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UNITED STATES PATENT OFFICE
T

Frank Christian Fulcher,
Englan

:Ianor Way, Purley,

Original application May 24, 1939, Serial No.
275,454, Divided and this application April 17,

1940, Serial No.
October 12, 1938

.330,224. In Great Britain

12 Claims, (CL 230—157)

The present invention relates to rotary vaec-
uum pumps for suction-operating instruments of
alrcraft, and particularly for operating such suc-
tion driven flight instruments as the artificial
horizon, gyro-compasses and also the gyro-pilot,
and ‘preferably the invention relates to systems
in which the discharge pressure is utilised for

the occasional duty of operating de-icing equip--

ment.  The application is a division out of U. S.

application Serial No. 275,454, filed May 24, 1939.

These small capacity pumps are run at varying
speeds from 800 to as high as 4,500 with a nor-

mal or cruising speed of the order of 3,000 to .

3,500 R. P, M,, the vacuum ‘desirable being gen-

erally from four to nine inches of mercury inlet

suction with a. discharge pressure of about four
. Inches. of mercury outlet pressure when not op-
erating, and from sixteen to ‘twenty inches of
mercury when operating; de-icer equipment,
Types of pump favoured at the present time for
this duty are (@) one in which vanes pass
through a hollow rotor barrel, sliding through
guldes in the ‘wall thereof, these vanes extend-
ing, one through another, diametrically from one
side to the other of a working chamber of a port-

that. upon relative rotation between the rotor
and the vanes, working chambers of varying ca-
pacity are generated both inside and outside the
rotor. - Such a pump has hitherto been used for
such heavy duties as exhausting gases of gas
plants where the pump speed is comparatively -
low, e.-g., 80~150 R. P, M., In reducing such a
pump to the size and weight -suitable for the
purpose of the present.invention and correspond-
ingly increasing the speed of the pump, difficul-
ties arise in malintaining the working chamber
cool because in the known construction of this
pump the ends of the rotor barrel itself are sup-_
ported at opposite ends of the working chamber
and end thrust.on the rotor also involves pressure
of the barrel against the walls of the chamber,
In such known pumps plain eylindrical bear-
ings of dissimilar materials have to be used in

- order to prevent undue leakage in the pump at
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ed cylinder whose working internal periphery is -

the shape of limacon curve, and (b) a similar
pump with a circular chamber but in which short
vanes centrifuge into contact with the working
chamber. The first type of pump is difficult to
reproduce with uniform sccuracy and is also
relatively expensive. With such a construction
it is not possible to avold that rubbing friction
between the vanes and the curved wall of the
working chamber as would produce undue heat
and cause attenuation of the air in the pump
and consequent loss of vacuum and also expan-
sion of the parts which also lowers the vacuum
and the second type is objectionable because of
the wear and heat which is caused by the cen-
trifuging of the vanes against the periphery of
the working chamber. : o

According to the present invention I operate
these instruments by & pump having these es-

sential characteristics, viz., (1)' the rotor barrel

- 1s eccentrically mounted in a cylindrical work-

. Ing chamber with one end thereof open and in~

truding into an annular groove in the correspond-
ing énd wall'of the chamber, there being an end
wall at the other end of the barrel from which
projects s shafi, (2) thevanes rotate about an
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axis-¢entrally of such-chamber where they are

constrained against-¢entrifuging, 3)-the vanes
pass through slots’in cylindrical bearings in the

walls of the rotor and (4) the casing i3 50 ported 5

55

the ends of the rotor barrel and. these involve
difficulties in lubricating and cooling, the more so
if these parts of the barrel were to rotate at high
peripheral or linear speeds, and eventually the
clearances would increase by wear. Furthermore,
the greater the diameter of the borne part and
its bearing. the greater is the relative expansion
of the dissimilar metals due to heat set up in

“the nelghbourhood of the bearing and undue en-

largement of the clearances is likely to occur
for this reason. The choice of rotor materials is
also restricted because certain light-weight met-
als such as Duralumin which I may use with my
pump .are unsuitable as s high speed bearing
material, ] ) -

I must maintain fine clearances at these Te-
glons because the loss of vacuum involved if these
clearances enlarge unduly cannot be tolerated for
the purpose of my invention. - The cooling of the
parts in the working chamber between which
pressure cannot be avoided, 1, e., mainly between
the vanes and their cylindrical bearings is an-
other important desideratum, as also is the
avoldance not only of contact between the barrel
and the casing, but also between the edges of the
vanes and the casing. It is therefore essential for
the purposes of this invention that the pump

should have all of the four characteristics above

enumerated and that the rotor barrel should be
whally supported both radially and against end
thrust externally of the working chamber in such
a way that the rotor barrel and the edges of the
vanes make no contact with the walls of the

--working chamber. Therefore, according to the
.present invention the rotor is supported both ra-
dially and against end thrust by bearings co-op-
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erating with the shaft portion of the rotor so that
petween the end peripheral portions of the barrel
and the surrounding portions of the end walls of
the chamber there are fine ring clearances, fine
clearances also being provided between the edges
of the vanes and the walls of the working cham-
ber, the clearances acting as throttiing seals
against the loss of vacuum and being maintained
not only during the normal running of the pump,
put also when the pump is starting from rest and
when friction heat and wear could not be avoided
if the barrel itself were borne at each end, Fine
clearances are in some cases
tween the ring face of the open end of the rotor
and the bottom of the annular groove in the cor-
responding end wall of the casing. .
The invention makes it convenient to use anti-
friction bearings, é. g., ball or rolier bearings, for
supporting the rotor both radially and also
against endthrust, e. g., due to pressure on the
closed end wall of the rotor barrel, so that pres-
sure of the ends of the barrel against the wall
of the working chamber is not possible. .The
anti-friction bearings support the shaft of the
rotor &s near as possible to the closed end wall
of the rotor on the one
distance from such end
suitably counteract the
on the rotor, a suitable
between the remote ends of the races of the two
bearings is at least equal to the length of the
vanes. The rollers may run in grooves in the
races of sufficient depth to enable the same bear-
ing to take both the radial and the end thrust.
In this way I restrict the pressure areas to
where the vanes pass through the rotor wall but
effective cooling is possible of the vanes and the
cylindrical bearing members firstly by a direct
flow through the working chamber of the main
body of air displaced by the pump, and secondly
by the continuous flow of air through ‘the inside

wall on the other as will
cantilever pressure load

of the rotor barrel so that not only does the use -

of the inside of the rotor as well as the outside
give considerably greater capacity for a given
size and weight than pumps of this kind which
have hitherfo been designed ‘with ‘the working
space confined to the outside of the rotor barrel,
but the air being displaced within the rotor barrel
has valuable cooling properties and serves to
distribute ‘the lubricant effectively. In carry-
ing the invention into practical effect, the open
end of the rotor may be. initially inserted into
the annular groove with a push or running fit,
the peripheral portion of the other end of the
parrel likewise being inserted with a push or

10°
- . spring’ outwards and distort

also necessary be- "
" -peen attached by multiple screws,;
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hand and also at such a -

~ring; this removes

‘to provide a length

- can be machined to

2,248,001

hereinafter described are (a) the rotor is pro-
vided with an integral open end as distinguished
from the known pump having the aforesaid char-
acteristics in which the rotor has been slotted
from that end to receive the cylindrical bearings
and the slots subsequently closed by & retaining

the difficulty of ensuring that
in retaining, e. g., by a retaining ring, the tongue-

like parts of the rotor produced by such open-

ended: slotting against the natural tendency to
; laterally, they will
be brought into position to preserve pertect cylin-
dricity especially’ when the retalning ring has
(b) the shaft
of the rotor is an integral projection of the end
wall of the barrel of the rotor and is shouldered -
of greater diameter near to
the end wall and the extension of the casing
which receives the outer races of the bearings is
integral with the body of the casing and its
inner cylindrical wall is shouldéred to provide
parts of different diameters, the smaller or small-
est being at the end of the extension remote from
the working chamber. The advantages of this
are, firstly, the shaft and extension of the casing
true concentricity with the

 barrel portion of the rotor and lack of concen-

distance being ohe which -
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running fit into the corresponding cylindrical -
wall of the casing. I may-utilise allowances ac- -

cording to classes P to Z of table 111 of the New~
all Engineering Company. I prefer to start with
push fits so that the clearances are established
in running in the pump as then the finest clear-
ances I can obtain are made available.

To achieve the fine clearances the invention
requires,

precision and the pump hereinafter described is

the pump must be constructed with great

tricity incident to the use of fastening screws or
other devices is obviated and secondly, each of
the 'ball races can be secured with the desired .
driving fit without contacting with the cylin-
drical surfaces .which receive the other races;
(¢) shimming means which retain the cylin-
drical bearings in the barrel wall form & fine
clearance between the outer surface of the end
wall of the barrel and the adjacent end face of
the outer race of the inner ball bearing, 50 pro-
viding an additional leakage-reducing zone at
this end of the rotor barrel; (d) shims and ap-
propriate clamping means are provided with the
aid of which the desired fine diametrical (irans-
verse) _clearances between the end walls of the
working chamber -and the vanes on the one
hand and the ends of the rotor barrel on the other
can be obtained with especial facility. Finally,
(e) the vanes are provided with hinge eyes which
embrace the overhung portion of a spindle which
projects into the working chamber from one end
wall, thereby facilitating the construction of the
pump as a precision instrument. S

It is to be understood that the objects of my
invention cannot be fulfilled with a pump in which
divided end portions of the vanes are forced by
centrifuging or by spring means into contact with
'the‘peripheral wall of the working chamber, and
I do not include any such construction in the
specification. and claims hereof.

I am aware of another proposal of a pump hav-
ing the four characteristics hereinbefore set forth,
but the construction as in the old form of gas ex--
hauster previously referred to is such that the ro.
tor is supported in the working chamber and the

" rotor is split longitudinally and closed again by a

65

bullt with this especially in view. It will' be -

found that diametral location of the parts 1s,

wherever possible, achieved by closely fitting co-

operating cylindrical surfaces which can be ma-
chined with accuracy and that means of adjust-

“ment to secure the transverse clearances form-

important details of the pump. Some of the im-~
portant constructional features of the invention
which contribute to the desired precision and
are all embodied in the preferred form of pump
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retaining ring and moreover all the air displaced
by the pump is compelled to pass through the com-
plex ports of the casing.

Briefly it may be stated that the main object of
my invention is to produce & construction of pump
which will permit me not only to run the rotor and

vanes at high speeds out of contact with the walls

of the working chamber, thereby to avoid heat
and wear which would soon have & destructive ac-
tion on the vital parts of the pump, but to employ
very-fine clearances which will reduce slippage to
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a minimum so that a high vacuum can be ob-
tained.

In order to achieve the aforesaid main object,
» 1t is"a further object of my invention to provide a
construction of pump in which although both the
., vane-supporting spindle and the rotor are over-

" hung, i. e., supported cantilever fashion, deflection

of both the vanes and the rotor will be prevented,
or reduced to such a minimum that these fine
clearances will not be destroyed or interrupted
during the running of the pump throughout the
predetermined range of speeds.

Another object of the invention is to achieve t.he
aforesaid objects whilst reducing as far as possible
the size and weight of the pump by utilizing the
space within the pump to the maximum and a
further object is to improve the cooling action by
the gases being displaced on the interior parts
of the pump where heat is especlally liable to be
generated. .

"~ Another object of my mvention is to construct

the barrel in such a manner that those end pe-

- ripheral portions which are to make fine ring
clearances with the surrounding parts of the cas-
ing can be more accurately made to.the desired

. cylindricity and preserved during running of the
pump.

10
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extension 19 of the caslng this extension 19 be-
ing integral with the cylindrical part 18a of the
casing. ' The casing is open at the end remote
from the bearings, and a cover comprising inner
and outer walls 20 and 21, is provided, the inner
wall 20 having an annular groove 22. This
groove and the bearings {1 and 18 are in axial.
alignment but are eccentric to the axis of the
working cylinder. The barrel wall has slots 23
for the passage of vanes 24 of which three are
shown but more could be used if desired. The
vanes pass through slots in the cylindrical bear-

" ings 25 which can oscillate in the slots 28 in the

156
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Another object of my invention is to facilitate '

obtaining the desired fine diametrical clearances
by means which permit of adjustment during as-
semblage of the pump but prevent these fine clear.
‘ances where established from being subsequently
upset by any external maladjustment,

In order that the present invention may be:

the more readily understood, I will now describe
the same more particularly with the aid of the
accompanying drawings, in which:

Pig. 1 is a view of the'pump and the line to
the instruments, but as no novelty is claimed for
the instruments per se or for the connections
thereto from the pump, the layout is mainly dia-
grammatic. Pig. 2 is a side sectional elevation of
the pump. Fig. 3 is a cross-sectional elevation
on the line III—III of Fig. 2. Figs. 4 and 5 are
cross ‘sectional views on the lines IV—IV and
V—V of Fig. 2. PFig. 6 1s a sectional elevation

30

_barrel which are shaped as shown in Fig. 9 for

this purpose. The bearings are inserted through
holes 28a so that the other end seats into holes
250 in the continuous end rihg: portion 42 of the
rotor. The bearings 28 are preferably of a dif-
ferent metal from the rotor, e. g., of phosphor
bronze when the rotor is of steel or Duralumin,
The casing is preferably of Duralumin and the
vanes of steel.

The outer wall 27 of the annular groove in wall
20 is made of such diameter, as also is the cy-
lindrical wall 28 at the other end of the casing,
that the rotor barrel is inserted with a push, or
a running, fit therein, and these cylindrical walls
do not participate in the-support of the. rotor,
between which and the said cylindrical walls con-
tinuous fine ring clearances -are permanently
maintained (at any rate once the pump has been
run in), but the rotor is wholly supported, both

.- radially and against end thrust by the deeply re-
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through the rotor with the vanes and their bear-

ings removed. Fig. 7 is an external side eleva~-
tion of Fig. 6. Fig. 8 is an end view partly in
section looking In the direction of the arrow B,
Fig. 6. Pig. 9 is & sectipna] detail view of one
of the slots in the rotor barrel which: receives
the cylindrical bearings for the vanes. Fig. 10
is & detail view of & means to assist in axially
retaining one of the outer bearing races.

Fig. 1 shows a general lay-out in which | is-

the pump, 2 the suction line to the instruments
which  are indicated disgrammatically and of
which ‘the “turn and bank” indicator is marked

3, the artificial horizon 3a and the directional

gyrois 3b, whilst the gyropilot is marked 3¢, there
usually being a suction relief valve 4. A pressure
line 5 leads through an oil separator 7 to de-icing
equipment control valve indicated diagrammati-
cally at 8, valve § permitting of exhaust to the
slip stream when the de-icing equipment is not
in use.

The pump shown in detail in Pigs. 2 to 10 com-
prises a casing 8 containing a . crescent shaped
outer pumping chamber 0 having suction and
discharge ports (i, 12, the rotor §3 comprising
a barrel portion 14 with one end open and the
other end closed by & wall (8 from which pro-
jects an integral shaft portion 18 which is sup-
ported by bearings 17, 18 housed in a reduced
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cessed ball bearings 11, {8, the inner one (1 of
which is located as near as possible to the end
wall {8 of the rotor barrel and the outer bearing
18 being near the remote end of the rotor shaft. -
The distance between the remote end faces of the
two races is made conveniently and advanta-
geously at least substantially equal to the length
(axially) of the vanes.

_‘The interior of the casing extension ¢ is
shouldered down at 29 and the outer dimension
of the large bearing chosen so as to allow the.
latter to pass by the cylindrical wall of the open-
ing 28 which receives the corresponding end of
the barrel and to make & driving fit with the
cylinidrical wall 30 and is also shouldered down
at 31 to allow the outer race of a correspond-
ingly chosen smaller ball bearing to pass Ireely

by the walls 28 and 30 and to make a driving fit

with the wall 32. The shaft of the rotor is also
shouldered down at 33 to allow the inner races
to be accurately assembled thereon. A spring
ring §2 engages in an annular groove in the shaft
18 and retains the bearings 171 and 18 and asso-
clated spacing means 52a in position on the
shaft. A conically headed screw 96 may be used
if desired (see Fig. 10) for positively locating the
outer bearing race axially. By forming the rotor
shaft as an integral part of the rotor and the
extension #9 as an integral part of the casing, I
avoid a¢ this end of the pump jointing which
would render accuracy of assemblage more difi-
cult and with the construction of the casing
shown, I may very accurately align the rotor
barrel with its bearings and the cylindrical walls
21.and 28. Fine transverse or diametrical clear-
ances are preferably obtained with the aid of -
the shims hereinafter described.

From the foregoing description it follows that
when the pump is in normal working condition
the rotor is radially supported solely by the ball
bearings. Between the outer surface 36 of the

end wall of the rotor barrel and the adjacent




38 are provided which retain the cylindrical

. pump chamber.

bearings 25 in the rotor wall against endwise. ..

maovement snd prevent the rotor, particular!y due
to pressure on the end wall of the barrel, from
pressing against the outer race of the ball bear-

ing {1, and finally they may reduce the gap be- .

tween the outer surface 36 and the adjacent end

face of the said outer race to a fine clearance
which acts as a. further deterrent to the leakage
of air from the working chamber to.the bearing
casing .or ‘of oil from. the latter to the working
chamber. End thrust is in fact taken by the
ball bearings, the rotor being. kept out of contact

with the casing:except through the ball bearings.

While the support. of :the rotor is entirely re-
moved to.that portion beyond the end wall of
the barrel and clearances should be .as fine as
possible since they are to act as throttle closures
to reduce leakage to the smallest. amount possi-
ble.

that the actual clearances are produced in the
course of running in the pump.
clearances are thus established 1t is ensured that
they are of an extremely fine and lasting char-
acter and greatly contribute to countering undue

loss of vacuum. The provision of ball bearings.

10
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end of the inner race 37 of ba,ll bearings 17 shims .

pressing against the ‘cylindrical wall of the -
The slots 23 in the rotor barrel
do not extend to the ends of the barrel but are
closed at each end at23a so as to legve integral

- and uninterrupted end ring portions 42, 42¢
which greatly conduce to obtaining true cylin-
dricity and the continuous fine ring-clearances
"between. those parts of the barrel ‘and the wall

21 of the annular groove and wall 28 of the

-casing,

The method of assembling the vanes in the

‘eylindrical bearings will not be described herein,

since this forms the subject of my co-pending
application Serial No:. 275,454 but as shown in
Fig. 2 the vanes are positively retained against

~-axial displacement by the ends 23a¢ of the slots
. 23 in the barrel wall. '

The spindle 41 upon which the interleaving

. eyes or butts 39 of the rotor vanes are rotatably

20

I therefore prefer in manufacture to work .
to push fits in the assemblage of the parts so.

When these -

25

at opposite ends of the barrel itself would make -

it practically impossible to produce efficient seals
for my purpose where maintenance of an. effi-
cient vacuum is vital. On the other hand to use
co-operating cylindrical surfaces to support the
rotor barrel would -involve such friction and
heat as would lead to such enlarged clearances
in running that the pump :would become ex-
tremely inefficient for its duties. By removing

30
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mounted is supported cantilever fashion in the
walls 20, 21 so as to extend within the rotor barrel
in parallelism with, but eccentric to, the axis of
the rotor barrel, and is retained in position by a
cap nut 66 which engages the threaded extremity
of the spindle.

Various proposals have been made to provide
a hollow barrel rotor with the vanes passing
through slotted cylindrical bearing pins in the
barrel wall, using only the crescent shaped cham-
ber between the barrel and the cylinder wall, but
for the purposes of my invention it is essential
that the pump should be so constructed that the
interior of the rotor is also used as a working
chamber because this enables me not only very
considerably to reduce the size and weight of the

. pump but also to obtain a greatly improved cool-

the support to the rotor shaft I have the choice . .

of bearings and this is for combined radial and
end thrust bearings. These bearings externally

40

of the barrel can be readily kept cool, e. g., by = -

packing grease in the sealed space belween the:

two bearings. Moreover, the periphery of the
harrel of the rotor has a considerable peripheral
(linear) speed which again makes it very un-
desirable to use the plain cylindrical surfaces
surrounding the ends of the barrel as bearings.
The vanes must be supported agalnst endwise
displacement but as this is effected between the

ends of the vanes and the ends 23ac of the slots-

23 in the rotor the relative travel per revolution

" at this zone is small in relation to that which

‘oceurs hetween the vanes and the end walls of

the chamber so that as compared with the fric-.

tion which would ensue if contact between such
. latter parts were permitted friction due to the
endwise location:of the vanes is small. The
vanes are of light weight compared with the

rotor and being borne by the small central spin-

dle do not give rise to any problem of heating

and wear comparable to that which would be.

set up by using the cylindrical surfaces sur-
rounding the end peripheral portions of the
rotor barrel as supporting bearings. The hinge
eyes of the vanes may have initially a Newall
push to running fit on the spindle. The hinge
eyes are brought close to the inner periphery of
the rotor barrel as the smaller the distance be-
tween the eyes and such periphery the greater
is the volumetric efficiency of the pump.

The vanes are provided with intercalated
spaced. hinge eyes 39 which encircle the over-

hung portion 406 of a spindle 4f which is secured.

in the end walls 20, 21 of the casing and they
are thereby prevented from centrifuging and

50
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ing action on that part of my pump where heat
is most likely to be generated, viz., where the
vanes pass through the wall of the barrel.

For this purpose the inner and outer walls 28
and 21 are appropriately passaged and ported to

- co-operate with the working chambers of varying

volume which are formed in the interior of the
rotor, For this purpose the anhular chamber be-
tween such walls is separated by webs 858, 6@
which form conduplicated recesses, one havmg
end portions 81; 82 and the-other baving end por-
tions 61a, 62a.

The inner wall 20 is. formed with- four ports. 18,
11, 712 and 73 which, as shown more clearly. in
Flg 5, are disposed across the wall so that ports
Tt and 12 lie within an area corresponding to the
space inside the rotor {3, and thus communicate
therewith, while ports 70 and 13 lie without the
groove 22 and peripheral wall of rotor barrel i3

. and communicate ‘with the space outside the

rotor {3. The ports 10, 13 and 7, 72 may be

. separated from the groove by concentric arcuate

85

walls so as to leave the cylindrical walls of the
annular groove 22 uninterrupted. Although it is
still advantageous to have a fine clearance be-
tween the end ring face of the rotor and the
bottom of the annular groove so as to provide an
additional fine throttling seal, this is not then
essential.
As shown clearly in Fig 4, the outer ports 70
and 138 of inner wall 20 register with recesses §{,

' 62a respectively, while the inner ports 7f and 12

70

15

‘of the said wall register with recesses $la and 62

respectively.

In Fig. 3 the position of the ports 10, 11, 12 and
13 in the inner wall 20 are also indicated by the
letters. S, D and S’, D’, the ports S, S’, being

placed in communication with the suction port 11
by-the:cavity §1, 82 and the ports D, D’ being
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placed in communication with the discharge port
12, by the cavity 81a, 62a.

The relative sliding movement between the
vanes and the rotor which is produced during the
rotation of the pump generates chambers of in-
creasing and decreasing volume both inside and
outside the rotor, each of the outside chambers
being defined by any two adjacent blades, the
outer periphery of the rotor and the inner periph-
ery of the pump casing and each inside chamber
being defined by any two adjacent blades, the
inner periphery of the rotor and the outer periph-
ery of the hinge eyes of the vanes.

In a three bladed pump the maximum di-
vergence of the blades is shown in the upper
half of the diagram in Fig. 3 in which the cham-
ber _therebetween has attained its maximum
volume and the leading vane is about to open
discharge port D and suction port S’ and the
trailing vane has just cut off the suction port S
and discharge port D',

As the outside cha.mber of maximum volume
is translated to the position shown in the right
quarter of Fig. 3 it generates a chamber of de-
creasing volume on the outside of the rotor and
a chamber of increasing volume on the inside

10
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cision, a rigid and accurately assembled casing
being a first essential. In accordance with the :
main feature of the invention, the inner wall is
made a close peripheral fit in the body of the
casing and preferably also in.the outer wall so
that the parts are mutually diametrally located.
Provision is made for preventing rotation of the
parts ‘and for clamping these against relative
axial displacement. In this way I obtain a very
rigid- casing, permitting precision of alignment
of the rotor receiving groove in the inner wall
and the opposite rotor receiving aperture in the
casing body, while the ports and passages in the
end of the casing may be more conveniently
made in the casting and subsequently formed
with smooth walls which facilitates the flow of
the gases thereover.

The maintenance of fine clearances between
the rotating parts and the walls of the chamber .
is further facilitated by my method of clamping

- with the aid of appropriate shims. 'This adjust-

25

.of the rotor, whereby, the air is expelled from '

the outside chamber through the discharge port
12 and drawn into the inside chamber through
the suction port S’, cavity 61, 62 and ports S
and {1. Simultaneously the chamber on the
outside of the rotor in the left quarter nf the
drawing (Fig. 3) is ultimately translated cto the
position' of maximum volume in the upper half
of the dlagram (Fig. 3) while at the same time
the vanes generate inside the rotor a chamber of
decreasing volume in the left hand quarter of

the diagram, whereby air is drawn into the out- .

side chamber through the port 1| and expelled
from. the inside chamber through the port DY,
cavity 6ia and 62a and ports 13 and (2.

When the bearings are mounted on the shaft
of the rotor with shims 38 and spacing means
52a in position and the inner race of the outer

-bearing held by the ring 52, the whole rotor unit
with the bearings is entered into the casing, and,
since the vanes as before described, are axially
located by means of the ends 23a of the slots in
the walls thereof, a shim 43 determines the clear-
ance which those end edges of the vanes which
are disposed at the shaft end of the rotor have
with the corresponding end wall of the pumping
cylinder while shims 45, 65, the latter one being
appropriately ported to register with the ports in
the inner wall, determine the clearance between
the other end edges of the vanes and the other
end wall of the pumping cylinder and between
the end ring wall of the rotor and the bottom of
the annular groove 22 in the inner wall and these
clearances are pre-formed, i. e., they are not
formed during running-in of the pump, although
the clearance between the outer longitudinal
edge of the vane and the wall of the pumping
cylinder is preferably formed during the run-
ning-in operation. The construction of the end
wall in two parts and the means for clamping
and locating the parts together will now be ex-
plained. The forming of the inner and outer

- .spaced walls 20 and 21 of the pump in separate

components 1s especially advantageous when the
parts or some of them are to be cast owing to
the rsther complicated ports and passages in the
end wall. The kind of pumps, with which the
invention deals, run at extremely high speeds and
with fine clearances and must be made with pre-
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ability is very desirable when the casing com-
ponents or .some of them have been cast and
subsequently machined, so as to compensate for
variations in the machining of the parts. Fur-
ther, by arranging the inner wall to be encircled .
by the outer wall and the casing body I can dis-
pose the shims in such a manner that the pe--
ripheral surfaces of the walls co-operate with a
peripheral edge of the shims and serve to con-
fine the shims against radial spread at least in
one direction in the course of clamping the parts
together. Intrusion of the shims into the work-
ing chamber may be particularly objectionable.
Referring more particularly to Figs. 2, 3, 4, and
5, the cover plate 21 is in the form of a disc hav-

-ing g peripheral flange 2i* adapted to be fluid

tightly secured to the flange 19» of the pump cas-
ing with the aid of the jointing shim 45, and
has its inner face recessed and webbed to form
the conduplicated recesses 61 and 62* gbout an
inwardly projecting boss 21b. The cover plate 21
is-adapted to be clamped to the casing by a series
of bolts 21¢ spaced about its periphery. -

As shown in the drawings, a radial projection
21t extends inwards from the cylindrical face of
the recess 62* and is provided with a hole for the
reception of a dowel pin 2{¢ which projects axial-
ly to enter a hole 20* formed in the outer face
of the insert plate 20, thus to locate the plates
20 and 21 in their correct relative angular posi-
tions when assembled. The face of flange 19 is
provided ‘with a tapped . hole into which the
screw-threaded end of a dowel pin 19¢ is screwed
50 as to project axially outwards for sliding en-
gagement in an axially aligned hole in the face
of flange 212, 'The dowel pin 19¢ thus serves to
locate the sealing plate 20 in & predetermined
angular position relative to the pump casing 8.

The inner face of the insert plate is provided
with an annular groove 22 which is eccentric
to the co-axial centres of the sealing plate and
insert plate, but concentric with the axis of the
rotor barrel and this recess 22 receives with a fine .
clearance the unsupported end of the rotor bar-
rel, which latter rotates relatively to the ingsert
plate.

The boss 21P on the cover plate is bored axially
to receive the reduced extremity of a spindle #1
upon which the interleaving butts 39 of the rotor
vanes 24 are rotatably mounted. 'The spindle
41 extends through the insert plate 20 and is
thus supported cantilever fashion in bosg 2(b
so as to ‘extend within the rotor barfel in par-
allelism with, but eccentric to, the axis of the
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rotor barrel, and is retained in position in the
‘boss by & cap nut 66 which engages the threaded
extremity of the spindle. The spindle 4i serves
by its shoulder 4f* to clamp the insert plate 20
against the cover plate 2 when the cap nut is
tightened and to press the plates together to
form a fluid tight ring joint between them with
the aid of the jointing shim 65 of the desired
thickness which further serves to maintain the
inner face of the insert plate 20 in the desired
spaced relation with the corresponding end edges
of the vanes 24 and the bottom of the annular
recess 22 in the desired spaced relation with the
open end of the rotor {# when the ring joint be-
tween the flanges 245 and {9 is formed to that
end.

The inner face of flange 2{* is rebated at 214
for the reception of the outer peripheral edge of

" an insert plate 20 which acts in a mariner more
particularly described hereinafter.

The ported insert plate 20, as shown in Fig. 2,
is & thick disc which exceeds in diameter the bore
of the pumping chamber 18, and intrudes into

-the rébate 214 in the sealing plate 21, and into 4
coaxial internal rebate of ‘equal diameter formed
around the open end of the pump casing. The
periphery of the insert plate has a close fit in the
cylindrical wall of the rebates so that the three
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peripheral and end walls cooperating with each
other to form a pump chamber, an annular groove
in one of said end walls of said cylinder and an
opening in the other end wall, said groove and
said opening being eccentric to said cylinder, a
rotor within said pump chamber comprising a
shaft portion and a barrel portion which is open
at one end and has a wall at the other, said open
end comprising 2 ring face intruding into said an-
nular groove and the other end of said barrel
intruding into said opening in said other end wall,
a spindle supported in said grooved end wall so
as to project cantilever fashion into the working
cylinder centrally thereof, said rotor having its
shatt portion extending from one end only of
said barrel, a plurality of vanes provided with
bearing eyes which are rotatably. supported by .
said spindle and which constrain the vanes from
cenfrifuging, slotted cylindrical bearing mem-
bers oscillatable in the wall of said barrel, said -
vanes passing through the slots in said members
and sald members and said vanes being relatively
slidable, said vanes being arranged to generate
with the cylinder walls and with the inner and
outer walls of the rotor barrel pump working

- chambers of varying capacity both inside and

parts are mutually diameirally located. -When -

the flanges i8® and 2/* are clamped together
by studs 21¢ with the desired thickness of shim-
_ming between them and between the cover 21
and the insert plate 20, the latter is positioned in
the desired spaced relationship with the vanes
and the unsupported end of the rotor.

By fine clearances herein referred to are meant
clearances of the order of from one-quarter to
one and a half mils or thereabouts (1 mil=.001
inch). . The clearances are shown exaggerated
in the drawings to fa.cilita.te the understanding
of the Invention.

The rotor with its bearings and the pump cas-
ing form a unit in which the shaft portion of
the rotor is borne both radially and against end
thrust. This is essential because the pump has
generally to be fitted to the engine shaft through
the medium of a flexible coupling e. g. the lami-
nated flexible coupling 74 attached to the con-
necting piece 17 which is splined or otherwise
formed for keying to the engine shaft. It is
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necessary to have the rotor properly borne both -

radially and against end thrust in the pump cas-
ing as the pump must be a completely operative
unit in itself so as to be readily adaptable to the
standard or existing engine equipment. In other
words, I do not relay on bearings of the engine
to support the rotor either radially or against end
thrust. The flexible coupling 74 is not described

in detall, since it forms the subject of my co-pend-"

ing application Serial No. 275,456 in the specifica-

tion of which a full description is to be found.
The spring washers 18 assist in sealing the in-

terior of the pump from the engine, to the acces-

sory pad 19 of which the pump is secured through,

the medium of the plate 80.

QGrooves 82 and 83 containing filling pxeces 84
are for purposes of assembling the vanes and
form no part of the present invention.

The method of lubricating will not be fully
described herein as it forms the subject of my co-
pending application Serial No. 275,453.

I claim:

1. A high speed rotary vane pump comprising
a casing providing a working cylinder having
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outside of said rotor barrel and said casing
being ported to cooperate with said inside and
outside working chambers, there being fine ring
clearances not exceeding one apd- a half mils
between the end peripheral portions of said har-
rel end the surroundihg portions of the end
walls of the working cylinder, said clearances
acting as throttle seals against loss of vacuum

.and being present when the pump is resting, fine

clearance not exceeding one and a half mils also
being provided between the edges of the vanes and
the walls of the working chambers, shimming
means determining the end clearances between
the rotor, vanes, and end walls of the working
chambers, anti-friction bearings cooperating
with the shaft portion of said rotor constructed
and proportioned so gs to wholly to support said
rotor cantilever fashion out of contact with the
working cylinder and not only radially but also
against the end thrust produced by the pressures
within the pump with a rigidity sufficient to pre-
serve circumferential continuity of said ring
clearances during the running of the pump to the
predetermined maximum speed and said spindle
being rigidly fixed to the casing so that during
such running, clearance shall be preserved be-
tween the-edges of the vanes and the walls of the
working chamber,

2. A rotary high speed pump compnslng 8 cas-
ing providing a working cylinder having periph-
eral and end walls cooperating with each other
to form a pump chamber, an annular groove in
one of said end walls of said cylinder and an open-
ing In the other end wall, said groove and said
opening being eccentric to said cylinder, a rotor
within said pump chamber comprising. 8 shaft

-portion and a barrel portion which is open at one

end and has a wall at the other, said open end
intruding into said annular groove and the other
end of said barrel intruding into said opening in
said other end wall, there being fine ring clear-
ances between the end peripheral portions of said
barrel and the surrounding portions of said groove
and said opening which act as throttle seals
against loss of vacuum and are present when the
pump is abt rest, a spindle supported in said
grooved end wall so as to project cantilever fash-
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jon inte the working cylinder centrally thereof,
sald rotor having its shaft portion extending from
ohe end only of said barrel, a plurality of vanes
provided with bearing eyes which are rotatably
supported by said spindle and which constrain

[}

the vanes from centrifuging, slots in said barrel -

wall, slotted cylindrical bearing members oscil~
latably mounted in said slots, said barrel slots
being closed at each end so that at each end of
the barrel there are left continuous integral
peripheral portions thereof, which portions co-
operate with the said surrounding portions of the
casing to form said ring clearances and which by
their integral circumferential continuity enable
said ring clearances to be of great fineness, said
vanes passing through the slots In said members
and said members and said vanes being relatively
slidable, said vanes being arranged to generate
with the cylinder walls and with the inner and
outer walls of the rotor barrel, pump working
chambers of varying capacity both inside and out-
side of said rotor and said casing being ported to
cooperate with said inside and outside working
chambers, fine clearance also being provided be-
tween the edges of the vanes and the walls of the
working chambers, internal spacing means for ad-

justing the end clearances between the rotor,

vanes and end walls of the working chambers
during the assemblage of the pump components,

anti-friction bearings cooperating with the shaft :

portion of sald rotor and constructed and pro-
portioned so as wholly to support said rotor canti-
lever fashion out of contact with the working
cylinder and not only radially but also against
_ the end thrust produced by the pressures within

the pump with a rigidity suficient to preserve

circumferential continuity of said ring clearances
during the running of the pump to the prede-
termined maximum speed and said spindie being
rigidly fixed to the casing so that during such
running, clearance shall be preserved between the
edges of the vanes and the walls of the working
chamber.

- 3. A rotary vane pump constructed as in claim
1, in which there is a fine clearance between the
ring face at the open end of the rotor barrel and
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ner and outer chambers are brought into correct
communication with one another through the
open end of the harrel, said walls being formed
by separate components, shim means determin-
ing the axial relationship of said inner wall com-
ponent with respect to said casing body so as to
estiblish fine clearances between said inner wall
component and the corresponding end edge of
the vanes onh the one hand and the open end of
the rotor barrel on the other, further shim means
determining a fine clearance between the opposite
end edge of the vanes and the corresponding
wall .of the casing, said inner wall component

. having a close peripheral fit in the body of the
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casing so that the inner component and said
casing body are mutually diametrically located
in the axial relationship determined by the shim-
ming means so as thereby to preserve said fine
annular clearance in the position of said inner
component so determined and means for clamp-
ing together said casing body so as to maintain
said clearance.

5. A rotary vane high speed pump of the kind
set forth for displacing air or other gaseous media
comprising a casing forming a pumping cylinder
and including a removable end cover at one end
and having a housing at its opposite end having
bearing means therein, a rotor having a barrel
portion eccentrically mounted in said cylinder
and a journal portion supported by said bearing
means, the end of said barrel remote from said

- journal portion being open, vanes passing
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the bottom of said annular groove and said

shimming means determine saidclearance.

4. A rotary vane high speed pump of the kind
set forth for displacing air or other gaseous
media comprising a casing forming a pumping
cylinder and including a removable end cover
at one end and having a housing at its oppo-
site end having bearing means therein, a rotor
having a barrel portion eccentrically mounted
in said cylinder and a journal portion supported
by said bearing means, the end of said barrel
remote from sald journal portion being open,
vanes passing through the tubular wall of the
barrel and means rotatably supporting said vanes
axially of said cylinder and constraining them
against  pressing on the cylinder wall so that
upon rotation of the rotor and the vanes the
latter generate with the surface of the cylinder
and the inner and outer surfaces of said barrel
wall working chambers of increasing and de-
creasing volume both inside and outside of the
barrel, sald end cover comprising spaced walls,
the inner wall having an annular eccentric
groove in one face in which the open end of
the barrel is mounted to run with a fine annular

clearance with the surrounding wall of the.
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groove and having ports connecting the said -

chambers and the cavity formed between said
walls, said cavity being divided so that said in-

through the tubular wall of the barrel and means
rotatably supporting said vanes axially of said
cylinder and constraining them against pressing
on the cylinder wall so that upon rotation of the
rotor and the vanes the latter generate with the
surface of the cylinder and the inner and outer
surfaces of said barrel wall working chambers of:
increasing and decreasing volume both inside and
outside of the barrel, said end cover comprising
spaced walls, the inner wall having an annular
eccentric groove in one face in which the open
end of the barrel is mounted to. run with a fine
annular clearance with the surrounding wall of
the groove and having ports connecting the said
chambers and the cavity formed between 'said
walls, said cavity being divided so that said inner
and outer chambers are brought into correct
communication with one another through the
open end of the barrel, said walls being formed
by separate components, shim means determin-
ing the axial relationship of said inner wali com-
ponent with respect to said casing body and said
outer wall component so as to establish fine
clearances between said inner wall component
and the corresponding end edge of the vanes on
the one hand and the open end of the rotor barrel
on the other, further shim means determining a
fine clearance betweer the opposite end. edge of
the vanes and the corresponding wall of the cas-
ing, said inner wall component having a close
peripheral fit in the body of the casing and in
sald outer wall component so that the inner and
outer components and said casing body are mu-
tually diametrically located in the -axial rela-
tionship determined by the shimming means so
as thereby to preserve said fine annular clear-
ance in the position of said inner component so
determined and means for clamping together

"said casing body s0 as to maintain said clear-

ances.

6. A rotary vane pump of the kind set forth
comprising a casing forming a pumping cylinder
and including a removable end cover at one end
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and having a housing at its opposite end having
bearing means therein, a rotor having a barre}l
portion eccentrically mounted in said cylinder
and a journal portion supported by said bearing
means, the end of said barrel remote from said
journal being open, vanes passing through the
tubular wall of said barrel and means rotatably
supporting said vanes axially of said cylinder so

- that upon rotation of the rotor and the vanes

the latter generate with the surface of the cyl-
inder and the inner and outer surfaces of said
barrel wall working chambers of increasing and
decreasing volume both inside and outside of the
barrel, said end cover comprising spaced walls,
the inner wall having an annular eccentric groove
in one face in which the open end of the barrel
is mounted and having ports connecting the said
chambers and the cavity formed between said

10

walls, said cavity being divided so that said inner .

and outer chambers are brought into correct
communication with one another through the
open end of the barrel, said walls being formed

by separate components, means for clamping to-

gether said outer wall component and the body
portion of the casing and separate means for
independently clamping together said outer and
inner wall components. )

7. A rotary vane pump of the kind set forth
comprising a casing forming a pumping cylinder
and including a removable end cover at one end
and having a housing at its opposite end having
bearing means therein, a rotor having a barrel
portion eccentrically mounted in said cylinder
and a journal portion supported by said bearing
means, the end of said barrel remote from said
journal being open, vanes passing through the
tubular wall of said barrel and means rotatably
supporting said vanes axially of said cylinder so
that upon rotation of the rotor and the vanes the
latter generate with the surface of the cylinder
and the inner and outer surfaces of said barrel
wall working chambers of increasing and de-
creasing volume both inside and outside of the
barrel, said end cover comprising spaced walls,
the inner wall having an annular eccentric
groove in one face in which the open end of the
barrel is mounted and having ports connecting
the said chambers and the cavity formed between
said walls, said cavity being divided so that said
inner and outer chambers are brought into cor-
rect communication with one another through
the open end of the barrel, said walls being
formed by separate components, & ring joint be-
tween said outer wall and the body portion of
said casing, an inner concentric ring joint be-
tween said outer and inner walls, said inner joint
being axially displaced with respect to said first
ring joint, means for clamping said outer wall
against said body portion to effect said first ring
joint and separate means foy clamping together
said outer and inner walls to effect said second
ring joint, and said joints being clamped to leave
a fine clearance between the said inner wall and
the adjacent end edges of said vanes on the one
hand and the open erd of the rotor on the other.

8. A rotary vane pump of the kind set forth
comprising a casing forming a pumping cylinder
and including a removable end cover at one end
and having a housing at its opposite end hav-
ing bearing means therein, a rotor having a bar-
rel portion eccentrically mounted in said cylinder
and a journal portion supported by said bearing
means, the end of the barrel remote from the
journal being. open, vanes passing through the
tubular wall of said barrel and means rotatably
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supporting the vanes axially of the cylinder so
that upon rotation of the rotor and the vanes the
latter -generate with the surface of the cylinder. -
and the inner and outer surfaces of said wall of

the barrel working chambers of increasing and

decreasing volume both inside and outside of the

barrel, said end cover comprising spaced walls,

the inner wall having an annular eccentric groove

in one face in which the open end of the barrel

is mounted and having ports connecting the said
chambers and the cavity formed between said

spaced walls, said cavity being divided so that

said inner and outer chambers are brought into

correct communication with one another through

the open end of the barrel, said walls being

formed by separate components, said inner wall

component comprising a thick disc, said annu-

lar- eccentric groove. being formed therein, the

open end of said barrel being mounted in said

groove, said outer wall component and the body

of the casing having opposed rebates, said in-

ner wall component having a close peripheral .
fit in both said rebates so as diametrically to

locate said outer wall component and said cas-

ing body, means for preventing relative rotation

of the outer and inner wall components and the

body of the casing and means for clamping to-

gether said outer wall component and said cas-

ing body against relative axial displacement and

means for independently axially clamping to-

gether said wall components.

- 9. A rotary vane pump of the kind set forth

comprising a casing forming a pumping cylin- -
der and including a removable end cover at one
end and having a housing at its opposite end
having bearing means therein, & rotor-having a
barrel portion eccentrically mounted in said cyl-
inder and a journal portion supported by said
bearing means, the end portion of the barrel re-
mote from the journal being open, vanes pass-
ing through the tubular wall of said barrel and
means rotatably supporting the vanes axially of
the cylinder so that upon rotation of the rotor
and the vanes the latter generate with the sur-
face of the cylinder and the inner and outer
surfaces of sald wall of the barrel working cham-
bers of increasing and decreasing volume both
Inside and outside of the barrel, said end cover
comprising spaced walls, the inner wall having
an annular eccentric groove in one face in which
the open end of the barrel is mounted and hav-
ing ports connecting the said chambers and the
cavity formed between said spaced walls, said
cavity being divided so that said inner and outer
chambers are brought into correct communica-
tion with one another through the open end of
the barrel, sald walls being formed by separate

components, said inner wall component having

2 close fit in both said outer wall component and
the body of the casing so as diametrically to
locate said outer wall component and said casing
body, a Jjoint between a ring face of said outer
wall component and a ring face of the casing,

. sald joint encircling said inner wall component
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and a joint internally of said outer wall compo-
ent and said casing body between said outer and
inner wall components and means for independ-
ently clamping said joints.

10. A rotary vane pump of the kind set forth
comprising a casing forming a pumping cylinder
and including a removable end cover, a rotor
having a barrel portion eccentrically mounted in
said cylinder and having a journal portion, said
barrel having its end remote from the journal
open, bearing means in said casing at the end
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thereof opposite to said cover, said journal being
supported by sald bearing means, a spindle
mounted centrally of saild cylinder, vanes rotat-
ably mounted on said spindle and passing through
the tubular wall of said barrel so as to be rotat-
able therewith and to generate with the surface
of the cylinder and the inner and outer surfaces
of said barrel working chambers of increasing
and decreasing volume both inside and outside
of the barrel, said end cover comprising spaced
walls, the inner of said spaced walls having an
annular groove for the reception of the open end
of the rotor and having ports connecting the
“said chambers and the cavity formed between
said spaced walls, said cavity being divided so
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connecting the said chambers and the cavity
formed between said spaced walls, said cavity
being divided so that said inner and outer cham-
bers are brought into correct communication
with one another through the open end of the
barrel, said spaced walls being formed by sepa-
rate components, ring joints comprising jointing
shims between the outer wall component and the
body of the casing on the one hand and between
the outer wall. component and the inner wall
component on the other, peripheral surfaces of
sald components co-operating with a correspond-
ing peripheral edge of the corresponding joint-

- ing shim to confine said shim in one direction
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that said inner and outer chambers are brought -

into correct communication with one another
through the open end of the barrel, said spaced
walls being formed by separate components,

means interposed and forming a ring joint be- %

tween the outer of said walls and the body por-
tion of said casing, means interposed and form-
ing a ring joint between said outer and inner
spaced walls, said outer wall and said casing hav-

ing - opposed rebates, said- inner wall being ar- u;

ranged with its margin in said rebates and out of
contact with the diametral face of .the rebate
in the body of the casing, said joint means serv-
ing to maintain a fine clearance between the in-
ner wall and the end edges of said vanes on
the one hand and the open end of said rotor on
the other, said spindle having a shoulder adapted

to engage the inner face of the inner wall and"

having a portion passing through said walls and
screw-threaded, a nut engaging said  screw-
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threaded portion for clamping said inner wall

between the outer wall and said shoulder, and
means for clamping together sald outer wall and
the body of the casing.

11. A rotary vane pump of the kind set forth
comprising a casing forming a pumping cylinder
and including a removable end cover at .one end
and having -a housing at its opposite end having
bearing means therein, a rotor having a barrel
portion eccentrically mounted in said cylinder
and a journal portion supported by said bearing
- means, the end of the barrel remote from the
journal being open, vanes passing through the
tubular wall of said barrel and means rotatably
supporting the vanes axially of the cylinder so
that upon rotation of the rotor and the vanes
the latter generate with the surface of the cylin-
der and the inner and outer surfaces of said
wall of the barrel working chambers of increas-
ing and decreasing volume both inside and out-
side of the barrel, said end cover comprising
spaced walls, the inner wall having an annular
eccenfric groove in one face in which the open
end: of the barrel is mounted and having ports
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radially, and means for independently clamping
said joints.

12. A rotary vane pump of the kind set forth
comprising a casing. forming a pumping cylinder
and including a removable end cover, a rotor
having a barrel portion eccentrically mounted in
said cylinder and a journal portion, said barrel
having its end remote from the journal open,
bearing means in said casing at the opposite end
to said cover for supporting said journal, vanes
passing through the tubular wail of said barrel,
means rotatably supporting said vanes axially of
the cylinder so that upon rotation of the rotor
and the vanes the latter generate with the sur-
face of the cylinder and the inner and outer sur-
faces of said wall of the barrel working chambers
of increasing and decreasing volume both inside
and outside of the barrel, said end cover compris-
ing spaced inner and outer walls formed by sep-
arate components, said outer wall being a circu-
lar plate with an inwardly projecting peripheral
flange and a central boss, said flange having an
internal rebate, webs between said boss and said
flange arranged to form conduplicated cavities of
the space between said walls, said inner wall hav-
ing an annular groove in its inner face for the
reception of the open end of the barrel and hav-
ing ports connecting the said chambers snd the
cavities formed between said walls, said outer .
wall having diametrically arranged and axially
stepped inner and outer annular jointing faces,
means interposed and forming a ring-joint be- .
tween the outer one of said jointing faces and the
body portion of said casing, means interposed
and forming a ring joint between the inner one
of said jointing faces and ‘the inner wall, said
casing having a rebate forming with the rebate
in sald flange an annular recess in which the
margin of said inner wall is situated, said joint
means serving to maintain a fine clearance be-
tween said inner wall and the end edges of said
vanes on the one hand and the open end of said
rotor on the other, and means for independently
clamping said joints.
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