative evalua-
tion of the high-altitude G sult and a space pressure suit, i.e., the
high-altitude G suit [VKK] 1s more comfortable than the space pressure
suit when there 1s no pressure in the tensioning chambers, but on the
other hand the space pressure suit is more comfortable and provides
greater nobili;y and vision when inflated. Since accidents involving
pressurized coclpits are rare occurrences, many pilots prefer to use
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G sults.

From the standpoint of service and operation, an individual VKX
[high-altitude G suit] 1s simpler than a space pressure suilt. Only an
on-board oxygen system is required for the VKK [high-altitude G sult].

TR R i i

The space pressure sult, in additlon to the oxygen supply, requires
on-board and ground installations for air condit.oning. However, 1f 1t
becomes necessary to use a VKK 1n combination with a water survival or
ventilated sult, the ground and on-board equipment w.1ll be “he same as
when uslng a space pressure sult,. Therefore, if 1t 1s necessary to pro-
tect a pilot under conditions both of prolonged high-altitude flight
and in the case of an emergency over cold water, the over-all prefer-
ence will fall to the space pressure sult.

Having compared the various types of space pressure sults, foreign
specialists point out that 1in te:ms of minimum oxygen flow rate flrst
place 1s held by the regeneration space pressure sult; after this
plece of equipment there follows the ventilated space pressure sult
with a mask, and in last position we find the ventllation-type space
pressure sult which does not require the use of a mask. With regard to
resistance to breathing, the space pressure sult with mask moves to
last position, but assumes fifst rank 1in terms of minimum carbon-‘
diloxide content 1n the explred air.

Ventilation space pressure suits for altitudes above 18,000 meters
in the oplnion of forelgn speclalists, must be provided with Independ-
ent inflatlion above this altitude from a tank, since the entry of
ozone into the space pressure suilt from the atmospheric air 1s pos-
sible. From the standpoint of protection against ozone and the preven-
tion of high-altitude pains, it is held expedlent to supply pure oxy-
gen from the ground ur to the helmet of a space pressure sult which
uses no mask. In this cecnnection the regeneration space pressure suit
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oxhibita an advantage, and namely, its supply and regeneration system
18 completely autonomous and insulated from the ambient medium.

From the operational standpoint the ventilated space pressure
sults are considered to be simpler than the regeneration suits. For
ghe latter it 1is necesaary'to change the regeneration cartridges and,
éﬁnsequently, to provide for regular supplies of appropriate chemicals
at airfields. |

The space pressure suits which require no masks are given prefer-
~ ence for prplonged flights (the mask encloses the face and proves
bothersome). Moreover, in these space pressure sults there 1s no céuse
to fear vomiting. It is recommended that these suits be used if there
is a possibility that the pillot may be turned around during the course
of a parachute descent or 1f he should experience the rocking motion
of waves in the case of ditching in water. However, ﬁhe mask space
presaure suit provides for rel&tively greater safety in case of helmet
damage or disruption of its airtightness.

It ia thought that space pressure suits, as well as the airtight
helmets of high-altitude G suits [VKK] may, with some minor modifica-
tions, be used as protection against gas [gasmasks].

Determination of Oxygen Reserve
The over-all weight of the high-altitude equipment depends 1in

great measure on the oxygen flow rate required to supply the members
of the crew and this flow rate also governs the oxygen reserve carried
aﬁoard the aircraft.

Aboard the aircraft oxygen is stored either in a compressed state
in tanks or in 1liquid form in special containers — gasifiers — repre-
senting a type of Dewar Jjar with additional devices for evaporation of
the oxygen and the supply of the oxygen at the required presswe.

There are oxygen tanks with an operating pressure of 150 and 30
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atm. Occasionally, spherical oxygen tanks of great capacity with a
pressure of 110 atm are used. In the gasiflers the operating oxygen
pressure is kept'at about 10 kg/cmg.

The mean relative welght of these oxygen sources (wilthout con-

sideration of the actual weight of the oxygen), referred to a single
cubic meter of oxygen under ground conditions, amounts to '
for tanks at 150 and 30 atmM.....e0veeess 8.2 kg/m

for spherical tanks at 110 atM.eseseveee 5
: forsas*fiers...ooccn--o.-nooo'oo-..o..o2

"
? This average welight increases s-mewhat for vessels of low capac-
1ty and, conversely, diminishes as the capacity of the tanks 1s 1n;
creased.

_ The specific welght of the oxygen (at a pressure of 760 mm Hg and
% a temperature of 15°C) i1s equal to 1.354 kg/m3. One kilogram of liquid
oxygen occupies a volume of 0.876 liter and on evaporation yields 736
liters of gas, referred to the 1indicated ground conditions. In various

! countries liquid-oxygen gasiflers for 5, 15, and 30 kg are produced.

The oxygen flow rates for varlous types of oxygen equipment, G

sults, and space pressure sults have been 1indicated above.

Figure 218 shows the oxygen flow rate as a function of flight al-
titude for the basic types of high-altitude equipment. For units with
periodic feed the mean lung ventilatlon equal to 15 liters per minute
has been taken. In the case of space pressure suits 1t is the general
practice to assume that the helmet 1s sealed airtight from the ground
up.

The curves have been constructed for altitudes below 16 km; how-
ever, 1t should be borne in mind that at altitudes above 12 km a con-
stant absolute pressure i1s maintalned in airtight helmets and space
pressure suits, and for this reason the oxygen flow rate remains con-
stant. The data in Fig. 218 may be used to determine the required oxy-
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Pig. 218. Oxygen flow
rate as a function of
"altitude”" in cabin when
using bdasic types of high-
altitude and oxygen ejuip-
ment. A; High-altitude G
suit; B) ventilation-type
space pressure suit with-
out mask; C) ventilation-
type space pressure sult
with mask (helmet air-
tight); D) oxygen equip-
ment with continuous feed
and magk with additional
container. 1) Oxygen flow
rate, in standard liters
per minute; 2) altitude,
in .

=A; =B; =0C;
- 'Do

gen reserve.

The oxygen reserve required for a
single crew member is a function, in ad-
dition to the characteristics of the
unit, of the duration and altitude of
rl1ight (considering the supply of air in
the alrcraft, flight duration may be
substantial).

The quantity of oxygen Gpotr re-
quired for the flight in the general
case consists of the sum of several
terms, and namely:

1) G, 18 the oxygen flow rate at
the ground during taxiing.and anticipa-
tion of takeoff (this term 1s taken into
consideration only in the case of |
fighter aircraft);

2) G ap 18 the oxygen flow rate
during climb;

3) ag‘:r is the oxygen flow rate

during horizontal flight in pressurized cabin;
3) a:or 1s the same, in a depressurized cabin;
5) Gyp is the oxygen flow rate during aircraft descent.
The time of flight in a depressurized cabin msy vary from 10 min-
utes for single-seat aircraft to 50% of the total flight duration in

tpn case of multiseat aircraft.

Thus

Oy

(310)

. Jor high-altitude transport sircraft the required quantity of oxy-
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gen generally conslets of the last two terms (this does not pertain to
the determination of the oxygen reserve for pllots, since the pilot
controlling the aircraft 1s compelled for the sake of crew safety con-
tinuously to use the oxygen equipment). |

The magnitude of each term i1s computed individually as a function
of the duratidn of a glven regime and the oxygen flow-rate norms.

For c¢limbing and descent regimes the oxygen flow rate 1is defined

by the following formulas:

(311)

where qHl and qH2 represent the oxygen flow rates, respectively, at
altltudes Hl and H,, 1n standard liters péer minute (1.e., referred to
a pressure of 760 mm Hg and a iemperature of +15°C); T{_p 18 the time
required for the aircraft to climb from an altitude H1 to the altitude
Hy, 1n minutes; 7, _, 1s the time required for the alrcraft to descend
from altitude H, to the altitude H,. |

For alrcraft with a low rate of climb and limited flight duration
a more exact calculation 1s achleved 1if the altitude intervals are sef
at 2000 meters.

It should be borne in mind that when using high-altitude G suits
the oxygen fldw rate variles significantly between pressurized and de-
pressurized cabins [cockpits] (see Fig. 218). In the event that the
airtightness of a cabin 1is disrupted at great altitudes, the mean oxy-
gen flow rate increases suddenly from 4.5 standard liters per minute
to 15-20 standard liters per minute. As the aircraft descends, because
of the lag in the dlaphragm mechanisms of the oxygen unit, this flow
rate may be retained to an altitude of 8 im.

The required water capacity Vb of the tanks 1s determined from
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the following expression
Ve [ .

"w_’“_h liters, (312)"
where Pb max is the maximum oxygen pressure in the tank, in kg/cme;
Pb min is the minimum pressure which determines the oxygen reserve in

the tank which was not included in the consideration (for the case of

- a drop in pressure with a change in temperature, to check the unit be-

fore takeoff, etc.); Po = 1 1s the pressure at sea level, to which we
have rgferred the oxygen flow rate opotr' |

The quantity p, .,  1s assumed to be equal to 15-20% of the max-
imum pressure in the tanks.

When liquid oxygen is used aboard an airgraft, the required capac-

ity of the gasifier i1s determined from the following formula:
Oy K ' .
Here 736 refers to the quantity of liters of gaseous oxygen which
at a pressure of 760 mm Hg and 15° 1s produced on the evaporation of
1l kg of 1iquid oxygen; G

neuch
which the pressure in the gasifier dbegins to drop. This quantity 1s

1s the remainder, not considered, at

taken from the specifications for the gasifier. On the average, it
gmqtnts to 7-10% of the liquid-oxygen reserve; Yot is the evaporsation
loss in kg/hr (these losses for various gasifiers range from 0.05-0,15
ka/hr); T 1s the tine from the instant of gasifier charging to aircraft
talesoff (this time is assumed to range from 24 to 48 hours); K is the
safety factor, e.g., in case a portion of the gasifiers break down; n
is the number of members in the crew; z 1s the number of zasifiers.

‘In the case of multiseat aircraft, the quantity K is assumed to
be equal to 2; in the case of single-seat aircraft the gasifiers are
not duplicated, since it is felt that an emergency oxygen reserve 1is

availadble from the parachute oxygen equipment.
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Example 1. Determine the required oxygen reserve for a single-

seat aircraft for an over-all flight duration of 45 minutes for two
types of high-altitude equipment, 1.e., a space pressure suit with a

mask and ' a G sui+.
" The duration of the individual flight regimes 1s 1ndicated in

Table 24,

TABLE 24

Determination of Required Oxygen Reserve for
Single-Seat Alrcraft

A B C D Pacxor xucaopoia
N Mpozoa- "B Craganap F_BKK
no Pexnwu nosera HOCTM G Pacxoa Pacxoxa
nop. i’pemuua Cpp:C’x:';“ 3a apeus %ﬂ%g:ﬂ 63 Bpeus
| uuH. ' n1jaun %e;::ua KA/ MUN I_‘;c:f',“
1 | Pyaemxa I 6 15 90 1.6 9,6
2 | Habop smcorm J 5 10 50 3,5 17,5
3 | Fopwiontassnui noser 20 5,5 110 4.5 90
B 3arepMeTHIHpOBaN-
HOR xabune (M ,qo=
=8 xn) K
4 | TopusonTtaasusft noser 10 4 40 19 190
8 parepMeTHanpo- | .
([, BaHHOA xabmue ma
BucoTax Goaee 12 000
S5 | Cuumenne noroaxa 2 4,75 9.5 19 38
a0 8OO0
6 | CHukesnnue ch 20 3 x 1.8 7.5 11.3 3.5 53
OBecero: 45 - ’ 410,8 , - 410.4

A) Item No.; B) flight regime; C) duratlion of regime, in minutes; D)
oxygen flow rate; E) space pressure sult; F) VKK (high-altitude G
suit]; G) average flow rate, in standard liters per minute; H) flow
rate during the regime, in standard liters; I) taxiing; J) climbing;
K) horizontal flight 1n pressurized cabin (Hkab = 8 km); L) horizontal

flight in depressurized cabin at altitudes in excess of 12,000 m; M)
descent from celling to 8000 meters; N) descent from 8 to 3 km; O)
total.

Solution. The norms for the oxygen flow rate are taken from the
curves presented in Fig. 218. The average oxygen flow rate for the
climoing and descent regimes are determined on the basis of Formulas
(311). The derived results are noted in the corresponding columns of

Table 24, Multiplying the average flow rate by the time of the corres-
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ponding regime, we obtain the oxysen'tlow rate during the course bf
the given flight regime. These results are also recorded in the cor-
_nesponding columns.

Summing the flow rates, we define the total quantity of oxygen
‘equired for the exscution of the flight., For our example this quan-
Aty prqved to be identlcal for a space presswre sult and a high-alti-
ude G suit, and was equal to ~411 standard liters per minute (at a
ressure of 760 mm Hg and t = 15°C).* ,

The required tank capacity is determined from Formula (312)

41 ‘
Veu % —% afs liters.

Since tanks with a capacity of 3.5 liters (or 1.5 liters) are not
:ing produced, it becomes necessary to take a tank with a capacity of
liters having an operating pressure of 150 atm.

Example 2. Determine the required oxygen reserve for a three-scat
reraft and a flight duration of 10 hours for two types of space
sssure suits, l.e., ventilation-type space pressure suits with and
thout masks. |

Given: the "eltitude" in the pressurized cabin for the horizontal
ight regime is equal to 6000 meters. The flight time in the depres-
»1zed cabin may amount to 50% of the total flight duration. The oxy-
1 reserve 1s taken in liquid form in the gasifiers.

Solution. The oxygen flow-rate norms are taken from the curves in
;o 218, For a multiseat aircraft we can 1limit ourselves to the baaic

oratical case, 1.e., the horizontal flight regime.

For a space pressure suit with a mask the theoretical case corres--

is to a flight in a pressurized cabin (7 atandard liters per minute
in altitude of 6000 meters):

Goory = 7-00-10=4200 11ters per 1 mn;
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' For the case of a space pressure sult without a mask in which the
oxygen flow rate increases with increasing flight altitude Gpotr is
defined as the sum of the oxygen flow rates during flight in a pres-
surized (9 standard liters per minute) and a depressurilzed cabin (12
standard liters per minute):
Gaerg = 9-60-5 + 12.60 5= 6300 1iters per 1 man.
The required liquid-oxygen gasifier capaclity 1s defined according

to Formula (313) for G = 6300 standard liters per minute. Let us

potr
assume that the losses in a gasifler due to spontaneous evaporation
amount to 0.08 kg/hr; the charging of the tanks 1s carried out 48 hours
prior to takeoff; the liquid-oxygen remainder that has not been taken
into conelderation 1s equal to 1.5 kg and the containers are duplicated
(the coefficient K = 2). The remuired capacity of a single gasifier

for a total number of gasifiers z = 2:

3.8300-2 =
Gras = ——7—5——2—" + 1,5+ 0,08.48 =31 kg.

When the number of gasiflers 1s increased to 4, the required
capacity of a single gasifier amounts to 18.7 kg of liquid oxygen.
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[Footnotes ]

Compiled on the basis of the following materials:

G. Armstrong, Aviatsionnaya meditsina, IL [Aviation Medicine,
Foreign Literature Press], 1947. ‘

Geratevol', Psikhologiya cheloveka v polete [The Psychology
of Man in Flight], IL, 1956.

Fiziologiya 1 gigiyena vysotnogo poleta, Biomedgiz [The
Physlology and Hyglene of High-Altitude Flight, Biomedical
Press], 1938.

Voprosy aviatsionnoy meditsiny [Problems of Aviation Medi-
cine), IL, 1954,

In the specialized literature this form of anoxia [oxygen
starvation) is known as hypoxia.

The reserve time 1s determined experimentally, i.e., from
the instant at which the oxygen supply is cut off (or from
the instant of a rapid ascent to a given altitude) to the
initial manifestation of an inability to function properly,
this being expressed by distortion of handwriting.

The term decompression tissue emphysema 1s also used.

After the data of Regener — S.K. Mitra, Verkhnyaya atmosfera
[The Upper Atmosphere], IL, 1955. The thickness of the ozone
layer, at this altitude contained in an air layer 1 km thick,
has been referred to normal conditicns.

A.H, Schwichtenberg, Is 1t Working? Flying Safety, Vol. 11,
1955, No. 3, pages 12-13.

Flying, Vol. 61, 1957, No. 1, pages 31, 84-89.

On the basis of information in the "Aviation Week" issue of
24 December 1955, the record ascent in a pressure chamber to
an altitude of 60,000 m by Major A. Bek of the Aerospace
Medical laboratory was carried out in the USA, the Major
wearing an MS-4 G-suit. The limiting flight altitude in a G
sult depends on a variety of factors including flight dura-
tion, the operational refinement of the suit, the physical
and emotional state of the pilot, the amount of rest and the
level of food intalee prior to the ascent, etc.

Aviation Magazine, 1 February 1960, No. 292.
Flight 1956, June 22.

Flight 1957, September 6.

Flying Safety, March 1957.

Interavia, Vol. 12, 1957, No. 7, page 688,
Aviation Medicine, Vol. 30, April 1959, No. 4.
Naval Aviation News, August 1958.

Aviation Week, June 22, 1959,
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95

101+
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106

109
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114 .
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120

121
125

130

132%

1320%#

(Footnotes (Continued)]

"Aviation Medicine," Vol. 30, 1959, No. 4.
See the first footnote on page 93 and [29], [30].

In a number of cases (for example, in the American X-15 air-
craft) body ventilation is carried out with nitrogen which
1s available on-board the aircraft in liquid form and is
used to cool the electronic equipment, the nose portion of

the fuselage, etc.

Missiles and Rockets, November 16, 1959.
Proceedings of the American Astronautical Society, 1958.

Aviation Week, June 22, 1959.
Missiles and Rockets, November 16, 1959.

Development History of the Aviator's Full Pressure Sult in
the U.S. Navy, "Aviation Medicine," Vol. 30, 1959, No. 4.

Naval Aviation News, August, 1958.

For the derivation of Formula (207) see L.T. Bykov, M.S.
Yegorov, P.V. Tarasov, Vysotnoye oborudovanliye samoletov,
Oborongiz [High-Altlitude Aircraft Equipment, State Defense

Industry Press], 1958.

A. Barton and 0. Edkholm, Chelovek v usloviyakh kholoda [Man
under Conditions of Cold], IL, 1957.

N.K. Vitte, Teplovoy obmen cheloveka 1 yego gilgilyenicheskoye
znachenlye. Medgiz USSR [Heat Transfer in Man and its Hy- ~
glenic Significance. Medical Press of the UkrSSR], Kiev, 1956.

USA Full Pressure Space Sult is Light; Permits Free Movement,
Aviatlon Week, Vol. 67, 1957, No. 23, page 29, Ill. 1.

"Aviation Medicine," Vol. 26, 1955, No. 1, page 5660.

Naval Aviation News, March, 1960.
Aerospace Medicine, April, 1960.

Aboard American aircraft carriers the pllot ready rooms are
equipped with simllar devices.

In addition 1t should be pointed out that on 19-20 August
1957, in the USA, David Simons [sic], a major in the Medical
Corp., completed a 32-hour flight in an airtight gondola of
a balloon to an altitude of 21-30 km. No information as to
harmful biologlical effects of radlation has been published.

T. Charles Helvey, Radiation Protective Sulting, Air Force,
Vol. 41, 1958, No. 12.
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150

156
166

[Pootnotes (Continued)]

See the footnote on page 120.

;Zopiogz aviatsionnoy meditsiny," Collection of translations,
9
)

N.K. Pyneyev, Deystviya ekipazha samoleta, vynuzhdenno popav-
shego v bezlyudnuyu mestnost', Voyenizdat [Actions of Alr-
craft Crew Forced to Abandcn Their Aircraft in an Uninhab-
ited Area, Military Press], 1957.

Naval Aviation News, 1958, August.

If the space pressure suit 1s not sealed airtight at the
ground but, for example, at an altitude of 4 km, the required
oxygen reserve for the space pressure suit would be smaller
by a factor of 25% than in the case of a G suit.
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42
50
50
65

73

76
110
110
110
110

111
157
162
162
162
162
162
162
163
164
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[{Transliterated Symbols]

K = k = kabilna = cockp?t
B = Vv = vozdukh = air
n = 1 = legochnaya [ventilyatsiya] = lung [ventilation]

[IKN1 = PKP = parashyutnyye kislorodnyye pribory = parachute
oxygen equipment

BKK = VKK = vysotnyye kompensiruyushchilye kostyumy = high-
altitude G sults

kK = k = kamera = chamber

B =V= ventilyatsiya = ventilation

non = dop = dopustimoye = permissible

n = p = podavayemyy [gaz] = supplied [gas]

M =1= [original not 1dentified] = human exhalatlon of
carbon dioxide

a8 = a = absolyutnaya = absolute

Kal6 = kab = kablna = cockpilt

IOTP = potr = potrebnoye = required

HA0 = nab = nabor = climb

rop = Jor = gorlizontal'nyy = horizontal

TK ='gk = germetlzirovannaya kabina = pressurized cabin
H = n = normal'noye = normal

¢l = sp = spusk = descent

6 = b = ballon = tank

ras = gaz = gaz = gas

Heyu = neuch = neuchlityvayemyy = not consldered

nor = pot = poterl = losses
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Chapter 10
TESTING OF SURVIVAL AND RESCUE EQUIFPMENT*
§1. GENERAL REMARKS

The daterniniﬁg and most convincing type of integrated test of
rescue and survival facllities is the flight test. It is only in ac-
tqal flight that it becomes possible to reproduce completely‘all con-
ditions of emergency evacuation of an aircraft. However, flight tests
are relatively expensive measures, particularly ;f we take into con-
sidefration the expenses assoclated with the construction of flying
teatbeds.

Seats in multiseat aircraft can to some extent be tested in the
actudl aircraft for which they are intended, or in some similar air-
oraft. The testing of seats for single-seat aircraft calls foy the
construction of a special aircraft, i.e., a "flying laboratory."

To ensure the operational reliabllity of rescue equipmept, as
well as to provide for the safety of the flight personnel 1nla "flying
laboratory™ it is necessary for a thorough study of the test subject
to bé undertaken prior to the flight test. Therefore, before a seat is
turnéd over for flight tests it must be subjected to a large and com-
plex series of ground studies. The general sequence of these tests is
the following:

1. "Punctisnal” tests. It 1s the purpose of these tests to check
tﬁa functioning of all assemdblies or, in other words, to check the op-

eration of all seat units and of the high-altitude equipment which
{
must de operational in an aircraft cabin [cockpit] during flight and
- 172 - '




in the event of an emergency to the instant of firing-mechanism actua-
tion{'SImilar tests are carried out under conventional conditions, and
in the presence of vibration and a range of temperatures and pressures
corresponding to the, operating conditlons for the seat.

2. Strength tests. Static tests in no way differ'from static tests

for any assembly, but in the case of a seat and high-altitude equip-
ment there 1s also the action of dynamic load (with the extension of
stabllizing panels and parachutes, on firing of cannons, the ejection
of parachutes; upon entry of the seat into the airstream, etc.). To
reproduce these stresses 1n the laboratory, speclal installétions are

required.
3. Checking of seat efficlency during the process of seat ejection

from the cabin [cockpit]. These tests are conducted on the so-called

vertical catapult (see Fig. 11 and Fig. 225). The verticél catapult is
a slightly inclined girder 25 and more meters long along which guide
ralls have been lal” down; these gulde railé are a continuation of the
rails found in the cabin ([cockpit]. After the actuation of the firing
mechanism the seat slides along these gulde rails, and the braking 1s
achleved through the force of gravity and by means of a special brak-
ing mechanism. On this catapult it 1s possible to reproduce all prob-
esses taking place prlor to the instant that the seat enters the air-
stream.

4, Checking the effect of the airstream. The purpose of these

tests 1s to check the efficlency of all assemblies protecting the in-
dividual against ram pressure (protective clothing, arm and leg re-
strainers, rigid protection, etc.). Simultaneously with these tests,
the strength of the seat 1s also tested (in first place, the strength
of the minor units for which 1t 1is Impossible to calculate the stresses
to which they are subjJected), and the operation of the feleases under
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‘conditions of aerodynamic load. These tests are carried out in wind
tunnnll. If these tests are carried out in tunnels with a closed test
section, & fast-acting valve is installed in front of the seat to sim-
ﬂiatp the aerodynamic shock which 18 experienced as the seat enters
thg airstream. During the concduct of such tests in wind tunnels with
an open test aection, the seat is inserted into the airstream by means
or a speclal machaniam.

3. _Checking the efrect of deceleration drag on a seat. The pur-

pose of these teats 1s primarily to determine the abllity of a man to
withstand inertial stresses in the seat being tested, l.e., to deter-
niné the atrength and comfort of the harness system. Simultaneously,
the strength of the seat 1s tested for this type of stress and for the
: abaenée of false actuation of the réleases and control mechanisms as a
result of inertial forces. These tests are carried out on a rocket
slad:to which the required acceleration is imparted by means of a reac-
tion-thrust booster, a pyromechanism, or by means of some pneumatic
device.

"6, Tests on high-speed reaction-thrust sleds. The purpose of this

test is to determine the concurrent effect of ram pressure and decel-
eration drag on the seat. The sleds set into motion by means of a reac-
tion-thrust dooster move on runners along guide rails, attaining veloc-
ities of up to 2000 lm/hr. Tests with such sleds make it possible more
exactly to reproduce flight éonditiona. When the guide rails are posi-
tioned along a deep cliff it becomes possible on ejection from such a
sled to test a parachute system as well. If, however, no cliff 1is
available, only the first segment of the seat trajectory after ejec-
tion can be reproduced.*®

At all stages, tests are initially conducted with a dummy, and
then with human beings. Only after the completion of all these tests
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is the ejection installation passed on for flight tests.

It should be borne in mind that the ground tests are carriled out
not only to facilitate and reduce the length of time required for'the
flight tests, but also 1n order to determine strength safety margins
and the limits of seat application. The cited stands may be used to
determine the operation of the seat for accelerations and ram pres-
sures virtually inaccessible under flight test conditions.

The above-enumerated types of tests naturally do not exhaust all
of the work which must be carried out in the finishing stages of a
seaﬁ and in the research being done 1n this area.

When e jection through the canopy 1is the theoretical case or the
design of the firing-mechanism attachment leaves room for doubt, the
seat 18 fired from the aircraft cabin [cockpit] at the ground. Special
nets are required in thls case to prevent damage to the seat through

impact with the ground.

tTo test the effect of accelerations, particuvlerly those of pro-
longed acfion, tests are conducted on large centrifuges.

The operation of parachute systems on descent from great altitudes
1s tested by eJjecting seats from balloons or rockets, similar to the
familiar method of tésts involving the sending of dogs aloft in rockets.

The wide use of high-speed motion-picture photography is an out-
standing feature of the measurements carried out during the c¢ourse of
these tests. The brief durstion of the processes taking place during
the course of the tests and the presence of a man or dummy whose posi-
tlon cannot be defined by a single or several coordinates make high-
speed motion-plcture photography the most important tool of the tests.
Generally no less than 2 or 3 cameras are set up, and the rate of
frame exposure 18 no less than 100 frames per second.

In addition to the motion-picture photography method, measure-
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" ments are carried out with conventional instruments, 1.e., sutomatic

| f;éordins uﬂitu'or oscillographs. The extraordinary brief duration of
o the majority of processes demands the use of electronic (high-frequency)
apparatus.
§2. JET-PROPELLED SLEDS AND TESTS CARRIED OUT WITH THESE

Pigure 219 shows a schematic diagram of such an installation. A
nlgd set into motion by one or several jet engines moves along a track
 sometimes ia much as 10 lm long on runners. In order to avoid the sled
leaving the tracks, the runners are gencrally fastened to enclose the
rails on three sides.

>
Caopocme masswy
\
N\
\

Pig. 219. Schematic diagram of reaction-thrust guide-rail installation.
1) Track; 2) rocket sled; 3) seat being tested. A) [Rocket) slec veloc-
ity; B) acceleration section; C) steady-state velocity section; D) de-
celeration section.

Let us consider the length of track that 1s required in this case
and let us also examine the nature Qf the tests which can be performed
with such a sled. If the tests involve a human being, the horizontal
acceleration of the sled is limited and should not exceed a factor of
approximately 10.

.The velocity of the sled at the end of the acceleration section
.18 expressed by the following romh

 vevEm
.Consequently, in ordser to attain a veloscity of 500 m/sec for n = 10
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the track must be 1.25 km long.

Since the average deceleration drag should also not exceed 10,

the deceleration sectlion should be of equal length, l.e., 1.25 km.

If it 1is held that a constant-velocity interval must be maintained
for a perlod of 1 second, the total length proves to be equal to 3 km.
In bther words, over a relatively small path of 3 km, developing ac-

celerations that can be tolerated by a human being, we will obtain an
! indicated speed of 1800 km/hr, a ram pressure of 15,500 kg/m2, and a
Mach number of about 1.5. An increase 1in track length or in permis-
sible acceleration (for tests with a dummy) can be achieved with such
a sled, and 1t 1s also possible to obtain considerably greater veloci-
tles.

Generally such sleds are desligned for a varilety of purposes, 1l.e.,

they 4re employed for tests of a great varilety of subjects. We will

dwell only on those tests that are directly assoclated with ejection

seats.

Investigation of Simultaneous Efféct of Acceleratlon Drag and Ram
Pressure

For the purposes of these tests the seat (with the test subject
seated on the sled) 1s injected 1nto the alrstream at the beginning of
fhe deceleration section. The inJjectlon intec the alirstream 1s‘most'
frequently achieved by removal or Jettlsonlng of the protective panel.
The most correct approach 1s the one in which the seat 1s injected
into the alrstream by means of a speclal device, slnce 1ln thls case
the influence of fiselage and subsequent exposure of various parts of
the pilot's body 1s also simulated. Simultaneously wilth the onset of
exposure to the airstream the rocxet sled 1s subjected to brief 1intense
deceleration in order to set up deceleration drag. This deceleration

must produce G forces which vary according to a predetermined law from
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be maximm (of the order of 30-35) to 10, as required to bring the
xiﬁd to a stop on the given track. |

| hTheao tests simulate the ejection of the seat from the cabin
‘eoakpit] into the airstream. If the seat ejected into the airstream
:an turn about the axis passing through its center of gravity, it be-
:oi.a possible to simulate the rotation of the seat upon entry into
‘he airstream and, consequently, to check the deceleration drag, angu-
Ar velocity, and angular acceleration that can be withstood by a
1let. In this case, virtually all parameters of seat motion with the
xception of trajectory and parachute.deacent are simulated.

_ To reproduce the trajectory the seat must be ejected (in this
a.§ with a mannequin). During these tests the problem of recovering
he g.at and the mannequin is one of extreme importance. This problem
an;bo resolved in a variety of ways.

Occasionally safety nets are set up along the track and the seat
8 eJected at a small angle. Apparently, the best version 1s the lay-
.ngfof the track so that it runs off a cliff (Fig. 220) with the seat
lying over the cliff due to inertia after ejection, recovery deing
nsured by a parachute ayateh. In this case, the sled must be decel-
rated prior to reaching the cliff or it must fly off over the cliff
1Q mais use of 1its own parachute system. These tests make 1t possible
> reproduce the entire ejection process, 1.e., the_trajectdry and
Jtation of the seat about its center of gravity and the operation of
1@ parachute system. It i1s of course true that these tests represent
16 1dentical effect of actual conditions only for low flight alti-
des, but nevertheless their results yield virtually inexhaustible
terial. ‘
In aédition to the primary tests, a sled of this type mey be em-

agbd to carry out a variety of auxiliary tests such as, for example,
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Filg. 220. Diagram showing rescue of test subJect

on installation positioned at the edge of a

cliff. 1) Rocket sled; 22 seat with mannequin;

3) rescue of mannequin; 4) rescue of seat; 5)

rescue of sled.
parachute tests, tests to determine the effect of acceleration alone,
or to determine only the effect of ram pressure, etc.

It 1s felt that such a Jet-propelled gulde-rall installaticn pro-
vides the best reproduction [simulation] under ground conditions of
all of the phenomena occurring during the emergency evacuation of an
alrcraft. »

However, rocket sleds, as noted in the foreign press, exhibit a
number of shortcomings. One of these shortcomings i1s the complexity
involved in regulating velocity. With existing Jet engines the thrust
and, consequently, the steady-state velocity of a sled may be main-
tained within a limited range. If 1t becomes necessary for sbme reason
or other to obtaln data at constant velocity (zero acceleration), 1%
becomes necessary to introduce correction factors for the readings of
the accelerometer.

Another shortcoming of the guideirail installation 1is the fact
that the mocdel on the Jet-propelled installation experiences vibrations.
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:.Roclcat sled teats have found wideapread application in recent
| finl. In the United States for example there are at the present time
five large reaction-thrust installations and a number of small units.
The large tracks include: '.

1) the SNORT at China Lake, 6500 meters long (Pig. 221);

. '2) Boleer China lake, track 4200 meters long;
3) Eawards Air Porce Base, track 6000 meters long;
4) Holloman Air Force Base, track being extended to 10,600 meters

(ru. 222);
5) SMART, Hurricane Mesa (in Utah), track 3600 meters.

L)

Pig. 221, Rocket s];eds used at the
SNORT 1.nata11ation.

T™he sreateat velocity obtained in America duri.rg such tests was
of the order of 3500 km/h.. at the SNORT track with a monorail sled. A
run over this same track with a double-rail sled resulted in a velocity

of the order of é?ko. km/hr.
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Flg. 222, Rocket sled used at the Holloman
AFB installation.

An outstanding feature of the Holloman track 1s a ravine some 460
meters deep. Parachute systems can be tested on this track as well as
virtually all conditions encountered during the course of the eJjection
procedure. '
Rocket-Sled Braking System

At the present time, for large 1installations, a hydraulic braking
system 1s the one most frequently employed. Thils system consists of a
scoop brake mounted 1n the lower portion of the sled which 1s lmmersed
into a trough with water between the rails. The scoop is immersed in
the water because the rails themselves are lowered in the braking sec-
tion 1n order gradually to lower the rocket sled to the water. The
slope 18 equal to approximately 150 mm over a 600-meter section of
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'ééiék. As the scoop 1s lmmersed it gathers up water and ejects ctreams
‘ot ultcr (Pig. 223). This produces a tremendous decelerating force,
,"I‘hia braking system, desplite its obvious simplicity, naturally cannot
be used at negative tempefatures without replacing the water with some
9qnfrcczing solution.

Fig. 223. Braking device. a) Water
brake, its third raill and concrete
support; b) water-brake scoop.

$3. RJECTION-SBAT TESTS IN WIND TUNNELS

In‘ccrtain respects wind-tunnel tests are regarded more convenient
then with rocket sleds. This pertains to teasts of assemblies for which




Fig. 224. Over-all view of wind tunnel at
the Arnold Engineering Development Center.

airstream pressure 1s of primary importance, the forces of inertla be-
ing negligible. These assemblies include primarily~all those designéd
to protect against ram pressure, i.e., protective and high-altitude
clothing, arm restraints, and to a lesser degree, leg restraints. The
actual wind-tunnel measurements are simpler, more conventlonal and,
what 1s most important, thoroughly tested apparatus 1s available for
purposes of these measurements. Irn other words, ﬁind-tUnnel tests are
not carried out because rocket-sled tests are expenslive and complex
but are rather a necessary stage in the development of an ejection
seat. As has already *een stated, such tests are carried out 1n wind
tunnels with both open and closed test sections. As an example let us
describe In detall one such installation with a closed test section.

This Installation was developed at the Arnold Engineering Develop-
meht Center (USA, Tullahoma, Tennessee). An over-all view of thils wind
tunnel is shown in Fig. 224,

The ram pressure in this wind tunnel ranges from 1200 to 10,000
kg/m°; the test chamber has a diameter of 3.6 meters and 1t 1s 10.6
meters long. For purposes of thege tests the following were especially

fabricated:
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7. 1. A funnel having dimensions of 0.6 X 1.2 meters.

2. A device to mount the ejection seat in such a manner as to
bornit positioning the aeatfin poaitiona'correspondins to ejJection:

" a) at a forward angle of 27° and 45° with respect to the ejection
position; ' | |

b) at a backward anglefor 45° and 65° with respect to the ejec~
tion position. | |

3. A fast-acting valve:

This installation was used to carry out tests of the flailing of
arma‘and legs for purposes of obtaining comparative results in terms
of n+qilar tests carried out with a rdcket sled.

These tests demonstrated the possibility of using wind tunnels
for the solution of such prdblema. _

It is maiﬁtained that the exact ram-pressure value at which dis-
ruption of any given component part takes place can be determined if
the instant of destruction and the curve of 1increasing ram pressure
with time ars known. These data are more difficult to obtain with
rocket sleds than in wind tunnels.
$4. TESTS ON EJECTION INSTALLATIONS AND CENTRIFUGES

&r the tests of the influence exerted by ram pressure on abandcn-
mant of an aircraft are assumed to be more conveniently studied with
the above-described rocket sleds and in wind tunnels, in the case of
physiological investigations, in addition to the installations described
above, use 1s also made of vertical and horizontal catapulting devices
and apecial centrifuges. f

In order to have some ildea as to the appearance of a contemporary
laboretory for the atudyrof survival facllitles, let us present a brief
description of the equipment at the scientific-experimental station of

l
the United States Navy.
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Physiological Testing laboratory
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It 1s the function of thig laboratory to carry out general phys-
iological research assoclated with the conditions of survival and
emergency abandonment of aircraft.

The special testing equipment at the laboratory includes:

1. A large heaﬁ and pressure chamber.

2. A ground catapult, 33.5 meters high.
3..Speclal nets used in the case of free ejection from the ground.

4. An impulse, pneumatic, horizontal sled to test the stresses

developed by deceleratlon drag.

5. A large centrifuge;
Iet us describe each of the installations separately.

The Ground Catapult, 33.5 meters High
This catapult (Fig. 225) was built in Great Britain by the Martin-

Beyker Company for the USN. It 1s set up on a platform equipped with a
speclal net. Its height (33.5 m) makes 1t possible to test objects
welghling up to 250 kg at a positive acceleration of up to 23g.

Flight crews are trained on this catapult and the ability of man
to withstand the accelerations developed under specific conditions are
studied here (for a given ejection-seat design and given high-altitude
equipment). Moreover, by means of this catapult 1t 1s possible to eval-
uate new ejectlon-seat configurations and various combinations of seats
involving a firing mechanism.

The measuring equipment on the vertical catapult makes 1t possibile
to establish the acceleration with high accuracy both over the entire
trajectory of the ejection seat and with respect to time, counting
from the instant of ejection.

Motlon-picture photography with a high frame speed permits deter-
mination of position and condition of test subject with resgpect to time.
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Fig. 225, Vertical catapult and safety net,
USN. '

The installation is provided with strain-gauge measuring equipment
.that permits determination of the magnitude and time of stress devel-
opment at any given point in the structure.

The safety net 1s employed for free ejection from a small ground
catapult; this net is one of the largest in the USA and can also be
used for alircraft ejection from a standstill; This net ensures safe
return to the ground of objects whose weight is in excess of 230 kg
with a flight velocity for the object in exceas of 25 m/sec.
Horigontal Impulse Sled (Catapult)

The horizontal catapult shown in Fig. 226 has a pneumatic drive

and pneumatic control. The piston stroke of the catapult i1s 2290 mm.
The length of the sled track is 70 m. The catapult makes it possible
to attain G forces of 40 for a rocket weight of 1360 kg. For purposes
of répid deceleration the catapult is equipped with a pneumatic brake,
Dynamic tests of ejection seats and harness systems both with
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dummies and live people are carried out on this catapult.

This installation, Just as the vertical cétapult, 13 equipped
with measuring and motion-picture photography equipment to permit ade-
quate monitoring during the course of the experiment of the condition

of the test obJject.

Fig. 226, Horizontal catapult,
USN.

' The Large Centrifuge for Physiological Investigations

The most interesting installation at this laboratory 1s the cen-
trifuge (Fig. 227).

The central portion of the centrifuge work area 1s occupled by an
clectric motor developing power of 40CO hp, supplied from a DC source.
The centrifuge rotor 1s seated directly on a 15.2-meter beam made of
steel tubes. At the end of this beam, a spherical gondola 1.8 X 3.05 m
i1s positioned on two hinged units which can be rotated by individuel

electric motors as the beam moves.

; The control of the hinge-unit electric motors can be programed

from the control room built into the celling.




e

Fig. 227, lLarge ccntriruge for physiological
research, USN.

The design of the cenirifuge permits the execution of complex
movements by the gondola with cyclical variations in the angles of

pitceh and roll according to a preaef program. The gondola 1s designed

for stresses of 272 kg. Rarefaction corresponding to an altitude of
18,300 m can be developed in the gondola.
. The air conditioning system makes it possible to change the tem-
pcrltur. in the gondola from 6.6 tc 43°C. The centrifuge can be accel-
erated to & circumferential gondola velocity of 290 ln/hr in less than
7 sedonds. The maximum accelerations which can be obtained with a
rotating beam and a maximum stress in the gondola of 280 kg rangeé
from O to 1l.5g withiin 0.5 sec; from 1.5 to 15g within 1.35 sec; from
15 to 40g within 5 sec; or from O to 40g within 6.85 sec. Using the
elsctric-motor driven hinged units it 1s possible to obtaln accelera-
tions up to 20g and to rotate the gondola at a speed of 30 rpm with
linsar acceleration within a 20 unit range.

An individusl's behavior in executing work is studied by means of
television cameras, high-speed motion-picture equipment, high-speed

x-ray equipment, and other sensing elements of the physiological func-

tions of the human organiam.
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Ari additional two centrifuges of considerably smaller dimensions
are employed at this laboratory.

Similar installations to those described above exist at the pres-
ent time 1n most countries. They differ as to design and range of ap-
plication, but in general thelr operational principles are identical.
§5. HIGH-ALTITUDE EQUIPMENT TESTS IN HEAT AND PRESSURE CHAMBERS

Heat and pressure chambers make it possible simultaneously to
check the influence of two primary factors, i.e., low barometric pres-
sure and various ambient-alr temperatures. Occasionally heat and pres-
sure chambers are fitted out with devices to produce ozone or to re-
produce certaln types of radliant energy.

The heat and pressure chamber designed for tests of high-altitude
equipment consists of a cylindrical or rectangular housing with a vol-
ume from 8 to 50 m3. The strength of the chamber 1s calculated for an
outside excess pressure of 1 kg/bmz (1.e., for a total vacuum inside
the chamber). The walls of the chamber are generally welded of steel
plate (Fig. 228). The large-volume chambers are occasionally made of
reinforced concrete. The entire chamber surface and the surfaces of
e rerr gCiabauil LuLing al'e coverea wo.h a3 thick layer of thermal in-
sulatlon. The observation windows have no less than four panes sepa-
rated from one another by air layers. This protects the windows against
fogging at low temperatures. The chambers are fitted out with hatches
or doors which open to the outside. The pressure chamber 1is provided
with a small antechamber (sluice) having two doors for purposes of en-
tering the chamber when a vacuum exists on the inside; these two doors
conslst of an outside door and an inside door leading into the main
chamber. The experimenter entering the slulce may balance the pressure
between the chambers by means of a valve and open the inside door.

Low temperatures (—70°C) in the heat and pressure chambers can be
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Fig. 228. Over-all view of high-altitude laboratory (heat and pressure
chamberz at the "Wright" Scilence Research Center in the vicinity of
Dayton (USA). 1) Main chamber; 2) door; 3) small chamber; 4) single-
position (difference) chamber; 5) control panel; 6) animal chamber; 7)
steel plate; 8) steel frame; 9) antechamber.

achieved by means of ammonia or freon cooling units or by means of
evaporators (radiators) which are positioned inside the chamber. For
rapid cooling, turbine-driven compressed-air refrigeration equipment
is employead.

High temperatures (100°C and higher) are attained by mecans of
screens heated clectrically and positioned inside the chamber about
the work position of the individual conducting the test.

Ozone 1s obtalned by quiet electric discharges. The evacuation of
air from the heat-pressure chamber 1is carried out by means of vacuum
pumps. A feature of pressure chambers intended for the testing of high-
altitude apparatus and equipment is the fact that in order to maintain
a given "altitude" in the chamber it 1s necessary continuously to
evacuate the oxygen supplied for human breathing.

The oil vacuum pumps'are made explosion proof by diluting the
evacuated gas with air or nitrogen so that the oxygen content does not

exceed US%.
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Heat-pressure chambers intended for the training of pilots are
generally fitted out with small VN-1 type vacuum pumps {power, 2.8 kw),
developing an "altitude" in the chamber of 12,000-13,000 meters. VN-6-
type'pumps (power 20 kw) make 1t possible to achieve an "altitude" of
up to 30 km. To attain an "altitude" in the pressdre chamber of the
order of 50-100 km (with an oxygen supply for breathing) requires the
simultaneous operation of a great number of powerful vacuum pumps.

Communications with the subject in the heat-pressure chamber are
‘carried out by means of telephone. In addition, the subject has emer-
gency sound and light signals at his disposal. For purposes of measur-
ing parameters through the wall of the heat-pressure chamber, numerous
wires and tubes of variaus diameters have been led in.

Each pressure chamber 1s fitted out with an emergency valve for
rapid leveling off of the pressure between the chamber and the "ground."
The valve 1s under the control of a doctor who maintains continuous
visual observation of the subject.

All machinery — refrigeration compressors, vacuum pumps, electric
generators, transformers — as a rule are housed in an adjacent insu-
lated unit with a pressure chamber so as to prevent the noise from
this equipment from interfering with the conduct of the tests.

The purpose of the tests in a heat-pressure chamber 1i1s the in-
tegrated examination of 1lndividual high-altitude equipment and oxygen
breathing systems under conditions affording the greatest simulation
of high-altitude flight conditions.

The heat-pressure chamber test program for high-altitude space
pressure sults or G suits with ven;ilated clothing 1is generally as
follows. |
A, Without subject (with dummy)#*

1. Inflation of space pressure suit, helmet, or tensioning devices
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of suit with test excess pressure of 150% of the maximum operating ex-

- ceas pressure (this test is preceded by a test of the static strength
margin by inflating a test specimen to destruction).

2. Checking of the airtightness of the equipment and determining
the magnitude of gas leakage losses. '

3. Checking the operation of pressure regulators and determining
the magnitude of the excess pressure developed in the helmet (in the
shell) at various altitudes.

4, Checking the hydraulic resistance of the ventilation system

.and the distribution of the ventlilation air through the sult. |

5. Checking tne oxygen and carbon-dloxide content in the 1insplired
air and the resistance to breathing. This test 1s carried out by means
of mechanical lungs with which various magnitudes of lung ventilation
are developed: generally 7.5, 15, and 30 liters per minute (the carbon
dioxide 1s supplied from a tank through a pressure-reduction valve and
a calibrated nozzle in a quantity corresponding to that cited in Fig.
170). |

6. Checking the emergency oxygen supply &nd thc coxysen flow rates
for various msgnitudes of lung ventilation (on artificial lungs) with
connected and discornected alr intake automatic wiits.

7. Checking oxygen concentration in helmet during rapid-ascent
regime,

8. Testing for difference (explosive decompression) by measuring
dynamics of change in suit and helmet pressure and oxygen concentration
in helmet after 1 minute after pressure difference [drop}.

B. With test subject

1. Checking ease and time required for donning of equipment and
mobility of individual with excess pressure in suit.
2. Checking temperature regime, level of heat sensaticn, ragulied
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Fig. 229. Diagram of space pressure suit (ventilation-type) test in
pressure chamber. 1) Entry doors; 2) valve for pressurc talancing; 3)
valve for rapid "descent"; 4) oxygen tank; 5) stationary oxygen unit;
f) oxygen-unit monitoring instrument; 7) emergency oxygen tank; 8)
burettes for sampling of air; 9) rheostat with ammeter and voltmeter;
103 electric heater; 11) return-flow valve; 12) refrigeration unit;

13) supercharger; 14) electric motor; 15) drler; 16) freezing unit for
removal of moisture; 17, 18, 19) manometers, respectively, for measure-
ment of flow rate, resistance, and excess pressure in space pressure
suit. A) To vacuum pump; B) antechamber; C) large pressure chamber; D)
space pressure suilt.

”

air and oxygen flow rate for given maximum duration.

3. Checking visiblility and nonfogging of face plate.

4, Checking pressure in helmet and shell.

5. Checklng oxygen and carbon-dioxide concentration and resistance
to breathing.

6. Simulation of parachute descent (1.e., checking work of oxygen-
breathing system wher supply 1s taken from parachute unit).

7. Testing for explosive decompression.

Figure 229 shows & typical diagram of pressure and flow-rate meas-
urements during space pressure-sult tests in a heat-pressure chamber
[svi.
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By means of the burettes shown in this diagram alr samples are
.taken from the helmet for subsequent analysls in a Holden apparatus
which yields average values for the 0, and CO2 contents. To obtain the
true values for these quantities, corresponding fo the inspiration
phase, the samples ere taken during the 1nsp1ratioh phése in evacuated
burettes. For this another experimenter Joins the first in making the
pressure-chamber ascent. In recent times electron-optical gas analyzers'
have appeared on the scene and these show the current value of'oxygen
and carbon-dioxide concentration, thus significantly speeding up and
simplifying the conduct of the investigatlons.

The measurement of reslstance to inspilration and explration is
carried out with a cup (single-knee) water manometer or by means of
~electronic manometers. |

Similtaneoualy with the measur~ment of the engineering character-
istics, an obJective inspectlion of the condition of the organism is
carried out. For this purpose the subJect 1s measured for pulse and
respiration rates, skin and body temperature, as well as the oxygen
saturation of the blood (by means of a sensing element connected to
the earlobe). th~ arrerts’ pressure of the bivod and the blological
currents of the brain with an electroencephalograph (the last two types
of measurements are not widely performed). The continuous monitoring
of the oxygen saturation of the blood with an oxymeter has significant
advantage over the analysis of the alveolar alr for oxygen, since it
shows the state of the organism at the given instant of time; however,
each helmet 1s not provided with a sensing element for this instrument.
Tests for explosive decompresslon are carried out elther 1n a pressure
chamber in which the volume of the antechamber 1s smaller than the
volume of the main chamber by a factor of at leaat 40-50, or these
tests are carried out in a special installatlion. In the firat case,
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there must be a large instant-opening valve between the antechambor
and the main chamber. The subject moves intc the antechamber; a prede-
termined expansion occurs in the rmain chamber, and the valve 1s then
opened.

In the majority of cases the installatlon designed to test pres-
sure differences 1s made as a unlt separate from the heat-pressure
chamber. A strong single-position cabin [cockplt] 1-1.5 m> in volume
1s connected by means of a short large-dlameter tube to a space exhlb-
iting a volume of the order of 100 m3. A throttle 1s installed between
the cabin [cockpit] and the space and this device must be capab]e of
being opened instantaneously by means of pneumatic gylinders, e
space 1s connected to a vacuum pump and the required rarcfactlion Is
produced. As the throttle 1s opened ‘he pressure in the cockpit catbtln
becomes close to the initilal pressure in the space. Thus, for example,
1f we are dealing with a cockpit 1.5 m3 in volume and a space of 1CC
m3, the initlal pressure in the cabin belng about 267 mm Hg (30CC m)

and 8 mm Hg (30,C0C m) in the space, after the opening of the throttle

the pressure wlll be the following:

peB115-BI0 4y g mm Hg (~28 kam). |
1,8+ 1w |

In order to ensure the saiety of the high-altitude tests, éh addi-
tlonal hose 1s attached to the airtight helmet to provide for a supply
of oxygen from a separate tank iIn the case the maln system falls to
function. The oxygen valve is mounted on the control console of the
physiclian 1n charge.

Of the remalning measures assoclated with safety engineering, our
attention should be concentrated on the fellowing:

1. Experliments with a human veing must necessarily be preceded by

englneering [unmanned] ascents and pressure drops. In thls casel, all
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electrical systems must be connected and tested out.

2. In the installation of the oxygen system cleanliness must be
- rigorously maintained — remember that greases and olls are capable'éf
spon*aneous ;ombustion and detonatlon if permitted to come into con-
tact with oxygen compressed to 6 atm and higher. '

3. In the event of cold-exposure tests oxygen»tanks must be storéd
in the heat-pressure chamber in advance 1n order to remove moisture
through freezing. The charging of parachute units must be carried out
by transferring from cooled tanks or through a moisture drier. Para-
chute oxygen equiprment covered with dew must be dried before being
placed into tl.e heat-pressure chamber.

‘4, Blectric heaters must have heat-sensitive switches that operate
automatically on overheating (tfor example, upon cessation of the air
supply). The air lines must be connected to the electric heater by
means of nuts. Durite cannot be used for the connections.

§6. AUXILIARY EQUIPMENT
l. The dummy. Of the auxiliary equipment used for testing of ejec-

tion seats, the most important 1s the dummy. The dummies.used‘in these
tests must be anthropometric, i.e., as rmuch like a man as possible in
terms of welght, size, posture, moment of inertla, and mobility of
head and extremities.

In terms of welight and size dummies differ with respect to '"per-
centage." For example, the term a "90% dummy" indicates that 90% of
the flight crew 1s lighter in welght and smaller 1in size than the
dummy, and that only 10% of the crew 1s greater in size and larger in
welght.

We generally encounter two types of dummies, i.e., assembled from
orthopedic parts (artificial arms, legs, etc.), with posture and welght
achieved by positioning specia’ weights in the dummtes, or rubber dum-
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mies with a Jointed skeleton. The rubber durmies are better, since to
some extent they also simulate the elasticity of the human body.

During the course of tests, particularly In h*e case of flight or
rocket.sled tests, the accelerations to which the durmy 1s sub jected
must be measured.

In testing for the effect of ram presswure 1t 13 necessary o r
ure vibratlon, particularly the vibration of the dummy's head. For
thls reason chambers are bullt Into the head and chest cf a dummy t
hold automatic recording uniﬁs or sensing elements for a telemetry
system.

2. Installation for the reproduc:tion of dynamlic appllicatlion of

load. The schematic diagram of such an installatlon 1s shown In Fij

i

hat

o]
v ¢
" e VT ‘ /
'

230.

Filg. 23C. D!'aicram of Installa-
tion for reproductior of dy-
namic loads. 1) Fallirng load;
2) capron cable with initial
slack; 3) seat with dummy be-
ing tested.

A welight falling from a gilven helght and acquiring kinetic ene:

-

elongates an el :stic cable (generally, a capron strip) connected to
the polnt on the s=at being Investigated and thus produces a dynami:
lcad at the points of cable attachment. Varylng the course of the f:
fall of the seat, the mass of the welght, and the rigidity of the
cable, 1t becomes possible to dzvelop a load which in terms of magn. -
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Fig. 232. Installation of small
catapult over cliff.

tude and nature of change is similar to the load encountered in nature.
Since all these dynamic loads act on the seat during its free fall,

the seat 1itself during the course of these tests is suspended from
cables. Occasionally in checking the releases of parachute systems for
example, it 1s necessary to apply simultaneously dynamic load and
vibrations. In this case the vidbrator producing the vibrations is

mounted directly on the seat.
3. Oround training installation with cable slope. The diagram of

FTD-TT-63-420/14+2



this training installation is shown in Fig. 231. A training installa-
tion of this type makes it possible to eject people and dummies with
an explosive cartridge cf reduced size in the firing mechaniam. After
ejJection the individual separates from the seat and slides by means of
& suapension system along the cable slope, 5radua11y reaching the
ground. The seat, attached to the top of the training installation,
falls into a cushioned net. Alﬁ?ough such a training installation is
intended for the training of a flight crew, it can also be used to
check the operation of a number of seat units.

4. The small catapult, which reproduces ejection from cabin [cock-

g}t] from a standing position. This catapult is used to check the op-

eration of firing mechaniams (the maximun G forces and the initial
ejection velocity is checked). Nets similar to those shown in Fig. 226
can be employed to recover the seat in this case. If the conditions of
the terrain permit, a catapult of this type may be installed at the
edge of a cliff (Fig. 232). In this case, the seat can be recovered by
means of a parachute system. During the course of these tests it is
also possible to check the operation of the parachute aystem and its
releases, the separation of the dumay from the seat, etc. These tests
are not identical to flight tests because there is no horizontal ve-
locity, but nevertheleas they yield vaiuable results.

5. Deep pool to test jettisoning of canopy when submerged. Earlier

we spoke of the case of underwater ejection. For aircraft flying over
water rescue when submerged is to some extent a theoretical case. In-
vestigations in & “he Jettisoning of.a canopy for this purpose are car-
ried out in a deep pool.*
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[Footnotes )

"popular Science," 1956, December, page 77. "Aeronaut. Eng.
Rev.," Vol. 15, 1956, December. "Aviation Week," 1955, April,
pages 35-36; Vol. 67, 1957, No. 26, pages 83-85. "American
Aviation,"” 1955, April, page 32.

Rocket sleds are a relatively new form of test equipment
whose area of application 1s by no means limited to testing
of ejection seats. Further on, an entire sectlion is devoted

to these sleds.

A mannequin is required in a number of cases ir order to re-
produce the free volume on whose magnitude depends the
stresses in the case of a pressure difference, the co2 con-

tent, etc.

We know, for example, of tests conducted by the Douglas Com-
pany at the experimental center in El Segundo in a 7.3 m
deep pool. The Jjettisoning of canoples at depths of 4.5
meters was tested, i.e., at an excess pressure of about 0.5
gauge pressure (Naval Aviation News, 1956, October).
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