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( 54) Title: ALTITUDE PROTECTION DEVICE
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(57) Abstract:  The invention
relates to a device for protecting
pilots and other crew members
of high-performance aircrafts,
especially people wearing
pressure suits (1) according to the
hydrostatic  principle with veins
(6) filled with liquid. Said device
consists of a tension pocket (2)
located in the region of the back
and a pressure pocket (3) located
in the abdominal region, airtight
bladders (4) being inserted into
both pockets. Said bladders (4)
contain woven spacer elements (9)
defining a minimam air volume
in the bladders (4). In the evenl
of falling ambicnt pressure, the
pressurc pocket (3) first expands
and supports the breathing of
the person wearing the device by
means of pressure on the viscera,
vwhen pressure respiration appliances are used. I the ambient pressure [alls [Larther, the tension pockel (2) inNates and increases the
roeripheral tension in the pressure suit (1). In this way, for example, a decomporession syndrome can be counteracied in the event of
a sudden pressurc drop in the cabin at high alttude.
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( 57) Zusammenfassung: Eine Vorrichtung zum Héhenschutz von Piloten un d weiteren Besatzungsmiigliedem von Hochleistungs-
fJugzeugen, insbesondere Trigern von Beschleunigungsschutzanziigen (1) na=ch dem hydrostatischen Prinzip mit flussigkeitsgefull-
ten Adern (6), besteht aus einer Spannungstasche (2) im Riickenbereich und e-iner Drucktasche (3) im Bauchbereich, wobei in beide
"L aschen lufidichte Blasen (4) cingelegt sind. Dic Blasen (4) enthalien Distarmzgewirke (5), welche minimale Luftvolumen der Bla-
s en (4) definjeren. Bei sinkendem Umgebungsdruck dehnt sich zuerst die Dr ucktasche (3) aus und unterstitzt durch Druck auf die
o Eingeweide die Atmung des Triigers bei Einsatz von Druckatmongsgerdten. s eiweilerer Verringerung des Umgebungsdruckes wird

cie Spannungslasche (2) aufgeblasen und erhéhi die Umfangsspannung im C3-Anzug (1). Dadurch wird beispielsweise einem De-
3 lz ompressions-Syndrom bei platzlichem Kabinendruckabfall in grosser Fohe  enigegengewirkl.
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ALTITUDE PROTECTION BDEVICE

The present invention relates to a device for providing
aldtitude protection to pilots and other members of the crew
of high-performance ailrcraft, according Lo the
precharacterising part of claim 1. In particular, this
deevice to provide altitude protection relates to wearers of
acceleration protection suits that function according to

thhe hydrostatic principle.

Arn altitude protection device is necessary when the pilot
amd any other crew members are exposed to sudden loss of
pxessure 1in the cockpit of an aircraft flying at an
al titude 1n excess of 12,200 metres above sea level (FL400
= flight level 40,000 ft). Be it th at a technical defect
has led to the loss of pressure, that the cockpit cover has
been decstroyed or lost, or that ermergency ejection has
become necessary, in all these situations pressure
sttabilisation in the cockpit, which normally corresponds to
arma alr pressure at approximately 2, 000 metres above sea
leevel (FL65), collapses. The higher the flight altitude
duwring such an event as mentioned, the= closer the pressure-
despendent boiling point of aqueous so lutions approaches the
actual body temperature of approximatesly 37°C of the pilot.
Apart from gases, which expand in the intestines, and apart
from decompression illness, which occurs despite rapid
de scent, the primary acute danger a gainst which measures
ha ve to be taken 1is, however, posed by hypoxemia, 1i.e.
ox ygen deficiency. Even when breathimg-in pure oxygen, at
al titudes above 12,200 metres above sea level (FL4C0) the
02 partial pressure 1s no longer sufficient to prevent
hy poxemia. At this altitude, the time span during which

co nsciousness permits useful actions 1s approximately 1.5
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to 20 minutes, while 1000 m nigher up, at an altitude of

13,100 metres above sea level (FL430) this time span is
cnly $ to 2 s. In order to counter tne threat of
hypoxemia, it is possible to breath pure oxygen, if need be

even al a pressure thaet 1s higher than the ambient
pressure. In tnis context the t erm "pressure breathing for
altitude protection” (PBA) is used, in contrast to the
newer "positive pressure breath ing" (PPB). At an Aliitude
in excess of 15,200 metres above sea level (FL500) pressure
breatning is of little value because it is physiclogically
impossible to withstand the necessary positive pressure to
prevent severe hypoxemia withowut the presence of counter
pressure. This is the reason whiy at the very latest from
this flight altitude persons must be equipped with a
pressure suit or altitude protection, which in the case of
a sudden loss of pressure in the cabin immediately provides

increased pressurisation to the kody.

WO 03/020586 discloses an altitwude protection device that
1s integrated in an acceleration protection suit according
to the hydrostatic principle amd, during sudden loss of
pressure, pressurises the body o f the wearer by increasing
circumferential tension. The present application represents

the next state of the art.

The above-mentioned application wuses a valve which during
sudden large changes in pressure closes immediately. Such a
component 1is expensive, requires considerable maintenance
effort to ensure its proper func<tion and still increases
the susceptibility to trouble of the entire altitude
protection device. This device with a wvalve 1is also
associated with the characteristi c¢s that in the case of an

accident the protection function has to be activated and is



No:L a permanent feature from takeoff right through to
lanrding. During a slow continuous loss of pressure due to a
miror leak in the envelope of the pressurised cabin, &
vealve that only reacts to guick changes in pressure will
for example not close, and altitucde protection will have to

bee activated manually or by some other system.

It. 1is the object of the presen t invention to creare a
su.pplementary device for an acceleration protection suit
(h ereinafter G-suit) which device in conjunction with said
G- sult 1is able to provide effecti—ve altitude protection in
th e above-mentioned cases in. connection with an
in significant 1increase in the di mensions c¢f the G-suirt.
Fu rthermore, the technical and economic effort for this is
to Dbe as small as possible; in particular there should be
no need for any valves or other technical devices to
activate the protection function a t the moment when loss of

pressure occurs.

Th3ds object is met as set out in the characterising part of
clmim 1 in relation to its essent-ial characteristics, and
in the further claims in relation to further advantageous

exemplary embodiments.

Thes subject matter of the inventi on is explained in more

detteil by means of the enclosed drawings.

Thes following are shown:

Fig . la diagrammatic represen_tations of a first

exemplary embodiment in cross section at

stomach height, pressur ised at sea level;
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ig. ib diagrammatic representations of a firs t

exenplary embodiment in Cross section azt

L—s

stomach height, with the circumferentia

tension of the G-suit commencing to increase;

ct

irs

[ag

Fig. lc diagrammatic representations of a
exemplary embodiment in Cross section at
stomach height, at maximum extension of the two

bladders;

Fig. 2a, b <cross sections of a first exemplary embodimen t

of a bladder in its expanded and relaxed state .

Fig. 3a, b, ¢ <cross sections of a second exemplar y
embodiment of a bladder in its relaxed ,

expanded and maximum expanded state; and

Fig. 4 a cross section of a third exemplary embodimen-—t

of a bladder with an additicnal gas reservoir.

Fig. la, b, ¢ diagrammatically shows a 1first exemplarwy
embodiment of the invent ive idea. It shows a cross sectiom
of the stomach region of a G-suit 1 according to the
hydrostatic principle, for example according to EP 0 983
190. Said G-suit comprises for example four liquid-filled
veins 6, two each on the front and on the rear of the G—
suit 1. These veins 6 extend from the shoulder region of
the G-suit 1 to the ankles; in each instance they provide
the hydrostatic pressure that corresponds to the actual
acceleration load. In this arrangement the veins 6 deformn
from an essentlially flat lenticuler cross section to &

round cone and in so doing tension the tension-resistant and



- 5 - " 2.0[)6 /\)2-8225

streatch-resistant woven fabric of the G-suit 1. By way of
the tensile stress wnich is present in this woven fabric as
a reesuit of the aforementioned, exterrmal pressure is built
up eon the body of the wearer, which external pressure

corr-esponds tc the internal pressure.

Fig. 1la shows the altitude protection cdevice at atmospheric
pres sure at sea level. In the first exemplary embodiment
show n, a pocket 2 is non-positively &ttached in the back
regi on of the G-suit 1, for example by sewing, comprising a
text ile fabric with characteristics th at are comparable to
thos e ¢f the G-suit 1. A bladder 4 has been placed in this
pock et 2. This bladder 4, made of an elastic plastic
mate rial, for example PU or PVC, is closed off on all sides
towa rds the outside. The expansion of the bladder 4 1is
deliorited by the pocket 2. As the pressure in the bladder {4
incr eases, the pocket 2 gradually &ssumes its maximum
voluone with a circular cross section, and consequently the
circumferential tension increases as ®he circumference cof
the G-suit 1 1is shortened. For this reason, for better
differentiation, the pocket 2 is hereirmafter referred to as
the —tension pocket 2. The simplest form of a tension pocket
2, as shown 1in Fig. 1, comprises a pi.ece of woven fabric
that lies flat against the inside of t_he G-suit 1 and that
aloncg 1its edges is sewn to the G-suit 1. In this way part
of tkie G-suit 1 together with the addit.ional piece of woven
fabrDc forms a tension pocket 2. Heowever, it 1s also
imag=inable and covered by the inventiorn to attach a closed
pockezt on the outside or the inside o £ the G-suit 1 in a
non-poositive manner. This pocket can be placed flat so that
it iss only attached by 1its edges, for eexample by sewing or
gluirig, or the entire area resting on the G-suit 1 can be

connezcted to sald G-suit.



A pocket 3 is attached to the front cof the G-suit 1, to the
inside, for example along & line that is perpendicular to
the direction of tension, or to some points along thixs
line. Attachment i1s such that expansion of the bladder 4 on
the inside has essentially no influence on the
circumferential tension of the G-suit 1, but instead such
that an inflated pocket 3 primarily exerts local pressure
onto the body in place in the G-snit 1, more precisely t-o
the soft tissue in the abdominal cavity. The pocket 3 is
therefcre hereinafter referred to as the '"pressure pocket "
3. Attachment of the pressure pocket 3 1is only used for
positioning it in the desired location; attachment has t. o
absorb lesser tension than does attachment to the tensioen
pocket 2. The inventive step includes exemplary embodiment s
comprising several pressuxe pockets 3 or tension pockets 2

arranged side by side.

One or several layers of a knitted or woven distance fabri c
5 have been placed in both bladders 4, both in the tension
pocket 2 and in the pxressure pocket 3. Such knitte d
distance fabrics 5 - at least partially made o f
monofilament material - are very flexible and deformabl e
and maintalin their thickness even when subjected to loads
per surface unit. The size and thickness of the knitte<d
distance fabric 5 defines a minimum volume in the bladde.r
4, which minimum volume 1s taken up by the relaxed bladde=x

4 at base altitude, for example altitude at sea level.

Cockpits of fighter zircraft are designed as pressurised
cakins. During climbing f1l ight of the aircraft the external
pressure 1s compensated for up to a flight altitude oFf
approximately 2,000 metres above sea level (FL65). Above

this altitude the internal pressure 1s Kkept constant. AmMm



actual altitude protection case occurs if the «cabin
pressur-e that corresponds to an atmospher ic pressure at
FL65 dr-cos to the ambient pressure of the ai rcrafc. This is

the cas e for example

- du ring sudden failure of the cabin pres sure supply;

- if the pressure cell sustains damage;

- in the case of loss or damage to the co ckpit cover; or

- in the cese of an emergency exit by= means of the

eje=ction seat.

In such altitude protection cases the airti.ght bladders 4
expand until the pressure equilibrium with their
surrouncdings 1s restored. In this processs the tension
pocket 2 and the pressure pocket 3 have di—=Lferent effects

on the organism of the person wearing the G-ssuit 1.

Fig. 1B shows the altitude protection device at an
atmosphesric pressure corresponding to an alt-itude of 5,500
metres above sea level (FL180). At this pressure the
bladder 4 in the pressure pocket 3 has approximately twice
the volume it does at sea level. Consequentl.y the pressure
pocket e=xerts less of a pressure force ontce the abdominal
cavity of the wearer and in this way sup ports pressure
breathirhg. This expansion has no significan t influence on

the circumferential tension of the G-suit 1.

At this altitude the tension pocket 2 on the back of the G-
suit 1 i_s just about filled. The expansion off the bladder 4

placed in said tension pocket 2 also leacds to a small
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increase 1n pressure in the interiorx of the G-sult 1, but

it does nct yet lead to a signif icant increase 1n the
clxcumferential tension of the G-suit. When the
ensyircnmental pressure 1s further reduced the tension

as a

wn

pocket 2 with the bladder 4 expand ing therein act
lLimear actuator whose cross sectidon gradually becomes
cixcular, thus increasing the circumferential tension of

the G-suit 1 by shortening the circumierence.

Fig. 1lc shows the altitude protect ion device at maximum
ef fect at an atmospheric pressure as encountered at maximum
operational altitude of the aircrafft, for example at an
alttitude of 19,800 metres above sea level (FL650). Both
bladders 4 completely £fill their pockets 2, 3 and are
prexvented by said pockets 2, 3 from expanding any further,

eveen if the ambient pressure continues to drop.

Thes altitude stated in this first ex emplary embodiment, at
which altitude the tension pocket 2 begins to function as
an actuator, represents a physiologi cally sensible example
butt it is in no way mandatory. In normal operation, at
regulated cabin pressure, the member of the crew 1s not to
be impeded by the altitude protection: device and is to have
full mobility. The inventive stepp also covers other
exemplary embcocdiments with other behaviour when
experiencing a change in pressure. The volume relationships
of pockets 2, 3 and bladders 4 can be adapted to various
aircraft with different cabin pressur e levels and different
marzimum operational altitudes. It is not mandatory for the
bladders 4 to attain their maximum volume at the same

presssure.



In & way that is adapted to the altitudee, the altitude
Porotection device provides the performan.ce reguired to
Drevent hypoxemia. For example, up to an alititude of 5,500
rmetres above sea level, pressure breathing is increasingiy
supported in that the pressure in the abdorminal cavity and
the lungs is increased. From this altitude onwards, as the
environmental pressure further drops, there 1s in addition
direct compression of the torso region by way of cthe
tension pocket 2 that acts as a fluid mus cle or a linear
actuator, and there 1is indirect compressio n in the entire
region of the G-suit 1, which indirect comporession spreads
by way of the liguid-filled additionally ternsioned veins 6.
The environmental pressure, which 1s 1in creased 1n the
entire region of the G-suit 1, also ac ts against the
decompression syndrome and, at altitudes from 19,200 metres
above sea level (FL630) onward also agains t ebullism, the
outgassing of bodily fluids. Certain &@ircraft attain
maximum operational altitudes of up to 23,000 metres above

sea level (FL750).

The bladders 4 can be designed as certi fied disposable
I>ladders, which renders the altitude protection device
extremely fault-resistant while also rendering it

essentially maintenance-free.

F'ig. 2 shows a first exemplary embodiment eof a bladder 4.
This bliadder 4 1is made from an elastic material, for
example PU. The 1integrated knitted distzance fabric 5
defines a minimum volume of air or gas that 1is taken up by
t he bladder 4 in its relaxed state, as showra in Fig. 2Za. At
A base altitude, for example at sea level, the pressure in
the interior of the bladder corresponds t—o the external

pressure while the bladder 4 is in 1ts neon-expanded and
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relazed state, directly adjacent to the knitted distance
fabxric 5. Fig. 2b shows the same Dbl adder 4 at higher
altictude, 1.e. at lower external pre ssure. The elastic
bladder 4 1is stretched and now takes w1ap a volume that is

larger than the minimum volume.

F1g . 3 shows a second exemplary embodiment of & bladder 4.
The bladder 4 comprises an celastic middle bridge 7. The
middle bridge 7 divides the bladder 4 into two
intercommunicating champbers with the same pressure, each
comporising a knitted distance fabric 5. The middle bridge 7
leads to a delayed expansion of the bladder 4 in the plane
of the bridge. Depending on the thickness and the desiagn,
elastic elongation of the middle bridge 7 only commences
frorm a definable ambient pressure. FEig. 3a shows the
vardant with a middle bridge 7 in the r elaxed state at sea
leveel pressure; Fig. 3b at commencemen t of elongation ot
the middle bridge 7; and Fig. 3c at maximum expansion of
the bpladder 4 with the middle bridge 7 elongated to the
length of the diameter. One or several middle bridges 7 or
other punctual or line-shaped elastic connecting parts of
the top and bottom of the bladder 4 can be used in a
targeted manner to cause expansion of t he pressure pockets
3 &arnd the tension pockets 2, which expansion 1is not

directly proportional to the atmospheric pressure.

Fig- 4 shows a third exemplary embodiment of a bladder 4,
The bladder 4 1s connected to an addit ional bladder 9 by
way of an inelastic line 8. This additional bladder 9 has
beern placed into an inelastic addition al pocket 10. This
additional pocket 10 is connected in a non-positive manner
to the 1line 8. In the additional bladder 9, as 1in the

bladder 4, a minimuam volume 1is defined by the knitted
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aistance fabric S. The additional pocket 10 is situated
out-side the G-suit 1. The elasticity of the additional
placder 9 can exceed that of the bladder 4. As the ambient
pre=ssure drops, first the very elastic addition &l bladder §
exprends into the additionel pocket 10. The volume of the
bladder 4 is essentially unchanged. As soon as the
additional bladder 9 has attained its maximum ~Vvolume, i.e.
as soon as 1t completely fills the additional pocket 10,
any” tfurther pressure equalisation can only ta ke place by
way  of expansion of the bladder 4. In othexr words the
exp-ansion 1s delayed and is greater than where there is no
add itional bladder 9 because a larger quantity of air
bec omes effective, namely the total guantity of gas that at
the base height is contained in the bladders 4. 9 that are
open in the knitted distance fabrics, as well as the gas

tha t 1s contained in the line 8.

In & variant of this exemplary embodiment the additional
vol ume merely comprises the line 8 which for example is a
pla stic pipe. Since the additional volume is defined in a
fix ed manner by a rigid inelastic pipe thatt under the
inf luence of the forces and tensions encount ered hardly
und ergoes any changes in cross section, the quarmtity of gas
con tained 1n the additional volume or in thes additional
volumes immediately and without any delay fully contributes
to building up the tensile stress generated by the bladder
4. The additional volumes are placed on the outtside of the
G-swuit 1 in such a way that they restrict and impede the
mob dlity of the wearer as little as possible, ewen in their

inf lated state.

Apax: from a simple and cost-effective manner of producing

the altitude protection device according to the invention,
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sald altittude protection device provides a great advantage
in thet there is no need for an addition.al garment, for
example irm the form of a jacket, which wou 1d unnecessarily
constrein the wearer, and furthermore, irm that from the
point of view of energy and function sald altitude
protectiora device 1s independent and requir e€s no connection

lines whatisoever to the aircraft or 1o the ejection seat.
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CLAIMS

1. An acceleration protection suit according to the hydrostatic
principle for a G-suit, which codmprises a high-strength
sStretch-resistant woven textile faloric, comprising liquid-
filled veins that extend essentially along the entire length

of the G-suit, with an altitude protection device comprising:

e at least one tension pocket made from a textile fabric
with characteristics that are comparable to those of the
G-suit, which tension pocket at least along both edges
that extend essentially so as to be perpendicular to the
direction of tension is in a non-positive way connected to
said G-suit so that inflation of the pocket leads to a

reduction in the distance of these vertical connections;

e in each case at least one gas—proof bladder for each
tension pocket, comprising an elastic plastic material;
characterised by

e at least one pressure pocket made of a stretch-resistant
textile fabric, which pressure po cket is attached on the
inside on the G-suit along a line that is arranged so as
to be perpendicular to the direction of tension so that
inflation of the pressure pocket does not result in any
significant change in the circumf erential tension of the
G-suit; and

e in each case at least one gas-proof bladder for each

pressure pocket, comprising an elastic plastic material.

2. The acceleration protection suit according to claim 1,
characterised in that the bladders, of which there are at
lesast two, comprise a knitted distance fabric, which
allocates to them a predetermined mi nimum volume even under

mechanical load.

3. The acceleration protection suit according to claim 2,

characterised in that there is preci sely one tension pocket

AMENDED SHEET
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with one bladder, which tension pocket is attached to the
back piece of the G—suit in such a way that it comes to rest
between the veins that extend on the rear of the G-suit, and
that there are precisely two pressure pockets, each with a
bladder, attached i the stomach region on the inside of the

G-suit.

4. The acceleration pxotection suit according to any one of
claims 1 to 3, char-acterised in that the tension pocket , of
which there is at least one, at sea level is partly fille d by
the bladder arrange d inside it, and thus, when the amb ient
pressure decreases, the bladder first fills-in the volum e of
the tension pocket lbefore the expansion of said bladder 1 eads
to a significant in.crease in the circumferential tensiom of

the G-suit.

5. The acceleration pxotection suit according to any one of
claims 2 to 4, cha racterised in that at least one bla dder
comprises at least one bridge, which, when the bladdemx 1is
subjected to increassed pressure, delays the expansion of said

bladder in the bridge plane.

6. The acceleration peotection suit according to any one of
claims 1 to 5, characterised in that the tension pocket , of
which there 1s at least one, and the bladder conta ined
therein are dimen sioned such that the tension po cket
significantly contcributes to an increase in the
circumferential temsion of the G-suit only from an
atmospheric pressur-e that corresponds to an altitude of
between 5,500 metre s above sea level to 7,600 metres a bove

seal level.

7. The acceleration protection suit according to any one of
claims 1 to 6, char acterised in that the tension pocket , of

which there is at least one, and the pressure pocket, of

AMENDED SHEET
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10.

which there is a® least one, as well as the bladders
contained therein, are dimensioned such that the tension
pockets essentiallwy attain their maximum volume from an
atmospheric pressware which corresponds to the maximum

operational altitude of the aircraft.

The acceleration p rotection suit according t-o any one of
claims 1 to 7, characterised in that at least one bladder is
connected to an adlditional volume arranged outside the G-
suit, wherein, wlaen the ambient pressure drops, this
additional volume remains constant from the point of reaching
a predefined ambien t pressure, and furthermore , the quantity
of gas contained th erein essentially contributes entirely to

building up tension 1in the bladder.

The acceleration pProtection suit according to claim 8,
characterised in that the additional volume ar ranged outside
the G-suit comprisess an additional elastic bl adder that 1is
accommodated in an additional pocket made from a stretch-
resistant textile fabric, and comprises a line, wherein the

line connects the additiocnal bladder with the bladder.
The use of an accel eration protection suit according to any

one of claims 1 to 9D as altitude protection for crew members

of high-flying aircr-aft.

AMENDED SHEET
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