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1

This invention relates to vacuum pump units
of the type consisting of first and second stage
pumps combined in g single housing and driven
by a common shaft with the inlet of the second
stage pump being in communication with the
outlet of and the oil reservoir for the first stage
pump.

Such compound vacuum pump units are wide-
ly used because of their pumping efficiency in
the region of high vacuum. The function of each
pump of such a unit, in attaining that efficiency,
is that the second stage pump serves as a “rough-
ing” stage in which it functions to “back-up”
the first stage pump and to de-gas its sealing oil
while the first stage pump serves as a “finishing”
stage. The second stage pump, however, has the
heavier load since its discharge to atmosphere is
through a spring loaded outlet valve. In prac-
tice, it maintains a low pressure, typically in
the range of from 15 to 25 microns, on the outlet
of the first stage pump and on the oil in its
reservoir to remove dissolved or entrained air,
or both, therefrom to condition it for sealing
purposes. The first stage pump must be adapted
to maintain a substantially lower pressure, .05
micron or less, on the chamber or system with
which its inlet is in communication. The pres-
sures referred to herein are based on MacLeod
gauge readings.

“Leakage into a vacuum pump would, of course,
make satisfactory performance impossible and
care is exercised to provide suitable air-tight
housings. The housings for compound vacuum
pumps vary considerably in their specific forms
but each commonly includes a pair of casing
parts for the pump mechanisms, a center wall
part separating them, and a head to close the
other end of each casing part. The shaft extends
through the head for the second stage end of
the housing, through the center wall part and is
supported by a hearing unit located in a blind
recess in the head for the first stage pump. In
some housings, each part is a separate casting
while in other types, the center wall and casing
parts are combined in a single casting.

‘While such housings suitably safeguard against
air leakage into them, interstage leakage, when
it occurs, impairs performance and is difficult to
locate. There is a substantial pressure differ-
ential between the stages of a compound vacuum
pump and even the slightest leak from the second
stage pump to the first stage pump is serious
because of the substantial volume to which gases
expand at the low pressures maintained by the
first stage pump.
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There are two probable paths for inferstage
leakage. One of them is along the shaft and the
second is through the center wall. Spongy cast
iron commonly results when the casting is thick
or where adjacent portions thereof differ in thick-
ness. Even where it occurs, the surface or skin
of the casting is usually sound. If the surface
skin of the casting is machined away on only
one side, the skin on the other side usually will
prevent leakage therethrough. If opposite sur-
faces are machined, leakage through the metal
between the machined faces will occur often
enough to be a commercial problem. L

The principal objective of the present inven-
tion is the provision of a compound or two stage
rotary vacuum pump in which the probability of
interstage leakage, both through the center wall
and along the shaft, is virtually eliminated.

This result is attained by providing a rotary
two stage vacuum pump the housing of which
has two axially alined cylindrical working spaces
isolated from each other by a partition. The par-
tition isolates and forms the proximate end walls
of the working spaces and includes within itself
chambers, formed in the casting operation and
retaining the casting skin. These chambers are
directly interposed between the parallel ma-
chined surfaces which are the proximate end
surfaces of the two working spaces and approxi-.
mately surround a central hubp which has a bore
coaxial with both working spaces. Sealed in the
bore is a plain bearing-bushing rotatably sup-
porting the shaft which extends into the working
spaces and operates the rotary displacing means
of which there is one in each working space.

One of the chambers is the oil reservoir for the
first stage pump and has ports opening through
the machined surfaces to establish the outlet for
the first stage pump and the inlet port for the
second stage pump. The bearing-bushing is.
formed with oil passages which are fed by an
oil passageway leading from that oil reservoir.
One such passage leads to the shaft and the other
is arranged to deliver oil to the first stage pump
for lubricating and sealing purposes without
breaking the shaft lubricating oil film and thus
destroying its effectiveness as a seal against in-
terstage leakage along the shaft.

With the exception of the machined surfaces
which serve as the proximate end surfaces of
the working spaces and the axial bore for the
bearing-bushing, all other surfaces of the parti-
tion have an unbroken casting skin which serves
as an effective barrier against leakage., Those
portions of the machined surfaces which are
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backed by the hub are the only places where an
unbroken casting skin is not available to serve
as such a barrier. The center wall, however,
measured in the direction of the shaft axis, is
thick enough to guard against leakage length-
wise of the hub. The proper proportioning of
the chambers ensures that the cross-section of
the walls fofmed théreby is nedrly uniforid, and,
in practis€, the hub is cored to ensure that the
thickness of its wall is approximately that of
the other walls.
casting is minimized and even should it cccur,
the skin of the casting is effective to prevent leak-
age. .
These features of the 1nvent1on make possible
adequate protection against interstage ieakagé in
compound vacuum pumps and enable other
changes to be made in the construction of the
first stage pump that also_contribute to e¢onomy
in production and improved efficiency both in
operation and in. relationr to weight. and hoise
power requiréments as will be apparent from. the
accompanying drawings showing these and other
features in an illustrative enibodixient of the
invention.

In the drawmgs

Fig. 1 is a .side view of g compound vacuum
pump in accordance with tlie invéntion with its
oil trap partly sectioned.

Fiz.-2 is .a side view of that pump as viewed
from its second stagé end.

Fig. 3 is-a section thirough the pump on & plane

indicated by the lifiés 3-—3 of Fig. 2

‘Pigs. 4, 5, ahd 6 are sectionls thr‘oii‘gh thé pumyp
on planes indicatéd by the liries 8—4, 5—35, ahd
6—5 respectively, of Fig. 3.

Fig: 7.is an end elevatmn of the main shaft
bearing-bushifig carried by the eenter wall look-
ifng at its first stage end.

-Fig. 8 is a longitudinal section of that bear-
ing-bushing.

Fig. 9 is a side elevatlon of the miin shaft
bearihg-bushing carried by the second stage head,
a part being broken away to exposé an oil pas-
sage.

Fig. 10 i5 a view of thab bushing as viewed froin
its outer end

Fig. 11 is an efid view of the eccentrié of the
first §tage. 'That for the second stage is identi=
cal, and

Flg 12 i§ a sectioh along the lines 12-=12 ot

Fig. 5,

In thée embodiment of the 1nvent10n ﬂlustrated'

in the drawings (see parhcularly Flg 1) there
is 111ustrated a two stage vacuum bump housmg
comprising 4 center wall meéember generalty in-
dicated at {6 and supported by a pedestal i1,
heéads 18 and (8, and pump casing parts o8 and
2{ each clamped between & eorresponding head
and the center wall.

Machine screws 22 ekxtend through the head
18, the flanges 238 of the casing part 20 and are
threaded ifito thé center wall I8, The resultmg
assembly is the housihg of the first ‘stdge pump
and is generally indicated by the numeral 24.
Machine screws 25 extend through the head !9
the flanges 26 of th= casmg part 21 and are
threaded into the ‘cenfer wall 16 tius providing
the housing of the second stage pump, indicated
generally by the numeral 27. In practise, each
face of the center wall 16 is'provided with locat-
ing pins to ensure correct assembly.

The contacting faces of the ¢astings are pre-
cisely machined to ensire surfaces that can be
tightly sealed together to render the joints air

Thus sponginess throughout thé -
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tight. No gaskets are used between such faces.
As the heads 18 and 19 have only their inner sur-
faces machined and casing parts 20 and 21 have
only their inner and end surfaces machined, they
present no serious leakage problem.

As best shown in Figs. 3, 5 and 12, the center
wall member (6 has, between its machmed faces
g first chambér of cavity 28 and a seéond cham-
ber or cavity 29. The chambers aré produced
in the casting operation, by eoring or otherwise.
These cavities are located and dimensioned to
prov1de an external shell 36 and a vartition 31
in the form of a web having a hulb portion 32.
The. Hub niay be ¢ored and in any case is bored

5 4t 33 to permit the bearing-bushing 42 (herein-

4fter déscribed) to be pressed into position.

.The first_cavity 28 exiends from a point below
the hub portion 32 to a point well above it and
has; adjacent its upper end, a cored port 35 open-
ing through one face of the center wall 16 and a
cored port 35 opening through the other féce
thereof (see Fig. 12). These ports are laterally
offset with respect to each other and constitute;
respectlvely, the outlet port of the ﬁl'st stage
pump.

The cavity 28 serves as an oil reservoir for the
first stage pump and has & drilled passageway
37 in communication With the bushing receiving
bore 33. Thé center wdll 16 his a réiovable
dralnage pliig 38. At 39, there is a plug, carry-i
ing a stem 40 which extends into the passageway'
37 to provide 1nterchangeab1e méans for regii=
lating the rate of oil flow therethrough. Both
plugs seat against toric; riibber-like gaskets dl

As no surface of the tavitiés is iachined; _the
casting skin of those surfaces is effective to

the machlned surfaces, ensur Ing agamst lea, ge

the center wall 16 are so backed the unbacked
portions are suxtably separated The hub 52 1s
of substant1a1 ax1a1 length as, Wlll be apparent

perm1ts such umformlty of metal seetlons as fmll
ersure solind castiiigs.. Where; addn‘,lonany, the
Hub is cored, it is unhkely to e spongy T
cav1t1es furthermore make 1t posmbie to pre

radra.l port_ 44 leads from th1s to the Jour )
the shaft 38, and to. the passsge 45 which Téads
to the ﬁrst stage engd of the buighing 42.

As best shown in Pigs. 3'and 4, the casing 29 en-
closes 4n open, right c1rcu1ar cylmdrlcal ‘¢h
ber 46, the ends of which are closed by plane
surfaces of the paits 18 and 18. This is. the first
stage working Spdce. . Casmg 28 also, 1ncludes an
inlet ‘chamber. 47 i 3 t] led inlét ‘con-
nect1on 48 and 4 cylmdrlcal Seat 49 59 for ‘the
two guide blocks 56. These are sectors of a rlgh‘t
clrcular cylmder equai in 1erxgth Wlth the cham-
beér 46. The casing part 20 also has ‘an o) v
51 extendlng from ‘end to end thereof ‘and serv-
ifig as an outlet chamber in communlcatlon With
the rédervoir port 35 1h the center wall 16. AR
outlet port 52 opens into thée working space 66
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adjacent to and through the lower extremity of
the cylindrical guide seat 50 and extends upward-
1y to open into the outlet chamber 51 over a dam
or rim extending above the bottom thereof. This
dam (see Fig. 4) serves to cause retention of a
limited column of sealing oil in the lower part
of the port 52 by controlling discharge of excess
oil. .

_The displacing abutment comprises an eccen-
tric 53 keyed to the shaft 34 and rotatable in
the cylindrical sleeve 54 which has a radial hol-
low, open-ended, plate-like arm 55 extending into
the inlet chamber 47. Arm 55 fills the interval
between the guide blocks 56 and is guided there-
by. The eccentric 53, the sleeve 54, the arm 55,
and the guide blocks 56 are all of the same length
as the casing part 20. The arm 55 has g port
57 shown in Fig. 4 as closed by one of the guide
blocks 56 when the sleeve 54 sweeps past the out-
let port 52. It remains closed until the plunger
has again started its sweep of the working space
46. The sleeve 54 does not engage the cylindrical
wall of its working space, but requires for effec-
tive pumping action an oil seal.

Each end of the eccentric 53 is beveled at its
outer edge as shown at 58 in Figs. 3 and 11, to es-
tablish with the sleeve 83 an annular sroove with
which a radial groove 53 in each end of the ec-
centric is in communication. On each rotation
of the eccentric 53 the radial groove 59 adjacent
the center wall {6 receives oil from the bearing
passageway 45 (see Figs. 3 and 8). This oil flows
outwardly to the groove 58. Sealing oil may also
flow through the running clearances between the
eccentric and its sleeve to the opposite end of
the sleeve where it is distributed in a similar
manner to establish an oil seal at that end of
the working space.

The second stage pump 27 is essentially simi-
lar to the first stage pump and, as best shown
in Fig. 6, has its casing part 21 formed with
an opening extending from end to end thereof,
The opening affords a right circular cylindrical
working space 60 axially alined with the simi-
lar working space 46, an inlet chamber 61 with
which the center wall port 36 communicates,
and a seal 62, 63 for the guide blocks. 75. The
casing part 21 also encloses cavity 64 which,
when the gasketed window 65 and frame part 65
are in place, serves as an oil reservoir for the
second stage pump. The outlet 67 of this pump
opens into the working space 60 adjacent to and
through the lower part of the seat 63. The
outlet 67 is controlled by a lightly loaded check
valve (see Fig. 6) consisting of a facing element
68 and a valve block 69 freely guided by the
bolts 70. Springs 11 tend to seat the valve. The
window makes it possible to check the quantity
and condition of the oil and the operation of
the valve.

The pumping mechanism of the second stage
pump includes an eccentric 72 keyed to the shaft
34 and rotatable in the sleeve 13. This has a
hollow, open-ended, plate-like arm 714 extend-
ing into the inlet chamber 6{ and slidably guided
between the guide blocks 15. These are segments
of the same cylinder as the seats 62 and 63.
The arm 74 has a port 76 which is closed by one
of the guide blocks 75 when the plunger 13
sweeps past the outlet 61. Like the correspond-
ing parts of the first stage pump, the eccentric
12, the sleeve 13, the arm 74, and the guide
blocks 15 are of the same length as the cylin-
drical working space 60 and at each end of the
eccentric 72 are oil grooves identical to the
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grooves 58 and 59 of the first stage pumping
mechanism.

The reservoir 64 has an outlet 77 provided with
an oil trap, generally indicated at 18, which is
employed to conserve oil and to prevent damage
by the discharge of oil in the vicinity of the
pump. I have shown the oil trap 718, in Pig.
1, as having a cylindrical body 79 through the
center of the bottom of which extends an inlet
pipe 80. The upper end of the pipe 80 extends
a substantial distance above the bottom of the
body 19 to provide a sump out of the path of gas
flow. The pipe 80 has a lateral oil return port
81. . .

Ahove the upper end of the pipe 80 is a disc
bafile 82 supported by brackets 83 while -above
the bafle 82 is an annular second bafie 84 of
frustroconic section. This establishes a gutter.
which is slightly ineclined to direct oil collect-
ing therein towards the conduit 85, extending
into the sump. The body 19 has outlets 86 ad-
jacent its upper end overhung by a cap 81
having a downturned flange 88 spaced outward-
ly from the outlets 86. The cap 87 has a pendant
annular baffle 89 located above the middle part
of the bafile 84 so that oil dripping therefrom is
caught and returned to the sump.

The shaft 34 extends through the head (9
which includes a hub 90 and is bored to receive
the shaft supporting plain bearing-bushing 91.
The hub 80 is counterbored to receive the ring
92 which carries a seal 93 of the toric type seal-
ing against leakage hetween the ring 92 and the
hub 90. A second counterbore 94 provides a
chamber for the rotary shaft seal. The rotary
shaft seal is shown as including a running ring
9% seated against the ring 92 and to which is at-
tached the larger end of the corrugated resilient.
sleeve 86. At its outer end, the sleeve 96 is con~
fined by a ring 91 connected to a sleeve com-.
pbressing holder 898 which is under the influence of-
a spring 99. This spring is sustained by the:
cap 100 locked to the shaft 34 by the retainer 101..
By these or equivalent means, leakage into the:
second stage pump 27 along the shaft 34 is pre--
vented. :

In order to return the sealing -oil to the sec--
ond stage pump 27 from its reservoir, there is:
provided a reservoir outlet port {02 which regis--
ters . with -a bore 103 in the head (8. The bore:
103 intersects a passageway 104 opening into:
the bushing supporting bore in the head (9. The:
bassageway 104 is sealed by a threaded plug:
whose head 105 is seated against a toric gasket:
106. The plug carries a stem (07 restricting the:
flow of oil. -

The bearing 91 has a beveled outer end (08
which defines with the seal ring 92 an annular
groove. The beveled end 108 feeds a radial
slot 108 which communicates with one end of a
channel {10 extending from end to end of the
bearing along its inner surface. The outer sur-
face of the bushing 91 is provided with a longi-
tudinal channel 1{i, slightly larger than the
channel {10 and circumferentially displaced
therefrom. By this construction, oil is fed into
the second stage pump along both surfaces of
the bushing 91, while oil is also supplied to lubri-
cate the wear ring 95.

From the foregoing, it will be appreciated that
the invention provides a novel center wall and
a novel interstage shaft seal. These, when com-
bined, solve the problems of interstage leakage
and in addition make possible further improve- -
ments in the first stage pump. By the use of
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% plain bearing~-bushing in the center wall both
as a shaft support and as part of the interstage
seal and the oil supply systema for the first stage
pump, the usual bearing unit carried by the
first stage head is eliminated. The elimination

of the bearing unit in the first stage head results -

in anh overhung construction, practicable when
the first stage pump is of the type in which the
plunger sweeps the cylinder without econtaet
therewith. This is so because the load om such
a purnp is negligible. This simplifies the pump
construction and eliminates an axial bearing
pocket. which, in prior constructions, had to be
exhausted. Particularly in .smaller pumps, this
clearance volume had the effect of appreciably
limiting: their pumping speed.

What I therefore claim and desire to secure
oy Letters Patent is:

1. A rotary two. stage vacuum pump, compris-
ing a heousing enclosing two axially alined eylin-
drical working spaces: isolated from each cther,
said housing including a cast partition which
isclates: and formse the proximate end walls of
saidk working spaces and includes within itself
chizmbers formad in the operation of easting the
partition arnd retaining the ecasting skin, said
chambers being; directly: interposed between
parallek machined surfaces which are the proxi-
mate: end surfaces of said two- working spaces,
there being a central.hub in said partition which
is: approximately. surrounded by ssid. chambers.
and is: formed with a bore coaxial with both
working spaces; a plain bearing-bushing sealed
in:the bere of 'said hub; a shaft rotatably mount-
ed-in, said.vushing and extending into szid work-
ing; spaces; and rotary: displacing means ar-
ranged to be operated by said shaft, one in each
of said working spaces; one: of said: chambers
serving as an oil reservoir and said pump having
oil: delivery means in communication with said
reservoir and including two independent. pas-
sages, one communicating with the journal in-
termediate the ends-of said bushing and the other
opening: inte said first working space at the:par-
tition end: thereof.

2. A rotary two stage vacuum pump, compris-
ing. & housing enclosing first and second. axially
alined. eylindrical working spaces. isolated from:
each other, said housing including a. cast par<
titionr which isolates and forms the proximate.
end walls. of said working spaces and. includes:
within itself chambers. formed in- the operation:
of casting the partition: and retaining the: cast-
ing skin, said chambers being: directly interposed:
between. parallel machined surfaces which are
the proximate end surfaces of said two. working:
spaces, there being a. central hub in: said par-

tition.which:is.approximately surrounded-by said:

chambers.and. is formed . with.a: bore coaxial-with
both. working: spaces;. a plain bearing-bushing:
sealed in. the bore of said hub; a.shaft rotatably;
mounted:in said bushing and extending: info-said
working spaces; and rotary displacing: means: ar-
ranged: t0. be:operated by said shaft; one in each:.

of said: working spaces; one of said chambers:

serving: as:an . oil: reservoilr;. said. hub having: a-

passage: effecting communication between. said:

reservoir-and said bearing-bushing intermiediate:
its ends; and said bearing-bushing: having two.
independent. passages both disposed to: be fed
by said; hub-passage, . ome opening. to. the: journal:

and-the other -extending lengthwise. of said bear-.

ing-bushing: and: opening-into said first- working:
space:. .
‘3. Arrotary-two stage vacuumn pump, compris--

e

-t
[y

ing @ housing enclosing first and secord axigHy
alined eylindrical working spaces isolated from
each other and eaeh hdaving an inlet and an
cutlet, said: housing inelidinig a cast partition
which isolates and forms the proximate end walls
of said working spaces and ineludes within itself
chambers formed in the operationt of casting the
housing and retaining the casting skin, said
chamibers being directly interposed between

- parallel machined surfgces which are proximate

end surfaces of said two working spaces; there
being @ central hub i said partitionr which. is:
approximately surrounided by said chambers dnd
is formed with a: bore coaxial with both working

. spacesy a plain besring-bushing séaled iy the

bore of said hub; a- shaft rotatably m‘ounte‘giyi’ﬁ”

- spaees; and rotery displacing means arratiged

30

4

65

to be operdted by said- shaft, ore. in edch of said

- working spaces, one:of said chambefs serviiig as:

an: oil reservoir having g prédetermiried oil-level,
the outlet of the first working space and the
inlet- of the second working spaee opening into:
said reservoir above that. level; and said hub
hawving a- passage effecting communieation. be-
tween said reserveir and said bearing-bushing.

4. A rotary two' stage vaculum: pump, ¢ompriss
ing a.-housing enclosing first and: second axially
alined cylindrical working spaces: isolated fromy
eacti other and edach having an inlet dand: an out-=-
let, said housing. including a-¢ast partition whick.
iselates and forms thie proximdte end walls: of
said working spaces. and includes: within: itself
chambers formed in the operation of casting the:
partition and: refaiming the: easting skin, said
chambers being: directly interposed: between: par-
allel machined surfaces which are the proximste
end surfaces of said two working spaces, there
being a central hub in said partition which: is

-approximately surrounded: by said chambers: and

is: formed:with 2 bore coaxzial with beth working:
spaces;. a plain bBearing-Pushing sealed in: the
bore of said nub; o shaft rotatably moeounted in
said bushing and extending; inte said working
spaces; and: rotary displacing means: grianged:
to: beroperated: by said: shafl, one in each of said:
working - spaces;. oneé of said: chambers: serving
as: ah oilt reservoir having: a predeferrained: oil
level, the. outlet of-the: fivst working space and
the: inlet of the second werking space  opeding .
into: said reserveiy dhove that. level so: that oil
therein is de~-gazsed by the-overation-of the rotary
displacing means: ity said second workitg space;
said: huby having a- passage effectinig. conimunicg~
tion: between: said reservoir and said bearing-
bushing having. two: independent passages both.
disposedfo-be-fed by said hub passage; one-opefi~
ing: to: the journal and the other extending.
lengthwise ef said bearing-bushing and openihg:

. into said first working space to deliver de~gnssed!

oil- thereto:

5. A rotary two-stage vacuum pump, compriss
ing o housing enclosing twor axially -alined right:
cylindrical: working. :spaces: isolated- from each:
other,. said: housing: including. a cgst, plate-like:
member which -iselates:and: forrs the proximate-
end: walls of said. working spaces, and: includes:
within, itself chambers formed. in. the operation
of: casting the- plate-like member-and retaining

. the casting- skin; szid chambers being: directly:

interposed between said working spaces and bes:
tweenr paiallel machined -surfddes - which. are:
formed: oit: opposite faces of: the plate-like: mems
ber and -serve. as mountihg ‘seats and ds saids

75 proximate-end- walls; said’ plate-like member: i~



2,668,655

cluding a central hub approximately surrounded
by said chambers and formed with a bore coaxial
with both working spaces, said housing further
including enclosing means, one for each of said
working spaces, pump assembly bolts extending
through each such enclosing means and into the
shell wall which the chambers establish to seal
each enclosing means and each sealed to a re-
spective one of said mounting seats; a shaft ex-
tending through said hub bore and into said
working spaces; and rotary displacing means ar-
ranged to be operated by said shait, one in each
of said working spaces.

6. A rotary two stage vacuum pump, compris-
ing a housing enclosing first and second axially
alined right cylindrical working spaces isolated
from each other and each having an inlet and
an outlet, said housing including a cast partition
which isolates and forms the proximate end walls
of said working spaces, and includes within itself
chambers formed in the operation of casting the
partition and retaining the casting skin, said
chambers being directly interposed between said
working spaces and between parallel machined
surfaces which are the proximate end walls of
said working spaces, one of said chambers serv-
ing as an oil reservoir open to the outlet of said
first working space and the inlet of said second
working space, said partition including a central
hub approximately surrounded by said chambers
and formed with a bore coaxial with both work-
ing spaces, said housing further including en-
closing means, one for each of said working
spaces, the enclosing means for the second work-
ing space having a bore coaxial with said hub
bore, a bearing in each of said bores, the bear-
ing in said bore being a plain hub bearing-
bushing sealed therein and extending from end
to end thereof; said hub having a passage effect-
ing communication between said reservoir and
an intermediate part of said bearing-bushing and
said bearing-bushing having a passage fed by
said hub passage and opening into said first work-
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ing space; a shaft rotatably mounted in said
bearings and extending through the second and
into the first working space; and rotary displac-
ing means arranged to be operated by said shaft,
one in each of said working spaces, whereby the
rotary displacing means in the first working space
is overhung as to the shaft bearings.

7. A rofary two stage vacuum pump compris-
ing a housing enclosing first and second axially
alined, cylindrical working spaces isolated from
each other, each working space having an inlet
and an outlet, said housing including a partition
which isolates said working spaces and has oppo-
site machined faces which are the proximate end
boundary surfaces of the working spaces and in-
cludes within itself chambers isolated from each
other and directly interposed between said ma-
chined faces and establishing end walls and a
hub having a bore coaxial with both working
spaces; a shaft extending through said hub bore
and into said working spaces; and rotary dis-
placing means arranged to be operated by said
shaft, one in each working space; one such
chamber constituting an oil reservoir and having
two ports adjacent its upper end, one opening
through each end wall, onhe such port consti-
tuting a part of the outlet of the first stage and
the other port constituting a part of the second
stage inlet, said chambers and said ports being
formed in the operation of casting the partition
and including the casting skin, said pump having
oil delivery means in communication with said
reservoir and the first stage Workmg space at the
partition end thereof.
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