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My invention relates to plants for the pro-
duction of compressed air on board aircraft.

As Is well known, it Is necessary to provide on
beoard alrcraft of the modern types sources of
alr compressed at widely different pressures the
outputs of which, whether continuous or non-
continuous, may be either small or very large
according to utilisations. Thercfore the plants
for the production of compressed alr must be
correspondingly arranged, as a result of which
great difficulties are cncountered owing to the
reduction of atmospheric pressure and air den-
sity at great heights,

It has been previously proposed to fill an air
tank or reserveir to the required maximum pres-
sure and to combine the same with pressure
rellef devices capable of supplying air at the
several required pressures. One air supplier or
generator would be necessary In such case. How-
ever, such an air generator which ocught to be
such as to ensure considerable air deliveries as
for example the low pressure air delivery as used
for de-icing the leading edges of aircraft wings
and at the same time high air pressures which
may reach fifty kilograms per square centimeter
would be heavy, cumbersocme and hard to cool
while absorbing an unduly high power.

The present invention has for its prineipal
object to provide for use on board aircraft an
improved plant or installation for the production
of compressed air, the saild plant being such as
to fulfill the requirements while being free from
the aforesaid disadvantages.

A further object of my invention is to provide
such a plant or installation comprising at least
two air generators, one of which draws the at-
mospheric alr and fecds the second generator,
a valve being arranged In the afr circuit of the
first. generator so as to determine the pressure
at which the second generator is fed in terms
of the fiylng height or altitude, the sald pressure
being preferably maintalned substantlally con-
stant In absolute value.

Owlng to the superfeed or supercharge of the
second generator as thus provided, the plant can
supply air at the required pressure regardless of
the altitude of flight or the alrcraft for feeding
the several servo-contrivances.

Advantageously the said valve is arranged on
the pressure side circuit of the first generator
which then feeds both the second generator and
that part of the plant to which its delivery pres-
sure i3 suited.

The valve may also be arranged In the suction
clreult of the first generator so as to more or
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less throttle the air inflow which feeds the same.

The adjustment of the valve Is preferably con-
trolled by some form of manometric capsule or
cartridge of any approved type.

In a preferred constructional form, the plant
further comprises a third generator adapted to
deliver alr at a pressure higher than that of the
second generator delivery, the pressure side cir-
cuit of which feeds both the said third generator
and that part of the plant to which its delivery
pressure Is sulted, The three generators will be
respectively termed “low pressure”, ‘“medium
pressure” and “high pressure”.

Such generators may be of any sultable ap-
proved t¥pe., The low pressure generator may
advantageously comprise either a pump of the
volumetric type or the supercharging compressor
for the engine, the latter heing necessarily ar-
ranged to that effect before the carburettor, as
known per se.

The several air generators are preferably
aligned and so arranged as to build a self-con-
talned assembly actudted by a single shaft.

Moreover, it 1s known that heretofore the suc-
tion of the low pressure pump has been used for
reveolving the gyroscopes of the Instruments
mounted on board the aircraft, the necessary de-
pression to that effect representing about two
hundred grams. When it is now borne in mind
that at an altitude of ten thousand meters, the
atmosphertc pressure amounts up to two hundred
and sixty grams only, it will be understood that
even When using a pump capable of producing
an almost absolute vacuum, it is impossible to
ensure over a certain altitude proper operation
of the sald instruments.

According to an advantageous feature of the
invention and with a view to obviating the afore-
sald disadvantage, the gyroscopes associated with
the instruments mounted on board the aircraft
are fed by the delivery slde of the low pressure
generator, eventuzlly through a pressure relief
device.

My present Invention has also for ifs object
certain accessory contrivances adapted particu-
larly to the novel plant and nofably an automatic
cock or valve, certain of these accessdry contriv-
ances such as the pressure rellef devices, pres-
sure-limiting valves and the like being combin-
able with a manometric capsule or cartridge
which may be elther empty or filled with air at
ground atmospheric pressure, 50 that the adjust-
ment may be varied when the alreraft flies at
varying altitudes,

Other oblects and features of the invention will
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moreover appear from the continuation of this
description and with reference to the accompany-
ing drawings which exemplify the invention and
in which:

Figure 1 is a diagrammatic illustratlon of a
plant or installation according to the invention,

Pigure 2 is a8 partial view of a modification of
this plant;

Flgures 3 to 6 represent on a larger scale sev-
eral members comprised in the plant shown in
Fig. 1, namely in Fig. 3 a regulating valve, In Fig,
4 g regulator, in Fig. 5 an automatic cock or valve,
and in Fig. 6 a pressure relief device;

Figure 7 represents a constructional modifica-
tion of the valve adapted to limit the “low pres-
sure” dellvery pressure.

In the constructional form represented in Fig.
1, the plant or installation comprises three air
generators, namely a low pressure generator I, a
medium pressure generator 2, and a high pressure
generator 3.

The low pressure generator | freely sucks the
atmospheric air and has its delivery pipe 4 con-
nected to a purifier or scrubber 5§ of any approved
type capable of removing from the air the ofl or
water particles carried by it.

The purifier or scrubber 5 is provided at its
lower end with a pressurc-regulating valve 6
urged by & spring T against its seat. This valve
establishes communication between the inner
chamber of the purifier and the atmosphere
through an aperture 8 when the pressure in the
sald chamber exceeds a predetermined pressure
corresponding to the tension of the spring 1.

The compressed air leaves the purifier §
through a pipe 18 which bifurcates into a pair of
branch pipes tl, 12, one of which designated by
11 feeds servo-contrivances or like devices, while
the other branch plpe 12 constitutes the feed pipe
for the medium pressure generator 2. It has
been assumed in this example that there are two
of such servo-contrivances fed by low pressure,
namely the plping 15 of the de-icing device and
the gyroscopes assoclated with the steering in-
struments, (6. The piping of the de-icing device
are fed through a cock 18 comprising a chamher
inclosing & closing shutter 19 rockably mounted
on a plvot and controlled by some rigging (not
shown) so as to elther close or open the air low
without causing any braking effect. An electric
distributor 20 fed through a rheostat 21 directs
through the pipes 15 the air which must reach
the several pneumatic chambers arranged on the
leading edges of the alrcraft wings, the pulsation
of the said chambers performing the de-icing
action. The air is supplied to the gyroscopes
assoclated with the steering gear 16 through a
pressure-regulating valve 22 g constructional
form of which will be described hereafter with
reference to Fig. 3.

The medium pressure generator 2 which is fed
by the low pressure generator through the pipe 12
is constituted by a compressor of usual type and
forces through a pipe 25 (drawn in dot and dash
lines) and preferably through a regulator 28 the
compressed alr into a reservoir 28. The regula-
tor 26 of which a constructional form will be de-
scribed hereafter with reference to Fig. 4 pro-
vides a communication with the open atmos-
phere of the delivery pipe 25 as scon as the pres-
sure In the reservoir 28 exceeds a predetermined
Ilmit. 'The air escapes from the reservoir 26
through a peir of outlet pipes 30, 3{. The pipe
30 feeds the servo-contrivances which must be
fed at medium pressure as for example the
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brakes, the automatic weapons, etc. while the pipe
31 supplles the excess alr to the Inlet of the
high pressure air generator 3.

The generator 3, thus fed, forces the com-
pressed air through a pipe 34 (drawn in thick
solid lines) and preferably through a regulator
38 Into a reservoir 36. The regulator 35 is of a
type similar to the regulator 26 and establishes
a communication between the delivery side of the
generator 3 and the free atmosphere when the
pressure in the reservoir 36 exceeds a predeter-
mined Umit. Moreover, the pipe 34 Is advan-
tageously connected through a pipc 38 to a dis-
tributor 39 inserted in the plpe 31. The distrib-
utor 39 of which a constructional form will be
described hereafter with reference to Fig. 5 is so
arranged as to shut off the upside part of the
pipe 31 and to set up a communication betwecn
the atmosphcre and the inlet side of the generator
8 when the outlet side of the latter ts brought into
communication with free atmosphere by the
action of the regulator 8§. The circuit resumes
normal condition as soon as the pressure is rein-
stated in the delivery pipe 34. An undue output
of the generator 2 1s thus avoided when the gen-
erator 3 is inoperative.

The air compressed under a high pressure
leaves the reservoir 36 through a pipe 38 which
feeds those servo-contrivances which require high
pressure actuation.

In Figure 1 is also shown a means of using the
reserve of air compressed under a high pressure
contained {n the reservoir 16 for feeding those
servo-contrivances which are actuated st medium
pressure. ‘To that effect, a branch pipe 40 con-
nected to the pipe 38 leads through a cut off valve
4| inserted in the pipe 31 intermedlate the dis-
tributor 39 and reservoir 28 to a pressure reducer
or reliever 42. The cut off valve 41 is manually
controlled; its two alternative positions corre-
spond respectively to the Interruption of the air
fiow through the pipes 31 and 40. The pressure
reducer 42 of which a constructional form will be
described hereafter by way of example with ref-
erence to Flg. 6§ supplies medium pressure com-
pressed air to a pipe 43 in which is inserted a
non-return valve 44 of known type adapted to
permit the air to flow in one direction only. The
pipe 43 15 branched off the pipe 31 intermediate
the cut off valve 4) and reservoir 28 which can be
therefore fed by medium pressure compressed alr
from the high pressure compressed air reserve
contained in the reservoir 36. Any undue by-
passing of the clrculating flow of air is prevented
by the cut off valve #41.

By way of completion of the description of this
constructional form, the constructlon of certaln
of its constitutive parts will now be described.

The low pressure generator { which might be
constituted by the compressor used for feeding
the alrcraft engine and branched off upside the
carburetor is here shown as comprising a vacuum
pump of the volumetric type essentially made up
(as also illustrated In Fig. 2 which is a front view
partly broken away of a generator belonging to
the same type) of a body or casing and eccen-
tered rotor 47 inclosed therein and fitted with
vanes or blades.

The medium and high pressure generators 2
and 3 which may be of the centrifugal type are
shown constituted by compressors including pis-
tons and cylinders mounted on & common cas-
ing 48 to which the pump cylinder | is secured.
The three generators 1, 2, 3 are aligned and driven
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by a common actuating shaft 48 so as to form a
self-contalned assembly.

Ax {llustrated in Fig. 3 which, as above stated,
shows. a: constructional form: of the regulating
valve 22, the latter comprises & body made up of
three parts, one of which (60) carries the air
intet undon. §f, while the second part (52) is
screweod: upon the formier and comprises substan-
tially a cylindrical tube fitted at its upper end
with the air outlet union 53 and the third part
(54) is serewed upon the part 52 and forms a
cap fitted upon its top end.

The part 50 of the regulating valve 22 forms
the housing of a dilsc valve 56 the seat 37 of whieh
is situated above it and underneath the union
§8. The-valve 56 is carried by a sleeve 58 up-
wardly urged by a spring §%. A rod 60 connected
to the sleeve 56 is urged by the spring 88 into con-
tact with & projection on a sleeve &1 slidably fitted
in the tube 32, The lower end of the sleeve 61 is
provided with a gasket 63 tightly applied against
the inner wall of the tube §2. A spring 64 ac-
carnmodated in the sleeve 61 urges the same into
a direction corresponding to the opening of the
valve B0 and is abutted through the medium of a
head member 66 on a membrane 67 carried by the
fiange-shaped third part 54 of the valve 22, holes
66 being formed in said part 54. The membrane
61 is of distortable character and forms one of
the walls of a sealed chamber 69 in which vacuum
prevails and which contalns a spring 10 which
urges the same downwardly (looking at the fig-
ure) that is to say in such a direction as to com-
press the spring 64. As will be understood, the
pressure of the air that flows past the valve 56
exerts itself on the gasket 63, whereby when the
said pressure imparts to the gasket a stress larger
than the action of atmospheric pressure thereon
and the tension of the spring 64, the sleeve is
lifted and closes the valve §6. Re-opening of
this valves takes place under the action of the
spring 64 as soon as the air pressure prevalling
inside the union 53 lowers again.

Purthermore, the membrane 67 is distorted by
the spring 10 thereby enhancing the tension of
the spring 64 when the atmospheric pressure
diminishes, so that the effort exerted on the sleeve
6f and consequently the limit pressure of the air
inside the union 53 are independent from the

altitude or vary in terms of the altitude accord- !

ing to a determined law. The supply of the air
that has flown throush the regulating valve 22
to the servo-contrivances is thus ensured under
the most suitable conditions.

In Pg. 4 is shown a constructional form of
the regulator 26 or 35 of known type adapted to
be traversed by the compressed air flowing be-
tween the nnions 15 and 76 extending in the
form of ducts 71 and 70 formed in the body 90
and leading to a chamber BI. A stop valve 02
is provided intermediate the union 15 and chamn-
her Bl. A duct B4 connected to the duct 17 upside
the valve 82 leads to a union 8% freely communi-
cating wlth the atmosphere. A needle valve 87
housed in the duct 04 is urged towards its seat
by a spring 88. The needle valve 61 1s connected
to a rod 68 pivotally connected to a lever 80 one
end of which is pivotally connected in turn to a
stationary pin 91 while its oppcesite end is pivoted
to a piston 92 subjected to the air pressure in the
chamber 6§ and urged in the opposite direction
by a welghted spring 84.

A wedge-shaped cam 95 fixedly secured to the
lever 80 co-operates with a block 07 which 1s ap-
plied against it by a spring 86.
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It will be understood that normally the com-
pressed air as forced by the generator flows
through the regulator between the unions 76 and
18. Just as soon as the pressure of thds com-
pressed air exceeds a limit ag deflned by the ten-
stonr of the spring 94; the piston 92 is shifted
against the antagonism of this spring and rocks
the lever 80. The latter lifts off the needle valve
87 and sets the union 16 into communication with
the atmosphere, the chamber 81 being then shut
off by the valve 82 from the atmosphere. By co-
operating with the cam 95, the follower bloek 91
soon breaks the balance when the lever 80 is
rocked.

Thereafter, when the pressure prevalling in the
chamber 81 becomes normal again, the regulator
operates in the reverse direction and re-estab-
lishes communication between the ducts 1T and
16,

In Fig. 5 is shown a constructional form of the
distributor 39 whose body 100 respectively com-
municates sidewise through a union 10 with the
upside portion of the pipe 31, through a union
102 with the downside portion of the said pipe 31
(the arrows showing the direction of flow of the
air) and endwise through a union (03 with the
pipe 36 (connected up to the delivery side of the
high pressure generator} and through a union
104 with the atmosphere.

The hody 100 is formed with a cylindrical por-
tion 105 which extends between the union (03 and
101 and with a pair of annular seats (06, 107, re-
spectively located on opposite sides of the inner
mouth of the union or nipple 102. A valve 108
is slidably mounted in the cylindrical portion 105
and carrics a gasket 109 having a convexity fac-
ing the union 103. This gasket is elastically ap-
plicd by a washer 110 against the walls of the
cylindrical portion 109,

'The slide valve 100 is provided moreover with
a disc valve 112 adapted to co-operate with the
two seats 106 and 107 and urged towards the
seat 106 by a welghted spring 118, When the
high pressure eompressor delivers alr, the alr
pressure which acts on the gasket 109 counter-
balances on the slide valve 108 the action of the
spring (14, whereby the valve ({2 is applled
against the seat 101. The medium pressure air
can then freely flow between the unions 104 and
102. However, when owing to the operation of
the regulator 3§, the compressor 3 forces the air
into the atmosphere, the pressure which acts on
the gasket 108 falls, whereupon the spring 114
shifts the slide valve 100 and brings the valve 112
into contact with the seat 186, thus shutting off
the unions 101 and 102 from each other while
establishing communication between the union
102 and consequently the high pressure com-
pressor inlet and the atmosphere through the
union (04,

In Flg. 6 Is shown a constructional form of the
pressure relief device or pressure reducer 42.
Such device comprises a body or casing 120 com-
municating through a union 122 with the high
pressure air inlet and through a union 123 with
the outlet of the relief air, Both unions or nip-
ples are interconnected by a port 125 forming the
part of a shut off valve 126. A spring 127 urges
the valve 126 towards its seat. The body 120 is
provided opposite the valve (26 with a cylindrical
extension 130 the end of which communicates
with the atmosphere through a hole 131. A
sleeve 132 fitted with a gasket 132’ seals the
extension (30 and !s ureed by a spring 133 to-
wards the valve (26 which carries a headed stem
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134 opposite the sald sleeve. It will be under-
stood that with this arrangement the valve 126
is normaliy held closed and becomes openh when
a push is exerted by the sleeve 132 on the headed
stem 134 when the air pressure prevailing in the
union 123 sinks underneath a predetermined lim-
{t. The adjustment of the spring 33 may be
varied by means of a manometric cartridge.

It 15 advantageous, generally speaking, to main-
tain constant regardless of the altitude of flight,
the absolute delivery pressure of the low pressure
eompressor or alternatively to cause said pressure
to vary concomitantly with altitude variations
according to a determined law,

To that effect, in the constructional form shown
in Fig. 7, the spring T assoclated with the valve
@ of the alr purifier or scrubber may be combined
with a tight manometric cartridge (40 contaln-
ing air at the atmospheric pressure, for example
at ground level pressure. The expanslon of the
cartridge 140 when the atmospheric pressure
diminishes causes an increase of the tension on
the spring T and compensates for the effect of
the altitude on the valve §. Alternatively vac-
uum might prevall inside the cartridge 140 which
might then contain such a spring as would distort
the same when the pressure diminishes, as shown
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in Fig. 2; the said spring being defined by ref-
erence numeral 142,

In the constructional example represented in
Fig. 2, and applicable to a constructional form
wherein the low pressure generator | servesg the
sole purpose of feeding the medium pressure
compressor 2, the cartridge 140 controls a damper
144 movable in & casing connected to the suction
pipe I’ of the generator I. The cartridge 148 is
inclosed In a tight easing 143 communicating
with the delivery plpe 4 of the said generator.
When the delivery pressure of the generator or
pump | shows a tendency to Increase in the
casing 145, the cartridge {40 causes the inflow
of alr to the pump 1 to be throttled and vice versa.
Owing to this arrangement, the pressure at which
the air is forced or delivered is rendered Invari-
able.

While I have described what I at present con-
sider preferred embodiments of my inventlon, it
will be obvious to those skilled in the art that
various changes and modifications may be made
therein without departing from the spirit and
the scope thereof. 'Thus, In particular, additional
pressure relief devices might be provided for feed-
ing certain ancillary devices.

CHARLES RAYMOND WASEIGE,



