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This invention relates to vacuum pumps of the
rotary vane or blade type, especially adapted for
use on gircraft although not so restricted and
has for its primary object to provide an improved
pump of this type which 1is simple in constriuc-
tion, efficient in operation, and inexpensive to
manufacture and assemble. |

- In the manufacture of pumps of the type re-
ierred to certain standard specifications are set
up as to weight, size, displacement, etc., and to
comply therewith it is necessary that suitable
different materials be used in their construction.
As a result the efficiency of the pump greatly
varies during operation because proper running
clearances cannot be maintained due to vari-
sbtlons in temperature under actual working con-

ditions. It is therefore, a further obiect of the

present Invention to provide suitable spring load-
ing between the removable cover member and the
adjacent end of the pump chamber sleeve or
iner to maintain these clearances regardless of
temperature changes occurring in the pump dur-
ing operation. |

~Ancther object of the
provide a removable bearing member of suitable
maeafterial projecting axially inwardly at one end
of the pump and engageable with the adjacent

end of the rotor to take the end thrust of the

latter and prevent engagement between the ad-
Jacent faces of the rotor assembly and the hous-
ing to prevent scoring.

With the objects above indicated, and other ob-
jects hereinafter explained in view, my invention.
consists in the construction and combingtion of
elements hereinafter described and claimed.

Referring to the drawings, Lo

Figure 1 is a longitudinal vertical sectiona] view
of a vacuum pump embodying the present inven-
tion.

Figure 2 is a transverse sectional view taken
substantially along line 2—2 in Figure 1 gnd
showing further details of the pump structure.
Figure 3 is an end elevational view of the pump
"looking at the cover end. |

Figure 4 is a fragmentary vertical sectional view
showing a modified form of the invention: |

Figure 5 is a fragmentary vertical sectional

view showing a further modification of the in-
vention. | |

Figure 6 is a fragmentary transverse sectional
view taken substantially along line 6—6 in PFig-
ure o and showing further details of the struc-
ture. | | |

In the drawings I have illustrated the inven-
tion embodied in a vacuum pump especially

present invention is tb |
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adapted for use on aircraft but other gdaptations
will be obvious to those skilled in the particular
art. The present invention is an improvement
over the invention described and claimed in my -
prior Patent No. 2,156,340 to which reference may
be had for a clearer understanding. The pump
comprises a housing 10, of aluminum or other
suitable light weight material, having a bore {1

extending inwardly from one end thereof ter-

minating adjacent an outer integral end wall 12.
The open end of the housing {0 is normally closed
by a removable cover member 13 of aluminum
or other suitable lightweight material having g
circular portion {3’ projecting into the open end
for centrally positioning the cover member, the
latter having g laterally extending circumferen-
tial flange 14 disposed in abutting relation with
the outer adjacent face of the housing. A plu-
rality of cap screws (5 project through openings
provided in the flange 14§ and are threadably se-
cured in aligned openings provided in the adja-
cent portion of the housing for removably se-
curing the cover. A gasket {6 is disposed be-
tween the adjacent faces of the flange and hous-
ing to provide a fluid tight seal. A sleeve 18, of
steel or other suitable material, and thus having
a different coeficient of expansion than the hous-
Ing and cover member, is suitably secured with-
in the bore {1 in 8 manner to prevent relative an-
gular movement and has its inner end in shut-
ting relation with the adjacent face of the end
wall 12 while its outer end is in abutment with
the adjacent end of the portion 13’ for suitably
maintaining the sleeve against longitudinal sep-
aration, . o -
- For greatest efficiency the pump sleeve 19 is
preferably provided with an improved bore formed |
as shown in Fig. 2 by the use of two radii, one ef-
fecting the surfaces constituting the working faces
23 and 24 respectively and the other effecting the

'surfaces constituting the connecting faces 25 and

26 respectively, the centers being located on a
transverse plane passing through the axis of the’
rotor as more clearly shown in Figure 2. This
curvature is at diametrically opposite sides of the
bore and extends for approximately 67 degrees
on both sides of the transverse plane where it
intersects the bore. N -

The connecting surfaces 25 and 26 have iden-
tical radii but slightly shorter than those on the
working surfaces 23 and 24. Preferably the near-
est radius for continuously connecting the work-
ing surfaces is desirable and therefore produces
a bore which is nearly a perfect circle affording
the best operating conditions. The radius for
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forming the connecting surfaces is struck from a
common center positioned on the same trans-
verse plane and midway between the centers of
the radii forming the working surfeces. The con-
necting faces extend over a pertion of approxi-
mately 46 degrees on diametrically opposite sides
and as these do not enter into the working cycle
of the rotor their curvature is not so important
other than for the purpose already stated.

The housing 10 1s further provided with an
interiorly tapped opening 27 communicating at
its lower end with a passageway 28 on one side
of the sleeve 19 and an interiorly tapped opening
28 which communicates at its lower end with s
passageway 30 disposed on the other side of the
sleeve and opposite with respect to the passage-
way 28. The sleeve i8 is provided with g pair
of openings 31 spaced apart relatively which ex-
tend transversely through one side thereof af-
fording communication between the passageway
28 and the sleeve bore. . The sleeve iIs glso pro-
vided with a pair of openings 32 spaced apart
relatively which extend transversely therethrough
affording communication between the passageway
20 and the sleeve bore, the openings 3f and 32
being disposed in transverse alignment to afford
simple production. |

A rotor 33, of a construction to afford proper
balancing which materially increases the effi-
ciency of the pump and reduces wear, comprises
a cylindrical body portion, of steel or other suit~
able material, having an inner end wall 35 adapt-
ed for relative rotation In definite spaced relation

with the inner face of the end wgll 12 in & man- -

rier to be later described. The outer end of the
body portion 33 is provided with a longitudinal
extension 36 of reduced dieameter and a circular
member 37, of steel or similar material, is dis-
posed in abutment with the open end of the body
portion functioning as an outer wall for closing
the open end. The member 37 is provided with
an inwardly extending marginal flange 28 in en-
circling relation about the reduced portion 36
and their faces are suitably welded, or otherwise
secured, to provide a rigid unitary structure, the
outer face of the member 37 having a running
engagement with the inner face of the circulaer
portion (3’ as more clearly shown in Figure 1.
The rotor 33 is eccentrically mounted within the
sleeve 18 so as to have a ciose running engage-
ment with the lower working face 23 of its bore
between the openings 2T and 29, the axis of the
rotor being disposed in the same transverse plane
which passes through the radii centers effecting
the faces of the bore. |

To effect a further balancing of the rotor a
pair of through blades, of steel or other suitable
material, are employed which embody novel
structural and assembly features.
is provided with longitudinally extending slots
39 on diametrically opposite sides which are co-
extensive with the rotor body and end walls as
more clearly shown in Figures 1 and 2. The rotor
33 is further provided with a like pair of longi-
tudinally extending slots 40 on diametrically op-
posite sides which are coextensive with the rotor
body and end walls, the slots 39 and 40 being
relatively spaced apart angularly, preferably at
right angles as shown in Figure 2. Through
blades are slidably disposed in the respective pairs
of slots 39 and 40 and each preferably comprises
a pair of identical half sections arranged in co-
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operative relation as more clearly shown in Fig-

ure 1. Inasmuch as the half sections of the
through blades are of identical construction a

75
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one section Is believed to
it comprises a relatively flat thin sub-
stantially I-shaped plece 41, the connecting por-
tion 42 of which is slightly offset from but sub-
stantially parallel with a vertical plane passing
through the center of the end portions as viewed
in Figure 1. By arranging two of such sections
di with their end portions in longitudinal align- -
ment and their inner sides in abutting relation
and the connecting portions 42 nearer to the
outer sides of the short flanges, one through blade
is provided. The other through blade compbrises
& pair of sections similarly arranged but with
thefr connecting portions 42’ disposed inwardly
of the connecting portions 42 on the first through
blade, the outer sides of the longer end portions
being in transverse alignment with the adjacent
sides of the shorter end portions. The pairs of
through blades thus assembled are mounted with-
in. the respective pairs of slots 39 and 40 in the

detalled description of

‘rotor and have their outer longitudinal edges in

running engagement with the peripheral wall of
vthe sleeve bore at diametrically opposite points,
while the outer ends of the blades are adapted
for running engagement with the adjacent faces
of the end wall 12 and the circular portion (3’

respectively.

As heretofore stated, predeterimined running
clearances must be maintained regardless of oper-
ating temperatures if the pump is to operate at
maximum efficiency. Pumps are now designed
with proper running clearances for specified out-
put and when tested at room temperature, as is
customary, very good results are obtained. How-
ever, these same pumps in actual use where the
temperature rises as high as 350 degrees F., de-
velop end clearances alone, between the ends of
the sleeve and the adjacent walls of the housing,
of some .006 inch which so reduces the efliciency
of the pump that it will not meet the test require-
ments. I therefore sufficiently spring load one
end of the sleeve so0 as to maintain abutting en-
gagement between the ends of the sleeve and the
adjacent portion of the housing whereby the
initial end clearances are maintained regaadiess
of temperature changes.

Any suitable means may be adoptéd—foOr-egf-.
fecting this spring loading and a simple, efficient,
construction is illustrated in Pigure 1 which com-

prises forming an annular recess for groove 13+
in the cover member at the intersection of the
circular portion (3’ and the flange {4. The
groove (3"’ is formed substantially like a frus-
tum of a cone and projects inwardly into the
cover member In a manner to Introduce some
resiliency in the circular portion 3’ which in
turn exerts sufficient resilient end pressure to
preload the sleeve to sucin an extent that abut-
ting engagement between the ends of the sleeve
and the adjacent portions of the housing are
maintained regardless of temperature changes.
In as much as the amount of end clearance can
not be exactly calculated because of the diverse
variables encountered no definite allowances
can be provided for other than the construction
for initial test at room temperature and there-
fore the amount of spring loading necessarily
will have to be determined by tests under work-
ing conditions. |

Other arrangements for spring loading the
sleeve are shown in PFigures 4-5 and 6 wherein
Figure 4 shows the use of the same annular
groove {3’’ but in this case the pump housing
has a cover member mounted at the other end
of the housing in a manner similar to that
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shown In my prior issued patent heréto,_fore re-

ferred to.

In Figures 5 and 6 the pump has separate end

discs at the opposite ends of the bore which are
engageable with the adjacent ends of the inter-
posed sleeve. |
 discs 20 as shown in Fig. 5 is separate and free
for sliding movement in the outer end of the
bore and is in abutment with the adjacent end
of the sleeve. A space is left between the outer
face of the disc 20 and the inner face of the cir-
cular portion 13’ between which a plurality of
thin arcuate shaped springs 20’ are disposed rela-
 tively in angular spaced relation. It is desirable
that at least three such springs be used to as-
sure even distribution of pressure and each has
free ends 20’ engageable against the adiacent
face of the disc 20 while its intermediate curved
portion is partially seated in a complementary
shaped recess provided on the inner end of the
circular vortion §3’. 'The springs 28’ are so dis-
posed that when the cover member {3 is securely
‘in place the springs exert sufilcient pressure on
the disc 28 that the ends of the sleeve are main-
tained in abutment with the adjacent discs re-
gardless of temperature changes. And thus in
all forms, the end member has recessing which
is involved in the accomplishment of the spring

loading or pressure functions.
To further insure maximum efficiency in the

operation of the pump, the mounting of the rotor
83 is likewise important, and while any suitable
means may be adopted the one illustrated in the
drawings has proven to possess very desirable
features. The rotor 33 at its inner end is formed
with an integral extension 43 projecting axially
outward therefrom and centrally disposed with-
in an opening 12’ extending through the end wall
{2. The opening {2’ is normally closed by a cover
- plate 112, of bearing or other suitable material,
which is removably mounted on the outside of
the end wall {2 and has an integral tubular ex-
tension {13 projecting axially inwardly in closely
fitted relation in the opening {2’. A plurality of
‘machine screws [ 14 project through openings pro-
vided in the cover plate 12 and are threadably
secured in aligned openings provided in the ad-
jacent portion of the housing for removably se-

curing the cover plate in proper position. An

inner race 44, of a ball bearing assembly, is se-
curely mounted on the adjacent extension 43 and
the outer race 85 is securely mounted in the ad-
jacent end of the tubular extension 113. A plu-
rality of balls 47 are disposed between the inner
and outer races and secured in g well known man-
ner. Suitable means for taking the end thrust
and preventing scoring of the end walls should be
provided and preferably the improved construc-
tion illustrated accomplishes both by a single ele-
ment. The free end of the tubular extension {13
projects slightly beyond the inner face.of the end
wall {2, actually about .0003 to .0007 inch, and
abuts the adjacent end wall 835 of the rotor to
simultaneously take the end thrust of the latter
and maintain the wall 35 in predetermined spaced
relation with respect to the inner adjacent face
of the housing end wall {2 whereby scoring will
be prevented. The outer end of the rotor 33 is
also provided with an integral projection 48 pro-
jecting axially outwardly therefrom and the in-
“ner race 49 of a ball bearing assembly is securely

mounted thereon. The outer race 3f is securely
mounted in s bore 53 formed on the inner ad-
jacent side of the cover member (3. A plurality
of balls 58 is disposed between the inner and

- ner.

outer races and secured in s well known man-
‘The outer end of the extension 48 is formed

- with a toothed pinion B8 adapted for connection

In this construction one of the
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with a flexible drive coupling, not shown, as Is
customarily provided for eﬂecting 8 flexible
connection.

The cover member {3 has a rearwardly ex-
tending outwardly flared portion 57 integral with
the flange 14 and terminates in a laterally ex-
tending mounting flange §8 having openings 58

'so spaced as to adapt the flange for suitable

mounting upon the engine pad.. |

While the vacuum pump is primarily employed
for creating sufficient vacuum Ior the operation
of flight instruments, the discharged air may be
utilized in the operation of a de-icer or other

similar instrumentality requiring a supply of
alr for its operation. The rotor operates at high

speeds, usually around 3000 K. P. M., and if the
discharged alr is connected with a de-icer may
probably reach 5000 R. P, M. Inasmuch as the
pump handles air with no lubricating qualities it
is essential that the relatively movable parts of
the pump bhe suitably lubricated and the quan-
tity of lubricant should be controlled to supply
just enough for best operating purposes because
too much lubricant is, likewise, detrimental to the
most efficient operation. Any suitable means may
be employed for lubricating the relatively mov-
able parts of the pump, but one embodying novel
feature is shown in the drawings.

The gttaching flange 58 is provided with g plu-
rality of openings 80, Fig. 3, at its attaching face
and which are disposed angularly in different
radial positions to adapt the pump for mounting
on the engine pad in such & manner that one of
the openings 60 will align with an oil passageway
provided in the pad affording communication
with the oil reservoir in the engine housing.
These openings 80 are connected at their inner
ends with an oil passageway 6{ formed In the

- flange §8 through which ofl is permitted to flow.

45

60

65

Between the flanges {4 and 58 the hollow portion

is provided with g flat face 57 on its outer pe-

riphery adjacent the top as viewed in Figure 1.
A bore i58 extends inwardly in a vertical direc-
tion from the filat face 5T passing entirely
through the adjacent wall and a tubular bushing
158 is securely fitted in the bore, the inner end
of said bushing §5% projecting slightly beyond
the inner periphery of the wall while its outer
end is formed with a lateral extending marginal
flangce 160 seated in a complementary shaped
recess in the flat face 181. A circumferential .
groove 860’ is formed on the outer peripheral
wall of the bushing 159 a suitable distance in-

- wardly and an opening 161 of predetermined size

80

65

extends transversely through the wall adjacent
the groove to afford communication with the in-
side of the bushing. A plunger (62 is slidably
disposed in the bushing 158 and its inner end is.
adapted for engagement with the adjacent end of
the extension 48 on the rotor. The outer end
of the extension is provided with a filattened sur-
face adapted to contact the inner end of the
plunger during rotation of the rotor to effect re-
ciprocation of the plunger. The outer end of the

- plunger has a laterally .extending peripheral

70

78

flange 164 secured thereto and inwardly of ifs

end. A spring retainer housing i6% has an at-
taching flange 166 removably mounted upon the
flat face 157 by a plurality of machine screws

‘which project through openings provided in the

flange {66 and are threadably secured in the ad-
jacent portion of the hollow extension §1. A
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gasket is disposed between the adjacent faces to
provide a fluld tight seal. The housing (08 has
an integral extension 189 projecting centrally
outward from the flange 188 and & bore 1718 ex-
tends inwardly a sultable distance, the bottom
of the bore affording a seat. The outer end of
the hore {70 is fared outwardly at (Tl to pro-
vide, with the bore, ant oil chamber. A coil spring
172 is disposed within the bore {10 and has iis
outer end encircling the outer portion of the
plunger and engageable with the fiange 164. A
retainer member 173 with a laterslly extending
flange is slidebly mounted at the inner end of
the bore, and has a central projection which fits
within the opposite end of the spring, the ex-
treme outer end of the latter ebutting the flange,
the spring having sufficient resillency to normally
exert pressure on the plunger to assure engage-
ment between the inner end of the plunger and
the rotor extension 48. The outer end of the ex-
tension 16§ is provided with a tapped opening
§76 extending inwardly toward the bottom of the
bore 78 but In spaced relation thereto, there be-

ing provided a communicating passageway (37

therebetween which aligns with & central opening
provided in the retainer member (73. This
tapped opening {76 is provided to recelve oil in
the event manual lubrication is reaquired and
when not in use it should be closed by & bplug,

not shown.
A passageway {79 1s formed in the fdange B8 and

the wall of the adjacent hollow portion 87 and
has one end communicating with the oll passage-
way 61 and its other end communicating with the
flared outer end 1Ti of the bore thus insuring
flow of ofl to the oil chamber. A second pas-
sageway 80 is formed in the wall of the hollow
vortion 57 and has one end communicating with
the pump bore while its other end communicates
with the circumferential groove 068’ thus es-
tablishing communication between the oil cham-
ber and the interior of the pump chamber, the
amount of oil flowing thereby being controlled
by the clearance provided between the upper por-
tion of the plunger and the Inner adjacent periph-
~ eral surface of the tubular bushing.

In the operation of the pump it should he ﬁrst |

pointed out that the construction is such that
the pump may be operated in either direction-
without the necessity of changing any of the
parts. With the rotor rotating in the counter-
clockwise direction as shown in Figure 2, the
opening 2T becomes the inlet opening and is
suitably connected to the vacuum actuated in-
struments in a well known manner. In this line,
there should be the usual relief valve for main-
taining the suction desired irrespective of flying
conditions. The outlet opening 29 is suitably
connected, as stated before, with a de-icer or is
discharged to the slip stream and in this line
there should be the usual safety valve and oil
separator for separating the oil from the air and
the oil is returned through a suitable connecticon
with the engine housing so that the oll is returned
to the reservoir. As the rotor rotates suction is
created at the inlet opening 271 and the air which
is drawn in is forced around the chamber by the
blades and discharged under pressure through
the outlet opening. The amount of air dis-
charged, of course, is dependent upon the speed
of rotation of the rotor. By the use of equal
diameters in forming the pump hore a greater
displacement is provided than is possible with
other types of bores now in common use. PDue
to the balanced condition of the rotor and blades,
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by their special construction and cooperative re-
jation, vibrations are reduced to a negligible ex-
tent.

- While I have described the preferred embodi-
ment of the Invention it is to be understood that
I am not to be limited thereto inasmuch as
changes and modifications may be resorted to
without departing from the spirit of the inven-
tion as defined in the appended claims,

What is claimed is:

1. A rotary pump comprising: g housing hav-
ing a bore extending Inwardly from one end
thereof and terminating sdjacent an end wall;

sald housing being further provided with gn in-
let opening and an outlet opening respectively

communicating with said bore at opposite sides;
8 cover membear detachably mounted on the open
end of sald housing for normally closing the
same; & sleeve disposed in said bore and having
its opposite ends in abutting relation with the
adjecent end wall and cover member respec-
tively, sald sleeve having openings on opposite
sides affording communication respectively with
sald inlet and outlet openings, sald sleeve being
made of material having a different coefilclent of
expansion than sald housing and cover mem-
ber; a rotor eccentrically disposed within said
sleeve for running engagement therewith be-

tween sald sleeve openings and rotatably mount.-

ed at diametrically oppoesite ends in said hous-
ing end wall and cover member respectively,
said rotor having a transversely extending
through-slot; & through blade slidably mounted
in said slot and having its outer longitudinal
faces engageable at diametrically opposite sides of
the inner peripheral wall of said sleeve: and
means including recessing in the cover member
opposite the end of the sleeve for predetermi-
niately spring loading sald cover member for in-
itially exerting sufficient pressure on the.end of
said sleeve regardless of temperature changes.

2. A rotary pump comprising: s housing hav-
ing a bore extending inwardly from one end
thereof and terminating adjacent an end wall,
sald housing being further provided with an in-
let opening and an outlet opening respectively
communicating with said bore at opposite sides:
& cover member detachably mounted on the
open end of said housing for normally closing
the same and having an integral circular por-
tion projecting into said bore: a sleeve disposed
in said bore and having its opposite ends in abut-
ting relation with the adjacent end wall and cir-
cular portion on the cover member respectively,
sald sleeve having openings on opposite sides af-
fording communication respectively with said
inlet and outlet openings, said sleeve being made
of material having a different cceflicient of ex-
pansion than said housing and cover member: &
rotor eccentrically disposed within said sleeve
for running engagement therewith between said
sleeve openings and rotatably mounted at di-
ametrically opposite ends in said housing end
wall and cover member respectively, sald rotor
having a transversely extending through-slot: a
through blade slidably mounted in said slot and
having its outer longitudinal faces engageable at
diametrically opposite sides of the inner periph-
eral wall of sald sleeve; sald cover member be-
ing provided with a peripheral groove, substan-
tially in the form of a frustum of a cone, con-
verging outwardly at the outer end of said cir-
cular portion for introducing resiliency therein
sufficient to initially exert a pressure on the end
of said sleeve to substantially maintain abut-
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ting engagement between the opposite ends of
said sleeve and the adjacent end wall and cir-
cular portion respectively regardless of temper-
ature changes.

‘3. A rotary pump comprising: a housing hav-
ing a bore extending inwardly from one end
thereof and terminating adjacent an end wall,
said housing being further provided with an in-
let opening and an outlet opening respectively
communicating with said bore at opposite sides;
a cover member detachably mounted on the open
end of sald housing for normally closing the
same: a sleeve disposed in said bore and having
its opposite ends in abutting relation with the
adjacent end wall and cover member respec-
tively; a rotor eccentrically disposed within said
sleeve for running engagement therewith be-
tween sald sleeve openings and having out-
wardly projecting axial extensions rotatably
mounted anti-frictionally at diametrically oppo-
site ends in said end wall and cover member re-
spectively, the mounting in the end wall includ-
ing, an opening through the latter; a cover plate
detachably mounted on the outer face of the
end wall and having a tubular extension pro-
jecting snugly through the opening, the free
end of the tubular extension extending slightly
beyond the inner face of the end wall and en-
gageable with the adjacent end of sald rotor to
take the end thrust of the latter, said rotor hav-
ing a transversely extending through-slot; and
a through blade slidably mounted in said slot
and having its outer -longitudinal faces engage-
able at diametrically opposite sides of the inner
peripheral wall of said sleeve. o
4, A rotary pump comprising: a housing hav-
ing a bore extending inwardly from one end
thereof and terminating adjacent an end wall;
a, cover member detachably mounted on the open

~ end of ‘said housing for normally closing the

. 9,427,808
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having a different coefficient of expansion than
said housing and cover member; a rotor rotat-
ably disposed within said sleeve and having a
drive shaft, one end of which projects outwardly

for connection with a driving means, said cover

member being formed with an annular groove
at the outer end of the extension to provide re-
silience in the latter to retain the abutting en-
gagement between the sleeve ends and. the inner

faces of the bore and cover member, extension

respectively, regardless of temperature changes.
6. A rotary pump comprising: a housing hav-

" ing & bore extending inwardly from one end; &

‘15

20

cover member detachably mounted on the open
end of said housing for normally closing the same
and having an extension projecting into said

‘bore, s sleeve disposed within said bore in en-

gagement with the inner faces of the bore and
cover member extension respectively, said sleeve

‘having a different coefficient of expansion than

said housing and cover member; a rotor rotat-
ably disposed within said sleeve and ‘having a
drive shaft, one end of which projects outwardly

. for connection with a driving means; said cover

25

member being formed with a peripheral groove,
substantially in the form of a frustum of a cone,

converging outwardly at the outer end of the

30

35
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same: & sleeve disposed in said bore and having

its opposite ends in abutting relation with the
adjacent end wall and cover member respectively;
a rotor disposed within said sleeve for running
engagement therewith and having outwardiy pro-
jecting axial extensions rotatably mounted anti-

48

frictionally at diametrically opposite ends in said

end wall and cover member respectively, the

mounting in the end wall including, an opening
through the latter; a cover plate detachably
 mounted on the outer face of the end wall and
having & tubular extension projecting snugly
through the opening, the free end of the tubular
extension extending slightly beyond the inner face
" of the end wall and engageable with the ad-
jacent end of sald rotor to take the end thrust
of the latter, - | |

80 temperature changes,

65

5. A rotary pump comprising: a housing hav-

ing a bore extending inwardly from one.end; &
cover member detachably mounted on the open
end of said housing for normally closing the same
and having an extension projecting into sald
 hore; a sleeve dispoged within said bore in en-
- gagement with the inner faces of the bore and
cover member extension respectively, said sleeve

60

ﬁle1 of this patent: |

extension to provide resilience in the latter to
retain the abutting engagement between the
sleeve ends and the inher faces of the bore and

cover member extension respectively, regardless

of temperature changes. g -

7. A rotary pump comprising: a housing having
a bore extending inwardly from one end; a cover .
member detachably mounted on the open end of
said housing for normally closing the same and
having an extension projecting into said bore;
s sleeve disposed within said bore in engage-
ment with the inner faces of the bore and cover
member extension respectively, said sleeve having
o different coefficient of expansion than said
housing and cover member; a rotor rotatably dis-
posed within said sleeve and having & drive shaft,
one end of which projects outwardly for connec-
tion with a driving means; and means including
grooved recessing in the cover member, providing
resilience in the extension to retain the abutting
engagement between the sleeve ends and cover

member extension respectively, regardless of
~ JAMES P. JOHNSON.
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