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RATE OF-PRESSURE CHANGE: CONTROLS :
. FOR PRESSURE CABINS.

C Na,tham ‘C. Price, Hollywood, Calif., assxgnor, by
mesne: assxg:nments, to Buoeing Au'plane Com- -
pzny, ‘a corporation of Delaware:

Appllcatxon June 27 1938, Serlal No. 216 028
(ClL 98—1 5)

33 Claims.

The presenit invention relstes to the same-gen-
eral subject-matter as that of my Patent Re.
22,272, dated Pebruary 18, 1943 and in effect con-
stltutes ‘an addition to oran improvement upon
the subject-matter of that patent in that herein
are ‘disclosed additional or guxiliary controls op-
‘erable to govern or tolimit, at:a preselected rate,
thie rate of Tise ‘or Tall. of the. cabin pressure, or
whien. ‘external atmiospheric. conditions are not
such as to cause ‘o charnge of ¢abin pressure (as
when flyirig level), toinduce such rise or fall, at a
preselected rate, yet operatmg gt all times within
the upper lmits fixed by the basic differential-
pressilre control of the previous patent, and with-
ih: the lower limits established by ‘the normal at-
trospheric pressure curve..

Broadly speaking, then, it is the priticipal ob-
jeet of the present inverntion to provide means to
¢ontrol the pressure within the pressure cabin of
-an sircraft, which between the upper and lower
limits mentioned will permiit or induce a change
'of pressure within ‘the ¢abin, whether rise or fall,
‘ot whatever reasonable Tate may Ve desired, and
regardless of change or rate of Cha,nge of externa.l
‘pressure.

It should be noted at thrs "pomt that Wh11e the
too abrupt changes of ‘pres'sure or extremes of
pressure plus or mlnus on the passengers and

h’and to avoid the nercessn;y of so greatly strength- _
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jtsvalue asa Ioad-carrying vehicle.
Thistrations

A few q‘llustratlons-' at this pomt, iHustrated by
~the pressure-altitude graph, Figure 3, of typical
-donditions under which the present invention will
-operate; will make-clearer the purbose of the in-
vention. According to the previous invention,
still employed herein as the basic control, the
pressure within the cabin is controlled in such
manner that between sed leével or zero elevation
and 8,000 feet elevation the pressure within the
cabin follows the pressure curve of ‘the outside
atmosphere: there is ho substantial differential.
Between 8,000 feet and, 16t us say, 15,000 feet the
pressure curve within the cabin is substantlally
level, that is, the presstive ‘4t 8,000 feet is main-
tained with httle ‘o ‘no change though the out-
side pressure above 8,000 feet is less than the
pressure maintained withm ‘the cabin A pres-
sure differentisl increasing with increase ‘of -alti-

40

2

tude is- thus- attained. - Then from.~ 15 000 feet up
to perhaps 20,000 feet. the pressure within the
cabin is caused to ‘drop at- g rate substantrally
equal to the rate of atmospheric pressure drop,
such s to maintain always a uniform differential
of ‘presstire between the inside of the cabin and
the outside atmosphenc pressure, the differential
amountxng, for msta,nce, to 29 pounds per square
inch. The pressure ‘within the cabin follows this
smgle Iine, ‘whether the airplane is ascending or
aescendmg, and if the: plane was to’ ‘descend from
20,000 feet to. sea level, the pressure within the
cabin would be ‘maintained at the 214 pound dif-
Terential, rio more and no less, down to.the 15,000
foot altitiide, then would remain substantially
constant until the plane reached the 8,000 foot
level, and then Wwould closely follow the atmos-
pherlc curve from: the 8;000 fool. level down 10
sea, level or o any intermediate point. -

Let us suppose, however, that the plane is Aying
level, or is slowly ascending or descending (such
that the conditions are substantially the same as
in actually level flight) , anywhere between 15,000
‘and 20,000 feet, to cross :a mountain range, bub
that the pilet Knows that he is to descend rapidly
on the opposite side of the mountains to a land-
ing field at an elevation of 2;000 feet—too rapidly
for comfort if the pressure rises at the same rate
a5 the plane’s descent from 8,000 feet.down., He
can calculate the rate of descent for the aircraft
that he wishes to maintain, and knowing that
rate of descent he may set the controls for the
cabin pressure in such a way as to make g sub-
stantially uniform rate of pressure rise from his
present altltude—perhaps 18,000 feet——to the alti-
tude of the landing field, below 8,000 feet, so that
when he commences to descend from h1s 18,060
foot altltude it is not necessary for the pressure
within the ca.bln to remain constant during the
descent from 15,000 to 8,000 feet, and then to rise
ab the atmospherlc rate from 8,000 feet: to the
Tevel of the Iandmg ﬁeld' mstead the pressure
within the eabin increases along a smoot‘l curve
whieh is nea,rly a stralght line from “his’actual
altitude to the: altitude of the landing field.” ‘Thus
the rate of pressure rise is controlled and made
substantially ‘constant throughout and the prés-
sure is not ‘maintained ‘constarit for a t1me ‘and
‘then 1ncreased ‘at s moré rapid rate than is ¢om=
fortable, even though ‘such inerdased rate of pres-
sure rise corresporidsexactly with the rate of des-
éent of theaireraft. :Similarly,if the pilot is tak-
ing off from 4 field at a low Ievel and must climb

'rapldly to clinib over mountams at a con51derable

elévation, instéad of following the normal zigzag
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pressure curve he sets or preselects the rate of
pressure fall to a selected value, consonant with
the rate of ascent of the airplane, and causes the
pressure drop within the cabin to proceed along
a curve which is nearly a straight line to the
maximum altitude to which the plane is expected
to rise.

Again, let us assume that the plane is operat-
ing between 8,006 and 15,000 feet altitude, and
it is shortly to descend to a landing field in the
vicinity of sea level. Instead of waiting until
the plane commences to descend, and then let-
ting the pressure build up according to the nor-
mal or basic controls, the pilot may induce a
change of pressure within the cabin, without
change of altitude of the airplane, until he
reaches the maximum limits fixed by the normal
control. He may maintain this increased pres-
sure so long as the plane does not ascend and
thereby destroy the pressure difference by the
lower external pressure. In the latter case the
differential-pressure control would overrule all
other controls and force a decrease of cabin pres-
sure sufficient that the maximum differential is
not exceeded. If, however, the pilot knows he
will soon descend he may then fix a substan-
tially uniform rate of pressure rise within the
eabin such that when sea level is reached, or
the level of the landing field, the pressure with-
in the cabin and without the cabin will be equal-
ized. On the other hand, he may anticipate a
pressure drop resulting from the necessity later
to climb rapidly to an altitude above 15,000 feet,
from 10,000 feet let us say, (an altitude on the
level portion of the normal cabin pressure curve)
to 18,000 feet, and he may wish to lower the
cabin pressure prior to and during such climb
at a somewhat lesser rate of pressure drop than
would be accomplished by the normal controls
during the contemplated rapid ascent above
15,000 feet, in order to accustom the passengers
to the decreased cabin pressure corresponding to
the alfitude where he is to cruise. He there-
fore induces a pressure drop within the airplane
at a substantially uniform rate less rapid than
the normal rate which during such climb would
be accomplished by the normal controls, until he
reaches a cabin pressure equal to the external
pressure, from which point the pressure may
drop during ascent directly to the pressure which
corresponds to the pressure at the altitude he is
finally to attain.

Furither objecis

It is essential that the pressure within the
cabin be never permitited to exceed the external
atmospheric pressure by more than a given dif-
ferential, say 2% pounds per square inch. The
reason for this bears no relation to the comfort
or well-being of the passengers, buf rather has
to do with the structure of the airplane. With-
out too great an increase in strength and weight
of the aircraft structure, the latter can be made
to resist such a differential, but if this differen-
tial is to be appreciably exceeded, the aircraft
structure must be made so much stronger and
heavier that the pay load and performance char-
acteristics of the airplane are materially re-
duced. On the other hand, it is not desirable
to permit the pressure within the cabin to be less
than the surrounding pressure. The arrange-
ment of the former application prevents pres-
sures exceeding these maximum and minimum
limits, but as is now evident, it is.a further ob-
ject of the present invention to provide controls
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capable of maintaining rates of pressure rise or
fall substantially uniform, on the one hand, or
on the other hand, capable of inducing rise or
fall of pressure within the cabin at a controlled
rate, and which will therefore permit control
of the pressures within the cabin in any manner
and to any extent desired, within the capabilities
of the additional controls, but withal subject to
the overruling action of the maximum and min-
imum controls heretofore referred to.

It is a further object to simplify and improve
the control mechanism which is the basis of the
previous application per se.

It is a further object to provide simple and
effective means to accomplish control of the rate
of change of pressure, or to induce a change of
pressure, in accordance with the principles of
the present invention.

Other objects will appear hereafter, and
especially such as relate to the more purely me-
chanical details of the construction.

Drawings

My invention is shown in the accompanying
drawings largely in diagrammatic fashion, and
the drawings and the constructions and arrange-
ments shown therein are to be understood in the
latter sense, but insofar as the principles there-
of are concerned, the accompanying drawings
show my invention arranged and functioning in
a manner such as is at present preferred by me.

Figure 1 is a sectional view illustrating the re~
lationship of the parts of the control mechanism
to each other and to the preselector mechanism,
which in itself and in-its relation to the basic
controls is the particular subject-matter of the
present invention.

Figure 2 is an elevation of the control elements
of the preselector, illustrating the various effects
that may be obtained, and how simply the con-
trols may be set to obtain these effects.

Figure 3 is a graph, showing various typieal
and illustrative operations that may be effected
by the present invention.

Figure 4 is a perspective view, showing the
sleeve valve member of the preselector control.

Figure 5 is a sectional view of the preselector,
spowing the same in position of rest or equilib-
rium.

Figures 6, 7 and 8 are similar views, showing
various relative positions of the parts under con-
ditions obtaining during a pressure fall, that is,
during ascent of the airplane, actual or antici-
pated, and Figures 9, 10 and 11 are similar views
showing conditions obtaining during a pressure
rise, that is, during descent of the airplane.

Figures 12, 13, 14, 15 and 16 are in part sec-
tional views through the preselector and in part
diagrams, illustrating the manner of connecting
the preselector to the control knob shown in

Figure 2, and to elements associated with the
latter.

Basic control device

Figure 1 shows a pressure control device which
in its essential respects is similar to that dis-
closed in the previously filed application, though
somewhat modified in arrangement, in part to ac-
commodate the conditions necessary to proper
operation of the preselector device, the latter

"~ of which is indicated only diagrammatically in

75

this view in its relation to the other parts of the
system. Because of the similarity of the arrange-
ment shown in Figure 1 to the previously disclosed
device, no extensive description of the same is
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believed ta be necessary, though a- brief descrip-
tion of the same follows. ‘ :
The skin er enclosing wall of fhe pressure cabin
s illustrated at 100. It is supported and strength-
ened by suitable structure, not shown, and the
passenger space within it is sealed against leak-
age, as is common in pressure cabins.. Pressure
within this skin is controlled by the control de-
vice. Pressure without this skin varies in accord-
ance with external pressure, sometimes ealled am-
bient pressure, and approximately inversely in
accordance with altitude. Air is admitted to the
interior of the cabin from any suitable pressure-
producing: blower or supercharging device (not
shown) through a.conduit 9, past a valve 80 hav-
ing a hollow stem 91, and through a Venturi
throat 93. The conduit, and associated parts,
constitutes a means to supply air under pressure
within the cabin, The valve may seat at 92 to
prevent further intgke of air inte the cabin or
to. prevent escape of pressure from the interior
of the cabin. It is movable, under the influence
of a rate of flow control, by an air motor or
servo device including a piston 94 movable with-
in a cylinder 95, the space above the piston being
capable of communication with supercharger
pressure in the inlet conduit 8 through the hol-
Jow stem 91, and the space below the piston being
in communication with the pressure within . the
interior of the cabin through the port 8§3’.
Control of the piston 94, however, is under the
influence. of a control device consisting of a
piston 97 within a cylinder 88, the piston 87 being
spring urged by a. spring 93/ to advance the pin

97’ of the piston towards the end of the hollow ;

stem 91 of the valve, thereby tending to.close
off the hollow stem from communication with the
supercharger pressure. Movement. of the piston
a7 is under the influence of cabin pressure com-
municating with its. upper side through a port
96, and a pressure effect. communicating with. its
lower side through the port 99, the latter pres-
sure effect being made up. of a reduced pressure
through a tube 83’ from the inlet Venturi throat
93 or a reduced pressure through a. tube 83" from
the outlet Venturi throat 83, both communicat-
ing with the: port. 99, or made up as a combina-
tion or differential of such reduced pressure from
the two Venturi throats. A valve (not: shown)
may be employed at the junction of the tubes
83 and 93’ to control the reduced pressure at
the port. 99 under the influence of one or the
other of the Venturi throats, but not both, such
a valve being illustrated in my above mentioned
patent. Its use, however, is not deemed: essential
in the present. arrangement.

Air from the interior of the cabin is discharged
through. an outlet. 8 past a valve 88, capable of
seating at. 82 to prevent discharge from the in-
terior or-to.prevent:inlet of a higher pressure-from
the exterior of the cabin, the valve 80 having 2
hollow stem 81, and the air from the:cabin pass-
ing through the venturi 83 prior to passing the
valve seat 82 and being discharged through the
discharge outlet 8. It will be seen that the in-
terior of the hollow stem 81 is-in communica-
tion at all times with the external atmospheric
pressure.

Movement of the valve 80 may be accomplished
under the influence of a rate of change of pres-
sure control, incorporating an air motor or servo
device, including a. piston 84 within a cylinder 85,
the piston being connected directly to the hollow
stem 8t. The space above the piston 84 may
be in communication with the external atmos-
pheric pressure through the hollow stem 8t or

<
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through a passage 13, 14, hereafter referred. to.
The space helow the piston 84 is in communica-
tion with the cabin interior through the port
85’°. Sinee piston. 84 fits loosely in cylinder 85 air
leaks. slowly from: the high pressure side past the
piston to its low pressure side, whence it is ex-
hausted through econduit. 13, 74 to the atmosphere.
Movement of the valve 80 and of the piston 84
is under control, directly or indirectly, of two
alternatively operable devices, a differential pres-
sure control and an absolute pressure control,
either of which may have an influence upon a
pin 87 aligned with and capable of closing the
hollow bore of the stem 81 and preventing aceess
of external atmospheric pressure through this
hollow stem to the space above the piston 84.
However, under certain conditions, access of ex-
ternal atmospheric pressure to the space above
the piston: 84 may still be had through the pas-
sage 13, 14. The conditions governing this will
appear hereafter.

Absolute. pressure eontrol

Considering first. the absolute. pressure control
device, the pin 87 may be eonsidered as connected
to and movable with, a ported plunger 7, movable
within a cylinder 10, the port 7f of which is
adapted to be opened or closed by recession or
approach of a pin 72. The pin 87 need not be
directly connected to. the plunger 1, and prefer-
ably the connection is through a lever 88 ful-
crumed at 86 adjacent one end, and with a com-
pression spring 89 acting thereon, tending to urge
the pin 87 towards its seat at the end of the
hollow bore. of the stem 81, and therefore tend-
ing to lift the plunger T with. its hollow bore 11
off the pin 72, which otherwise would close the
bore 1f. Opening of the bore 11 permits com-
munication through the passage 73, 14 between
the exterior atmosphere ang the space aboxe the
piston 84 to reduce the pressure upon the upper
face of such piston, thereby, by the superior
pressure applied to the piston’s lower face, to
raise the piston 84. However, the preselector is
interposed between these conduits 13 and 714, and
its construction and mode of operation will be
described in detail hereafter.

Movement of the pin 72 is under the control
of an evacuated Sylphen or bellows 15 placed
where. it is exteriorly affected by the cabin pres-
sure. A limber spring 16 urges the stem 72
towards: the: bore TI, and collapse of the bellows
75 beyond a given point is prevented by a. stop
pin 1T,

The. function. of the absolute pressure control
device just described is to prevent appreciable
further drop in. pressure beyond a given point,
and. to. maintain the pressure within the cabin
substantially constant during the reduction in
pressure in the surrounding atmosphere accom-
panying climbing of the aircraft to a higher alti-
tude. In other words, it functions to maintain
a substantially constant eabin pressure between
8,080 feet and 15,000 feet. However, the absolute
pressure: control is overruled by the differential
pressure control when a predetermined differen-
tial of pressure between the interior cabin pres-
sure and the external pressure has. been attained,
in order that the structure of the aircraft may
not.be strained by a pressure differential greater
than: that for which; it.is. designed.

Differential pressure control

The differential pressure control wilk il.ow be
described, A piston 6 is movable within a. eylin-
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der 68 in alignment with and surrounding the
pin 87. The piston 6 may engage a shoulder 87’
on the pin 87 to lift the pin 871 from the end of
the hollow stem 81, and the movement of the
piston 6 in this direction is resisted at first by
the limber compression spring §1, and, after en-
gagement with shoulder 87’, also by spring 89
acting on lever 88. The space beneath the piston
6 is in communication with the cabin pressure
through the port 62, and the space above it is in
communication with the atmosphere through the
conduit 63.
Pressure curve

By reference to the graph, Figure 3, the normal
atmospheric pressure curve is illustrated at
A—B—PB’. This is the curve showing the pres-
sure that obtains exteriorly of or surrounding the
cabin of an airecraft at any altitude; and unless
the aircraft cabin were supercharged, or sealed
at ground level so tightly as to prevent escape
of any pressure, it is evident that the interior
pressure would likewise lie along the curve
A—B—PB’. 'This would be uncomfortable, if not
physiologically harmful to passengers, yet be-
cause of structural and economic limitations it is
not possible to maintain the pressure within the
cabin at sea level pressure or at any selected con-
stant pressure level for all necessary or feasible
flight altitudes, nor indeed is it economical to
maintain a pressure within the cabin which ex-
ceeds the external pressure by more than a prede-
termined difference, say 2% pounds per square
inch.

Since it is unnecessary for various reascns o
effect supercharging of the cabin at altitudes ke~
low 8,000 feet, or some altitude in that vicinity,
the actual pressure within the cabin for any given
altitude may be substantially equal to the external
pressure at such altitude for all altitudes kbetween
sea level and 8,000 feet, namely from points A
to B of the curve. However, if flight is to be
maintained at an altitude between 8,000 feet and,
let us say, 15,000 feet, it is desirable and possible
to maintain the pressure between these limits of
altitude substantially constant, the differential
between it and the external pressure varying, and
therefore the pressure is indicated by the line
B—C. It will be noted that the point C is some-
what below the point C’, which is level with B,
but this difference of pressure is slight. To build
up such differential between cabin and external
pressure it is necessary to accomplish closing
movement of valve 82 during operation of the
absolute-pressure control for constant flow of air
through the cabin, and ultimately to place in
command the differential-pressure control, after
which the opening of the valve remains substan-
tially unchanged for constant flow through the
cabin despite further increase in altitude and de-
crease in atmospheric pressure.

At altitudes above the 15,000 foot altitude which
has been selected, it is not practical or eco-
nomical to maintain a constant pressure, but it
is not harmful to permit the pressure to drop
somewhat, and therefore the differential pressure
control, coming into operation at the point C,
serves to maintain the acquired differential of
cabin pressure over external pressure, and the
pressure curve follows the line C—D, parallel to
the line B—B’. The point D is shown as corre-
sponding to the 20,000 foot elevation. At this
point it may be assumed that the characteristics
of the particular blower or supercharger being
employed to supply air through the passage 9
are such that its limit has been reached, and it
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can no longer maintain the predetermined dif-
ferential. If the aircraft proceeds to a higher
elevation, the internal pressure will tend increas-
ingly to approach the external pressure. In
other words, the cabin pressure curve will follow
the line D—KE,

Operalion of basic conirols

Now referring to Figure 1, and disregarding the
portion of the pressure curve between A and B,
wherein the rate of flow control cperates, it will
be understood that when the point B is reached
the Sylphon 15, which heretofore has been held
collapsed by the cabin pressure (approximately
equal to the ambient atmospheric pressure) to
which it is subjected, begins to expand, the spring
16 being set or adjusted to effect expansion at
this point. The pin 12 closes or tend to close the
port 171, partially cutting off communication
through the passage 18, T4 with the space above
the piston 84. The onrush of air past the valve
89 at all times tends to draw this valve downward
to its seat, and to draw the connected piston 84
downward. Up to now (below 8,000 feet) the
Sylphon 15 has been collapsed, and the space
above the piston 84 has been in communication
with reduced atmospheric pressures through 73,
71, and 74, thereby tending to balance the out~
flow’s downward tendency, and, with the re-
sistance of cabin pressure, acting beneath the
piston 84, to downward movement, the piston and
valve 80 are held in their upper position, with the
valve open. Now, however, the expansion ¢f the
Sylphon 75 has reduced the pressure differential
acting to hold the valve up, as described. The
action of outflowing air on the valve now tends
to close it, since the balancing force through 73,
11, 74 is interrupted and in part destroyed. Nor
can this balancing force be restored at this time
through the hollow stem 81, for the pin 8T fol-
lows downward movement of the piston 84, under
the influence of spring 89, and prevents access
of reduced external pressure to the space above
the piston through the alternative passage formed
by the hollow stem 8f. Closure of the valve
therefore proceeds slowly and regularly, in ac-
cordance with change of external pressure, and
at a rate (coupled with control of inflow, described
hereafter) to maintain g substantially constant
bressure within the cabin, by reason of the fact
that if the pisten moves downward too rapidly
or abruptly (the pin 87 necessarily following),
the plunger T will be raised off the pin 72, again
opening the bore 71, and restoring the balancing
relatively reduced pressure above the piston 84,
t]{lrough 13, 71, and 74, which tends to raise the
biston. The pin 12 tends to follow up and close
the receding bore 7Ti, but at a relatively slow or
glmost negligible rate, which corresponds to the
Increase in apparent altitude within the cabin,
represented by the distance ¢'—C. . '

Theory of operation of preselector

It _is important to note here that closure or
opening of the valve 88 controls the cabin pres-
sure and hence its differential over external pres-
sure; the valve’s rate of closure during ascent
of the airplane, or its rate of opening during
«_:iescent of the airplane, determining the rate of
Increase or decrease of the differential of cabin
bressure over the external bressure; hence the
rate of faill or rise of cabin pressure, is dependent
upon the closing or opening of the passage 13, 14.
Alsc_), it is important to note that rise or fall of
g:abm bressure may be induced by closure or open-
ing of the valve 80, under conditions which, of
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themselves, will not.effect: a. changé.in the cabin
pressure—as. during level flight, without change
of the airplane’s.altitude, usudlly. but. not neces-
sarily between the points: B and C; even when

the airplane’s altitude is 'changing, a riseé or fall

of the cabin pressure may be. induced at a rate
independent of—if desired, more. rapidly than
would naturally be caused by—the. actual change
in altitude. Rise or fall of cabin pressure, then,
may be induced by closure or opening of the
valve 80, which- in turn may be 1nduced by clo-
sure or opening, arbitrarily, of the” passage 18; 14.
This is- the basis of operatlon of: the preselector
as will: appear hereafter s

Operation of basic controls, Continued

Progressive closure of the valve &0, accom-
plished and controlled-as described. above, tends
{o reduce the rate of flow through the venturi
83, and in turn through. the control: piston: 91
effects correspondmg opemng movement of the
valve- ‘90, the controls- operatmg in such =z man—
ner; and as explamed in greater detail in my: pie-
viously mentloned patent as to haintain the
cabin pressure from B to'¢ substantlally constant.
The pressure is not mamtamed absolutely con-
stant, howeéver, for a d1fference of ‘pressure be-
tween ¢’ and C is required-in order to bring the
differential-pressure control- xnto operatlon at the
point C, but not at the level c’, whlch corre-
sponds to the level B, Tand in order “to secure
proper maintenance of nearly constant pressure
as-has been made ¢lear above:

At the point C the d}ﬁerential-pressure control
is brought into operatmn ‘overriling the abso-
lute-pressure control, and- thereafter for increase
in altltude mamtammg ‘the cabin pressure at'a
constant d1fferent1al ‘above the’ external ‘atrmos-
pheric plessure Thus at the pomt < the pres-
sure in the space above the prston 6'has decreased
due to decrease in the external atmosphenc pres-
sure, while the pressure in ‘the external at-
mosphenc pressure, Wh11e the pressure in ‘the
space beneath the plston 6 ‘has- remained sub-
stantrally constant bemg 1n commumcatlon ‘with
the cabin pressure The dlﬁ‘erentlal thus bullt
up at thls ‘point overcomes ‘the limber spring’ 61,
which may be adJusted to regulate the pomt of
initiation of d1fferent1al pressure control and the
plston 6 rlses or tends to r1se and eventually the

hollow stem 81
tween the bottom and top of the p1ston $ m addl-
tion overcomes the resmtance of the sprmg 89 as
well as that of the sprmg 16.

- “The tendency of the pin 81 to rise from the
hollow bore of stem §{ ténds to decrease the pres-
sure. above the -piston 84, whereas the pressure
beneath it is substant1ally the same as it was
immediately prlor to hftlng of the pin. The pis~
ton 84 therefore tends to rise’ and to 11ft the
valve 80~farther from its ‘seat 82 and-this “to n-
crease the raté of outflow of air from ‘the mtermr
of the cabili, thereby decreasing the pressure
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viously mentioned patent. This condition holds.
until the point D'is reached, and would he-main-
tained farther if the blower were of sufficient
capacity to supply the -required pressure, but
since the limit of its capacity may.be assumed to
be reached at D, the pressure within' the cabin
falls. from the point D to E at a greater rate than.

_the préssure decreasés along theline B—B7. - - -

"All the above; other than the possibility of af-
fecting thé rate of charnge of pressure by opening
or closing passage. 13,14, is-disclosed in substance
in my previous patent, but is necessary to-a clear
understanding of the additional subject-matier
constituting the present invention. Conseguently
it will be evident fhat the: constructions: and ar-
rangements disclosed in such- patent, or any
equivalents thereof; may be substituted for those
described and shiown in the present application.
It will also be apparent that the specifically dif-
ferent basiccontrol herein’disclosed: may be used;
per se, in substitution for that ‘of the previous
apphcatlon even wlthout the added aux111ary
controls

o Posszble uses of pv’eselector

Now let us assume that the pllot 1s taking off
from a field at or near sea level, and that'he is go-
ing to. climb. steadily ‘to:-an-altitude somewhere
above 15,000 feet. It is possible to anticipate that
the pressure control devices: will. operate within
the portion of the graph between points'C and D.
Since it is desirable to control the’rate of pres-
sure rise or- fall; and usually: to-maintain such
rate at a minimum ‘or at least; to maintain such
rate as uniform- throughout as may be; it is possi-
ble to set the preselector controls; to be: deséribed
hereafter;.in such a way as to: cauise’thé line of
pressuie drop to-by-pass the point B, and to pro-
ceed directly from the point A (or from any inter-
mediate point, as U) :directly to the point ‘¢’ at
15,000 feet. "’ If the final elevation i higher than
this, at a.point beyond the point C and along
the 11ne D—D, the controls may be set to reduce
the eabin pressure at ‘a substantially constant
rdate to a pmnt ‘on the ling’ B——C and then ‘the
selector may ‘he reset to’ contmue substantlaily
the same rate of- pressure decredse to the’ po‘mt
on ling C—D correspondmg to the fihal ‘aliitide

" 1o be attained.” By [le] domg the’ rate of pressure
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60

within the cabin, but’ controlhng the rate of de-

crease so that the cabin préessure’remaihs dlways
at the predetermmed differential above the ex-
ternal pressure. -Change in the rate of outﬂow
through. the venturi 83: terids to affect the’ posi-~
tion of the valve. 90 correspondingly, so thdt. the
rate of inflow of replacerhent air:is controlled: in
accerdance. with the rate of :outflaw to niairitain
the. predetermined . pressure - differential 'within
the cabin, as-is described more fully ih. my: pre=

70

75

fall is mamtamed 2" minimiin, and the™
mats. pressure is attained  most direétly ‘and
uniformly, and the effect on the passenger 8
théreby ‘made the least abrupt. Agam in de-
scending] if the pilot is fyihg at an’elevation be-
tween 15,000 and 24, 000 feet, and kiiows ‘that he
must shortly descend rapldly toa landmg ‘Held at
zero “élevation” or’ at ‘some - elevatmn between A
and ‘B; for 1nstance at the level U he may set
his preselector control at such ‘8’ ubstantlally
éonstant 1ate of pressure rise as W:ll by-pass the
pomt C, th ereby making ‘the rate of pressure rlse
less abrupt and therefore less' 5
the passengeis.” Whén 2 point on the line B—C
is reached he” may Teset the control to mduce sub-
stantlally the same rate of pressure mcrease from
such pomt to the pomt A or'U correspon‘ ngto ’
tha elévatich of “thHe' landmg field.
" On’ the other hand assuming thai the plane
is to. take off ‘from a landing field’ at ‘the ‘eleva-
tion A, and is £o ascend: to:-an elevatmn between
8,000°and: 15,000 feet, namely, along the flat por-
tion of: thé "pressiire curve B—C, the pilot may
wish to .decréase: the pressiuré at a lower Fate
than if the live from A to the final elevation point
on A--B were followed, and he may set thé pre-
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selector to follow the curve A-—S, so that when
he reaches the altitude at which is is to fly, let
us say 9,500 feet, which would be represented by
the point R on the curve B—C, he has a pressure
within the cabin which is higher than the pres-
sure which would be attained if the curve
A—B—TR were followed, but, while the aircraft
is cruising in level flight at the attained altitude
of 9,500 feet, the pressure will continue to de-
crease from the point S to the point R at sub-
stantially the same rate, or the pilot may alter
such rate to whatever rate he wishes, and the
effect is thereby less noticeable to the passengers.
The same technigque may be applied equally well
if the final elevation is below 8000 feet, the rate
of pressure decrease being less than that repre-
sented by the line A—B. Again, in descending
from flight at the level R, he may prefer to antici-
pate a descent and to increase the pressure
slowly within the cabin while still maintaining
level fiight, and he therefore operates the pre-
selector in such a way as to induce or build up
the pressure within the cabin from R to S, and
then when the descent occurs the increase of
pressure from S to A may be at the same rate,
less abrupt than the change in external pressure,
and therefore less noticeable to the passengers.
The landing field may indeed be at the level cor-
responding to the point U on the curve A—B, and
the rate of pressure rise therefore may be even
less rapid, while accomplishing the lesser pres-
sure change in substantially the same time in-
terval, as indicated by the line S—U. On the
other hand, the pilot, intending to increase the
pressure to correspond fo the point A, may set
his preselector at a rate which will complete the
required pressure rise before the aircraft has
reached the altitude of the landing field, such
as at the 2000 foot level corresponding to the
point T, and the passengers may thus become ac-
customed to such pressure, which corresponds to
the point A, during the latter part of the descent
as well as the landing, in preparation for dis-
embarkation. He might increase the pressure
even beyond the pressure of the point A, and
then come down to the point A, or, at the point T,
knowing that the interior pressure then equals
the final exterior pressure, he may so operate
the preselector as to maintain that pressure until
the level A is reached, at which point the in-
terior and exterior are placed in free communi-
cation.

Again, flying at a level corresponding to the
point R, with the normal controls in operation,
and being confronted with the necessity of climb-
ing over a barrier, he may set his preselector in
such a way as to decrease the pressure from the
point R to a point such as J on the curve C—D
by a substantially constant rate of pressure fall
while the aircraft climbs from 9,500 feet to
19,0060 feet at a speed causing a higher rate of
external pressure drop, thus by-passing or short-
cutting the point C, and he may do the same in
reverse when he is descending from the point J
to a level corresponding to the point R. Again,
instead of increasing directly from the point R
to the point J, he may prefer to induce the pres-
sure drop from the point R to the actual atmos-
pheric pressure at the same altitude, represented
by the point G, while maintaining level flight,
and then from the point G as the aircraft as-
cends the rate of pressure fall may be such as
to by-pass the point C and to attain instead the
point D, as indicated by the line G—D. If the
caleulated rate of pressure fall or the setting of
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the selector is not quite accurate, so that instead
of attaining the pressure I> at the altitude which
corresponds to D the cabin pressure becomes H
at this altitude, the pilot, having attained the de-
sired altitude, may set the preselector to induce
the pressure to rise along the vertical line H—D
at a slow rate, while maintaining level flight at
the 20,000 foot altitude.

Limiting effect of basic conirols

In all the above it will be observed that the
pressure within the cabin in no case decreases
pelow the external atmospheric pressure, be-
cause obviously this is impossible even during a
descent as long as replacement air is being sup-
plied to the cabin unless means are provided for
evacuating the interior cf the cabin. On the
other hand, none of these pressures exceeds the
selected limit of 2% pounds differential over
and above the atmospheric pressure line. Of
course, all the figures used in the above illustra-
tions are arbitrary, and if the structure is in-
tended to withstand a higher. differential of
pressure, then the selected differential or pres-
sure limit, whatever that limit may be, is not
exceeded, because as that differential pressure
limit is attained, the differential pressure control,
notwithstanding the preselector, will overrule the
preselector and insure that the predetermined
differential is not exceeded. This is a safety
measure and prevents the imposition of undue
stresses upon the structure. However, any-
where between the atmospheric pressure curve
A— BB’ and the differential pressure curve
E—D—D’, by the employment of the preselector
controls and the proper setting thereof the pres-
sure within the cabin may be controlled to at-
tain any pressure desired, or to increase or de-
crease, that is, to rise or fall, at any rate desired,
and within the limitations of the preselector de-
vice. ‘Also it will be noted that between these
limits, even when flying along the flat portion
B—C of the curve, a pressure rise or fall may be
induced, and at a selected rate, by proper oper-
ation of the preselector. Thus in Figure 2 the
preselector control, represented by the knob K,
may operate during descent from a point along
line D-—C or ascent from a point along line A—B
to give a preselected rate of pressure change,
either rise or fall as the case may be, by moving
it to the upper left or to the upper right, respec-
tively, from the. position shown in Figure 2, or
during operation in level flight, along the portion
B—C of the curve, or in ascending or descending
from g point on such line, a desired rate of pres-
sure change, either rise or fall, may be induced
by moving the preselector control knob K either
to the lower left or lower right, respectively.

Structure and arrangement of preselector

Having now explained the various operations
possible with the preselector in combination with
the pressure control device, it will be apparent
that the preselector may operate in various ways,
and its construction and mode of operation will
be made clear by reference to a particular form
and arrangement, by way of illustration, al-
though there may be substituted for this par-
ticular construction and mode of operation others
which are equivalents, and which. will readily
suggest themselves to one skilled in this art, once
this form is understood. i

The basis of the preselector control is a pres-
sure-change-responsive element, such as the hol-
low chamber { having the bleed port 10 of care-
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fully predetermined size admitting: to its interior
from- the aireraft cabin; and: having & flexible:
wall: 11, which: moves- inwardly- if the: pressure:

outside the chamber. |, which-is:the. cabin: pres-
sure, rises more rapidly than the interior pres-
sure within the vessel I may be equalized by: flow.
through the bleed port: 10, and which flexes out-

wardly if the rate of:cabin pressure fall exteriorly-

of such chamber is more rapidthan-can be equal~

jzed: through the bleed port 0. Sucl -devices are.
employed in rate-of-climb- indicators- used in-

airplanes. Such a device is-sHown. iri:position of
equilibrium in Figurée 5; which it assufes-as long:
as the cabin pressure remains constant; whatever.
such pressure may be, or changes at a-very: slow
rate, as is also the remainder of the preselector
device. While the flexible wall-or diaphragm: 11

is.shown . as directly connected to- other: devices’

which,. in. the forin illustrated, require. appreci-
able movement, it is to be understood- that the
showing in’ this manner is purely. for purposes:
of illustration, and that: suitable. relay: devices:
would.or could be employed to-multiply-the move-
ment of the diaphragm.as applied: to: the con-
trolled device. or element.

The: preselector, as. previously: pointed: out;. is’
interposed between: the: passages: 13 and: 18;. by’

which atmospheric pressure: is. admitted above
the piston 84, and preferably: between the: space

within the cylinder 85 above the piston 84:andthe 3

bore 11, which, with:the pin.12; controls the:ac-
cess of such atmospheric pressure above the pls-
ton 84. 'The preselector comprises: in. part.a
sleeve 4, which is axially slidable by suitable con-
trol, and:to an: end.-of which'is. comnected . one: of’
the two connections 13! and- T4, as.for instance
the connection 14, The connection: 13: is made
to:a sleeve 2 which is slidable lengthwise of the
sleeve 4, actuated by & suitable. control:. A.cir-
cumferential groove 24 in the inner wall of the
sleeve 2 communicates with the passage 13, and
with a port 42 admitting to a circumferential
groove 44 within the inner wall of the sleeve 4,
whereby, when the several ports and passages-are

in the position of Figure 5, which-is a-neutral:

position, or & position of rest; free -and- full-eom-~
munication is afforded- between the passages: 13
and 14; as-though the preselector were not inter-
posed between them:

There is-a further line-cornected to the pre-
selector; the line 18, which conneets-to-the atmos-
phere surrounding the pressure- cabin, ‘and this
line communicates, in- certain: positions: of: the
parts; with the interior-of the sleeve: #rthrpug‘h
the circumferential groove 23 and the:port an
snd groove-43; or, in-another position-of the parts;
through the port 42 andfassociated»p'art‘s; -~ Inthe
position of parts-shown in-Figure 5, however, com-
munication between: the interior of the-sleeve 4
andthe atmospheric line 18:is cut off by a sleeve'3;
which is slidable within -the sleeve 4; being con=
‘trolled for such- movement by the-rod-31 which
is' secured to-or movable under-the influence of
tHe flexible wall {1 of the pressure change re-
sponsive element |- - Parts may be locked: in the
neutral position or pesition of rest-shown-in Fig-
ure B by the respective locks- 20°2nd-30; the lock
20 engaging- the shiftable sleeve 2; and the' lock

' 30-engaging the shiftable-rod-3F. The lock 30 is
releasable upon rocking a lever-3%; fulcrumed at

34, and having an- operatitig -element -33- at-its-

opposite end (see Figure 12).. The lock 20-isre-
Jeased by analogous means which-will'be described
Heréafter. When: these-loeks- are- released it-is
- evident thiat the- respeetive sleeves ‘2 dnd- 3 are
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slidable: lengthwise. of the sleeve 4., The sleeve &
ig-slidable: under the influence of manual control
means, thereby: to:induce a change: in.the condi-
tions prevailing, whereas the sleeve’ 3:is shiftable:
automatically: unders the influence: of the pres=-
sure. change responsive element  f. The: latter
sleeve: 3; then, controls conditions: automatically’
in accordance with:thHe rate of change of pressure,.
whether rise:or fall. The sleeve 4 is also man-
ually. slidable, under conditions: and: hy- means.
hereafter explained. Fach:of-the: three. sleeves:
is, therefore, slidable  relative: to- each of: the
others: - : .

. It will: be-understood thaft thé:space-within the:
cylinder 85, above the piston 84; is-connected: with:
the external atmosphere.through: the: connection:
14;.13; and:-would be so connected were:the pres
selector mot. employed;” at least. this connection:
would be made whenevei- permitted: by the:rela-
tive positiong of the bore Tt and pin: 12 If we
now assume that communication: of: the: port 42
with the passage 13.is: cut off, and instead is:
established: with. the passage 18, port 41. being:
completely closed,.it will:be-evident that the effect
is'to bypassthe passage T, and to avoid any con-
trol effect: of the pin-12: Again, should the port:
42 be partly but not-completely cut-off (the port

&1 remaining-closed), communication between the:
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passages 18:and: 14 will be restricted. Ifthe com-:
munication through the restricted port: 42 is less:
free than is communication:through: the passage -
71, the control.then shifts from the passage T
and pin 12 to the restricted port-42. Whichever:
of these. restrictions.is - momentarily the: greater
is the one which .controls: to the: greater: extent.
Further, if we: consider that:the port:42:is-shifted
to communicate only with.the . passage: 18, by«
passing the passage Tl and port 41 being closed,

Jbut that the port 42 is restrictedly-—mnot freely-—

open; then it will'be evident that.while the control
afforded by- the pin 727 and passage: T1 is com-
pletely: eliminated, there-is:still an effective con~
trol through the restricted:port 42, )
Goihg back. to the case: where the port 42 in
communication with passage 18 is not completely
cut off, but is restricted, and the-port 41 is: com=
pletely closed; it has been made:clear that control
may.be effected either by the: restriction. of: the.
port 42 or by the restriction of the passage: T by:
the pin 72;. Either-one may: be:effective -depend-
ing upon conditions; and:this condition, this set~
ting of parts, shown.in Figure 6,.is: responsive to.
ascent.at a .given rate of climb; manifested. in: the
attempt to lower the cabin:pressure at.the:same
rate, and the effort of. the pressure change re-
sponsive element 1-to:control the: rate.of change
of cabin.pressure:so that it-will: not exceed a.given
rate, this regardless:of or superimposed upon.the
gc')ptrol effected through the pin’ 72! and passage
Thus, referring to:Figure 6,.it:will:be: seen.that
all parts are in the: position-of Figure:5; except
that, there being an.excess of pressure within:the
element- | over: the: cabin pressure; caused by a
rapid decrease in the latter, the airplane. must.be
ascending: into a region. of . lower: pressure:at a
rate faster than the pressure within:the-interior
of: the element I may be dissipated:through:the
bleed opening. 10, such as.along line: A—B.. The
rod 31 having:been: released; the sleeve 3 has.been
automatically: shifted.to the:left;, though all.other
parts-of the preselector-are in:the position:of Fig-.
ure-5:. In the position:thus shown in Figure 6;.in
an:exaggerated fashion, the: passage: 18- and:its
port 41 are-still cut:off from: communication with
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the interior of the sleeve 4 by the sleeve 3, but
the left-hand end of the sleeve 3 hags been shifted
to the left sufficiently that it materially restricts
the port 42 and communication between the pas-
sage 13 and the passage 74 (not shown in this or
succeeding fisures). The result is that, regard-
less of the position of the pin 72 with respect to
the passage Ti, the communication between pas-
sages 13 and T4 is restricted, and if the rate of
climb increases it becomes even more restricted.
From this it follows that the cabin pressure, act-
ing on the lower side of piston 84, normally bal-
anced against the air force tending to close the
valve 80 and assisted by the reduced pressure
above the piston 84, now is unable to resist as
strongly the tendency to close the valve 80, with
the result that the valve 88 tends to close, thereby
restricting outflow from the cabin and limiting
the rate of pressure fall to a low rate, such as
represented by the line A—S. )

If a higher rate of pressure fall is desired, for
example as indicated by line A—C, under ap-
proximately the same conditions, this may be ob-
tained by more greatly opening the port 42, and
this may conveniently be accomplished by man-
ually shifting the sleeve 4 to the left. Such
shifted position of the sleeve 4 is shown in Fig-
ure 7, and it has the effect of further opening the
port 42, and of requiring the sleeve 3 to move even
farther to the left under the influence of even
greater distention of the flexible wall i1, at a
greater rate of climb, in order to close the port 42.
Nevertheless the port 42 is still open, the port 41
is still closed, and the position of parts thus
shown in Figure 7 limits the rate of pressure fall
to some extent, depending upon the degree of
movement of the sleeve 4, but permits a higher
rate of pressure fall than the position of parts
shown in Figure 6.

If, now, while the airplane is in level flight, or
even while climbing slowly, we desire to effect a
pressure fall in anticipation of climbing to a
greater altitude, such as along line R—@G, but de-
sire to limit the induced rate of pressure fall to a
low rate, or if I wish to effect a steady fall along
line R—J, for example, instead of maintaining
the pressure constant to C and having it then
drop rapidly, this may be accomplished by shift-
ing the sleeve 2 to the left, so that it completely
cuts off the passage 13 and moves its port 23 into
position to register with the port 42. Now the
passage 11 and its stem 712 is completely by-
passed, and control of the pressure change rate
is afforded by reason of the position of the sleeve
3 relative to the port 42. The port 4i is com-
pletely out of action in this position of the parts.
Figure 8 shows this position with the flexible wall
distended by a pressure fall, and thereby accom-
plishing shifting of the sleeve 3 to the left to
effect a control by restriction of the passage 42,
controlling communication between the atmos-
pheric passage 18 and the passage T4.

If now we go to Figure 9 we see parts in a posi~
tion they would occupy during opposite condi-
tions, that is, during a pressure rise, when the air-
plane is descending in the region represented by
line D-——C—R, for example. The flexible wall {1
is distended inwardly, as shown in Figure 9, indi-
cating that the pressure is rising at a rate more
rapid than can be relieved through the bleed open-
ing i0, and consequently the wall Il is flexed
inwardly and has shifted the sleeve 3 to the right.
The sleeves 2 and 4 are unchanged in position
from Figure 5, but the shifting of the sleeve 3 has
been sufficient to open the port 41, partially at
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least, so that not only may surrounding atmos-
pheric pressure, lower than cabin pressure;, be
communicated to the space above the piston 84
through hollow stem 81 and the passage 73, 14,
but additional access is afforded through the
partly opened port 41 from passage 18, and this
regardless of the position of pin 87 or the pressure
responsive element 75 and the pin 72 and its pas-
sage Tl. With parts in this position the rate of
pressure rise is limited to a reasonably low rate,
as indicated by line D—G—R.

‘When a higher rate of pressure rise is to be
permitted, such as along line J—R, this may be
accomplished by manually shifting the sleeve 4
to the right, making it necessary for the sleeve 3
to shift even farther, and consequently requiring
even greater deflection of the wall 1{ before the
port 41 is opened to effect a greater tendency to
open the valve 80. This position of parts is shown
in Figure 10. Again, if the airplane is descending
below the point B and it is desired to increase
the pressure steadily along line C—A, for exam-
ple; or if the airplane is in level flight, or is slowly
descending or even while it is ascending to sur-
mount an obstacle, and it is desired to induce a
pressure rise, such as from R to S, and then to
increase the pressure along line S—U or S—A,
the sleeve 4 is manually moved even further to
the right, to the position shown in Figure 11,
where port 24 is completely cut off and the port
42 is in registry with the passage 18. Now the
absolute pressure responsive element 15 is inop-
erative by reason of the passage 13 having been
blocked, and the control is altogether under the
influence of the preselector, except as the differ-
ential control may override it, and the position
of the valve 80 is governed by the width of open-
ing of the port 42, to allow communication be-
tween the atmospherie line 78 and the passage 74.

Control of preselector

The parts are comntrolled by g knob K, with
which or in accordance with the movement of
which are movable suitable elements to control
or to effect a change in the positions of the sleeves
2, 3 and §. The particular means to accomplish
this are quite immaterial, but are shown herein
as consisting of a cam 25 with its follower 26 to
control the sleeve 2, a cam 35 with its follower
33 to control principally the sleeve 3, and the
cam 43 and its follower 46 to control the sleeve
4. These cams and elements are shown in vari-
ous positions in Figures 12 to 16 inclusive. In
these figures it should be understood that the
centers 29 of the eams 25 and 35, 49 of the cam
45, and the center of the knob K are coaxial, and
for convenience are or may be secured upon a
single shaft, so that all the cams and the knob
turn together. They have been shown displaced
laterally in the figures for convenience of com-
parison of their different positions.

The position of parts shown in Figure 12 cor-
responds to nmeutral position or position of rest
of Figure 5. The lock at 30 is held secure by the
engagement between the cam follower 33 and the
cam 33. The lock 20 (Figure 5) may be consid-
ered locked by the position of the follower 26 rela-
tive to the cam 25, though the connections for
so doing are not shown. The sleeve 4 is likewise
held fixedly in position by the position of the
follower 4§ relative to-its cam 45.

In Figure 13 the knob has been shifted or ro-
tated, to point to the upper right, to control a
pressure fall, occurring by reason of the plane’s
ascending - so that the external pressure drops
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along line A—B, ab a certain lesser, preselected
rate of change. The position of the knob K will
be. understood by reference to Figure 2. This
action has released the lock 38, has shifted the
sleeve 4 by reason of displacement of the cam
follower 486, but the sleeve 2 is still locked in posi-
tion. This position of the parts corresponds to
Figure Y. :

In Figure 14 the knob K has been turned to the
lower right to induce a rate of pressure fall at a
preselected rate, when such change would not
otherwise occur because the plane either main-
tains.level flight, or is climbing between 8000 feet
and 15,000 feet, so that the absolute pressure con-
trol mechanism tends to maintain substantially
constant pressure as represented by- line B—C.

Here the sleeves 2, 3, and 4 are all released, and-

the sleeves 2 and 4 have been shifted manually
to the left. This corresponds to the position of
parts.shown in Figure 8. In this figure the cam
35 has engaged the cam follower 2§.- :

. Tn Figure 15 the sieeve 4 is in its neutral posi-
tion, but the sleeve 2 has been shifted manually
to the.left, the sleeve 3 being released. This cor-
responds to the position of parts shown in Figure
10, and the knob K in this position of the parts
has been shifted to upper: left to effect increase
of pressure at a preselected rate.

In Figure 16 the sleeve & has been shifted man-
ually farther to the right, the sleeve 2-being in: its
neutral position, and parts are now in the posi-~
tion of Figure 11, with the knob K shifted to the
lower left, whereby, although the airplane is fly-
ing level, an increase in eabin pressure is indueed
at a certain rate, depending upon the setting of
the knob. Similarly control of the rise of pres-
sure during a steep descent, such as along line
C—A or S—A is thus afforded. ’

General

The present invention is preferably auxiliary to
the arrangement disclosed in my Patent Re. 22,-
272 and reference is made to that patent for a
clearer understanding and disclosure of the su-~
percharging system as a whole. It. is to be un=-
derstood that-the disclosures of that patent may
be. imported into. this application, if needed to a
fuller understanding of the present invention.

The preselector has been described as operat-
ing under. the control of a chamber { of fixed
capacity; that is, not adjustable, and having a
bleed port {0 of fixed capacity, not adjustable,
and therefore acting upbon a flexible wall i of
fixed and non-variable fexibility. Changes in
these fagctors, then, need not be considered as af-
fecting the operation of the.preselector since the
control element may be so chosen and con-
structed that these factors are fixed and not vari-
able. The variable, then, is the amount of shift=
ing of the sleeve 3, due to the known flexibility
of the flexible wall. However, it will be evident
that the factors normally considered as fixed and
envarying, as mentioned herein, may be made
variable, and the control may be effected by the
variation of one or more of these factors nor-
mally considered unvarying. The operation of
the invention has been described, by way of iilus-
tration, as dependent on the flexing of the non-
varying flexible wall, but the principles thereof
may- be equally realized by altering one or more
of these other factors, and such a change is to be
considered as within the general scope of my in-
vention.

It is believed that the operation of the present

invention. has been made clear as this descrip-
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tion has progressed, and that it is only necessary
to point out that by the means shown or equiva-
lent means (and those shown are purely dia-
grammatic), the rate of change of pressure in
sueh a system may be controlled as desired, either
for rise or fall, or if the airplane is maintaining
actual, approximate, or simulated level flight
(the latter between points B and C) a pressure
change may be induced, whether rise or fall, and
at a selected rate. By coordinating the rate with
the altitude of the airplane and the actual rate
of aseent or descent which is to. follow, or which
is being performed, or even quite independently
of the actual rate, the pressure within the cabin
may be. brought into correspondence with the
desired pressure which it is intended should pre-
vail at the intended altitude, most directly and
with the least noticeable change, when the air-
plane finally does attain the altitude intended.

What I claim. as my invention is: .

1. Mechanism to control aireraft cabin =air
pressures comprising, in combination with means
to supply air under pressure to the cabin, a valve
operable to control flow of air through the cabin,
differential-pressure responsive means operable
at all altitudes to actuate said valve to prevent
the cabin pressure exceeding a selected pres-
sure. above the external pressure, absolute-pres-
sure. responsive means operable automatically at
o selected altitude to actuate said valve to main-
tain cabin pressures substantially constant, up
to the limit of differential pressure set by the dif-
ferential-pressure responsive means, and means
operable at will, and overriding the absolute-
pressure responsive means, but subject to the
control of the differential-pressure responsive
means, selectively to actuate said valve to effect
a change in cabin pressure, or to control the rate
of change of cakin pressure. : :

2. Mechanism to control aircraft cabin air
pressures, comprising, in combination with
means to supply. air under pressure to the cabin,
a valve operable to control flow of air through
the. cabin, o normal automatic control system in-
cluding an absolute-pressure responsive means
automatically operable at. a selected altitude to
actuate said valve to-initiate an increase of cabin
pressure. relative to external pressure, and a dif-
ferential-pressure responsive means automatical-
ly operable at all altitudes to actuate said valve
to prevent increase of cabin pressure beyond.a
selected differential over external pressure, and
therefore at o given altitude imposing a maxi-
mum limit on the inerease initiated by the abso-
lute-pressure responsive means, and controlling
cabin pressures at altitudes above such given
altitude, and further in combination therewith a
manual control system including means to over-
ride at will the wabsolute-pressure responsive
means and to actuate said valve to initiate a
change of cabin pressure, Whether rise or fall,
independently of altitude, but arranged to be
limited by the differential-pressure responsive
means, whereby the differential limit set by the
latter is never exceeded by the manual control
system. ‘nor by the automatic. control system. -

3. Mechanism to control aireraft cabin pres-
sures, comprising, in compination with. means to
supply air under. pressure to. the cabin, and an
outlet to discharge. air from the cabin, valve
means operable to control air movement through
and pressure within the cabin, means operable
automatically, and primarily under the infiuence
of cabin outflow. pressure, to. operate said valve
means -to maintain a substantially constant




2,620,719

19

cabin pressure, differential-pressure responsive.

means operable automatically at all times upon
the attainment of a selected differential of eabin
pressure above exbternal pressure to operate said
valve means for limiting such differential to the
selected value, and means manually operable at
all times to operate said valve means to decrease
outflow and thereby to increase .cabin pressure
above such substantially constant value, or to in-
cregse. outflow and thereby to. decrease cabin
pressure below such substantially constant value,
between a lower limit fixed by the external pres-
sure, and an upper limit fixed by said differen-
tial-pressure responsive means, and at a selected
rate of pressure increase or decrease, as the case
may he. .

4. In . combination with an aircraft hody
adapted to be sealed against escape of pressure
from within, under the influence of a pressure
differential above the ambient pressure at alti-
tudes, means to supply air under pressure within
the cabin, and a valve controlling outflow from
the cabin, thus to attain a pressure differential
within it, pneumatic servo means to move said
valve and arranged for operation under the op-
posed influences of cabin outflow movement,
tending to close it, and of an air pressure dif-
ferential, tending to open it, means normally and
automatically varying the relationship of the sev-
eral air forces acting upon said servo means to
maintain a substantially constant pressure within
the cabin, and means manually operable at will
to override the normally and automatically op-
erable means, and to vary the relationship of the
several forces acting upon the servo means in-
dependently of such automatic means, thereby to
control the rate of closure or opening of the out-
flow valve, and consequently the rate of rise or
fall of cabin pressure.

5. In combination with
adaplted to be sealed against escape of pressure
from within, means to supply air under pressure
within the cabin, g valve controlling cutflow from
the ‘cabin and therefore the pressure therein,
automatic normal means to operate the valve,
including & cylinder and piston operatively con-
nected to the valve, a conduit connecting one
chamber of the cylinder, at one side of the piston,
to the external atmosphere, the parts being ar-
ranged to tend to open the valve when said con-
duit is open, and to close the valve when such
conduit is eclosed, and said valve-operating
means including also a pressure-responsive de-
vice automatically operable to control opening

and closing of the conduit in accordance with &

pressure changes due to change of altitude, a
by-pass conduit by-passing said pressure-respon-
sive device, and a manually operable means in
the by-pass conduit operable to regulate com-
munication between the cylinder’s chamber and
the external atmosphere, and thereby to super-
impose a control upon said piston, auxiliary to
said mressure-responsive device.

6. The combination defined in claim 5, and
means operable automatically in response to
change of cabin air pressure to govern said aux-
iliary conirol to limit the rate of change of cabin
air pressure to a predetermined value.

7. In combination with an aircraft body
adapted to be sealed against escape of pressure
from within, under the influence of a pressure
difference above the ambient pressure at alti-
tudes, means to supply air under pressure within
the cabin, absolute-pressure responsive means
conirolling the pressure within the cabin as a

an aircraft body

20..
function, in part, of the external pressure, and
including a control element, a conduit connecting
the latter to the external atmosphere, and a nox-

. mal control valve movable under the combined
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influence of eabin pressure and external pressure
to regulate communication through the conduit
to the control element, and thereby to maintain
constant pressure within the cabin regardless of
external pressure, 2 by-pass conduit connecting
the control element and the external atmosphere,
and by-passing said normal control valve, and
auxiliary control valve means manually operable
to regulate communication through the by-pass
conduit, and thus to govern the cabin pressure
independently of the normal control valve, and in
accordance with the setting of the auxiliary con-
trol valve means. )

8. In combination with an- aireraft pressure
cabin, means to supply air under pressure within
the cabin, a valve operable to regulate outflow
from the cabin, and subject to substantially con-
stant impact flow, tending to close it, an absolute-
pressure control operatively connected to said
valve, and operable to overrule such impact flow
and to effect closing movement of the valve with
increase of altitude, and vice versa, and thereby
normally to create such a difference of pressure
within the cabin over the external pressure as to
maintain the cabin pressure substantially con-
stant, a rate-of-pressure-change-responsive ele-
ment operatively connected to said valve to over-
rule said absolute pressure control, and to regu-
late automatically the closing or opening of the
valve, and thereby the rate of pressure change
within the eabin independently of change of ex-
ternal pressure, and a differential-pressure con-
trol operatively connected to said valve to over-
rule each of the previously-mentioned controls
therefor, and to limit the pressure differential be-
tween the cabin pressure and the external pres-
sure.

9. In combination with: an aircraft pressure
cabin structure having a known resistance to
bursting under the influence of a higher pressure
internally than externally, means to supply air
under pressure within the cabin, means operahle
to control and produce a pressure differential of
cabin pressure over external pressure, a rate-of-
pressure-change control to govern the action of
the pressure conftrolling means, and thereby to
govern the rate of pressure change within the
cabin, regardless of change or rate of change of
external pressure, and a differential-pressure
control operatively connected to overrule the
rate-of-change control, regardless of the absolute
value of the external pressure, thereby to limit
the pressure difference possible of attainment to
a safe value within the bursting strength of the
cabin structure.

10. A rate-of-pressure-change control mecha-
nism for an aircraft pressure cabin, comprising a
rate-of-pressure-change member movable in re-
sponse to change in eabin pressure, a conduit con-
nected -at one end to the atmosphere, pressure
control means operatively connected to the other
end of said conduit, a cylinder and a surrounding
sleeve interposed in said conduit, the cylinder and
the sleeve each having therein a port normally in
registry with each other and affording flow
through said conduit, a sleeve within the cylinder
shiftable by movement of said rate-of-pressure-
change member to increase or decrease restric-
tion of such cylinder port, and manual means to
shift the cylinder for changing the amount of
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cylinder port restriction.effected by-a given-move=
ment of said inner sleeve.

11. Control mechanism for:an aircraft pressure:

cabin, comprising a.cylinder having a port: there-
in, a sleevesurrounding said ¢ylinder and having
two ports therein, an atmospheric line connected
to one-such portin:the.sleeve and a.second atmos-
pheric line connected-to the other sleeve port; a
conduit leading from the cylinder, a pressure-
controlling device operatively connected to. the
latter conduit; a normal control interposed-in the
first. atmospheric-line, and manual means:shift-
able to place the cylinder port in registry with
one or the other of the ports-ef the two atmos-
pherie- lines, thereby to control their communi-
cation. through the conduit leading from: the
eylinder with. the pressure-controlling: device.

12. A rate-of-pressure-change control mecha-
nism- for-an aircraft pressure-cabin, comprising a
rate-of-pressure-change member movable in re-
sponse to change in cabin pressure; a cylinder
having two- spaced poris and lines connected
thereto, both: of which are connected- to the at-
mosphere; a-conduit leading from the eylinder, a
pressure-controlling device eperatively connected
to the-latter conduit, a normal control interposed
in-one:atmespheric line, a; valve member shiftable
relative to-the two cylinder ports, and operatively
connected to be moved by said.rate-of-pressure-
change member to-cover or uncover the ports of
the two atmospheric lines, thereby to centrol
their communication, quantitatively and selec-
tively, through the conduit leading irom the
cylinder with the pressure-controlling device to
control the rate of change:of cabin pressure.

13. The rate-of-pressure-change control mech-
smizm defined in claim 12 and manual means to
shitt the eylinder, relatively to the normal path
of movement of the valve member, thereby fo ad-
just and vary-at will the relationshipof the valve
member to the-eylinder’s ports, to control the rate
of change-of eabin pressure- at any desired rate.

14, Mechanism to control aircraft cabin pres-
sure, combprising, in combination  with  means’ to
supply air under pressure to the cabin, a valve
operable to control discharge of air from the
cabin, three pressure responsive means operable
to actuate said valve, one whereof is semsitive to
the pressure- differential .of cabin air pressure
over external pressure, and always eperable to
prevent such. differential exceeding a selected
value, the secand means. being operable to reg-~
ulate cabin.air pressure within the differential
thus determined, and. the third means being:sen-
sitive to rate-of pressure change and operable to
restrict any change of cabin air pressure, within
the predetermined differential, autematically to
a predetermined rate, independently of the rate
of air supply to or discharge from the cabin or
the. actual difference between eabin air pressure
and external pressure or the rate of change of
such difference.

15. An.. aireraft, including a pressure-bight
cabin, capable of change of altitude at various
rates, either ascending or descending, thershy
hw change of altitude tending to change the rela-
tion.of .cabin pressure to external pressure, means
to supply air under pressure to said cabin and o
discharge. air therefrom, thereby tending to
change the relation- of eabin pressure to external
pressure, valve means te govern airflow through
the cabin, and consequently pressure within-the
cabin, means responsive to the difference of cabin
pressure over external pressure, normally oper-
able upon. said valve-means to govern the rate:-ef
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pressure .change -within the eabin in-.accordance
primarily with rate of change of external pres-
syre due:to change of altitude, and always oper-
able upon said valve means to prevent cabin pres-
sure exceading a predetermined differential over
external pressure, and means sensitive to rate of
change of cabin pressure, operatively connected
to-said differential-pressure responsive means, to
modify. its normal operation, and thence to sald
valve means, selectively to effect a change in cabin
pressure at a preselected rate, or to control the
rate of change of cabin pressure at a preselected
rate different from and independently of the rate
otherwise determined by change of altitude.

16. An aireraft, including a pressure-tight
cabin, capable of change of altitude at various
rates, either ascending or descending, thereby by
change of altitude tending to change the relation
of cabin pressure to external pressure, means to
supply air under pressuie to said cabin and to
dischange air thevefrom, thereby tending to
change the relation of cabin pressure to external
pressure, a valve to govern airflow through the
cabin, and conssquently pressure within the

cabin, means responsive to the difference of cabin

' pressure over external pressure, normally oper-
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able upon said valve to govern the rate.of pres-
sure change within the cabin in accordance pri-
marily with rate of change of external pressure
due to change of altitude, and always operable
upon said valve to prevent cabin air pressure ex-
ceeding a. predetermined differential over exter-
nal pressure, means sensitive to rate of change
of cabin pressure, also operatively connected to
said valve, to modify the cperation of the valve
normally effected in response fo the operation of
the differential-pressure responsive means, said
differential-pressure respcnsive means being op-
erable to effect change of cabin pressure with
change of altitude at a rate not exceeding a pre-
selected rate determined by said rate~of-change
responsive means, and means operable to effect
change of cabin pressure without change of alti-
tude at a preselected rate likewise determined by
said rate-of-change responsive means, but said
differential-pressure respongive means being op-
erative at all times to prevent the cabin pres-
sure, regardiess of the rate of its change, from
increasing toa value such that the predetermined
differential of cabin pressure over external pres-
sure would-be exceeded,

17, A cabin pressure control adapted to provide
an-adjustable positive pressure therein, compris-
ing a supply of air under pressure, an outlet valve
operable to control the pressure built up by said
supply of air, a servo-vacuum system for oper-
ating said outlet valve, and pressure rate sensi-
tive and altibude sensitive valves in said servo-
vacuum system for varying the same to control
said -outlet valve and means operative to produce
a change in the altitude setting of the outfiow
valve that will be approached at the rate corre-
sponding to the pressure rate sensitive valve.

18. A cabin pressure control adapted to pro-
vide an adjustable positive pressure therein, com-
prising a supply of air under pressure, an outlet
valve operable to contro} the pressure built up by
said supply of air, a servo-vacuum system for op-
erating said outiet valve, and pressure rate sensi-
tive and altitude sensitive valves in series in said
servo-vacuumr system for varying the same to
control said outlet valve and means operable to
produce a change in the altitude setting of the
outflow valve that wiil be approached at the rate

‘corresponding to the pressure rate sensitive valve.
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19. Mechanism for controlling change of pre-

sure within an aireraft cabin, comprising a valve
for controlling the flow of air through such cabin,
pneumatic operating means for said valve actu-
ated by the pressure differential between s rela-
tively high pressure region and a relatively low
pressure region, means establishing communica-
tion between such low pressure region and the
external atmosphere, and means responsive to
rapid changes of pressure within the aireraft
cabin operating automatically to regulate com-
munication through said communication estab-
lishing means between said low pressure region
and the external atmosphere to govern the rate
of pressure change in the cabin effected by move-
ment of said valve.

20. The mechanism defined in eclaim 19, and
means adjustable to regulate the rapid pressure
change responsive means to vary the effect there-
of on the communication establishing means to
govern the rate of pressure change in the cabin
effected by movement of said valve.

21. The mechanism defined in claim 19, and
manual means settable to select the amount of
regulation exercised by the rapid pressure change
responsive means cn the pneumatic operating
means, thereby to establish a desired limiting rate
of pressure change in the cabin.

22. The mechanism defined in claim 19, and
means establishing communication between the
cabin interior and the relatively high pressure
region to supply air from the cabin to such high
pressure region.

23. Aircraft cabin pressure control mechanism
comprising an outfilow valve, difierential pressure
means operable to move said outflow valve tend-
ing to maintain substantially a predetermined
constant pressure differential between cabin pres-
sure and abtmospheric pressure throughout a
given altitude range, and rate-of-pressure-
change means sensitive to the change in air
pressure in the cabin and operable to override
said differential pressure control means and to
move said valve toward open position from the
position thereof said differential pressure means
tends to establish, to reduce the rate of increase
in cabin air pressure below a predetermined
value during descent of the aircraft within such
predetermined range.

24. In a cabin supercharging system, a source
of air under pressure, and means for controlling
the cabin pressure comprising an outlet valve, a
fluid motor for operating said outlet valve in re-
sponse to variation in the differential pressure be-
tween the cabin and the atmosphere, a control
means for said motor comprising a piston spring
icaded on one side and exposed to cabin pressure
on the other side, the piston being moved against
the action of the spring by a fluid connection
thereto, and & passageway controlled by said
control means connecting a fluid connection to
said fluid motor when said piston moves relative
to said fluid motor whereby to cause the motor
to follow the movement of said piston.

25. In mechanism for controlling the pressure
in an enclosure: valve means for controlling flow
through an enclosure opening; pneumatic means
for positioning said valve means; a phneumatic
line for controlling the operation of said pneu-
matic means; absolute pressure responsive means
controlling a valve in said pneumatic line; and
means operative upon a predetermined rate-of-
change of enclosure pressure to connect ansther
pneumatie line to said pneumatic means.

26. In mechanism for controlling the pressure
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in an enclosure: valve means for controlling fiow
through an enclosure opening; pneumatic means
for positioning said valve means; a pneumatic
line for controlling the operation of said preu-
matic means; absolute pressure responsive means
controlling a valve in said pneumatic line; and
rate-of-change mieans responsive to enclosure
pressure controlling another valve in said pneu-
matic line, '

27. In mechanism for controlling the pressure
in an enclosure: valve means for controlling flow
through an enclosure opening; pneumatic means
for positioning said valve means; pressure re-
sponsive means responsive to air pressure in the
enclosure for controlling said pneumatic means;
and rate-of~change means sensitive to change of
air pressure in the enclosure and operable to
to modify the control of said pressure respon-
sive means over said pneumatic means upon
change of pressure in the enclosure at a rate in
excess of a predetermined value. '

28. Mechanism for regulating the pressure
within an aircraft body for high altitude flights,
and adapted to be sealed at high or medium alti~
tudes against escape of pressure from within,
under the influence of a pressure differential
apove the ambient pressure at such altitudes,
comprising fluid operator means operable to
create such a pressure differential between the
cabin and atmosphere, a rate-of-pressure-change
element responsive to change of air pressure
within the cabin, means operable at will, in an-
ticipation of a change in altitude, and a conse-
quent change in cabin pressure, to effect s fluid
bPressure change in said fluid operator means and
thereby to induce a change in cabin pressure for
altering such pressure differential, independently
of the rate of change of the ambient pressure,
due to change or lack of change of altitude, and
means controlled by said rate-of-pressure-change
element for governing said inducing means to
limit the rate of change of pressure within the
cabin during such inducing operation.

29. Mechanism for controlling change of pres-
sure within an aircraft cabin, comprising fluid
operator means operable to create a pressure dif-
ferential between the cabin air pressure and at-
mosphere, pressure-responsive means operable
to change the fluid pressure in said fAuid operator
means to effect a change of cabin air pressure
from atmosphere, and thereby to establish a
bressure differential between the air pressure
within the cabin and atmospheric pressure, and
a rate-of-pressure-change element responsive to
rapid change of air pressure within the cabin,
operatively connected to said fluid operator
means, and, upon such rapid rate of cabin air
bressure change, operable to retard the rate at
which the pressure in said fluid operafor means
changes without interrupting such change,
thereby to limit the rate of air pressure change
within the cabin.

30. Mechanism for controlling change of pres-
sure within an aircraft cabin, comprising valve
means operabie to effect a change of cabin pres-
sure, and thereby to establish a pressure dif-
ferential between the pressure within the eabin
and atmospheric pressure, fluid operator means
operable to move said valve means, and a rate-
of-pressure-change sensitive means operable
automatically during descent of the aircraft at a
:;ate sufficient to produce an undesirably rapid
increase in cabin air pressure to effect a fluid
pressure -change in said fluid operator to open
sald valve means for increasing the outflow of
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air from the cabin and thereby reducing the
rate of pressure increase in the cabin.

31. Aireraft cabin pressure control mechanism
comprising an outflow valve, valve operating
means operatively connected to said outflow valve,
control means normally operable tc actuate said
valve operating means to hold said outflow valve
open during ascent of the aircraft, and rate-of-
pressure-change means operable to override said
control means and to actuate said valve operat-
ing means to effect movement of said valve to-
ward closed position upon decrease of pressure
in the aircraft cabin at a rate in excess of a pre-
determined rate, said control means being fur-
ther operable to reassume control over said valve
operating means when ascent of the airplane at
such excessively rapid rate ceases and to actuate
said valve operating means to move said valve
toward open position.

32. Aircraft cabin pressure control mechanism
comprising an outflow valve, valve operating

" means operatively connected to said outflow
valve, pressure control means operable to actuate
said valve operating means to effect closing
movement of said valve tending to produce a pre-
determined differential of cabin air pressure over
atmospheric pressure, rate-of-pressure-change

_control means sensitive to increase in cabin air
pressure at a rate in excess of a predetermined
rate during descent of the aircraft, and energiz-
ing means for said valve operating means oper-
able by said rate-of-pressure change means to
override said pressure confrol means and to ac-
tuate said valve operating means to effect open-
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ing movement of said valve to reduce the rate of
air pressure increase in the cabin below that
necessary to maintain the predetermined differ-
ential of cabin air pressure over atmospheric
pressure,

33, Aircraft cabin pressure control mechanism
as defined in claim 32, and maximum differen-
tial pressure control mechanism operable to
override said rate-of-pressure-change means and
to actuate the same valve operating means to
open the valve sufficiently to prevent the differ-
ential of cabin air pressure over atmospheric
pressure exceeding a predetermined value by
closing movement of the outflow valve.

NATHAN C. PRICE.
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