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Pennsylvania
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6 Claims.
1

My invention relates to air pumping apparatus,
and more particularly  to apparatus for the
maintenance of adequate pressure conditions in
the cabins or other passenger compartments of
airplanes which are adapted to be operated at
widely varying altitudes, including high altitudes.

As is well known, it is necessary or at least
highly desirable, in order that a plane may ob-
tain the advantages of high altitude flight, to
make special provision for the safety and comfort
of the pilot and/or passengers. For this purpose
supercharged cabins and other passenger com-
partments present particular advantages. While
a mere displacement pump may serve satisfac-
torily under certain ranges of altitude as an air
delivery device for a cabin or other compartment,
a pump capable of the actual compression of air
is more satisfactory for high altitude flight. It is
desirable, in the provision of & pumping appara-
tus of the compressor type, to provide a pump
which shall have a large displacement in small
compass, which shall be able actually to compress
the air taken in through one or more compres-
" sions prior to discharge; to provide a pump which
at many altitudes shall avoid the consumption
of unnecessary power and the needless genera-
tion of heat by operating as, or substantially as,
s mere air displacement device; to provide a pump
whose speed of operation shall be automatically
varied in accordance with predetermined changes
in engine speed; to provide & pump which shall
automatically change its characteristics from &
simple air displacement apparatus to a true com-
pressor when certain conditions obtain, such as,
for example, the elevation of the apparatus to a
height where the external pressure falls below a
predetermined value; and to provide a pump in
which, notwithstanding the automatic control of
speed of operation, deliberate manual control of
speed is possible.

It is an object of my invention to provide an
improved gaseous fluid pumping apparatus. It

is another object of my invention to provide an
improved gaseous fluid pumping apparatus hav-
ing ‘an improved automatic speed control means.
It is a further object of my invention to provide
an improved gaseous fluild pumping apparatus
having improved . hydraulic speed-responsive
mechanism for automatically changing the effec~
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tive driving gearing therefore when the same is
driven at certain predetermined speeds. It is yet
another object of my invention to provide an
improved gaseous fluid pumping apparatus hav-
ing improved unloading means. It is still another
object of my invention to provide a gaseous fluid
pumping apparatus having improved controlling
means for governing the operation thereof in
accordance with intake pressure variations. It
is still another object of my invention to pro-
vide an improved gaseous fluid pumping ap-
paratus having improved controlling means
therefor including fluid operated, speed-chang-
ing driving gearing and fluid operated unload-
ing means both operable by a common operat-
ing medium. It is still another object of my
invention to provide an improved gaseous fiuid
pumping apparatus of the rotary type having
improved unloading means. It is still a further
object of my invention to provide an improved
gaseous fluid pumping apparatus having im-
proved means for lubricating the same. A fur-
ther object of the invention is to provide improved
gasenus fiuid pumping apparatus having im-
proved governing means. Another object is to
provide a compressor having improved speed cozn-
trol means operative to effect a reduction in the
speed of the compressor when the compressor
speed reaches a predetermined value. Still
another object is to provide a compressor con-
nected through drive gearing to power means and
having improved control means operative at a
predetermined compressor speed for changing the
drive gearing to effect a slower driving of the com-
pressor. Yet another object of my invention ‘is
to provide a compressor having improved means
operating at a predetermined low intake pres-
sure for effecting an increase in the pump dis-
charge pressure. Other objects and advantages
of the invention .will hereinafter more fully
appear. .

In a preferred embodiment of my invention, &
pair of intermeshing rotors may be supported
within a casing and operate when driven to de~
liver air from an intake at one point in the casing
to a discharge port at another point in the casing.
The rotors may desirably be provided at one end
with shafts having gears mounted thereon for
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transmitting power from a drive shaft to the
rotors and for maintaining the rotors out of con-
tact with each other but in such close relation
that space packing is provided. A pair of the
gears may be alternatively connected in driven
relation to the drive shaft for effecting drive of
the rotors at different speeds. Desirably, there
may be connected to rotate with one of the rotors
& speed responsive device for governing a valve

mechanism for controlling the flow of an operat-
ing fluid relative to a fluid actuated clutch mech-
anism which is operable to connect one of the
two gears last mentioned in driven relation with
respect to the drive shaft. At comparatively low
rotor speeds, such valve device may desirably op-
erate to supply fluid to the clutch mechanism in
such a manner as to effect a connection of that
gear which drives the compressor through a high
speed gear ratio. When the rotor speeds reach a
predetermined value, the speed responsive device
desirably operates to vent filuid from the clutch
operating mechanism thereby to disconnect the
high speed gear and to permit drive to be trans-
mitted through the other of said pair of gears
to the rotors. Desirably, manually operated valve

means are included for removing the control of

the fluid flow from the speed responsive device
operated valve and for controlling directly the
flow of fluid relative to the clutch mechanism at
will, Further, there is desirably associated with
the compressor a control mechanism operative
when the compressor intake pressure is above a
bredetermined value to effect compressor dis-
charge at a relatively low pressure, and in a pre-
ferred form, without any compression, while upon

a predetermined decrease in the intake pressure.

the control means operates to preclude discharge
by the compressor without a substantial compres-
sion of the fluid taken into the same. Desirably,
such control device may take the form of a valve
mechanism for controlling an auxiliary discharge
opening arranged in such relation to the casing
that the same has communication with the rotor
pockets well prior to the attainment of said
pockets to the normal discharge opening, and a
valve device for controlling such opening. Ad-
vantageously the valve device may be controlled
-by lubricant pressure provided by the lubricating
system of the compressor.

Further in the preferred embodiment there may
be a common hydraulic system for the speed con-
trol and compressor discharge pressure control
mechanisms of the compressor unit, such hy-
draulic system preferably utilizing the lubricant
of the compressor whereby a single pump may
supply pressure for operating change speed gear-
ing and valve mechanism for controiling the com-
pressor delivery pressure and supply the lubri-
cant to the lubricated portions of the compressor.

In the accompanying drawings there are shown
for purposes of illustration one form and a modi-
fication which the invention may assume in prac-
tice. ‘

In these drawings, :

Fig. 1 is a side elevation of the complete appa-
ratus. ‘

Fig. 2 is an end elevation of the apparatus of
Fig. 1, viewed from the lefi-hand end of Fig. 1
and showing the drive end of the apparatus.

Fig. 3 is an opposite end elevation of the appa-
ratus shown in Fig. 1, being an illustration of the
right-hand end thereof.

Fig. 4 is an enlarged central longitudinal verti-
cal section on the plane of the line 4—4 of Fig. 2.

Fig. 5 is an enlarged horizontal fragmentary

10

15

20

30

35

40

b6

60

85

70

76

sectional view on the plane of the line 5-—§ of Fig.
3, showing a detail of the hydraulic system.

Fig. 6 is a horizontal longitudinal sectional view
on the planes of the line 6—6 of Fig. 4, with parts
shown in elevation. :

Fig. 7 is a view showing portions of the unload-
ing mechanism shown in Fig. 6 in different posi-
tions and with certain additional parts shown in
elevation.

Fig. 8 is a vertical sectional view on the plane of
the line 8—8 of Fig. 6, with parts shown in full.

" Fig. 9 is a vertical transverse sectional view on
the plane of the line 8—8 of Fig. 6, showing a de-
tail of construction of the unloading mechanism.

‘Fig. 10 is an enlarged fragmentary sectional
view showing venting means for the unloading
valve operating cylinder, the view- being taken

" substantially on the plane of the line §0-—{0 of

Fig. 1. .

Fig. 11 is an enlarged horizontal sectional view
through the control mechanism at the right-hand
end of the apparatus, the view being taken on the
same plane as Fig. 6. )

Fig. 12 is a fragmentary sectional transverse
section on the plane of the line 12—12 of Fig. 11,
showing a manually operable control valve posi-
tionable to vary the speed of drive of the pumping
apparatus.

Fig, 13 is a section on the lines 13—13 of Fig. 12,

Fig. 14 is an enlarged detail sectional view on
the axis of the speed-responsive device for con-
trolling the speed of drive of the apparatus.

Fig. 15 is a transverse vertical sectional view
taken on the plane of the line 15—15 of Fig. 14.

Fig. 16 is a fragmentary view generally similar
to Fig. 14 but with parts shown in elevation and
illustrating a different position of the parts.

Fig. 17 is a detail longitudinal sectional view on
the plane of the line 1T—I7 of Fig. 15.

Fig. 18 is a fragmentary detail view showing a
locking screw for the governor.

Fig. 19 is an enlarged horizontal sectional view
on the same plane as Fig, 6, showing details of
construction of the external pressure-responsive
unloader valve controlling pilot mechanism.

Fig. 20 is a fragmentary view on the same plane
as Fig. 19, showing the parts in different relative
positions, : : i

Fig. 21 is an enlarged transverse vertical sectio:

» on the plane of the line 21—21 of Fig. 4. :

Fig. 22 is a longitudinal view on the line 22—22

-of Fig. 21.

Fig. 23 is an enlarged fragmentary sectional
view on the plane of Fig. 4, showing details of the
speed-controlling drive clutch.

Fig. 24 is a vertical sectional view on the plane
of the line 24—24 of Fig. 4, showing a portion of
the driving gearing. )

Fig. 25 is an enlarged transverse fragmentary
sectional view showing a detail of the drive mech-
anisim. .

Fig. 26 is a fragmentary section on the plane of
the line 26—26 of Fig. 25, showing a detail of a
roller ratchet. . B

Fig. 27 is a section on the line 21—27 of Fig. 25,
showing another detail of the roller ratchet mech-
anism. :

Fig, 28-is a vertical sectional view on the plane
of the line 28—28 of Fig. 6, showing the high
pressure head of the pump.

Fig. 29 is a vertical transverse section on
plane of the line 29—29 of Fig. 4. .

Fig. 30 is a similar view showing a modification.

In the preferred embodiment of the invention
shown, the pumping apparatus, generally desig-

the
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nated C, comprises & main casing part 3i and a
pair of coacting rotors 82 and 33. The rotor 32
is a male rotor and comprises four helically ar-
ranged lobes 34, the rearward sides 35 of which
are shown as generated curves in profile, while the
leading or pressure side 36 of each of these lobes
is, in profile, substantially in the form of a circular
are. The female rotor 33 is provided, in the form
shown, wiuk six helically arranged grooves 31 each
adapted to cooperate with the lobes of the rotor
32, and the leading concave surfaces 38 of the
grooves 31 are in profile substantially in the shape
of an arc to coact with the arcuate pressure sur-
taces 36 of the lobes of the rotor 32, while the
following concave surfaces 39 of the grooves 31
are generated curves in profile. It will be under-
stood that with a device of this character, a mate-
rially shortened sealing line is had for the pockets
or working spaces which are formed by the coac-
tion of the rotors with each other. A different
form of rotor construction may be used without
departing from various aspects of my invention,
as for example that construction which is shown
in Fig. 30, in which the rotors 32’ and 33’ have
their respective lobes 34’ and grooves 31’ formed
with generated surfaces in a well known manner,
With rotors constructed and arranged as illus-
trated, it will be evident that they will have, as
it were, low pressure and high pressure ends.

In either case, the rotors are adapted to oper-
ate with space packing; that is to say, they are
maintained in such relation to each other, through
gearing, that there is no actual contact between
the rotors with each other. Each of the rotors
32, 33 is herein shown supported at its ends by
stub shafts, the rotor 32 having a stub shaft 40
at its low pressure end and a stub shaft 41 at its
high pressure end; while the rotor 33 has a stub
shaft 42 at its low pressure end and a stub shaft
43 at its high pressure end. The stub shafts 40
and 42 are supported in suitable bearing sleeves
44 and 45 supported in bores 46, 47 in an integral
end casing portion 48 formed in one piece, as here-
in shown, with the housing 31. A separate, plural-
part head 50 supports ball thrust bearings 51 and
§2 in which the stub shafts 41 and 43 are respec-
tively mounted. These bearings position the
rotors so that no contact can take place between
them and the ends of the casing. The casing 31
is provided with an intake chamber 53 with which
an intake passage 54 provided with suitable
strainer or other devices, not shown, for prevent-
ing the ingress of harmful material, communi-
cates, and the intake space communicates with
the right hand, low pressure ends of the rotors,
and also for a substantial part of the length of
. the rotors communicates with the back portions
thereof so-to-speak, the portions at the opposite
sides of the plane which includes the rotor axes,
from the discharge. The casing 31 is provided
with a discharge chamber 55 at the left hand (high
pressure) end of the rotors, and another cham-
ber 56, whose purpose will later be described,
communicates with the chamber 55 though it s
separated therefrom for a substantial distance
by a web 57.

For the purpose of maintaining the rotors out
of contact with each other they are connected by
intermeshing helical gears 60 and 61, the gear
§0 being splined, as at 62, to the stub shaft aH,
and the gear 61 being splined, as at 63, to the
stub shaft 43. The gears 60 and 61 are so formed
that their helix angles correspond in hand and
lead to the helix angles of the rotors to which
they are respectively fixed. Regardiess of the
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speed at which the rotors turn, these gears oper-
ate to maintain the space packing heretofore
referred to; in other words, & very small clearance
between the surfaces of the lobes and the sides
and bottoms of the grooves of the rotors is main-
tained, thus preventing wear and permitting the
operation of the pump at a speed far exceeding
any permissible with rotors running in contact
with each other. By reason of the smallness of
the ciearance maintained and the high speeds
of rotation, serious leakage is prevented.

The feature of meshing rotors held out of con-
tact by helical gears of the same hand and lead
as the rotors is claimed in my copending appli-
cation, Serial No. 623,485, filed October 20, 1945,
A drive shaft 70, preferably driven through
a flexible non-back-lash .drive such as, for ex-
ample, that disclosed in my application Serial
No. 443,414, filed May 18, 1942, now abandoned, -
is arranged in alinement with the stub shaft 43
and has a driving connection therewith as shown
at Tl. The drive shaft is journaled by means of
a ball bearing 12 carried by the plural-part head
50 and engaging a cylindrical portion 713 on the
drive shaft. Its other end is rotatably supported
as later described. Surrounding a cylindrical
hub portion 19 of the gear 61 is a bearing sleeve
80, and a cylindrical portion 81 at the right hand
end of the drive shaft 70 rotatably surrounds the
bearing sleeve and is journaled thereon. Keyed
to the periphery of the cylindrical portion 81 of
the drive shaft is a member 82 having a number
of recesses 83 formed therein receiving rollers
84 which are operative, as later described, at
times to effect a clutching between the number
82 and-a cylindrically bored liner ring 86 keyed,
as at 87, to the gear 61. The recesses 83 have -
relatively straight base surfaces 90 and radial
surfaces 94. Through the latter surfaces there
project spring-pressed plungers 92 adapted to
act upon the rollers 84 and cause them to con-
nect the members 82 and 86 upon predetermined
relative rotation between the latter members.
Springs 93 act against cross pins 94 and move the
plungers 92 against the rollers 84. The pins are
supported in end closure or plate members 91
and 98, and the rollers have stems 99 loosely
received in openings 100 in the plates 97 and 98.
These plates 97 and 98 are supported to turn
with the member 82. It will be evident, refer-
ring to Figs. 24 and 25, that if the member 82 be
driven counterclockwise it will, through the roll-
ers 84, be connected to the liner ring 86 and
through the latter drive the gear 61 and by virtue-
of the connection of gear 61 to shaft 43 drive
the rotor 33, while through the meshing of gear
61 with gear 60 and the mounting of gear 60 on
shaft 41, rotor 32 will also be driven. If the gear
6t be driven counterclockwise at a greater angu-
lar rate than the member 82, it will not be con-
nected to that member and may turn freely in
the direction mentioned, relative to it.

It will be noted (Fig. 4) that the stub shaft 41

- has another shaft 102 connected with it by means

of a splined connector element 103 which has
an axial bore 104 for reasons later explained.
The left-hand end of shaft 102, as viewed in Fig.
4, is journaled in a ball bearing 106 carried by
the plural part head 50, and carries a gear 101
somewhat smaller than the gear 60. A gear (08,
somewhat larger than the gear 6f, meshes with
the gear (07 and Is journaled by a ball bearing
110 on a cylindrical portion 111 of the drive shaft
10. It also has a sleeve portion 112, internally
splined at 113 and supported by a ball bearing

-—
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{8 on a further cylindrical portion (18 of the

drive shaft 1€. Discs {17 connected to the sleeve

portion {12 are interleaved with other discs 118
connected by splines 118 to the drive shaft 70,

which has a flange 120 adjacent the bearing 114

serving as an abutment for the end one of the
interleaved series of discs 117, {18 when these
are pressed together to connect the gear 108 to
the drive shaft 70. ‘A follower member 22 is
slidably supported on a packing ring 123 mount-
ed on the shaft 70 and has an annular outer
sleeve portion {24 with whose bore a periph-
erally packed plate 125 coacts to form a cham-
ber §28 for clutch applying hydraulic pressure.
A ring 127 seated in an internal groove in the
sleeve portion 24 provides an abutment for a
flexed annular spring (28 whose opposite side
presses upon the side of the plate 125, and the
spring 428 normally maintains the follower mem-
ber 122 in clutch unloading position. :
It may now be noted that when the clutch is

loaded, the gear 108 will be connected directly -

to the shaft 70 and will drive the gear 107 and
s0 the gears 80 and 61, and thus the rotors 32 and
83; and because the gear 61 will then be rotated
faster than the member 82, and in the same
direction with the latter, there will simply be an

overrunning clutch action and no tendency for-

connection between gear 61 and member 82.

It will be evident from what has been said that
the drive shaft 70 is rotated counterclockwise in
Fig. 2 and that the rotors 33 and 33’ turn clock-
wise in Figs. 29 and 30 while the rotors 32 and 32’
turn counterclockwise in the same figures, and
- that air taken in through the intake connection
84 is entrapped between the casing and the ro-
tors and is progressively moved, and if it re-
mains entrapped, compressed as it is moved to
the discharge connection 55.

The compressor has automatic means for ef-
fecting change in the manner (and accordingly
in the speed) of drive thereof governed by a
speed responsive device and it has. automatic
means for effecting the initiation of compressive
action thereby governed by -the pressure of the
air surrounding the airplane. Both of these
automatic means are hydraulically operated, so,
having described the hydraulic clutch operating
means which effects high speed drive of the com-
pressor, I shall briefly describe the hydraulically
controlled means for initiating compressive ac-
tion, and then describe the hydraulic system and
its controls which effect . the operation of the
clutch and the unloading means.

Referring particularly now to Figs. 6, 28 and
25, it will be observed that the casing 3! at the
intake side does not fit at all closely to the periph-
eries of the rotors, but that there are wall por-
tions respectively marked 132 and 133 which
except for clearance adequate to constitute space
packing do conform or fit quite closely to the

cylinders traced by the outermost portions of the-

rotors and that these portions 132 and 133 inter-
sect along a line 134 parallel to the rotor axes.
Now, the fluid which is “sealed” in the successive
brogressively diminishing chambers between the
rotors and the casing walls would be substantially
compressed if no escape or discharge were pro-
vided until the chamber 55 was reached; and
under certain conditions such compression is
very desirable. But under other circumstances
it is better to avoid material compression and
thus conserve power and avoid unnecessary heat-’
ing of the cabin. Accordingly, I have provided

an opening at 135 so related to the length of the.
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casing and the helix angle of the rotors that when
the opening 135 is unobstructed no compression
of the fluid enclosed between the rotors 32 and
33 will take place before communication with the
opening 135 is had;. and the relationship of the
opening 135 to the discharge passage 55 is such
that the air remaining in the pockets in the
rotors as these pockets move out of communica-
tion with the opening 185 will not be compressed
before these same pockets communicate with the
discharge 55.

To control the opening (35, which has a periph-
eral wall which lies in the surface of a cone, 1
have provided a valve 136 whose shape is such
that when the same is closed it conforms very
closely to the walls 132 and (33, as may be seen
in Fig. 8. This valve has ears 137 through which
pins 138 pass, and these pins are secured in the
arms or flanges 139 carried upon a pivotal sup-
port member (48 which is secured, by a pivot pin
{41, to the wall of the casing 31. A shoulder 142
on the valve and a shoulder I43 on the casing
limit the closing movement of the valve 136 to a
bosition in which the walls of said valve con-
form exactly to the surfaces of the rotor cham-
bers. This valve is adapted normally to be main-
tained open by a spring 145 engaging at one end
the wall of a member 146 which forms a portion
of the enclosure of the discharge chamber 56 and
which is secured, in any suitable manner, to the
casing 61. The other end of the spring acts
against a piston 147 having g packing 148 fitting
the walls of & eylindrical chamber (49 which is
formed in a cylinder-providing member 150 also
secured, in any suitable manner, to the casing 31
in a position overlying the member 146. A piston
rod or operating stem 152 with an enlongated eye -
58 is connected at its outer end to the piston
141, and by means of the eye and a pin 154 is con-
nected to the valve 136. The piston 147 and the
member 150 cooperate in forming & servo-motor
{55 to- which fluid may be admitted through a

. connection or passage 156 under a control here-

45

60

inafter described, and a leakage port 158, shown
in Fig.10, is provided to conduct any liquid which
may escape past the packing 148 to an oil sump
160 in the lower part of the casing 31. When the
servo-motor 155 is not under pressure delivered
through the passage 156, the valve 136 may be
moved to the open position shown in Fig. 7 by the
spring 145, and in that inclined position it will

- offer very little obstruction to the discharge of
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fluid to the chamber 56 and thence to the interior
of the cabin through any appropriate connec-
tion. When, however, pressure is supplied under
certain predetermined conditions to the servo-
motor 155, the piston 147 will be caused, through
the operating stem 152 and the pin I 54, to close the
valve 136, and the compressor will then operate
substantially precisely as though there were no
opening - 135 available. Thus depending upon
the position of the valve 136, there is provided by
the single unit in' effect a mere displacement
bump and a compressor capable of . substantial
compression of air taken in. That this compres-
sion may be in practice from one very substanti-
ally subatmospheric pressure to s higher one
which is itself less than atmospheric does not,
of course, alter the fact that there is a definite
compression.

The features of a compressor provided with an_
auxiliary discharge port 135, and the control of
that port, are claimed in my copending applica-
tion Serial No. 458,641, filed September 17, 1942,

As previously indicated, the change in speed
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of operation of the compressor and the loading
and unloading are both hydraulically controlled,
and I shall now describe the hydraulic system.
There is provided in the base of the casing 31 the
sump §60. This sump is disposed between the
ljower wall of the rotor housing and an outer wall
{61 forming an integral part of the casing 31.
The chamber is, in the horizontal position of the
compressor, substantially horizontal, and a pump
of the intermeshing gear type is positioned at the
right-hand end of the casing as the same is viewed
in Pig. 4, so that it is partially submerged and so
that its intake is always submerged (in the hori-
zontal position of the casing) in the oil in the
sump. This pump, designated 162, includes a
casing 163 having intersecting rotor chambers
{64 therein in which are rotors 165 having inter-
meshing teeth 166 arranged at a slight angle to
elements of the cylindrical surface in which the
outermost points in the rotor teeth lie. An intake
passage 18T conducts oil to the lower sides of the
rotors 165, and the oil is carried around by the
teeth 166 and is discharged to a discharge space
{68 above the plane of the mesh line of the rotors
165. One of the rotors 165 drives the other, and
the first mentioned rotor is provided with a shaft
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169 which extends through a ported cover plate -

110 and carries a gear 171 which is in turn driven
by a pinion {712 rotatably supported on a sleeve
member {13 later more fully described. A larger
gear 174 is herein shown as formed integrally
with the gear 172, and the gear 174 is driven

by a pinion {75 formed integral with the stub’

shaft 42 and arranged at the extreme right-
hand end of the latfer in Fig. 4. A clean-out
plug 116 'is arranged below the oil pump in the
bottom of the sump. The discharge passage 168
communicates with passages 178 in the cover
170, and 179 in a supplemental cover, and
opens into the bore 180 of the sleeve member
{13 previously described. From this latter the
fluid is discharged through branch passages
{81 into a chamber {82 containing a strainer
structure 183. Between the ends of the chamber
182 and suitably associated with the strainer
is an annular peripheral member having a
peripheral groove {84 to which the strained
lubricant obtains access through radial ports
i85. The annular groove |84 communicates with
a passage 186 which opens into, an annular
groove |81 surrounding the bearing bushing 48.
The opposite side of the annular groove 187
opens into a passage 188 whose upper end opens
into a chamber 189. The chamber 89 constitutes
a distribution point for oil for lubricating pur-
poses and for operating the speed-changing
clutch mechanism previously described and also
“for fluid for closiing the valve {36 previouslyl
mentioned. In line with the passage 188 there
is another passage 190 opening outwardly and up-
wardly from the chamber (89, This communi-
cates with an annular groove 192 in the bushing
44, The annular groove has continuously in com-
munication with it obliquely disposed passages
183 opening into a chamber (94 in the stub
shaft 40. The chamber 194 is connected by
a tube 195 suitably centered as at (96 within
the rotor 32, and at the left-hand margin of
Pig. 4 the tube 195 opens into a chamber 197
in the stub shaft 41. As will be apparent from
what has been previously described, the cham-
ber 187 communicates through the passage {04
with a hollow interior 198 of the shaft 102
and discharges through the left-hand end of
the latter, as shown in Fig. 4, into a chamber
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199 formed in the multipart head structure 50.
Fluid is delivered from the chamber {99
through a lubricant tube 200 into a chamber
201 between the rotor casing and the chamber
199 and which forms an enclosure for the motor
driving gear earlier described. The lubricant
tube 200 has two discharge orifices 202 and
203 which respectively discharge lubricant onto
the peripheral surfaces of the couples 107, 108 and
60, 61, thereby keeping the gear couples 60, 61
and 107, 108 adequately lubricated. The lubri-
cant, after its discharge over these gears, passes
downwardly within the chamber 201 and is
conducted out of the casing through a passage
205 and a tube 206 of small diameter opening
through the side wall of & larger tube 207 back
into the sump {60. Lubricant is also discharged
directly through the tube 207 back into the
sump (60. The presence of the branch tube
206 of small diameter prevents all of the lubricant
in the sump (60 from flowing into the chamber
201 when the airplane has occasion to make a
dive and interfering with the operation of the
driving mechanism for the rotors. Another drain
plug 208 is arranged in a position to permit the
draining of lubricant from the chamber 201,

It will be noted that in the stub shaft 40
there is, at the right-hand end of the chamber
194, & partition 210 to the right of which
there is a valve-receiving bore 2il1. Other ob-
liquely extending passages 212 connect the annu-
lar grooves 192 with the bore 211 at points near
the partition 210, and a further annular passage
213 formed in the bushing 44 is connected with
the interior of the bore 21{ by radial passages
214, Suitably supported on the rear end of the
stub shaft 40 is a mounting 215 for a speed-
responsive governor 216 which serves in con~
junction with a spring 217 housed in the interior
of a valve member 218, to vary the position of
that valve member in the bore 241. The valve
member will be observed to be open from end

‘to end, as at 220, and to house the spring 217

within it in such a manner that the spring acts
on the right-hand end of the valve in Fig. 14
at one end and at its other end acts on the
partition or wall 218. The valve has a left-hand
end collar 222, another annular peripheral col-
lar 223 spaced by a groove 224 from the collar
222 and a further enlarged collar—right-hand
portion 225—spaced by a peripheral groove, 226
of substantial length from the collar portion 223.
The support member 215 has a portion 227 guid-
ingly engaging the head 225 and is traversed by
openings 228 so that in certain positions of the
valve 218 there may be a discharge into a cham-
ber 230 at the right-hand end of the com-
pressor, of fluid entering the chamber 2i{
through the radial passages 2{4.

The governor support 216 includes fly weights
232 pivotally supported on transverse pins 233 in
earlike portions 234 carried by the support 215.
Portions 235 of the fly weights at the opposite
side of the pivots thereof from the main masses
of said fly weights carry adjustable screw de-
vices 236 which have heads 237 adapted to en-
gage the end surface of the head 225, and upon
the attainment of the shaft 40 to a predetermined
speed of rotation the fly weights actuate the por-
tions 236 to move the valve 218 to shift the valve
from the position shown in Fig. 14 to that shown
in Fig. 16, thereby allowing fluid entering the
bore 211 through the radial passages 214 to be
vented while at the same time preventing any
delivery of fluid from the pump to the radial

4
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passages 214, The cutting off of the supply. of
fluid to the radial passages 214, and the venting
of fluid from these passages through the bore
24| will effect, as shortly described, a reduct;iqn
in the speed of the rotors. This reduction in
speed, however, will not be sufficient to eﬁgct
an operation of the speed governor permitting
the valve to move again to a position for sup-
plying fluid to the passages 214, as the design of
the governor is such that it becomes operative to
force the valve 218 to the left only upon the at-
tainment of a speed as of the order of 7000
R. P. M., while after once assuming the posi-
tion of Fig. 16 a falling off of the speed to a lower
speed of the order of 4000 R. P. M. will be neces-
sary before the weights will be moved in and
permit the reestablishment of fluid delivery to
the chamber (26 of the hydraulically operated
clutch mechanism. :

The circumferential groove 213 is connected
below the stub shaft 40 with a passage 241 which
extends downwardly parallel to the axis of the
passage 190 and opens through an opening 242
into the interior of the bore of a valve-receiving
bushing 243. This valve-receiving bushing con-
tains a rotatable valve 244, which is used pri-
marily for testing purposes and which has an
operating handle 245 by means of which the
valve may be turned into any one of three differ-
ent positions. In the position of the valve 244,
shown in Fig. 4 and in Fig. 11, a diametric pas-
sage 246 connects the opening 242 with an op-
posite opening 247 in the valve sleeve and via the
latter opening to the passage 248 which is con-
nected through a port 249 in the bearing sleeve
47 and an annular groove 250 and radial pas-
sages 25!/ with a chamber 252 within the in-
terior of the stub shaft 42. The outer end of this
chamber 252 is closed by a plug 253, while the
other end of the chamber 252 is connected by a
suitably centered tube 255 with arrangements
for effecting the operation of the clutch mecha-
nism previously described and for the perform-
ance of certain lubricating functions. Before
proceeding with the description of this mecha-
nism, it may be pointed out that the valve 218 at
speeds of the rotor 32 below a predetermined
number of R. P. M. will be in the position shown
in Figs. 4 and 14 and will connect the pump dis-
charge through the ports and passages previous-
1y deseribed with the tube 255, but that at speeds
above such a predetermined number of R. P. M.
the valve 218 will assume the position shown in,
Fig. 16 and cut off communication completely be-
- tween the passages 190 and 241 and to vent 241
back to the sump through the chamber 230.
Now it will be observed, referring particularly to
Fig. 4, that at the rear end of the tube 255 there
is a bell or funnel shaped member 257 fitting the |
bore 258 of the stub shaft 43, and that a split
spring ' ring 259 operates to prevent possible .
movement .of the member 257 out of the bore
in the stub shaft if any loosening should occur. :
Within a stepped bore 260 within the drive shaft
70 there is arranged a hollow plunger member
261 which is provided at one end with a -per-
forated flange 262 adapted to seat against a split j
ring 263 secured within the inner wall of -the |
drive shaft 70. The plunger member 261 is en-
gaged by a spring 264 which reacts against a :
shoulder 265 within the drive shaft, and a thimble
266 closes the left-hand end of the chamber with-
. in which the element 261 is movable. The in- .
terlor of the chamber communicates, through
obliquely radially extending passages 267, with

12 :
the outside of the drive shaft between the ball
bearings 12 and 110. Other radially obliquely

" extending passages 268 connect the interior of
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the stepped bore 260 at the right-hand end of the
plunger member 261 in communication with the -
chamber (26. : .

The mode of operation of the mechanism which
has just been described is as follows: When the
compressor is started, a driving connection is im-
mediately established between the shaft 10 and
the gear 8! and the pump (62 commences to
deliver fluid through the strainer, through the
pasage 186, the chamber (89, the passage 190,
the oblique passages 212, the annular groove 224,
the radial passages 214, passages 241, 246, 248,
251 and the tubular conduit 255 to the interior
of the member 257 and to the space between that
member and the plunger member 26{. The fluid
immediately passes through the perforations in
the flange 262 and through the radial passages
268 into .the chamber 126 and brings the clutch
discs 147 and 118 into contact with each other.,
As the oil continues through the tube 255, the
member 261 moves to the left compressing the
spring 264, and the compression of this spring is
so determined that the clutch pressure will be
gradually applied as the member 26 moves to the
left. When this member reaches its extreme
left-hand position, the clutch discs may be firmly
pressed against each other and drive of the
rotors at the higher speed, when the gear 108 is
the driving element, will be effected. It will be
appreciated that this high speed driving will be
continued until the speed of the compressor
builds up to such a degree that the valve 218
will be shifted by the governor, and then ihe
slower speed drive between the shaft 70 and the
compressor will be initiated. It will be noted that
lubricant will be supplied from the space between
the member 261 and the member 257 to the
splines. ’

The feature of the control means for the clutch
comprising disks ({1 and 118 is claimed in my
copending application Serial No. 80,844, filed
March 11, 1949,

The manually operable valve 244 previously
mentioned can be adjusted as breviously de-
scribed to such a position as to restore high speed
drive of the compressor after such high speed
drive has been automatically interrupted, or to
prevent interruption of high speed drive upon
the attainment of the predetermined speed of
operation at which a shift to low speed drive
is normally effected. Furthermore, in another
position of adjustment, this valve may be so op-’

. erated as to preclude the high speed drive com-~
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pletely. It will be noted that in addition to the
diametric passage 246 formed in the valve there
is a longitudinal peripheral passage 218 which
opens into the space 271 at the right-hand side
of the valve, a space which is connected by a pas-
sage 212 (Fig. 4) with the chamber 230 which
communicates with the sump. When the valve
244 is turned to bring the passage 210 into com-
munication with the passage 248 and tb blank
off the port 242 with the cylindrical portion of the
valve opposite the groove 210, it will be evidently
impossible to transmit pressure through the tube
256 for effecting high speed drive of the com-
pressor. The valve 244 also has an oppositely ex-
tending longitudinal peripheral groove 214 open-
ing through its end which forms a portion of
the bounding wall of the chamber 189. When

the valve is turned so as to bring the passage 214
ir_ll:o communication with the passage 248, fluid
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will be supplied from the chamber 189 continu-
ously to the passage 248 and the tube 255 and
high speed drive of the compressor will alone
be possible. Referring to Figs. 3 and 4, it will
be apparent that means is provided for locking
the handle 245 of the valve 244 either in mid
position where the drive of the compressor is con-
trolled by its speed -automstically by the speed
governor or in either of the other two positions
mentioned. )

" The chamber {89 has a laterally extending pas-
sage 216 communicating with the same. This
passage is adapted to be connected by a longi-
tudinally extending passage 217 under the control
of a spring loaded valve 278 with a passage 279
opening into an annular chamber 280 which sur-
rounds the sleeve 243 and which is connected
at its opposite side with a passage 281. The func-
tion of the spring loaded valve 218 is to main-
tain a sufficient pressure in the chamber 189 un-
der all circumstances when the compressor is
running to insure the operation of the speed
change mechanism. The passage 281 has a bore
282 communicating with it, and a valve 283 recip-
rocates in the bore. A side vent 284 opens out
of the bore and leads into the space 230, and a
spring 285 having an adjustable follower 286 is
adapted to control the pressure in the passage 281.
The passage 281 communicates through a port
288 with a bore 289 of a valve seat member 299
mounted in- a passage 291 which is connected
by another passage 292 to the passage {56 leading
to the chamber 155 to which fluid is supplied to
actuate the valve 136. It will be evident that if
through-escape from the bore 289 is prevented
fluid will be supplied to the servo-motor {55 at a
pressure determined by the valve 283 and that
again, subject to the same condition, the valve
136 would be closed whenever the pump 162 was
being driven. However, means is provided where-
by the pressure is vented freely from the bore
289 back to the sump at all times when the air-
plane is operating at levels where the external
pressure is above a predetermined amount. It
will be observed that the valve seat member 230
is provided with a plurality of ports 284 opening
through a surface surrounded by an annular valve
seat 295 and that there is further provided a cen-
tral guide extension 296. Reciprocably mounted
upon this guide extension is a valve element 297.
As is best seen in Figs. 19 and 20, the movement
of this valve element in an opening direction is

limited by a sleeve portion 298 formed on a -

threaded sleeve member 299 which is supported
in a further sleeve mounting element 300 carried
by a wall of the casing 3f. An adjustable closure
element and spring tension regulator 301 engages
a spring 302 which acts upon the valve 297 and
normally tends to seat it.” Connected to the valve
297 and to the sleeve member 299 at opposite sides
of the sleeve portion 298 are bhellows devices 303
and 308 bounding a chamber 305 in which the
sleeve 298 is enclosed, and this sleeve is perforated

so that free communication may at all times exist

throughout the interior of this chamber. The
chamber 305 is evacuated, and the compression
of the spring 302 is so determined that until the
pressure acting upon the exterior of the bellows
arrangement falls to a predetermined low value,

the valve 291 will be held firmly open against.

the stop sleeve 298. When, however, the pressure
in the casing 300 falls below a predetermined

value, the valve 297 will promptly seat and inter-

rupt the discharge of fluid back to the sump and
cause the building up of such a pressure in the
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chamber 155 as to close the valve 136 and cause
the compressor to operate as a “compressor” in-
stead of a displacement means. It will be noted
that the walls of the casing 300 are perforated as
at 309, 310 to permit the fluid passing through the
passages 294 to flow freely to the sump through
the chamber 230. The chamber 230 is connected
to external pressure—pressure outside the cabin—
through a pressure device of any sultable con-
struction as shown at 3i1, and a similar device,
311’, connects the chamber 281 to atmosphere.
Thus the casing 300 serves as a vent line to at-
mosphere, so that opening and closing of the vent
line is effected according to a terminal pressure
condition of the compressor, namely, in this case,
the intake pressure. The setting of the spring
302 is such that the valve 297 is normally open
at heights of the airplane below 25,000 feet. The
valve 2917 is of the “overbalanced” type, beinz of
the sharp opening variety, so that when the valve
136 is to open, it may be permitted to open sharply
and cleanly. Extending axially through the guide
extension 296 is a passage 312 through which fluid
passes from the bore 289 to the interiors of the
sleeve member 299 and the bellows device 304.
When the valve 297 is seated, fluid supplied under
pressure through the passage 312 acts against
the outer end of the valve and counteracts the in-
crease in pressure on the inner end of the valve
prt‘)duced by the fluid acting through the ports
294, ,

It will be noted that the rotor 33 is holiow from
end to end and that passages 313, 314 connect the
space surrounding the left-hand stub shafts #&{,
43 with the interior of the rotor, while passages
315 extend through the stub shaft 42, so that any
tendency of lubricant to enter the rotor spaces is
prevented by pressure equalization. The casing
31 has cooling fins 3186.

An extended summary of the mode of opera-
tion of the illustrative embodiment and modifi-
cation of the invention which have now been de-
scribed in detail is not nhecessary in view of the
explanations given of the modes of operation of
the component parts. It may be noted, how-
ever, that when the airplane takes off the com-
pressor will have the valve 136 open and will sim-
ply move large quantities of air at take-off con-
ditions into the cabin. The cabin will be pro-
vided with suitable automatic vent mechanism,
such for example, as that which forms the sub-
ject matter of my application Serial No. 443,413,
filed May 18, 1942, for Pressure control devices,
so that the cabin pressure will not build up ob-
jectionably. When the compressor is caused to
rotate, it will be started initially at the slower
speed, drive being from the drive shaft 70 through
the automatic roller clutch mechanism to the
As soon as the compressor has operated
long enough to produce the necessary oil pres-
sure in the system—a thing which occurs almost

" instantly—the high speed drive of the compressor
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rotors will be initiated unless the manual con-
trol valve 244 should have been moved to prevent
this—an unlikely condition as this valve is used
mainty for test purposes. Obviously, if a sub-
stantial period of idling is desired prior to take
off, this valve could be so manipulated so as to
prevent the needless displacement of air by the
compressor. As soon as the compressor driving
speed attains to a certain predetermined number
of R. P. M., the automatic speed governor mech-
anism will shift the valve 218 to substitute the
low speed drive for the high speed drive by in-
terrupting the supply of clutch loading pressure
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to the friction clutch loading member 122. Thus
during the relatively high speed operation of
. the compressor during flight the low speed drive
will be in operation. The nature of the gover-
nor is such as to avoid hunting, and when the
speed of the compressor is brought up to a value
sufficient to initiate low speed drive there will be
required a greater reduction in speed than will
be occasioned by the change from one drive to
the other before the compressor will again shift
back to the high speed drive. If the airplane
rises to the requisite height so that compression
of the air instead of displacement thereof is
necessary for satisfactory operation, the evacu-

ated bellows will permit the closing of the valve

297-and there will be fluid supplied to the piston
147 of the servo-motor 155, and the valve 136 will
be closed and the compressor will then operate to
compress the fluid, and all of the fluid taken in
will be discharged through the regular discharge

passage §5. It will be evident that the compres-

sor will be adequately lubricated at all times and

that a pump of the character shown has such

capacity for the moving of lubricant that a very
effective delivery of lubricant to the poinis re-
quiring lubrication will be assured.

As a result of this invention it will be noted
that a novel air pump or compressor is provided

having novel control mechanism. It will further'

be evident that by the provision of the novel con-

struction and arrangement of parts, an air pump

or compressor is provided which is extremely com-

pact and relatively light in weight. It will also

be noted -that by the novel manner of associa-
tion of the pump and its control mechanism with
' the cabin of an airplane it is, through association
with automatic vent valve devices such as the one

disclosed in application Ser. No. 443,413, possible !
automatically to regulate the cabin pressures to
40
externally of the cabin, thereby to ensble the .

accommodate for any changes in air pressures

airplane to operate at relatively great heights, or
at any lower ones. The novel control features of
the invention enable an airplane to operate at
high altitudes with safety and with comparative
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comfort for the cabin occupants and with good

economy. Other uses and advantages of the in-

vention will be obvious to those skilled in the art. '

While there are in this application specifically
described one form and a modification which the
invention may assume in practice, it will be un-
derstood that this form and the modification are
shown for purposes of illustration and that the

. invention may be further modified and embodied
in. various other forms without departing from
. its spirit or the scope of the appended claims.
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What I claim as new and desire to secure by -

Letters Patent is:

" 1. In combination, a rotary compressor having
a pair of intermeshing rotors, change speed gear-
ing for driving said rotors arranged at one end

a0

thereof, a lubricant pump arranged at the other

end thereof and driven by one of said rotors, fluid
actuated means for controlling said change speed
gearing, a governor driven by the other of said
rotors, means for delivering lubricant from said
pump through one of said rotors to said change
speed gearing fo. lubricate the latter, and means
under the control of said governor for delivering
lubricant through the other rotor to said fluid
actuated means to cause said change speed gear-
- Ing to operate with a different ratio between its
input and output speeds.

2. In combination, a rotary compressor having
a pair of intermeshing rotors, change speed gear-
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Ing for driving said rotors arranged at one end

“thereof, a lubricant pump arranged st the other

end thereof and driven by one of said rotors, fluid
actuated means for controlling said change speed
gearing, a governor driven by the other of said
rotors, means for delivering lubricant from said
pump through the second one of said rotors to
sald change speed gearing to lubricate the latter,
and means.under the control of said governor for
delivering lubricant from said pump through the
first rotor to said fluid actuated means to cause
said change speed gearing to operate with a dif~
ferent ratio between its input and output speeds.
3. In combination, a rotary compressor adapted
to be operated in widely differently angularly re-
lated positions and having a plurality of inter-
meshing rotors, gearing connected to said rotors
at one end thereof for driving the same, means
for lubricating said gearing including a lubricant
chamber, a pump driven from one of said rotors
for pumping lubricant from said chamber, means
including a passage extending axially through one -
of said rotors for conducting lubricant from said
bump to said gearing, and means for conducting
lubricant freely from the space surrounding said

. gearing to said lubricant chamber when the axes -

of said rotors lie in horizontal planes and restrict-
ing the flow of lubricant from said chamber when
said axes lie in at least some inclined planes.
4. In combination, a rotary compressor having
a pair of intermeshing rotors, change speed geaz-
ing for driving said rotors arranged at one end
thereof, a lubricant pump arranged at the other
end thereof and driven by one of said rotors, fiuid
actuated means for controlling said change speed
gearing, a governor driven by the other of said
rotors, and rotor-traversing means for deliver-
ing lubricant from said pump to said change
Speed gearing to Iubricate the latter, and for de-
livering lubricant, under the control of said gov-
ernor, to said fluid actuated means to cause said

-change speed gearing to operate with a different

ratio between its input and output speeds. )

5. In combination, a rotary compresser having
a pair of intermeshing rotors, change speed gear-
ing for driving said rotors arranged at one end
thereof, a lubricant pump driven with said com-
pressor, fluid actuated means for controlling said -
change speed gearing, a governor driven with said
compressor, and rotor-traversing means for de-:
livering lubricant from said pump to said change
speed gearing to lubricate the latter, and for de-
livering lubricant, under the control of said g6V~
ernor, to said fluid actuated means to cause said -
change speed gearing to operate with a different
ratio between its input and output speeds.

6. In combination, a rotary compressor adapted
to be operated in widely differently angularly re-
lated positions and having a plurality of inter-
meshing rotors, gearing at one end of said com-
pressor for driving the same, means for lubricat-
Ing said gearing including a Iubricant chamber,
means for pumping lubricant from said chamber,
means for conducting lubricant from said pump
to said gearing, and means for conducting Iubri-
cant freely from the area of said gearing to said
lubricant chamber when the axes of said rotors
lie in horizontal planes and restricting the flow
of lubricant from said chamber when said axes
lie in at least some inclined planes. '

WIN W. PAGET.
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