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CONTROL APPARATUS

Albzrt E. Baak, Pacific Palisades, Calif., assignor to Min-
neapolis-HoneyweH Regulator Company, Minneapolis,
Minon., a corporation of Delaware

Original No. 2,585,295, dated February 12, 1952, Serial
No. 705,261, October 24, 1946. Application for reissue
December 1, 1952, Serial No. 323,527

18 Claims. (Cl. 98—1.5)

Matter enclosed in heavy brackets [ ] appears in the
original patent bui forms no part of this reissue speecifi-
cation; matier printed in jtalics indicates the additions
made by reissus.

The present invention is directed to improved control
apparatus for the pressurizing of aircraft cabins.

Assuming an adequate supply of air for an aircraft
cabin, the pressure within the cabin can be controlled
by regulating the outflow of the air. The pressure to be
maintained will depend upon the adjustments of the sys-
tem, the characteristics of the aircraft, the altitude to be
attained by the airplane, the elevation of the landing field
to be used, and other such factors. In addition, the rate
of change of pressure must be kept within the desired
limits, as sudden changes in pressure from any cause can-
not be permitted.

In view of the many requirements of a successful sys-
tem, is it a principal object of this invention to provide
improved cabin pressure control apparatus for aircraft,

It is an object to provide improved cabin pressure
control apparatus operable to maintain any desired pres-
sure in excess of atmospheric pressure, within a predeter-
mined limiting differential.

It is a further object to provide cabin pressure control
apparatus of such nature that increases in pressure differ-
ential are at a controlled rate regardless of the variations
in altitude of the aircraft.

It is an additional object to provide automatic cabin
pressure control apparatus that can be manually actuated
if desired.
~ It is an object to provide control apparatus which may
be either automatic in operation or manually actuated and
which will indicate the position of the controlled device
under either sort of operation.

It is a further object to provide control apparatus in-

cluding means for shifting the control point of said *

apparatus to an adjusted value at a timed rate and which
also includes means for indicating the conmtrol point at
any particular instant.

It is an additional object to provide control apparatus

including a control point index for continuously indicat- *

ing the actual control point and means for actuating the
said index when the controlling device is either manually
or automatically operated.

It is also an object to provide control apparatus for
a pressurized aircraft cabin which includes a control point
adjusting means which keeps step with the pressure in the
aircraft cabin when the airplane descends below the alti-
tude setting of the cabin so that a subsequent increase in
altitude of the aircraft will result in the pressure of the
cabin resuming its controlled value at a controlled rate.

‘It is a similar object to provide control apparatus for
a pressurized aircraft cabin which includes a control point
adjusting means and index which keeps step with the
actual pressure in the cabin when the aircraft is operated
in an unsupercharged condition.

It is a further object to provide cabin pressure control
apparatus so arranged that it cannot be shifted from a
pressurized condition to a nonpressurized condition, or
the reverse, unless the outflow valve is wide-open so that
there can be no sudden pressure changes.

It is an object to provide cabin pressure control ap-
paratus which is inherently safe and dependable.

- It is a further object to provide control apparatus
wherein the control can-be shifted from automatic to
manual and back to automatic without pressure changes
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due to the said shifting, and wherein pressure- changes
due to the operation of the automatic control will be at
a timed rate.

It is also an object to provide control means for the’
pressure control apparatus, pressure seals, and the like,
of an aircraft wherein it is impossible to actuate this
apparatus in a manner to suddenly decompress the said
cabin.

It is a further object to provide pressure control ap-
paratus for an aircraft wherein signal means are pro-
vided for showing power failure, low pressure, an open
valve, and the use of the manual override control.

These and other objects will become apparent upon
a study of the following specification and -drawings
wherein:

Figure 1 is a schematic showing of the present control
equipment applied to a pressurized aircraft cabin;

Figure 2 is an elevation view of the control point
selector and index of the conirol panel, with parts broken
away to better show the construction;

Figure 3 is a sectional end view of the aforementioned
control point selector;

Figure 4 is a sectional elevation of the motorized valve
used for controlling outflow;

Figure 5 is a sectional end view of the manual over-
ride mechanism for operating the aforementioned. valve
and for indicating the position of the valve; and

Figure 6 is a schematic wiring diagram of the present
control apparatus. o

Referring to kigure 1, pressurized aircraft cabin 10 is
schematically shown in its relation with compressors 11,
ram air inlets 12, supply duct means generally designated
13, recirculating duct means 14, outflow valve means
15, and other control apparatus to be specifically enumer-
ated. The intake portions of compressors 11, and ram
air inlets 12 are preferably located in a frontal portion
of the airplane, such as along the leading edges 16 of the
aircraft wings. The discharge from compressors 11 may
be dumped through exit means 17 or mdy be supplied
through duct means 13 to the cabin, as shown. Adjust-
able damper means 18 controlled by reversible motor
means 19 determine whether the air will be dumped or
directed through conduit means 13 to the cabin. Ram air
entering through inlets 12 may be directed through ducts
20 to duct means 13 or through ducts 21 which supply
cooling air to heat exchangers 22. The flow of air
through ducts 20 is either permitted or prevented by
pressure seal damper means 23 controlled by reversible
motor means 24. The flow of air throcugh ducts 21 is
controlled by damper means 249 but they form no part
of this invention and will not be further described.

The air supplied cabin 10 is diverted directly to the
said cabin through duct means 13 when diverting damper
means 25 is in the position shown but may be directed
through a branch duct 26 past circulating fan 27 when
damper means 25 is adjusted to its opposite position.
Damper means 25 is operated by reversible metor means
28. Recirculating duct means 14, as its name implies,
receives air from the cabin 10 and delivers it into duct
26 where flow is induced by circulating fan means 27.
Under scme conditions, recirculation may be prevented
by damper 29 and the return air may be dumped to the
outside atmosphere through ventilation outlet 30 con-
trolled by damper means 31. Damper means 29 and 31
are operated by reversible motor means 32 and 33, re-
spectively. Motor means 19, 24, 28, 32 and 33 are sub-
stantially alike and comprise conventional capacitor type
reversible control motors operating through suitable gear
trains and including suitable internal limit switches.
These motors are energized by the 115 volt 400 cycle cur-
rent supply of the airpiane, the energization of these
motors being controlled in a manner to be described.
As will be made clear in the succeeding description,
damper 31 is closed when the cabin is pressurized, as are
pressure seals 23, hence the only controlled outflow for
the air intreduced to the cabin must be through valve
means 15. Therefore, the means controlling valve 13
controls the pressure in the aircraft cabin.

The control equipment for outflow valve 15 includes a
differential pressure controller 41, an absolute pressure
controller 42, a main control panel 43, a main switching
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means 44, 4 manual override device 45, an amplifier 48,
and-a-junction-box-47. - This-apparatus is-shown- schemat.
ically connected, with the main switching means 44 also
being shown in its schematic relation with the aforemen-
tioned.control:motors: ~While:the ipresent control compo-
nents<are shown schematically docated in'the cabin of the
craft, this is not a necessary arrangement, but rather is
merely:a .convenient -one. -Certain :of ‘the .components,
such:as-the.amplifier, junction box; and other such means
may be located. in-non-pressurized portions of the: aircraft,
if-desired.- - -

Differential pressure controller 41, as shown in Figure
6,-comprises a :bellows :51 -having -its outside exposed to
the- pressure of -the -air within the cabin and -the -inside
of .the same connected: hy-tube means 82 to the outside
atmosphere. - Bellows 51 is :connected ‘by link 53 to a
pivoted switch-means.54, :said -switch means 54 having a
blade .55-coacting with-contact.56 o1 contact 5§7. A sec-
ond blade 58 carried by switch means 54 coacts with- con-
tact-59. -A suitable ‘tension-spring 60 biases blade 34 to
the right-in such a manner.that-blade 55 is in engagernent
with -contact -56 “at :all .differential pressures below 4.6
pounds; per.square inch;-blade.55 engages contact 57 at a
differential pressure of 4.7 pounds:per -square inch, .and
blade:58.engages .contact 59-at-differential pressures at or
in excess of 4.8 pounds per square inch, these values being
illustrative -only. - ) -

" Absolute pressure responsive -device 42 -in Figure 6,
comprises an.evacuated bellows 62 having aniinternal ex-
pansible .spring, ‘not".shown. ‘Bellows 62 is connected
through link 63 to pivoted wiper .means -64 -of ‘potenti-
ometer 65. ‘In"addition to wiper 54, potentiometer &5
in¢ludes aresistor 66. Because device 42 responds io the
absolute .pressure .in cabin 10, it is Jocated in the said
cabin. "The .device is.so adjusted that wiper 64 is at the
right ‘extiéme-of fesistor .66 at an absolute pressure of 30
inches "of mercury and is ‘moved to the left extreme of
registOr 66 upon .a decrease in the absolute pressure to 17
inches-of mercury, for instance.

"Contrdl.panel 43, as shown in Figures 1 to 3 and 6, in-
cludes a manual adjusting knob 70, a movable index 71,
a.rate control'72, and a push button switch 73 for aligning
the index’ With “the local .barometric pressure and for
otherwise tésting the system on.the ground. The panel
43 also inélndes.a low pressure or power failure signal
light 74, .4 signal light 75 for indicaiing when the outflow
valvelis wide-oOpen, and.a signallight 76 for indicating that
the niandal overrideis béing used: In Figure 6 no attempt

as beefizmade to arrange:the component. parts of control
43 in the.manner-shown in Figure 1 because of the

pan

added .comiplications in .the wiring diagram that would O

result. " As 15 ‘best-shown in ‘Figures 2 and 3, knob 79 is
fixed:to a shaft’77 which carries an arm 78, preferably of
insulating ‘material, and to ‘which s .attached at its onter
end a contact.means 79. "Shafi 77 :s journaled in tube 89
and has'it§ right -extreme supported .by frictional bearing
means 81, ‘the. frictiondl bearing means being provided

for “retarding rotation .of .shaft 77 so that knob 70 and
cofntact:means 79 will femain in any ‘adjusted position in

spite- of .Spring ‘means 89, to ‘be described. Tube 88 is
‘journaled in beating porfion 81’ of fthe front wall 82 of
panel 43 and .is fixedly -attached to index 71 at its left
end. " A 'relatively large gear 83 preferably of Bakelite or
the like, is.keyed to.tube 89 for rotation therewith so that
gedr 83 and ‘index 71 rotate ih unison. A resistor 84 of
potentiometer 85 is mounted adjacent the said {ront wall
82 and is swept over by wiper 86 carried by said gear 83.
A pair of supporting bracket members 87 and 88 are
loosély ‘journaled on tube 80 .and are urged toward each
other 'by.a coil spritig 89. ‘Bracket 87 .carries an insulating
block 91 which-in ‘turn carries an elecirical contact 92,
while bracket 88 carries.a block 93 which in turn carries
an.electrical-contact 94. ‘Contacts'92 and 94 are arranged
to align with. contact means 79; but.in a neutral position,
they-are held.in slightly spaced relation from said contact
mezns 79 by a spacér member 95 attached to gear 83 and
extending bétween blocks 91 and 93,

‘Gear 83 is driven by pinion 96 which .in turn is .driven
by :geared motor means .97, ‘Motor .means 97, for the
purpose-of this description, is preferably .a controllable
speed reversible direct ‘current :motor of ‘a sort having
good variable speed characteristics when the voltage ap-
plied to the same is varied by.a simple rheostat. Obvi-
ously, ‘a reversible capacitor type A. ‘C. motor may be
siibstituted for ‘this motor, or any other suitable control-
lable speed ‘mictor ‘may be used.  As will be made clear
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in the subsequent description of the operation of the
present -mechanism, and -as-will-be noted ‘in Figure -6, the
present chaser switch arrangement is used to control the
operation of motor means 97. As will be noted, when
knob 78, and therefore contact means 79, is adjusted in
either direction, contact 92-0+'94. is engaged and 1t and its
respective bracket member is rotated about tube 8¢ away
irom the other bracket member, the said ‘other member
being prevented from following by member 95 unless
motor 97 drives gear 83 in the proper direction,  which
it will do when energized. This motion of gear 83 ‘will
continue until spacer 95 drives the first named contact
out of engagement with 79.

Index member 71 is preferably of transparent material
such as Lucite, or the like and includes a projecting por-
tion 98 having an indicating line 99 which easily permits
comparison of the position of ‘the said line and the
underlying indicia. Knob 70 is attached to a plate por-
tion 188 which includes an indicating ‘portion 101, the
portion 101 normally being turned to align with ‘the
proper value shown on the scale ‘plate or -indicia for

- selecting a desired cabin pressure, the index member 98
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then being driven to align with 101 .in 2 manner to be
described in the subsequent description. Because of .the
difficulties of showing the structure illustrated -in -Figures
2 and 3 schematically, it is noted that.the mechanism :in
Figure 6 differs in detail from that of Figures 2 and 3,
but is adapted to function in a like manner. 1t is-thus
considered that the Figures 2 and 3 apparatus -is that
intended and the showing in Figure 6 is merely for de-
scribing the operation of the present mechanism,

In addition to including the sélector knob 70 and index
71, with its associated control potentiometer -and  chaser
switch arrangement, control panel 43 also includes .a
push-button switch 73 for .permitting operation -of .the
present mechanism while the -airplane is .on the :ground
end especially for .the purpose of aligning the index
member 98 with the Pproper -indicia for :showing the
atmospheric pressure at the aliitude of the aircraft. In
parallel with push-button switch 73 is a ‘landing :gear
switch 165 operated by linkage 104 from the landing:gear.
retraction mechanism in -such manner that. the switch
185 is opened when the landing gear is down .and the
said switch is closed when the landing gear is retracted,
Hate control means 72 ‘of control panél 43 includes a
theostat 18§ for controlling the speéd of ‘MOtor means
97, as before mentioned.  Control panél 43 also includes
a signal light 74 for showing 16w pressure or A. C. power
failure. This signal light is energized when -relay.means
107 is deenergized, ‘the said relay means 107 ‘being ener-
gized from the A. C. current .supply ‘through .a full wave
rectifier 108 when relay 109 is deenergized. A .capacitor
119 is connected in parallel with winding 111 of the.said
relay 287 for delaying the deenergization-of relay 107 for
reasons to be described. As before noted, panel 43 also
includes a signal light 75 to indicate when ihe -outfow.
valve is wide-open.  The energization of lighi 75 s .con-
trolled by switching means. associated with -the outflow
valve, to be described. In addition, a further signal:light
76 is provided to ‘indicate when the mamial override
mechanism is engaged. ) ‘ ’ R

Main switch means 44 includes an adjusting, knob 115
and five banks of switches, 116, 117, 118, 119 and 120,
Each of these switch banks has four posifions, the first
on the left being the “Off* position, the next position
being entitled “Ground”; the mnext position "being ' the,
“Unsupercharged” position ‘and “the right ‘eXtreme posi-
tion, that shown, is the “Supercharged” position. Switéh .
bank 116 controls the operation of motors 19 and 24,
switch bank 117 controls the ‘energization of relay 121,
switch bank 118 controls the energization ‘of motor.
means 28, switch bank 119 controls ‘the energization of
relay means 122 ‘which in turn Controls fhe energization
of motor 33 and switch bank 120 coiifrols ihe energiza-
tion of relay means 123 which controls’ the -energization
of motor means 32. ) -

Outflow valve means 15 .includes .an outflow. passage .
128 and a valve member 129 adapted-to regulate the;pas-
sage of air through the same, the said valve .means 129
being carried on a shaft 130, Shaft 130 is rotated by a
gear train indicated generally .as 131 ‘which ;is»»connccte,d‘
through a clutch means 132 to a reversible electric motor
means 133. Clutch means 132 s urged out -of engage-
ment by a spring 134.acting 'on a pivoted lever 135 iand ds
operated into engagement by a solenoid means 136 when
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the sajd solenoid means is energized. Obviously, the
solenoid means 136 has sufficient power to overcome
spring 134 so that clutch 132 may be engaged. Gear
train 131 may also be operated by flexible cable means
137 in a manner to be described. In addition to posi-
tioning valve 129, shaft 130 also positions wiper 138
along resistor 139 of follow up potentiometer 140 and
operates switching means (Fig. 6), to be described.
Motor means 133 may be of any reversible sort but pref-
erably is of the two phase capacitor type similar to
motors 19, 24, etc., previously mentioned. While valve
means 15 is shown as a conventional butterfly valve, this
is intended to be only illustrative and any suitable valve
and operating mechanism may be used instead of the
means shown,

Manual override mechanism 45 is connected to valve
means 15 by flexible cable means 137. Override means
45 includes a hand crank 140 for rotating shaft 141 jour-
naled in housing 142 of the means 45 and which shaft
carries a clutch part 143 normally held out of engage-
ment with a mating clutch part 144 by spring means 145.
By pushing in on crank 140 sufficiently to overcome
spring 145 and thus engage clutch parts 143 and 144,
gear train 131 of outflow valve 15 may be manually oper-
ated from crank 140 through the flexible cable means 137
to thus provide a manual operating means for the valve.
In addition to crank 140 operating valve means 15
through flexible cable means 137, it is noted that means
45 includes an indicator member 146 extending through
slot 147 in housing 142. Indicator means 146 is at-
tached to a gear 148 forming part of a gear train 149
which is similar in ratio to gear train 131. Thus, when-
ever flexible shaft 137 is operated by either motor means
133 or hand crank 140, any rotation of shaft 137 will be
reduced and indicated by indicator means 146. By
making both the gear trains alike in ratio, the position
of valve means 129 is shown at all times by indicator
146. In its pormal operation, with clutch part 143 disen-
gaged from clutch part 144 by spring means 145, manual
override means 45 acts only as an indicator to show the
position of valve means 129. Override means 45 also
includes a single pole double throw switch means 150
which, referring to Figure 6, includes a movable blade
151 and stationary contacts 152 and 153. Switch means
150 controls the energization of the aforementioned sole-
noid means 136 for operating the clutch 132 of valve
means 15, and also controls the energization of relay
means 154 and signal light 76 in a manner to be de-
scribed. Switch means 150 has been shown separated
from override means 45 in the schematic wiring diagram
in Figure 6 for convenience.

The amplifier 46 used in the present disclosure is of any
conventional sort that will reversibly control a motor,
either directly or by relays, to cause rotation of the motor
in one direction when a signal of one phase is impressed
upon its input and to cause rotation of the motor in the
opposite direction when a signal of opposite phase is sup-
plied its input. Amplifier 46 includes input terminals 155
and 156, power supply terminals 157 and 158, output ter-
minal 159, common cutput terminal 160, and output ter-
minal 161. Relay means 109 is connected between termi-
nals 159 and 160 and relay means 162 is connected be-
tween terminals 160 and 161. When a signal of one phase
is imposed upon terminals 155 and 156, one of relays 109
or 162 is energized whereas, if a signal of opposite phase
is imposed upon input terminals 155 and 156, the other of
the said relays will be operated. Relays 169 and 162 con-
trol the energization of outflow valve motor means 133 and
may control, under circumstances to be described, rate
motor means 97. While any amplifier of the sort de-
scribed may be used for the present mechanism, I have
found one such as that described in the co-pending appli-
cation of Albert P. Upton, Serial No. 437,561, filed April
3, 1942, now Patent No. 2,423,534, to be quite satisfactory.

While a junction box 47 is shown in Figure 1 and is used
in the commercial application of the present system, it is
not shown in other figures of the drawing because of the
added complications that would be required in the show-
ing of the wiring. The junction box 47 is conventional in

nature and may be considered to include the usual termi- &
nal strips and any accessory apparatus that can be proper-
ly located in the said box.

In addition to operating potentiometer means 140, shaft
130 of outflow valve means 15 also operates switching
means 164, 165 and 166. Switching means 164 includes
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a blade portion 168 and another blade portion 169. Blade
portions 168 and 169 engage contacts 170 and 171, respec-
tively, when the ouifiow valve is wide open and blade por-
tion 168 engages contact 172 when the outflow valve is in
any closed position. Blade 168 is so related to contacts
170 and 172 that it always engages one or the other of the
said contacts. Switch means 165 and 166 include blades
173 and 174 which engage stationary contacts 175 and
176, respectively when the outflow valve is wide open,
with blade 174 remaining in engagement with 176 during
a predetermined initial closing movement of the valve and
after 163 has engaged contact 172.

Potentiometers 65, 85 and 140 form part of a compound
electrical network circuit generally identified as 180. This
network circuit, starting from output terminal 181 in-
cludes a secondary winding 182 of transformer 183 con-
nected across a resistor 184, the left end of which is con-
nected by wire 185 to terminal 181. One end of resistor
139 of potentiometer 140 is connected by wire 186
through wire 185 to terminal 181, and the other end of
resistor 139 is connected by wire 187 to wiper 188 which
is adjustable over resistor 184. Secondary winding 182
impresses an electrical potential across resistor 184 and,
when wiper 188 is adjusted to the extreme right of resistor
184, a like potential is impressed across resistor 139. Then,
as wiper 138 is adjusted across resistor 139, a variation
in potential between terminals 181 and wiper 138 equiva-
lent to the full voltage impressed by secondary winding
182 may be had. However, as will be noted, when wiper
188 is adjusted to the extreme left on resistor 184, all
portions of resistor 139 will be at the same potential as
terminal 381, hence movements of wiper 138 across re-
sistor 139 will have no appreciable effect. In the posi-
tion shown, with wiper 188 most of the way across re-
sistor 184 toward the left side, a small potential is im-
pressed across resistor 13% hence adjustment of wiper 138
across resistor 139 will cause slight variation in potential
between terminal 181 and wiper 138. Wiper 188 is
made adjustable on resistor 184 to provide adjustable
means for controlling the amount of rebalancing that
can be impressed in the said network, potentiometer 140
being a rebalance potentiometer, as will be noted. How-
ever, because a rebalance potentiometer tends to introduce
droop into the system, it is desirable to use as little re-
balancing effect as possible, and in the present instance,
only emough rebalancing is used to prevent “hunting.”
Under some circumsiances, it may be possible to com-
pletely eliminate this portion of the network and connect
terminal 3181 directly to wire 19¢ which now connects
wiper 138 with wiper 86. Continuing with the descrip-
tion of the network 189, wiper 138 is connected by wire
190 to wiper 86 of potentiometer 85. Potentiometers 85
and 65 are connected in parallel across secondary winding
191 of transformer 192 by wires 193 and 194 and 195 and
196, respectively. This arrangement will be recognized as
a conventional voltage dividing network having input ter-
minals 197 and 198 and having output terminals compris-
ing wipers 86 and 64. Primary winding 200 of trans-

_ former 183 is energized by the circuit: line wire 201, wire

85

202, wire 293, winding 280, wire 204, wire 205, and line
wire 206. Primary winding 207 of transformer 192 is
energized by the circuit: line wire 201, wire 202, wire 208,
winding 207, wire 209, wire 205 and line wire 206. Out-
put terminal 181 of compound network 180 is connected
to terminal 255 of amplifier 46 by wire 210, while wiper
64, forming the other output terminal of the network
180 is connected to input terminal 156 of the amplifier
by wire 211.

As previously mentioned, the main power supply for the
present apparatus, obtained through line wires 201 and
206 is 115 volt 400 cycle alternating current. As it is
convenient to have some of this apparatus energized by
direct cusrent, a suitable source of direct current such
as battery 212 is also provided. Obviously, any other
suitable source of direct current may be used such as a
motor generator set, rectifier means, or the like.

To better explain the function of the present apparatus,
it will now be discussed in terms of its operation.

OPERATION

In describing the operation of the present apparatus,
let it be assumed that the aircraft containing the same is
located on a field at near sea level altitude and is being
prepared for a flight. Assuming that the 115 .volt 400
cycle alternating current source i$ emergized, it is noted
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that metwork circuit 180 is. energized by a circuit previ-
ously ‘traced. ~ In. addition,, current is supplied amplifier
46 by .the circuit: line: wire: 201, wire 213, terminal 157,
terminal 158, wire 216, and line wire 206. Further, rec-
tifier 108 is energized by the circuit: line wire 206, wire
217, wire 218, rectifier 108, wire. 219, out contact 220 of
relay 109, blade 221 of said relay, wire 222, wire 223
and. line-wire 201. Relay 107 is energized from rectifier
108 by the circuit: wire 224, winding 111, and wire 225.
back to rectifier 108. This. circuit results in winding 111
being. energized so that blade 226 is. pulled out.of en-
gagement with contact 227 so that light 74 is not ‘ener-
gized.. As before roted, capacitor 110 is connected in
parallel with winding 111, between. wires 224 and 225.

In addition, motors 19, only one being shown in Fig. 6
since thiey are all connected in parallel, are energized by
the. citCuit: line wire 201, wire 230, contact 175, blade
173,  wire 231, wire 232, switch blade 233, contact 234,
wire 235, wire 236, motor means 19, common wire 237,
wire, 238 and line wire 206. This energizes motor means
19 in.a manner to drive the respectivé damper means: to
a vent. closing position so that the discharge from com-
pressors 11 will be delivered through duct means 13 to.
the cabin 10. In addition, motor means 24 are connected
i parallel with motor means 19 by wires 239 and 240
and are therefore energized to operafe their damper means
to a duct closing position so that the ram air inlets to duct
13 are sealed off, thereby preventing the compressed air
from leaking back out through the ram air inlets. Motor
means 28 is conirolled by a circuit: line wire 281, wire
230, switch means 165, wire 231, wire 341, blade 242,
contact 243, wire 244, motor means 28, wire 245, wire
238, and line wire 206. This energizés motor means 28
in a manner to operate damper means 25 in a direction to
divert the compressed air from compressors i1 directly
through. duct 13 into cabin 19. '

[Assuming that batiery 212 is energizing direct current

line wires 250 and 251, and with the outflow valve in a
wide open position, it is noted that light 75 is energized
by the circuit: line wire 250, wire 252, switch blade 174,
contact 176, wire 253, wire 254, light 75, wire 255 and
ling .wire 251. In addition, relay 121 is not energized,
and relays 122 and 123 are not energized due to the pres-
ent adjustment of switch means 44. With relay means
122 deenergized, motor means 33 is energized by the
circuit: line wire 201, wire 256, wire 257, blade 258 of
relay ‘122, contact 259, wire 260, motor means 33, wire
261, and wire 238 to line wire 206. This energizes motor
means 33 in a manner to close damper means 31 to pre-
vent leakage of air through outlet means 39.  Likewise,
with relay 123 not energized, motor means 32 is con-
trolled by the circuit: line wire 201, wire 256, wire 262,
blade 263, contact 264, wire 265, motor means 32, wire
266, .wire 238 and line wire. 206. * This energizes motor
means 32 in a manner to drive damper means 29 to open
position-so as to permit recirculation of air through duct
means 14,
" "With switch 150 on control 45 adjusted to'an “Auto-
matic” position, solenoid 136 associated with valve means
15 is energized by the circuit: ‘line wire 256, wire 268,
switch blade 151, contact 152, wire 269, solenoid 136,
wire 270, and line wire 251, This energizes solenoid 13%
in a manner to cause engagement of clutch means 132 so
that motor means 133 is in driving relation to the gear
train 131 and valve.member 129.

With transformers 183 and 192 of network 180 ener-
gized, it is noted that wiper 138 of potentiometer 140 is
at the left extreme of resistor 139; hence, the said wiper
is.at the, same potential as terminal 181. Therefore, no
voltage is being added to the network by this portion of
the.circuit. Further, it is noted that both wipers 86 and
64 are.at the right of their respective resistors and, since
they are thus connected by wires 194 and 196, they are
at the same potential; hence, there is no potential dif-
ference between 181 and wiper 64, no input signal is
being supplied the amplifier, and there is therefore no
output to-energize either of relays 109-or 162.

“In-discussing network 180, potential is referred -to.
However, as’is obvious upon-inspection, the present net-
work circuit is energized by alternating current and, as
will be clear in the discussion of the aforementioned Up-
ton application, amplifiers of the sort used depend upon
¢hanges in phase-relation of the input voltage-rather than
npon mere ‘voltage differences. “However, ‘rather -than
idiscuss the present-network in terms of phase relations, it
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is. much. more -conyenient to discuss the. said. network at
a_particular half. cycle instant of time. during which con-
véntional, direct current relations hold true. When con-
sidered on.this basis,, it-is then proper to discuss the signal
from the network circuit in terms of positive or negative.
potential. ~ For convenience,. it will be considered at the
moment in guestion that the left sides of secondary wind-
ings 182 and 191 are negative and the right sides positive
in’ potential. * Further, it will be considered that when
terminal 156 js positive relative to terminal 1535, ampli-
fier 46 will operate to energize relay 109 to cause.an open-
ing. of valve 15, whereas. when terminal 156 is negative
relative to terminal 155, relay 162 will be energized to
cause a closing movement of the valve. It'is again noted

v that while the present description will relate to terminal

156 being positive or negative relative to 155, in actual
practice the network will impose signals on.the terminals
of one phase or another, and the present description in
terms of potential is. merely a convenient way of describ-
ing, the action that takes place. Of course, if a direct
cur,lient network ‘be .used, this description would also
apply. :

‘With the airplane on the ground, and with outfow
valve 15 wide-open, the. air pressure in the cabin is the
same as that on the ontside, hence bellows 62 positions
its ' wiper 64 in response to atmospheric pressure. Now,
to make certain that index 71, as well as the control
point. for the system, is properly adjusted so that any
subsequent. cabin pressurizing will take place from the
present starting point, push button switch 73 is actuated
o close jits ‘contacts. Now, with the outflow valve in
wide-open position and switch means 164, 165 and 166 in
a valve open position, it is noted that rate motor 97 is
enetgized by the circuit: line wire 250, wire 270, contact

5 171, blade 169, blade 168, contact 170, wire 271, wire

272, contact 321, blade 273, wire 274, motor means 97,
wire 275 and line wire 25i. This energizes rate motor
97 in. a direction to rotate index 71 counterclockwise and
to,move wiper.86 to the right across resistor 84, or in a
direction to cause.a closing movement of the cutflow
valve. "So long as wiper 86 is to the left of wiper 64,
wiper 64 is positive relative thereto and amplifier 46 is
energized in a mianner to drive the valve. open. However,
should wiper-86 be to the right of wiper 64, the said wiper
64 is then megative relative to wiper 86, terminal 156 is
negative relative to-wiper 155 and the amplifier 46 oper-
ates to drive the valve in a closing direction. Assum-
ing that' the aforementioned operation was sufficient to
a_dv_az_me index 71 somewhat - counter-clockwise of the
position of the indicator 101 of knob 79, or to advance
the index'to a lower altitude than the knob is set for, it is
nated . that this will bring contact 94 in engagement with
contact means 79 of the chaser switch, Further, assum-
ing that it ‘was possible for wiper 86 to advance to the
right of ‘wiper 64, thus making wiper 64 negative rela-
tive to wiper 86 and causing operation of the valve in
a closing’ direction, it is noted that the initial closing
movement of the valve breaks the engagement of blade
169 and contact 171 and blade 168 and coniact 170.
Further, upon breaking the contact between blade 168
with contact 170, contact .is immediately made between
blade 168 and contact 172. Now, when push button 73
is engaged to test the system, rate motor 97 is energized
Ly the circuit: line wire 258, wire 276, wire 277 , theostat
186, wire 278, blade 55 of differential controller 41, con-
tact 56, wire 279, blade 168, contact 172, wire 289, switch
bIg‘de 281 of relay 121, out contact 282 of said relay,
wire 283, push button switch 73, wire 284, contact means
79, contact” 94, wire 285, wire 286, out contact 287 of
relay 154, blade 288 of said relay, wire 239, motor means
97, wire 275 and line wire 251. This energizes rate mo-
tor 97 in a direction to drive index 71 in a clockwise
direction .and to .advance wiper 86 to the left across re-
sistor '84. “When wiper 86 is moved sufficiently to the
left to' make wiper 64 positive relative to the same, am-
plifier 46 is energized in.a manner.to operate valve means
15-in a direction to open the said valve and then, as the
valve is.moved toward wide-open position, blade 168 is
moved out of engagement with contact 172 thus breaking
the test circuit. “Thus, it will be noted that the operation
of 'the vialve to a wide-open position causes operation of
the rate-motor in-a manner to tend-to drive the valve to-
ward a closed position and will thus move the index to
a‘position slightly to one side of the pressure being indi-
cated -by the absolute pressure device 42 whereas, when
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push button 73 is then operated, it will tend to:cause
energization of the rate motor in a direction to drive the
wiper slightly to the other side of the indication equiva-
lent to the pressure being responded to by device 42. In
this manner, the index will be moved to almost the exact
indication of the pressure existing at the field at which
place the testing is being done.

With the index properly located, assume that a flight
is about to begin and knob 76 is turned to a pressuie
equivalent to a 10,000 ft, altitude and the flight is started.
Turning the knob in the direction indicated brings con-
tact means 79 into engagement with contact 94 thus tend-
ing to energize the rate motor, as before described. How-
ever, with push button switch 73 disengaged and landing
gear switch 105 still open, the only circuit for energizing
the rate motor 97 is that previously described due to
to the wide-open position of the valve, and which en-
ergization immediately tends to drive the valve just off
wide-open position. However, with the flight now

started, and with a substantially wide-open valve, it is @

noted that the pressure in the aircraft will tend to fall,
thus causing bellows 62 to expand and move winer &4
to the left across resistor 6. In addition, as the air-
craft left the ground and the landing gear was retracted,
switch 105 was then closed. This energizes the rate mo-
tor 97 by the same circuit as the test circuit coniroiled
by switch 73 which tends to drive index 71 clockwise
and to advance wiper 86 to the left across resistor 84.
However, since the energizing current goes through rheo-
stat 106, the rate motor 97 is driven at a predetermined
speed so that the adjustment is made only .at a desired
rate, such as 300 feet of altitude change per minute.
Assuming that the aircraft is rising at a higher rate than
this, the pressure change in the cabin will tend to be at a
higher rate and wiper 64 will tend to be advanced to
the left across resistor 66 at a higher rate then wiper
86 advances to the left across resistor 84. As before
noted, when wiper 64 is to the left of wiper 86, it is
negative relative to said wiper 86, and terminal 1536 is
then negative relative to terminal 155 and valve means
15 is operated in a closing direction.

Valve means 15 is operated in a closing direction
due to the energizing of relay 162 by amplifier 46 by
the circuit: amplifier terminal 161, winding 299, wire
291, and terminal 160 of the said amplifier. This pulls
blades 292 and 293 into engagement with contacts 254
and 295, respectively. Motor means 133 is then en-
ergized by the circuit: line wire 201, wire 273, wire
296, blade 292, contact 294, wire 297, motor means
133, wire 298, wire 217 and line wire 366. 'This energizes
motor means 133 in a direction to close the valve.

Closing valve member 129 of valve means 15 tends
to prevent the escape of air from the cabin and thus
causes an increase in pressure in the same. The in-
crease in pressure tends to contract bellows 62 and drive
wiper 64 to the right across resistor 66, or at least to
retard the leftward movement of the said wiper across
the said resistor. In either. event, this tends to permit
wiper 86 to be advanced to the left of wiper $4, thus
making wiper 64 positive relative to wiper 86 and mak-
ing terminal 156 of the amplifier positive relative to
terminal 155. When this happens, relay 189 is ener-
gized by the circuit: terminal 159 of amplifier 46, wi
301, winding 392 of the said relay, wire 303, wire 291
and terminal 160. This pulls blades 221 and 394 of
relay 109 into engagement with comtacts 303 and 385,
respectively, and causes energization of motor means 133
by the circuit: line wire 201, wire 223, wire 222, blade
221, contact 305, wire 307, motor means 133, wire 298,
wire 217, and line wire 301, This energires the motor
means 133 in a direction to drive the valve member 122
in an opening direction to thus permit a more rapid
escape of air and permit bellows 62 to expand and ad-
vance wiper 64 to the left across resistor 66. As thus
described, wiper 86 is being advanced across resistor
84 at a predetermined rate and valve 15 is controiled in
a manner to vary the pressure in the cabin substantially
as called for by any particular position c¢f wiper 26.
The position of wiper 86 thus determines the control
point for the present system. Should the cycling op-
eration of the outflow valve means 15 become ranid
enough to be termed “hunting,” ratio selector wiper
188 is moved to the right across resistor 184 to give
added effect to follow up potentiometer 149, Thus, as-

suming that blade 64 is to the left of blade 86 and is !
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thus negative relative thereto, thereby causing a closing
movement of the valve, it is noted that the closing move-
ment of the valve will advance wiper 138 to the right
across resistor 139, thus making wiper 138 positive rela-
tive 10 terminal 181 and adding a positive signal tending
to balance out the negative signal causing the closing
movement of the valve. This stabilizing, or follow-up,
action is well known in the prior art and is more fullg
sxplained in my prior application, Serial Mo. 541,58
previously referred to. As before noted, the amount of
follow-up is kept as low as possible due to the well
known effect of follow-up action introducing droop into
the systen.

1t is noted that energization of relay 109 breaks the
circuit to rectifier 108. However, due to the very low
lag in the present system, relay 109 is normally ener-
gized in a “pecking” manner or for very short time
intervals. Because of the capacitance of capacitor 110,
relay 107 will remain energized for a short period of
time after the rectifier is deenergized, this period nor-
mally being greater than the time of energization of
relay 169. However, should the pressure in the cabin
be suflficiently low that the relay 109 is energized for
longer periods than normal, then relay 107 drops out
and light 74 is energized by the circuit: line wire 250,
wire 228, light 74, contact 227, blade 226, wire 229
and line wire 251. Obviously, an A. C. power failure
would cause light 74 to be energized in the same manner.

When the aircraft cabin reaches a pressure corre-
sponding to the 10,000 ft. altitude called for by the
cabin pressure selector chaser switch, it is noted that
contact 94 will become disengaged from contact means
79 thus breaking the energizing circuit for the rate
motor. With the aircraft above 10,000 feet and the
cabin pressure at 10,000 feet and with the index and
knob adjustment similar so that no circuit is completed
through the chaser switch, wiper 86 remains statignary
and any pressure change in the cabin will tend to move
wiper 64 in a direction to cause an immediate restora-
tion of the pressure, in a manner previously described.
if the aircraft should now continue to climb to an alti-
tude such that the differential between the cabin pres-
sure and the atmospheric pressure exceeds 4.6 pounds
per square inch, then blade 55 will be moved out of
engagement with contact 56 by contraction of bellows
51. When this happens, the circuit to the rate motor
%7 which would normally be used to increase the cabin
pressure is opened and regardless of any subsequent
movement of the control knob 70, the cabin pressure
cannoi be controlled to a higher absolute value. Should
the differential increase to 4.7 pounds per square inch,
contact portion 55 of differential pressure device 41
moves into engagement with contact 57 thus energizing
motor means 97 by the circuit: line wire 250, wire
276, wire 277, rheostat 106, wire 278, switch blade
55, contact 57, wire 311, wire 383, wire 286, contact
287, blade 288, wire 289, motor means 97, wire 275
and line wire 251. ‘This will be recognized as the cir-
cuit which energizes motor means 97 in a direction to
advance index 71 in a clockwise direction and to move
wiper 86 to the left across resistor 84. A leftward
movement of wiper 86 across resistor 84 tends to make
wiper 64 positive relative thereto, and, as before noted,
this action results in an opening movement of valve
means 15. The opening movement of valve means 15
tends to relieve the pressure and thus reduce the dif-
ferential. However, should the differential pressure in-
crease to 4.8 pounds per square inch and thus bring
blade 58 into engagement with contact 59, motor means
97 is energized by the circuit: line wire 250, wire 276,
wire 316, contact 59, blade 58, blade 55, contact 57,
wire 311, wire 383, wire 286, contact 287, blade 288,
wire 289, motor means 97, wire 275, and line wire
251. ‘This energizes motor means 97 in a manner simi-
lar to that previously described, but with the exception
that full voltage is applied to the motor 97, rheostat
106 being by-passed, thus permitting full speed read-
justment of the cabin pressure in a direction to reduce
the absolute pressure of the cabin and thus reduce the
said differential pressure. Upon a reduction of the dif-

ferential pressure, due to a reduction in absolute cabin
pressure or to the aircraft descending to a lower ele-
vation, the previously described control of the rate mo
tor will be resumed. -

If the airplane should start a slow descent from its
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high altitude, and knob 70 is adjusted to a lower alti-
tude pressure for the cabin, such as that correspond-
ing to the altitude of the next field to be used, it 1s
noted that contact means 79 of the chaser switch will
be moved into engagement with contact 92. This will
energize motor means 97 by the circuit: line wire 250,
wire 276, wire 277, rheostat 106, wire 278, switch
blade 35, contact 56, wire 279, switch blade 168, con-
tact 172, wire 280, switch blade 281, contact 282, wire
283, switch 105, wire 284, contact means 79, contact
92, wire 320, wire 272, contact 321, blade 273, wire
274, motor means 97, wire 275, and line wire 251. This

will be recognized as the circuit which drives index 731 .

counterclockwise and advances wiper 86 to the right
across resistor 84, Movement of wiper 86 to the right
thus tends to lead the movement of wiper 64 and in
so- doing, tends to make wiper 64 negative relative
thereto. _ As before noted, when wiper 64 is negative
relative to wiper 86, valve means 15 is. adjusted in a
closing direction thus tending to increase the pressure
in the cabin.

Now, assume that the: aircraft descends at a more
rapid rate than the cabin pressure is decreased, so that
the aircraft altitude actually tends to become less than
that of the cabin altitude. As the aircraft tends to
reach the altitude to which the cabin is being controlled,
the differential between the cabin pressure and the out-
side pressure continues to diminish; hence, the rate of
flow through the outlet valve diminishes, thus tending
to retard the desired decrease in pressure of the cabin
and resulting in slight over pressure of the same. Over
pressure of the cabin, as before noted, results in a
contracting of bellows 62 and movement of wiper 64
to the right across resistor 66 or at least an increase

in the rate at which it was formerly moving. This causes |

wiper 64 to become positive relative to wiper 86 which,
as’ before noted, conirols amplifier 46 in a manner to
drive the valve open. When the aircraft is at the same
or a slightly lower altitude than the value for which the
cabin pressure is adjusted, even a wide-open valve can-
not reduce the cabin pressure. However, since the
added pressure in the cabin causes wiper 64 to re-
main at the right of wiper 86, the valve is driven in an
opening direction until it is wide-open. When the valve

is. driven to a wide-open. position, rate motor 97 is ¢

energized by a previously traced circuit as follows: line
wire 258, wire 270, contact 171, blade 169, blade 168,
contact 170, wire 271, wire 272, contact 321, blade
273, wire 274, motor means 97, wire 275, and line
wire 251, This will be recognized as the circuit which
energizes motor means 97 in a direction to drive in-
dex 71 counter-clockwise and to move wiper. 86 to the
right across resistor 84. This circuit continues until
wiper 86 is driven to the right of wiper 64 so that wiper
64 then becomes negative relative to wiper 86. Upon
this happening, amplifier 46 controls valve means 15 in
a manner to close the valve. The initial closing move-
ment of the valve, however, separates contacts 171—169
and 170—163 thus breaking this energizing circuit' for
the rate motor.
circuit for the rate motor did not include the rheostat,
hence the adjustment. was made at the full speed’ of the
motor and, regardless of the position of the chaser
switch, the motor was energized in a direction to drive
the: index to a position corresponding to the actual
Pressure existing in the aircraft cabin.

It will also be noted that whenever the valve: is
drxve_,n to a wide-open position and thus assumes a con-
trolling effect on -the rate motor, light 75 is energized
By the circuit:
174, contact 176, wire 253; wire 254, light 75; and wire
255. This warns the pilot.to proceed: with care:

From the above description, it is noted that when
the aircrafi goes below the altitude fo- which the air-
craft' cabin is being controlled; the index 71 and the
control potentiometer 85 are adjusted’ to- correspond’ to
the: actual altitude' of the aircraft durihg. such a de-
scending flieht: If the aircraft should now resume its
upward flioht, the rate motor will be energized through
contacts 79 and 94 of the chaser switch' and through
theostat 186.by a circuit previously traced. This will ad-
just the control potentiometer and index 71- at' a con-
trpl!ed rate so that the pressure: change in- the- cabin
will be at the rate desired. In this manner; although it
was: impossible for the cabin pressure- eontrol apparatus

It will be noted that this energizing

line wire 250, wite 252, switch blade:
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to: maintain control when the aircraft went below the
controlied altitude of the cabin, it immediately resumed
control of the pressure and maintained the same on any
subsequent upward flight of the aircraft. Without this
readjusting of the index and the control potentiometer,
and assuming that they remained in their previously ad-
justed positions, then the cabin pressure would tend to
change at the same rate as the aircraft until the air-
craft went above the. altitude for which the cabin pres-
sure was controlled.

Assume now, that for some reason or another it is
desired to operate the outflow valve manually. To do
this, switch blade 151 of switch 150 is moved to its
“Manual” control position, se that blade 151 is in
engagement with contact 153. This breaks the previ-
ously described energizing circuit for solenoid 136, thus
permitting spring means 134, as seen in Figure 4, to op-
erate lever 135 in a manner to disengage clutch 132,
thus disconnecting motor 133 from the valve. Fur
ther, relay 154 is energized by the circuii: line wire
250, wire 268, switch blade 151, contact 153, wire
323, wire 324, winding 325 of relay 154, wire 326,
wire 327 and line wite 251, This energizes relay 154
and brings switch blades 273 and 288 into engagement
with contacts 328 and 329, respectively. Also, as light
76 is connected across wires 323 and 327, it is ener-
gized and indicates that manual control of the out-
flow valve is now being effected. The operation of relay
154 as above described disconnects the rate motor from
the previously described enmergizing circuits and con-
nects the amplifier in controlling relation to the said
rate motor by the circuit: line wire 258, wire 330,
wire 331, switch blade 304, contact 308, wire 332, con-
tact 328, blade 273, wire 274, motor means 97, wire
275 and line wire 251. As blade 304 is recognized as
one of those: of relay means 109, and which relay -
is energized upon a relatively high pressure in the
cabin, or when wiper 64 is to the right of wiper 86, it
is noted that a relatively high pressure in the cabin
will energize a circuit to the rate motor causing it to
drive index 71 in a counter-clockwise direction and to
advance wiper 86 to the right across resistor 84. This
will contintue until wiper 86 reaches the potential of wiper
64 so that the signal to' the amplifier is removed, thus

. deenergizing the relay 109  and preventing further op-

eration of the rate motor in the manner described. The
circuit for energizing the rate motor in the other di-
rection is as follows: line wire 250, wire 330, wire 335,
switch- blade 293, contact 295, wire 2336, contact 329,
blade 288, wire 289, motor means 97, wire 275, and line
wire 251. As will be noted, this energizes the rate
motor in a direction to drive index 71 in a clockwise
direction and to advance wiper 86 to the left across
resistor 84. However, since blade 293 of relay 162
is operated to a circuit closing position only when the
pressure is low in the cabin, or wiper 64 is to the left
of wiper 86, and is thus negative relative thereto, it
will be noted that a relatively low pressure in the
cabin will cause an energization of rate motor 97 in a
direction to drive the index and the control potentiometer
to a position correspending to a lower pressure value.

Now, to actually adjust the valve means 15, crank
handle 140 is pushed in to overcome spring 145 so that
clutch part 143 enszages part 144, the handle then being
rotated in a suitable direction. This overates flexible
cable 137 which drives valve means 129 throuch gear
train 131 in the desired direction. Tn addition, the
position of the valve will be indicated by indicator 146
in the same manner as when the valve was antomati-
cally driven. Due to the light 76 beine energized, warn-
ing is given that the manual override is ensaged so
that any hand- cranking of the valve should be done
with caution. Further. due to the aforementioned con-
necting of the amvlifier in controlling relation to the
rate motor, the index 71 will indicate at all times the
exact pressure existing in the cabin. Due to the am-
plifier controlling the rate motor 97 to adjust the index
71 and the wiper 86 in a manner to cause wiver 86
to correspond in position to wiper 64, they are effectively
controlled to not only indicate the exact pressure in
the cabin but to maintain the control point for. subse-
quent automatic control at that indicated value.

The present description has all been based upon a
supercharged cabin. Now, if it be desired to operate
the cabin in a non-supercharged condition, switch means
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44 will be adjusted to the unsupercharged position by
rotating knob 115 in a counterclockwise direction. This
switch means, as before notcd, controls the position of
~dampers 18, 23, 25, 29 and 31. However, it is noted
that the energizing circuit for motors 19, 24 and 28,
corresponding to dampers 18, 23 and 25, respectively,
is completed through switch means 165 and this switch
means, as previously noted, is closed only when the
outflow valve is wide open. Further, the energizing
circuits for motors 33 and 32, corresponding to dampers
31 and 29, respectively, are completed through switch
means 166, which is also closed only when the outflow
valve is wide open. Therefore, regardless of the ad-
justment of switch means 44 to a different position,
none of the dampers effecting the pressure of the cabin
can be actuated until the outflow valve is wide open.
This is a safety precaution which prevents any decom-
pression of the cabin by operation of switch means 44.
Decompressing of the cabin must be at a controlled
rate by the outflow valve hence, if it be desired to de-
compress the cabin, the outflow valve must be driven
to a wide-oven position by proper operation of the con-
trol knob 70 to reduce the pressure in the cabin to the
atmospheric pressure existing outside the aircraft.

Assuming that the outflow valve is now in a wide-open
position and that knob 115 of switch means 44 has been
rotated to bring the blades of switches 116 to 129 inclu-
sive to the adjacent counterclockwise set of contacts, it
is noted that motor means 19 and 24 are energized by the
circuit: line wire 201, wire 230, contact 175, switch
blade 173, wire 231, wire 232, switch blade 233, contact
239, wire 349, motor means 19, wire 237, wire 238 and
line wire 206. Motor means 24 is energized in parallel
with motor means 19 by a wire 342 connected to wire
340. Also, motor means 28 is energized by a similar
circuit as follows: line wire 201, wire 230, switch 165,
wire 231, wire 241, switch blade 242, contact 343, wire
345, motor means 28, wire 245, and wire 238 to line wire
206. Energizing of motors 19, 24 and 28 in the man-
ner described causes them to operate their respective
dampers to the opposite position from that shown. With
the new position of switch means 44, relay 122 is ener-
gized by the circuit: line wire 250, wire 252, blade 174,
contact 176, wire 253, wire 346, wire 347, temperature
responsive switch 348, wire 357, contact 349, switch blade

10

15

20

26

30

35

40

350, wire 351, winding 352 of relay 122, wire 353, wire ~

354 and line wire 251. Energizing relay 122 causes an
energization of motor means 33 by the circuit: line wire
201, wire 256, wire 257, blade 258, contact 355, wire
356, motor means 33, wire 261, and wire 238 to line
wire 206. Thus, providing the temperature responsive
switch 348 is in a circuit closing position, motor 33 will
be energized in a manner to open damper 31 and thus
dump recirculated air to the outside. As the tempera-
ture responsive switch 348 comprises no part of the pres-
ent invention, it will not be further discussed here.

Motor means 32 is energized under control of relay
123, as before mentioned. Relay 123 is energized by a
circuit as follows: line wire 250, wire 252, blade 174,
contact 176, wire 253, wire 346, wire 347, switch 348,
wire 357, wire 358, contact 359, blade 360, wire 361,
winding 362 of relay 123, wire 354 and line wire 251%.
This energizes motor means 32 by a circuit: line wire 291,
wire 256, wire 262, blade 263, contact 363, wirc 364,
motor mezns 32, wire 266, and wire 238 to line wire 206.
This circuit ‘energizes motor means 32 in a direction to
close off the recirculation of air simultaneously with the
opening of damper 31. However, since this circuit also
goes through temperature responsive switch 348, this re-
circulation is prevented only when the temperature respon-
sive switch so permits.

Relay 121, assuming that valve 15 is in a wide-open
position, is also energized by a circuit traced as follows:
line wire 250, wire 252, blade 174, contact 176, wire
253, wire 346, wire 371, blade 372, contact 373, wire

374, winding 375 of relay 121, wire 376 and line wire-

251.° Energizing relay 121 shorts out rheostat 166,
switches 73 and 105 and a portion of the chaser switch,
as will be noted,

Assuming that the aircraft is now being flown in an
unsupercharged condition, it will be noted that the outflow
valve, assuming that the pressurizing control system is

. in automatic operation, is in a wide-open position. When
the outflow valve is in a wide-open position, the rate motor

is energized by a previously noted circuit going through:
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-switch means 164 which energizes the said motor means

97 in a direction to cause a closing movement of the
valve means 15 whenever wiper 86 is advanced to the
right of wiper 64 and at the same time is correctly posi-
tioning index 71. Now, as before noted, when wiper
86 is driven to the right of 64, amplifier 46 is controlled
in a manner to drive the valve toward closed position
thus breaking the previously noted circuit energizing the
rate motor. Moreover, assuming that the aircraft is
rising, the resulting movement of wiper 64 to the left
tends to make it negative relative to wiper 86 thus also
causing operation of the valve means in a closing direc-
tion. However, upon the valve moving from the wide-
open position, relay 121 remains energized by the above
noted circuit due to blade 174 remaining in engagement
with 176 for a greater valve movement than is required to
operate switches 164 and 165. With blades 281 and 377
of relay 121 in engagement with contacts 378 and 379,
respectively, a circuit is then completed energizing rate
motor 97 as follows: line wire 250, wire 276, wire 277,
wire 380, switch blade 377, contact 379, wire 381, switch
blade 55, contact 56, wire 279, switch blade 168, contact
172, wire 280, blade 281, contact 378, wire 382, wire
383, wire 286, contact 287, blade 288,. wire 289, motor
means 97, wire 275 and line wire 251. ' This will be
recognized as a circuit which energizes rate motor means
97 in a manner to adjust index 71 in a clockwise direc-
tion and to move wiper 86 to the left across resistor 84.
Further, this adjustment will be made at high speed
because the rheostat 106 is by-passed. As wiper 86 is
moved to the left of wiper 64, wiper 64 becomes positive
relative to wiper 86, terminal 156 becomes positive rela-
tive to 155, and amplifier 46 controls motor means 133.in
a manner to adjust valve 15 to a wide-open position.
When the valve is adjusted to a wide-open position, switch
blade 168 is moved out of engagement with contact 172
and into engagement with 170 as before. This breaks
the aforementioned energizing circuit for the rate motor
and re-establishes the previously mentioned circuit which
again drives motor 97 in a manner to readjust the outflow
valve away from open position. Thus, when the switch
means 44 is adjusted to any of the unsupercharged posi-
tions, relay 121 is not only energized when the vaive is in
a wide-open position but remains energized during the
initial closing movements of the valve sufficiently to con-
trol a circuit to cause the valve to again be opened to
its extreme, while other switch means are available for
driving the valve to a partly closed position whenever it
reaches wide-open position. However, all of this con-
trolling action is based on wiper 86 moving. to one side
or the other of wiper 64, hence the position of wiper
64, a function of the absolute cabin pressure, determines
the point at all times about which the rate motor will con-
trol the index; therefore, the index must always keep
step with the actual cabin pressure in the airplane. Be-
cause the index always keeps step with the actual pres-
sure in the airplane, the potentiometer 85 is always ad-
justed so that if it be decided to supercharge the cabin
and switch means 44 is so adjusted, then the change can
be made without any sudden pressure changes and further
changes in cabin pressure can be made at a controlled
rate without delay. §
It is thus noted thai the present cabin pressure control
system will not only function to maintain a given cabin
pressure, but will effect changes in cabin pressure at a
controlled rate. Further, upon the aircraft descending in
altitude below the controlled altitude of the cabin, the
coairpl point will be shifted in accordance with the alti-
tude of the aircraft, with a signal being given to the pilot
to take care, and any subsequent rise in altitude of the
aircraft will permit a change in the cabin pressure only at
the controlled rate unless, of course, the limiting pressure
differentials are exceeded. When the limiting pressure

“differentials are exceeded, it first becomes impossible to

adjust the cabin to a higher absolute pressure, next a
lower absolute pressure is called for by the apparatus
and then if the differential pressure still further increases,
the readjustment to a lower absolute pressure is made of
the full speed of the apparatus. '

Also, it the aircraft be flown in an unsupercharged con-

dition, the outilow valve motor will be controlled in a man-
ner to “hunt” about its wide-open position and the rate mo-
tor will be controlled to adjust the index and control point
in accordance with the absolute pressure in the aircraft.
Also, if the outfiow valve be manually controlled, the
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amplifier-which normally controls the-outflow valve:motor
will be:switched into controlling relation:to the rate imotor
to- thus -adjust: the: index. and control’ point in' accordance
with thie- absolate:pressure:in’ thé cabin; »
Provision. is” mmadé for testing: the . apparatos: on: the

ground before beginning the flight and, except during.

testing, changes in cabin pressure cannot bé made until
theairctaft leaves the ground:and-the landing: gear is re-
tracted; As:safety features; signal means are provided for
indicating low pressure-in:the cabin, lack of A: C. power,
a wide-open: otitflow valve; and control of the outflow
valve by manual means. As-:additional safety means, the
switching -apparatus: controlling the pressure seals and the
like of ‘the. cabin are so:correlated with the outflow valve
that:no charge in'the supercharged condition -of'the -cabin
can be:effectéd unléss the outflow valve is in a wide-open
position. )

Whilé the present'invention-Has-béen rather specifically
described, if'is obvious that there aré many substitutions
and-equivalents that can be -used, hence the scope of this
invention- is- to: be- determined- only by the appended
claims.

I claim-as® my' invention:

1. Cabin- pressure control apparatus for an' aircraft
including; in combination, outflow valve medns; controller
means: for said’' valve means, motor means for adjusting
said’ controller means, manual means for adjusting the
direction and extent-of travel'of said motor means, means
for adjusting the speed of travel of said motor means,
means-responsive to the differential of the pressure exist-
ing inithe aircraft cabin.and’the atmospheric pressure sur-
tounding the-said cabin; said differential pressure respon-
sive- means’ including switching means opérable to first
prevent further operation of said -motor means in a direc-
tion to adjust said controller means iir a manner to in-
crease-the said differential and operable at a higher value
of the'said differential to cause operation of ‘said motor
meansina mannerto reduce the said differential and oper-
able at a still'higher value-of said.différential to cause said

motor means:to-adjust said'controller means at high speed’

in a direction to'reduce said differential, and means oper-
able as:an incident to the opzration of said valve means to
a wide open position for causing said motor means to ad-
just said’ controller means in a direction opposite to that
caused by said differential pressure responsive means.
2.. Cabin pressure” control apparatus for an aircraft. in-
cluding, in combination, outflow valve means; amplifier
means. for controlling said valve means, network circuit

means for-controlling said amplifier means, absoliite pres- .

sure responsive means for adjusting said network.means,
comntrol point adjusting means for adjusting. said network
means, motor means for adjusting said control point ad-
justing means, manual means for controlling said motor

means, nieans for regulatinig the. speed. by- which said. - -

motor means can adjust said control. point. adjusting
means, means responsive to the differential between. the
cabin air pressure and the. atinospheric-air pressure, said
differential résponsive means including means operable to

control'said motor means, means for. switching said ampli--

fier means ot of control of said valve means.and. in con-
trolling relation to said motor means, and:means  operable
as an incident to the adjusting of said valve means to a
predetermined limiting position for controlling said motor
nieans,
3. Control apparatus for a pressurized aircraft cabin
. comprising, in. combination, pressure controlling means,
contfoller: means. including a. device responsive to cabin
pressure. for. controlling said pressure controlling means,

manually, adjustable means for adjusting said controller-

means and thus said. controlling means, and means for
.effectively causing said pressure responsive device to adjust
sdid manuvally adjustable means.

4. Control appardtus comprising, in combination, a

positionable ‘control. device operable between limiting:

positions, means [, means operable between limiting posi-
tions} including a condition responsive means for con-
trolling sajd control.device, manual means for adjusting
said controlling means, and means. controlled by said
condition responsive means and operable as a function of
a.predetermined. limiting pesitioning only of said control
device . for ‘adjusting said. controlling means to a value
corresponding to the value of the condition to which said
condition: responsive means is responding.

5: Control. apparatiis comprising; in combination, a.
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positicnable ‘control:device; means responsive-to a:condi-
tion indicative of a need: for [pesitiongl positioning
said: device for controlling said device, means-for ‘adjust-
ing said condition responsive means; and switching méans
operable-as a function-of’a predéeterminéd positioning: of
said device for placing said condition responsive: means
in: conti'ol of said adjisting: means:

6. Apparatiis for comtrolling a condition comprising,
iit- combination, 4 condition controlling device, adjust-
ablé means:responsive 1o said condition for: automatically
controllifig -said *device, mantral:means.for operating said
device, other manual means for causing  adjustment” of
said’ condition responsive mieans at' a' timed'rate, means
for "indicating the said . adjustinént at: any instance; and
switching - means. for. transferring control’ by said’ condi-
tion responsive device: of said: controlling device- to .said
indi¢ating means when said controlling dévice is' nianiually
operatéd, said indicating means: then-indicating the value
of’ said - condition. .

7. Control apparatus comprising; i combination, a
condition control means, condition responsivé. means,
meaiis connécting said condition responsive means in con-
irolling relation.to said control.means, means for indicat-
ing and adjisting the controlling affect.of said condition
responsive means on said’'control means, motor means for
adjusting said. adjusting means, manual’ means. for. nor-
mally "controlling-said motor means, and 'means for ¢on-
necting said condition. responsive means. in controlling
relation: to' said. motor. means.

8. Control. apparatus comprisinig, in combinatién; a
condition conirel means, condition. responsive. means,
means  ¢onnecting said” condition . resporisive means. in
controlling relation.to said control means,. meaiis. for: in-
dicating and adjusting the. controlling affect of: said con-
dition responsive means.on said contiol mieads,. motor
means. for adjusting, said adjusting means, manual. means
for normally controllifig- said’ motor medns, additional
manual means for operating said condition control means,
and meang. for rendering said additional anual: means.
effective and’ for comnnecting said’ condition. responsive
means in.controlling relation to said ‘motor means.

9. Control apparatus. for. ¢ontrolling. a. conditicii in. a
space’ in’ relation” to- a. similar condition cutside. of said
space including, in combination, an. adjustable. coiitrol
device, motor means for adjusting said’ device, méans for
normally  controlling’ said- motor means in. a. manner. to
permit it to operate at. a predetermined fraction.of  its
full speed, and differential cendition responsive. meéans

_responsive to a predetermined relatively high valiie of tHe

condition inside said space relative to the condition. ouit-
side said space for causing said' motor means to. adjust
said.control device to operate at its full speed in.a.direc-
tion to cause g reduction in. the value of the said’ différ-
ential.

10. Control apparatus for controllifig a condition in.a
space in relation to a similar condition outside. of said
space including, in combination, a condition. controlling
means, an adjustable control device for regulating. the
operation of.said controlling means,.motor means for ad-
justing said: dévice, means for normally controiling said
motor means in a manner to. permit it to. opérate. at. a
predetermined’ fraction of its: full' speed to. permit. said
device. to- Lrelatived- relatively slowly. adjust said. con-
trolling means, and differential condition responsive. means
responsive to' a predetermined limiting value of. the. con-
dition insidé said. space relative 1o tHe condition. outside
of said space. for causing an immediate adjusting.of said
controlling means in a manner to reduce the.value af the
said differential.

11, Apparatus for controlling dir. pressiiie: in. an. air-
craft cabin comprising, in. combitation, outflow valve
means, other valve means. for. controiling. the pressure
of air in the cabin, means for controlling said: ouiflow
valve means. in.a manner. 10 maintain a- predetermined
presstire within- said:cabin, and switching means. permit-
ting either. opening. or. closing of said. other vaive means
only when. said outflow: valve means:is-in a. wide-open
position, at least a portion of said switching being: oper-
able in accordance with the:wide-open positioning of said
outflow.valve nieans.

12. Apparatus for controlling: the: pressure. of ait in
the- cabin: of: an: ajreraft inctuding, in combination; out-
flow-valve:means, contioller nieafis for said valve imeans,
motor means for adjustifig said’ controller: means; manual




23,013

17

means for adjusting said motor means, differential pres-
sure responsive means for controlling said motor means,
means operable as an incident to positioning said outflow
valve means in a wide-open position for controlling said
motor means, means for indicating that said valve means
is in a wide-open position, means for indicating a rela-
tively low pressure in said cabin, manual means for con-
trolling said outflow valve means, means for indicating
the control of said outflow valve means by said manual
means, and means preventing the control of said motor
means by said manual means when the said outflow valve
means is being manually adjusted.

13. In apparatus for controlling a condition in a space;
adjustable means for varying said condition, said ad-
justable varying means being operable between limiting
positions; actuating means for said varying means; and
control means for said actuating means, said control
means including apparatus responsive to said condition,
means connecting said condition responsive apparatus in
controlling relation to said actuating means, means for
adjusting the controlling relation between said condition
responsive apparatus and said actuating means to there-
by vary the [valve}l value of said condition to be at-
tained, and means operable as an incident to said varying
means reaching one of its limiting positions connected
to adjust said controlling relation adjusting means.

14. In control apparaius for controlling one condition
relative to a second condition; means for varying said
one condition; means for controlling said varying means,
said controlling means including apparatus responsive to
said one condition; motor operated means for adjusting
the controlling relation between said condition responsive
apparatus and said varying means to thereby adjust the
value of said one condition at which said apparatus is in

effective control; means for adjusting the rate at which $

said motor operated means can adjust said relation; and
means responsive to a predetermined differential between
said one condition and said second condition connected
through said rate adjusting means for causing operation
of said motor operated adjusting means in a direction to
reduce said differential.

15. Control apparatus comprising, in combination, a
condition controlling device, means for controlling said
device including condition responsive means, means for
causing cycling operation of said device, and indicating
means controlled by said controlling means and ener-
gized only upon a predetermined change in the operation
of the operating cycles.

16. Apparatus for controlling air pressure in an air-

craft cabin comprising, in combination, an adjustable 5

valve means for controlling a flow of air into said cabin,
valve means for adjustably controlling air flow out of
said cabin for maintaining predetermined pressure in said
cabin, switching means operable by said outflow valve
means at a predetermined outflow valve position, control
means for adjusting said first named valve means, and
means connecting said switching means in controlling
relation to said contro! means.

17. In apparatus for controlling the pressure of air in
an aircraft cabin or compartment having at least one
opening for the flow of air, which flow determines the
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said pressure, the combination of: airflow means ad-
Justable so as to effect different flows of air through said
opening and thereby produce different pressures in said
cabin; control means for said airflow means operating
to effect through said airflow means a desired pressure
of air in the cabin, said control means having control
parts of adjustable correlation, the instant correlation
of said parts determining the instant adjustment of said
airflow means; :‘means operative to adjust said control
parts so as to chuange the correlation of said control parts
so as to obtain a different adjustment of said airflow
means; an overriding control operative to adjust said con-
trol parts so as to change the instant correlation of said
control parts to a condition of correspondence with am-
bient air pressure; means for activating said overriding
control; and a second overriding control operating when
a predetermined pressure differential of cabin pressure
over ambient pressure is exceeded to change the correla-
tion of said control parts and accomplish an adjustment
of said control means to a value which is within a prede-
termined differential from the instant ambient pressure.

18. Control apparatus comprising, in combination, a
condition control means, condition responsive means,
means connecting said condition responsive means in
controlling relation to said conirol means, means for
adjusting the controlling effect of said condition respon-
sive means on said control means, motor means for ad-
justing said adjusting means, manual means for normally
controlling said motor means, and means for connecting
said condition responsive means in controlling relation
to said motor means.
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