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3,399,826 
PUMP WITH AUXILIARY VACUUM 

PUMPING STAGE > 
Vytautas Andriulis, Chicago, IlL, assignor to Cenco 

Instruments Corp., Chicago, 111., a corporation of 
Delaware 

Filed Aug. 26, 1966, Ser. No. 575,392 
33 Claims. (Cl. 230--152) 

This invention relates generally to mechanical vacuum 
pumps and more particularly is concerned with a type 
of mechanical vacuum pump known as a vane type. 
The invention is directed to a vane type of mechanical 
pump in which there is an additional pumping stage or 
additional stages operating at the same time that the 
principal stage or stages are operating. 
The vane type of pump is of well-known construction. 

Basically the pump comprises a stator having a cylindri 
cal interior chamber with a cylindrical rotor mounted for 
rotation within the chamber. The rotor is of a diameter 
substantially less than that of the chamber and its axis 
of rotation is spaced from the axis of the chamber, but 
is parallel therewith. In this manner, a crescent shaped 
pumping chamber is 1formed in the space de?ned be 
tween rotor and stator, the volume being a function of 
the size of the chamber and rotor, the spacing between 
axes and the axial length of the chamber and rotor. 
The chamber is enclosed on its ends and the rotor carries 
movable vanes mounted for radial reciprocation in suit 
able slots or grooves formed in the rotor. The vanes are 
of a length to extend between the end closure of the 
chamber and further, during rotation are pressed against 
the interior of the cylindrical walls of the chamber either 
by spring pressure, centrifugal ‘force or both. 
An intake port is provided at one location on the 

circumference of the chamber and an exhaust port on 
another. The ports are separated su?iciently with regard 
to the operation of the pump so that there is normally 
no transfer of ?uid, either gas or liquid, between them, 
other than as provided by operation of the vanes. 
By suitable geometrical design, the intake port is lo 

cated to communicate with the chamber at a point on 
its circumference where the vane rotating past the in 
take port and continuing from there onward is at the 
same time moving radially because of the increasing size 
of the chamber de?ned between the vane and the intake 
port. With good e?iciency and sealing, the ?uid entering 
the chamber expands, and thus exerts a vacuum on the 
intake port and any structure with which said intake 
port communicates. Obviously the same vacuum is ex 
erted on the interstices of the structure, such as the cleft 
or journalling engagement between the rotor and wall of 
the stator just on the circumferential side of the intake 
port opposite the direction in which the vane is moving. 
Conventional pumps use at least two diametrically mount 
ed vanes, so that while the one vane is moving radially 
outward, the second vane is moving radially inward be 
cause it is 180° displace-d. Being pressed against the 
stator interior wall also, the second vane attempts to 
preserve the seal between intake and outlet ports so 
that all of the vacuum will be exerted on the intake 
port. 
At the circumferential point that the ?rst vane has 

reached its apogee of contact relative to the axis of the 
rotor, the second vane ‘has reached its perigee. The volume 
subtended between the vanes on the intake port side is 
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2 
thereafter decreased but, since such volume is captured 
between vanes due to the passage of the second vane 
relative to the intake port, compression will occur and 
continue to occur until the ?rst vane passes the exhaust 
port, at which time the pressure will be relieved into the 
exhaust port. Further, continued movement of the second 
vane will positively sweep the ?uid in the chamber out 
of the exhaust port in a decreasing volume compressing 
action. 
Of course while this is occurring, the same phenomenon 

is occurring on the other side of both vanes, so that in 
effect there is a dual pumping action for each stage of 
pumping that has two vanes. 

In the art of such vane type mechanical pumps, it 
has become conventional to immerse the entire stage in 
a bath of oil, so that not only is lubrication ‘more posi 
tive and constant, but in addition sealing between points 
of differential pressure may be achieved. When a pump 
has been standing for example, the entire chamber will 
usually ?ll up with oil, so that the ?rst several rotations 
of the pump are depended upon to clear the chambers. 
The exhaust of such pumps is normally within housings 
carrying the oil and thence ‘such exhaust may be led 
by tortuous passageways to the atmosphere or other suit 
able discharge vessels. 
The artisan will recognize that the principal discus 

sion herein is and will be related primarily to vacuum 
pumps in which it is desired to evacuate an external 
vessel or chamber, but this type of pump may also be 
used in apparatus for obtaining high pressure within an 
external vessel, where the intake port is connected to 
the atmosphere, for example, and the exhaust to the 
external vessel. - 

The vane pump described above is typical and con 
ventional of known vane pumps. Multiple stages of such 
pumps comprise sets of rotor-vane combinations, all 
mounted in the same bath of oil, and with all of the 
rotors upon the same shaft, rotated by an external source 
of power. The swept volume of the respective stages of 
any multi-stage pump decreases due to the decrease in 
the volume of ?uid being handled from stage to stage. 
The auxiliary stage referred to herein in describing the 

invention is not the type of additional stage which is con 
ventional in that it does not comprise the same type of 
rotor and stator but instead operates on an entirely dif 
ferent principle, although it is operating simultaneously 
with the operation of a single stage vane pump. 
Pump design for the most part has heretofore been 

directed to variations of known structures. The desire of 
pump designers commonly is to achieve the following by 
way of improvement: 

(a) the achievement of as high a vacuum as possible 
through the use of smaller apparatus utilizing as little 
power as possible; 

(b) the achievement of better lubrication of moving 
parts with greater durability and reliability; 

(0) the achievement of a better seal between points of 
pressure differential in the pump; 

(d) the degassing of the oil which passes through the 
pump parts so that the vacuum achieved in the intake 
port is not spoiled due to occluded gasses in the lubricat 
ing oil; 

(e) the achievement of improved gas ballast control. 
As stated above, good engineering may often achieve a 

small degree of improvement in some of these, and in this 
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respect the application of the teachings of the several arts 
will contribute some value. For example, improved metals 
and materials, improved chemicals and ef?cient hearings 
will help. 
The invention herein also seeks as an important object 

to provide a pump with the above attributes, that is, im 
proved vacuum, better lubrication, better sealing between 
points of differential pressure, a degassing of the pump 
oil and the achievement of better ballast control, but such 
object is achieved by a novel structure which, it is be 
lieved, has not heretofore been used and which produces 
important and substantial improvement in pump func 
tions. 
The invention has as other objects the provision of 

a pump of the vane type in which the vanes themselves 
in cooperation with their slots provide an auxiliary pump 
ing stage which is used to great advantage, especially in 
the reduction of the pressure on the exhaust side of the 
pump, thereby increasing and improving the vacuum 
provided by the pump to a degree not heretofore believed 
capable of achievement with a vane type of pump. 

Still another object of the invention is to provide a 
vane type of pump in which, through ‘the use of the aux 
iliary stage to be described, seepage of oil is reduced in 
a novel manner. 
Another object of the invention is to provide in a pump 

of this type novel means for regulating the pressure con 
ditions and the lubrication within the pumping stage. 

In connection with the immediately preceding object, 
the invention contemplates the provision of a novel auto 
matically operated valve which is extremely sensitive and 
reliable for preventing oil and gas suck back, thereby 
further improving the efficiency of the pump. 

Still a further object of the invention is to provide a 
vane pump of the character described in which the advan 
tages and objects of the invention are achieved by means 
which are extremely simple and effective, hence econom 
ical and reliable. 

In connection with the object set forth immediately 
above, again it is recognized that one desirable charac 
teristic which is sought by engineers in the pump ?eld as 
well as in practically every ?eld of endeavor is to design 
structures in such a way that they are simple and eco 
nomical. In the present case, the invention utilizes a 
structure which is multi-functional and which provides 
many advantages and bene?ts never heretofore achieved. 
This structure is radically different, it is believed, from 
any which have been used in vane pumps prior to this 
time, an yet, in practicing the invention, the only im 
portant component which need be different from the 
components of conventional pumps is a single end plate. 
Means to preserve pressure in the vane chambers is a 
simple additional requirement, but one not being difficult 
or expensive to achieve. 

As~ stated above, the principal structure which is char 
acteristic of the invention is means for enabling the vanes 
to produce pumping action within their slots while at the 
same time producing pumping action in cooperation with 
the crescent shaped pumping chamber. All of the fea 
tures and structure of the invention are built into the 
end plate over the pumping chamber; however, the con 
?guration and contours of this novel end plate are prac 
tically conventional. Thus, conventional end plates may 
be modi?ed simply and economically to achieve the bene 
?ts of the invention. 

It will be understood from a study of the structure to 
be described that the modi?actions made to what would 
otherwise be a conventional end plate comprise the form 
ing of certain arrangements of grooves, passageways, 
bores and connections therein. Certain valve structures 
are also mounted on this same end plate, so that almost 
every other element of the pump may be considered 
conventional. Again, it is emphasized, the novel struc 
ture of the end plate enables the pump to function in a 
manner not contemplated for any known vane pump. 
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Although the preferred embodiment has all of the 

principal structure which enables the new functions to 
be performed incorporated into the end plate, the broader 
aspect of the invention includes the feasibility of using 
pump components in addition to or other than the end 
plate for carrying the passageways, grooves, valves and 
the like. For example, the rotor may carry some of these 
means and the center mounting plate may likewise have 
some of this structure. The opposite end plate may also 
be used. 
The objects and advantages pointed out above are not 

the only ones which result from the use and practice of 
the invention. Those who are skilled in this ?eld with 
pumps of this nature will immediately recognize many 
attributes which are not speci?cally mentioned. Likewise, 
as the description of a preferred embodiment is set forth 
hereinafter, many ways will become apparent in which 
the invention and the various aspects thereof may be used 
to great and unusual advantage. 

In the description of the preferred embodiment which 
follows an effort will be made to be as complete as pos 
sible, but in the interests of lucidity, certain explanations 
of details already known in this art will be curtailed. In 
the drawings, like reference numerals will be used Wher 
ever feasible to designate the same or equivalent struc 
tures. 

In the said drawings: 
FIG. 1 is a side elevational view of a vane type 

mechanical pump constructed in accordance with the in 
vention. 

FIG. 2 is a sectional view taken generally along the 
line 2—2 of FIG. 4 and in the direction indicated, but 
portions are cut away and the section is not taken along 
the line 2-~2 directly in order to show and enable the 
explanation of certain details. 

FIG. 3 is a perspective view of a pumping stage some 
what diagrammatic in nature and with parts cut away, 
illustrating the construction contemplated by the inven 
tion, this view being used primarily to explain the princi 
ples of construction and operation of the invention. 

FIG. 4 is a sectional view of the pump of FIGS. 1 and 
2, taken generally along the line 4~—4 of FIG. 2 and in 
the direction indicated, but with parts broken away and 
portions removed to show details. ' 

FIG. 5 is a fragmentary perspective exploded view 
showing especially the inner end plate of the exhaust stage 
of the pump of FIG. 1. 

FIG. 6 is an elevational view of inner aspect of the 
end plate of the exhaust stage of the pump of FIG. 1, 
such stage being the one that is constructed in accord 
ance with the invention, certain parts being in section, and 
other parts of the same stage being shown in phantom. 
FIG. 7 is an elevational view of the outer aspect of the 

end plate of FIG. 6 with parts broken away and shown in 
section. 
FIG. 8 is an exploded perspective view of the intake 

stage of the pump of FIG. 1. 
FIG. 9 is an exploded top plan view of the pump of 

FIG. 1. 
FIG. 10 is a perspective view of the stator of the ex 

haust stage of the pump of FIG. 1. 
Generally, as previously stated, the invention is char 

acterized by the provision of an auxiliary stage in a vane 
type of mechanical pump, such stage being achieved by 
utilizing the movement of the vanes within their slots to 
acquire a pumping action additional to that which the 
vanes exert outside of their slots. In moving from a po 
sition fully withdrawn into the slot in the rotor to a posi 
tion fully extended, the vane contact with the stator moves 
from its perigee relative to the axis of the rotor to its 
apogee. At the same time, the radially inward end of the 
vane travels in its slot from a condition in which the vol 
ume of the slot is minimum to a condition in which 
the slot volume is maximum. The volume of the 
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pumping chamber lagging the exterior portion of the 
vane in the crescent is also increasing and the intake port 
is connected with this space, as previously explained. 

According to the invention, the vane slot of the vane 
which is acting to decrease the pressure of the intake port 
is connected by suitable passageways to the exhaust port. 
In a high e?iciency pump, the slightest improvement of 
the vacuum is important. What the decrease in pressure 
in the exhaust port does is to decrease the pressure differ 
ential between the intake and exhaust ports, thereby de 
creasing the likelihood of oil being passed through the 
interstices or joints of the pump back to the intake stage. 
Such backstreaming of oil will spoil the vacuum ulti 
mately achieved. Furthermore, decreasing the pressure 
differential between the intake and exhaust ports will de 
crease the occlusion of gas Within the oil circulating 
through the pump since the gas at the exhaust port will 
have less tendency to become dissolved in the oil. 

Other functions performed will be described with the 
description of the invention. Included in these are the 
novel structure for achieving a good seal, and the novel 
valving means for divers purposes described hereinafter. 

Although described in connection with a two-stage 
pump, in which the ?rst stage is a conventional intake 
stage using a vane pump, and the exhaust stage has the 
invention associated therewith, the structure of the inven 
tion may readily be applied to single stage pumps which 
do not have a prior intake stage. 

Attention is ?rst invited to the diagrammatic struc 
ture of FIG. 3 for a simpli?ed‘version of the invention 
and a discussion of the principles of operation and theory 
thereof. 

In FIG. 3 there is illustrated in perspective exploded 
view a simple stator 20, rotor 22 and an end plate 24 
which is constructed in accordance with the invention. 
The three components together with a front closure or 
end plate that is not shown will form the basic struc 
ture of a single stage vane type mechanical pump. The 
rotor is cylindrical and is journalled in the front closure 
by having the shaft 26 mounted in suitable bearings there 
in. The shaft 26 is also mounted in a bearing 28 the 
end of which may be seen mounted in the end plate 24. 
The rotor 22 rotates within the cylindrical bore of the 

stator 20 but with its axis spaced from and parallel with 
the axis of said cylindrical bore so that a crescent shaped 
pumping chamber 30 is formed between the rotor and 
stator. Such crescent shaped pumping chamber will be 
referred to hereinafter as a crescent chamber 30 in order 
to distinguish it from the slot pumping chambers presently 
to be described. 
The rotor 22 has axially extending radial slots 32 and 

34 on diametrically opposite sides thereof, each slot ex 
tending from a location quite close to the shaft 26 to 
the outer periphery of the rotor, so that in effect the slots 
32 and 34 are open at their radially outward ends. Each 
slot has a vane slidably mounted therein, the vane 36 
being snugly but freely reciprocable within the slot 32 
and the vane 38 being snugly but freely reciprocable with 
in the slot 34. The vanes 36 and 38 are substantially the 
same length as the radial depth of the slots, and are 
pressed outwardly when the rotor 22 rotates, by centrif 
ugal force or by spring pressure or both. 

Reference will be made hereinafter to slot pumping 
chambers and these are designated 40 and 42, being lo 
cated radially inward of the respective vanes 36 and 38 
and de?ned by the radial inward edge of the vanes and 
the remaining portion of the respective slots not ?lled by 
the vanes. Obviously the slot pumping chambers 40 and 42 
will vary in volume, depending upon the relative rotative 
disposition of the rotor 22 and stator 20. 
Assuming for the moment that the face 44 of the end 

plate 24 is imperforate, that is, without grooves or holes, 
the action of the pump is conventional. With rotation of 
the rotor 24 in the direction of the arcuate arrows, gas or 
other ?uid is drawn in through the intake pipe 46 which 
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6 
opens at the top of the stator 20, passes through the in 
take port 48 of the stator 20 and into the left side of 
the crescent chamber 30. The pumping action which has 
been described as conventional occurs as the gas moves in 
a counterclockwise direction through the crescent cham 
ber 30 with the movement of the rotor 22 and its recipro 
cating vanes, and ?nally passes out of the exhaust port 
50, up the exhaust passageway 52 and out of the top of 
the stator 20 by way of the ?utter valve 54. This ?utter 
valve 54 is a simple ?exible metal ?ap and if it is assumed 
that the exhaust passageway terminates below the level 
of oil in a pump casing, the valve 54 is needed to prevent 
entrance of oil into the crescent chamber 30. 

Looking at FIG. 3, in the pumping stage there illus 
trated, there is an end plate engaged over the front of the 
stage, in a gas tight connection, and it has a journal 
through which the shaft 26 extends. An outside source 
of rotative power, such as an electric motor or the like 
is coupled to this shaft at either end thereof to drive 
the pump. Suitable conduits and connections therefor are 
coupled with the pipes 46 and 52. The end plate 24 is 
also engaged against the surface of the stator 20 in a gas 
tight connection. 
As the vanes 36 and 38 move radially inward and out 

ward of their respective slots, the slot pumping chambers 
40 and 42 vary in volume in synchronism with the varia 
tion in volume of the crescent chamber 30 subtended be 
tween vanes. For example, in the disposition shown, as the 
portion of the chamber 30 to the right of the vanes is 
decreasing, the volume of the slot pumping chamber 40 
is increasing, while the volume of the slot pumping cham 
ber 42 is decreasing. The other relationships are believed 
obvious from this explanation. ‘ 

According to the invention, the two slot pumping cham 
bers 40 and 42 are sealed from one another by any suit 
able means. If, for example, only centrifugal force were 
used to drive the vanes 36 and 38 radially outward, there 
would be no need for a connection between them, and 
in this respect the differential pressure in the slot pump 
ing chambers would be preserved. Individual springs suit 
ably seated in the respective bottoms of the slot pump 
ing chambers 40 and 42 would also preserve the differen 
tial pressure and could be used with the invention. A 
common type of vane mounting utilizes a pin or tube and 
spring arrangement which extends fully through the shaft 
much like that structure shown in U.S. Patent 2,877,946 
so that a single pin and a single spring will apply the 
spring bias to both vanes simultaneously. If such a struc 
'ture is used with the invention, it is necessary to prevent 
escape of ?uid or gas between the slot pumping chambers. 
Actually, since it is believed that no prior structure uses 
these spaces for pumping it is probably incorrect to 
refer to them as such, but for the purpose of identi?cation 
of these spaces in the prior art with the spaces of the 
structure of the invention, one may refer to them as slot 
pumping chambers. 

In the preferred embodiment, to be described in more 
detail later, a single pin is used with hollow ends, a 
partition in the center, and individual springs disposed 
in each hollow end, the pin passing fully through the 
shaft. Thus, in FIG. 2, which is a detailed sectional view 
through a practical pump, the vanes are shown at 36 and 
38, the slot pumping chambers at 40 and 42 and the shaft 
at 26. The portion of the rotor between the pumping 
chambers and the shaft 26 is designated 56 in both FIGS. 
2 and 3, this being as narrow as practical in a radial di 
rection, to permit as great a stroke as possible for the 
reciprocating vanes 36 and 38, but with the view of 
maintaining the strength and rigidity of the rotor 22. The 
greater the stroke, the more eccentricity can be built into 
the pump. 
A passageway through the shaft at 58 aligns with pas 

sageways 60 and 62 extending through the portions 56 of 
the rotor 22, and a single tubular pin 64 is disposed in 
these passageways. The shaft 26 is keyed to the rotor as 
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shown at 66 in FIG. 4. The pin has a central transverse 
partition 68 and otherwise is hollow, so that there are 
hollow bores formed at 70 and 72 opening to opposite 
ends of the pin 64. Helical coiled springs 74 and 76 car 
ried in the respective hollow bores press the respective 
vanes 36 and 38 radially outward. The total length of the 
tubular pin 64 must be less than the radial distance be 
tween the inner ends of the vanes. ‘ 

Returning now to the discussion of the invention, in 
connection with the diagrammatic view, FIG. 3, it should 
be understood that each of the slot pumping chambers 
opens at its axial ends. Assuming that the front end cover 
which is not shown has a planar inner surface, the slot 
pumping chambers 40 and 42 will have no communica 
tion with one another by way of the front end cover. As 
for the other end plate 24, the invention contemplates that 
the variation of pressures achieved by con?ning and con 
trolling the slot pumping chambers will be used to ad 
vantage. 

In the surface 44 of the end plate 24 there is provided 
an arcuate groove 80* Which is located radially outward 
of the shaft 26 so that it is in communication with the 
far end of the slot pumping chamber 40‘ as the vane 36 
is passing over the general area of the surface 44 in the 
vicinity of the groove 80. This location is the left side of 
the pumping stage as shown in FIG. 3. Obviously, when 
the second vane comes over that area, the slot pumping 
chamber 42 will be in communication with the groove 
80. In each case, the slot pumping chamber that is in 
communication with the groove 80 is in the process of in 
creasing its volume, with a reduction of pressure of the 
gas contained within the respective slot pumping cham— 
bers. Where a pump has more than two vanes, the slot 
pumping chambers will consecutively communicate with 
a groove like the one shown at 80. 

This decrease of pressure is communicated to the ex 
haust pipe 52 for the purpose of reducing the pressure 
at the exhaust side of the pumping stage, and such pres 
sure-reducing action occurs continuously and repeatedly 
with each passage of a vane relative to the groove 80. 
The communication is achieved by any suitable arrange 
ment of grooves or passageways or bores. In FIG. 3 there 
is an arcuate passageway 82 illustrated con?ned within the 
end plate 24, with one end opening at 84 within the groove 
80 and the other end opening at 86 in the end plate sur 
face 44. A lateral branch passageway 88 connects the ex 
haust pipe 52 with the rear surface of the stator 20 at the 
port 90 and when the stator 20 is tightly engaged against 
the surface 44, these openings 90 and 86 will be in align 
ment and communication with one another. 

It should be appreciated that the illustration in FIG. 3 
is merely a diagram. It is quite difficult, if not impossible 
to drill a passageway like 82, although if the end plate 
24 were cast the passageway could be cored. Likewise, 
split built-up sections could be joined into a unitary 
whole, in which case the passageway 82 as well as others - ' 
to be described, could be grooved into interior faces prior 
to joining the sections. 
The decrease in pressure at the exhaust pipe 52 is a 

very important function. When a pump exhausts to the 
atmosphere at a pressure which is substantially higher 
than that at the intake port of the stage, condensible 
vapors in the gas tend to condense and in this condition 
mix with the oil that must always be present in these 
pumps. Even the ?lms of oil existing on the surfaces of 
the moving parts can take on occluded gases. In this gas 
carrying condition, oil tends to seep or move past the 
rotational parts toward the intake port, where the oc 
cluded gases tend to come out of solution in the oil, 
mixing with the incoming gas, thereby increasing its pres 
sure and spoiling the vacuum. Reducing the pressure at 
the exhaust port tends to lower the differential pressure 
between the intake and exhaust sides, but also tends to 
decrease the amount of condensible vapors that will be 
absorbed into the oil. This in effect substantially decreases 
internal gas leakage of the pump. 
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Continuing with the discussion of FIG. 3, after the end 

of the groove 80 has been passed, the slot pumping cham 
ber 40 is contained. This occurs just before the vane 36 
reaches its apogee of contact at the bottom of the crescent 
chamber 30, and immediately thereafter the vane 36 com 
mences to move radially inward, decreasing the volume of 
the slot pumping chamber 40. A compression of gas will 
occur within this chamber as its volume decreases. The 
?rst use of the decrease in volume occurs when the slot 
pumping chamber 40 reaches the beginning of another ar 
cuate groove 92 located in the surface 44 of the end plate 
24. This groove must also be suitably located radially 
with respect to the shaft 26 to provide for such communi 
cation while the slot pumping chamber 40 is decreasing 
its volume. It is on the right hand side of the end plate 
24 as viewed in ‘FIG. 3. 

If the groove 92 were long enough circumferentially 
its pressure would eventually rise with decrease of the 
volume of the vane pumping chamber 40, for example 
and probably exceed atmospheric pressure by the time 
the vane pumping chamber had moved a substantial 
arcuate distance along its length. Obviously the groove 
must be in communication with the slot pumping cham~ 
ber. Under these circumstances a connection from the 
groove 92 to the atmosphere or the oil sump by Way of a 
unilateral valve would exhaust the groove 92 and the 
vane pumping chamber passing the same. The groove 92 
is, however, quite short. It occurs quite close to the apogee 
of vane contact with the rotor. Its pressure is thus nor 
mally sub-atmospheric, and it thus affords a novel method 
of furnishing gas ballast to the pump. This will be ex 
plained shortly. There is an opening 96 in the groove 92 
communicating with a passageway leading to the exhaust 
ballast valve 100. The exhaust passageway opening 
through the connection 140 to a ?utter valve 142 on the 
rear face of the end plate 24 is for oil discharges as will 
be explained. 
Now, in the upper part of the surface 44 of the end 

plate 24 there is provided an arcuate groove 102 which 
is so located that it is not in communication with the 
slot pumping chambers as they pass, and which is also 
located between the opening 86 as well as the exhaust 
port 50 and the bearing 28. On the inside of the arc 
de?ned by the groove 102 there are also located the 
groove 92 and a second exhaust recess 106 for a purpose 
to be described. These latter two small chambers formed 
in the face 44 are at much higher pressure than the ex 
haust port 50 and the opening 86, so that it is essential 
to seal these two chambers 92 and 106 from the low 
pressure parts of the stage. This is done by maintaining 
oil under pressure in the groove 102 so that any tendency 
for leakage will be prevented by the presence of the cush 
ion of oil in the interface space between surface 44 and 
the rear surfaces of the stator 20 and rotor 22. 

Oil is admitted to the oil seal groove 102 through a 
small opening 108 that communicates by an internal 
branch passageway 110 and a long internal passageway 
112 with an opening 114 in the plug 116 at the top of 
the end plate 24. This plug 116 is a part of the novel 
valve 120 reference to which has already been made. Since 
the stage is immersed in oil, oil enters the opening 114, 
and flows past the O-ring 122 only if the cap 124 has 
been raised on the piston portion 136. The oil ?ows down 
the passageway 112 directly to the bearing 28 to lubricate 
the same. It flows into the groove 102 and is maintained 
there, seeping out to lubricate and seal the interface 
space between rotating and sliding parts. 

Referring now to the operation of the recess 106 in 
conjunction with the groove 92, note that the recess 106 
communicates through the opening 128 with the passage 
way 130 that enters the center of the plug 116, passes 
through the top end by means of a small axial opening 
132 and has a much larger side opening 134 that is nor 
mally covered by the cap 124. Note that the cap 124 is 
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capable of riding freely up and down on the cylindrical 
piston portion 136 of the plug 116, being limited in its 
upward movement by the arm 138 of the stop bracket 
139 fastened to the top of the end plate 24. 
The vertical relationship between the openings 114 and 

134 is such that when the cap 124 starts to rise from a 
seated condition on the O-ring 122 at which condition 
no openings are uncovered, ?rst the opening 114 will be 
uncovered and oil enters to lubricate the bearing 28 and 
provide the seal by means of the groove 102. Thereafter 
the side opening 134 is uncovered to permit oil and/ or 
air to be discharged. 
The normal operating position is with the cap 124 

fully up and both openings 114 and 134 wide open. Oil 
can ?ow int-o the pump and air and/or oil can be ex 
hausted from the pump during this condition. When the 
pump stops, oil is prevented from ?owing back into the 
pump and air will not be sucked back into the pump 
since the cap moves int-o sealing engagement with the 
O-ring 122 in a single movement. The opening 132 pro 
vides the control for the valve 120, since by adjusting its 
size the movement of the cap may be controlled. The 
exhaust ?ow from the recess 106 is metered by the size 
of the opening 134. 
As previously mentioned, the pump of the invention 

has novel structure for providing gas ballast. The groove 
92 occurring at the location just after the apogee of con 
tact of the vane 36 with the bottom inside surface of the 
stator 20 is intended for a function primarily different from 
relief of the compressed gas in the slot pumping cham 
ber 40. In the early phases of the pumping operation, oil 
will accumulate in all of the chambers of the pump, in 
cluding the slot pumping chambers, and hence this groove 
92 will primarily capture and expel oil in such early phases 
of pumping. In the practical device, there is a discharge 
opening with a ?utter valve in the passageway that is 
equivalent to passageway 98. In FIG. 3 there is illustrated 
a short passageway 140 leading to the rear face of the 
end plate 24 where the discharge port is covered by some 
form of valve 142 which is unilateral. 

Thus, after the pump has been started, while there is 
still considerable oil in the chambers, such oil will be 
flushed out of the groove 92 by way of the ?utter valve 
142. The pressure in the slot pumping chamber, such as 
for example 40, as it passes from the left to the right 
around the bottom of the stator 20, is still at sub-atmos 
pheric, since the compression action of decrease of the 
slot pumping chamber has not yet fully commenced. 
Thus, there will be some air sucked in from the gas 
ballast valve 100 to aid in gas ?ushing. The important 
function of this groove, however, is additional. To ap 
preciate this added function, the operation of the gas 
ballast in the ordinary vane type pump should be under 
stood. 

In the conventional vane type pump, there is a con 
nection directly to the atmosphere from the exhaust 
port or the exhaust chamber. When the moving vane 
sweeps around the bottom of its crescent chamber, pass 
ing the apogee of contact with the interior of its 
stator, the pressure in the now-contracting portion of the 
chamber is quite low. Normally for a multi-stage pump, 
this could be below atmospheric. The atmospheric pres 
sure from external of the pump is effective to introduce 
a quantity of gas into the exhausting side of the pump 
cycle, ahead of the sweeping vane. By the time the vane 
has reached the exhaust port, the chamber de?ned ahead 
of said vane and the point of closest engagement of the 
rotor and stator is considerably reduced in volume, and 
the pressure Within the chamber has risen considerably, 
normally increasing at the end of the cycle to above 
atmospheric. When the pressure in this last de?ned cham 
ber rises to a predetermined value, the gas ballast valve 
will automatically close, preventing exit of gas through 
this valve, while also stopping the admission of gas. Most 
gas ballast valves have spring-pressed ball arrangements 
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with adjustment of the maximum flow provided by a 
suitable needle valve. The spring pressure is chosen so 
that only a slight sub-atmospheric pressure is required 
to open it. 

For the period of time that the conventional gas 
ballast valve is open admitting additional gas into the 
compressing chamber, therev will be a larger quantity 
of gas within the chamber than provided by pumping 
action alone. Oil normally exists in the pump. Such oil 
will tend to foam and capture condensible vapors and 
gas, and the foam together with such gas remaining in 
the chamber will be ?ushed out the exhaust port. It is 
noted that oil will be forced out, whether foamed or 
not. The exhaust port normally is below the level of 
oil in the housing carrying the pump mechanism. 

This theory of operation for conventional pumps has 
produced good results in the past, but problems of 
internal leakage and backstrearning of oil through inter 
stices is a concomitant of increased pressure in the ex 
haust side of the last stage. Recall that the objects of 
the invention included providing a structure in which 
the pressure differential between the exhaust and intake 
ports of the pump was decreased. Any attempt to decrease 
the pressure in the exhaust area of a conventional vane 
type pump provided with gas ballast is a self-defeating 
act, since the action of the gas ballast is to increase 
the pressure. 

Accordingly, that object of the invention and the 
structure which is used to accomplish the same is wholly 
unobvious to the skilled pump artisan since practically 
all high vacuum pumps of the vane type utilize gas 
ballast structures. In the invention, while gas ballast 
is used, it is not applied in the crescent chamber. In the 
structure according to the invention, the gas ballast is 
applied in a novel and unconventional manner, there 
being a valving action preferably, which is not readily 
apparent from a cursory examination of the drawings, 
but which will be clear with a short explanation. 
The small groove 92 occurring as it does immedi 

ately after the vane 36 or 38 has passed its apogee of 
contact at the bottom of the pump, when connected 
with the slot pumping chamber of the respective vane, 
will have very low pressure. Thus, the valve 100, which 
may be assumed to have a ball and spring arrangement 
to prevent discharge from it, will open and introduce a 
quantity of air into the groove 92. It may be assumed 
that this is occurring some time after the pump has been 
operating so that the oil in the slot pumping chamber 
and hence the groove 92 is normal. This gas is under 
atmospheric pressure and hence the pressure in the slot 
pumping chamber is raised at that point, say for example, 
in the chamber 40 passing around the bottom. The 
groove 92 is small, and hence, it is passed with little 
movement of the vane 36 in its counter-clockwise ro 
tation. Accordingly, unlike the conventional vane pump 
in which the total pressure of the exhaust area is raised, 
there is no effect of such introduction of gas upon the 
crescent chamber 30. Instead, the movement of the 
rotor 22 disconnects the slot pumping chamber passing 
the groove 92 from that groove and its interconnected 
passageways. 

Further rotation of the rotor 22 compresses the con 
?ned gas in the slot pumping chamber, increasing its 
pressure sooner to the exhaust valve limit pressure than 
it would have occurred without the introduction of air 
from the gas ballast system. By the time the vane has 
rotated around to the nearly vertical position, the slot 
pumping chamber is placed in communication with the 
recess 106, and the gas within this chamber is ex 
pelled through the opening 128 up the passageway 130 
and out through the lateral passageway 134 in the plug 
116. This results in a considerable ?ushing of the slot 
pumping chamber, but most importantly there is little 
or no effect upon the exhaust port 50 or the crescent 
chamber 30. Accordingly, the method described of re 
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ducing the pressure in the exhaust port is very effective 
to decrease the pressure ditferential between exhaust and 
intake ports. 
One might ask whether it is not true that the use of 

the gas ballast in the slot pumping chambers as opposed 
to the crescent chamber provides no ?ushing action in 
the crescent chamber. The fact is that the function of 
reducing the pressure in the exhaust port 50 sub 
stantially decreases the need for the flushing action, 
since the likelihood of vapors condensing is not as great 
as in conventional structures. It is further noted that 
the entrance of oil into the interstices will occur closer 
to the shaft 26 and hence there will be ‘better opportunity 
for gas occlusion at points closer to the axis. Thus, the 
use of a rather high pressure ?ushing arrangement as 
described is quite effective, and no concern need be 
had that such gas ballast operation will adversely affect 
the ultimate vacuum, since the flushing system is in 
sulated, as it were, by an arcuate wall of interface oil 
furnished by the groove 102, from the principal pump 
ing chambers. 

In considering the gas ballast function as described, 
one might liken the operation to the groove 92 being 
the instrumentality for enabling the passing slot pump 
ing chamber to inhale a gulp of air, to hold it as the 
groove 92 is passed, to increase its pressure as the slot 
pumping chamber decreases in volume, and ?nally to ex 
pel it by way of the recess 106. 

In the practical structure there is at least one inter 
mediate groove between the recess 106 and the groove 
92 together with passageways and valving arrangements 
to give substantial control over the operation of the gas 
ballast function, and to increase the e?iciency of the 
pumping action of the slot pumping chambers. 
A consideration of the discussion just had and a study 

of the operation of the pump will indicate that a highly 
simpli?ed version of the invention would have the groove 
92 connected with the recess 106 so that there is no valv 
ing action. Such structure will provide at least some of 
the important advantages of the invention, either with 
or without the gas ballast structure. Considerable varia 
tion in the passageway arrangement and exhaust valves 
for the groove system can be made. 

Having explained the principles of the invention and 
simpli?ed structure in connection with the diagrammatic 
view of FIG. 3, a detailed description of a preferred 
practical embodiment will follow. The same reference 
numerals used in FIG. 3 will be used for equivalent 
structure ‘wherever feasible. 
The general structural concept of the practical pump 

200 is that of a central plate 202 that serves as the stand 
ard for the entire structure. Right and left casings 204 
and 206 are bolted to the central plate 202 through 
suitable openings formed in the right and left casings. 
Such bolts are shown at 210 in FIG. 9 which is an ex 
ploded top plan view of the structure. The casing halves 
204 and 206 are hollow and form the reservoir for the 
oil in which the entire pump mechanism is immersed. 
An oil level sight glass 212 is provided in the casing 
half 204 as shown in FIG. 2. As seen in FIG. 9 the 
pump mechanism comprises two stages, a ?rst or intake 
stage 214 and a second or exhaust stage 216. These stages 
are secured to the central plate 202, which thus forms 
the end plate for each of the pumping stages, as will be 
explained. The securement is effected by the bolts 218 
and 220 so that the ‘actual pumping mechanism in both 
cases hangs from the center plate 202. Usual gaskets 
are used in all interface engagements, but none are 
shown. When the casings 204 and 206 are removed, the 
main mechanism of the pump is still fully assembled. 
This arrangement and the advantages which result are 
described in some detail in US. Patent 2,877,946 pre 
viously mentioned. While of considerable use in the con 
struction of a practical pump according to the invention, 
any other method of construction may be used, such 
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as for example, securing the parts to the housings, or to 
end stands, etc. 
The pump 200 comprises two stages 214 and 216, as 

stated, and in the structure illustrated little will be said 
about the intake or ?rst stage since it is assumed to be 
of conventional vane type construction. The exhust stage 
216 is constructed in accordance with the invention. It is 
desired to point out that although the discharge from the 
intake stage 214 is the intake of the second stage, it is 
a simple matter to construct a pump which has only a 
single stage constructed in accordance with the invention, 
in which case, the intake to the pump will be from the 
vacuum system. Likewise, if desired, both stages may be 
constructed in accordance with the invention. 

In the drawings, the only views which show any details 
of the intake stage are the sectional view through the 
pump 200, namely FIG. 2 and the exploded view FIG 8. 
In FIG. 2 the stator 224 is shown bolted to the surface 
226 of the central plate 202 through an end cover plate 
228 of conventional construction, with the intake stage 
rotor 230 keyed at 232 to the shaft 26 for rotation within 
the stator 224. A crescent chamber 234 is formed in the 
stage 214 on the left side of FIG. 2 and the right side 
of the center plate 202 in FIG. 9. Vanes 236 reciprocate 
in suitable slots formed in the rotor 230, and a central 
pin and spring arrangement designated generally 240 
urges the vanes radially outward. The construction of this 
latter means is of no consequence since the end plate 
228 has a central cavity 242 which equalizes pressure in 
what would be the slot pumping chambers of both vanes. 

Looking at FIG. 8, the central plate is hollow in places, 
such hollow formations being provided during the casting 
of the plate 202 by suitable cores. The intake ?tting 244 
(FIG. 4) is mounted in a port 246 which leads to a large 
cavity 248 formed in the upper part of the plate. The large 
cavity 248 beside saving weight forms an oil storage cham 
ber to accumulate oil and prevent possible back-up of 
such oil into the system which is being evacuated. This 
?tting 244 will be connected to a vessel or system from 
which gas is to be pumped. The chamber 248 opens to a 
port 250 which may be seen in FIG. 8 on the surface 226 
of the center plate 202. The stator 224 has crescent shaped 
recesses 254 in its front and rear surfaces, connected by 
a through passageway 256, these recesses 254 being in 
communication with the opening 250 so that for a con 
siderable portion of the rotation of the rotor, as a vane 
236 passes the recesses 254, there will be communication 
between the crescent chamber portion lagging the vane 
and the intake opening 250. Since the volume of gas 
being handled at this time is a maximum, it is best to 
have a large intake passage leading to the pumping cham 
ber. This arrangement is conventional, and is best seen 
in FIG. 8. 

Similar crescent shaped recesses 258 and a through 
passageway 260 are provided on the exhaust side of the 
stage 214 in the stator 224 to exhaust the gases. This is 
shown in FIG. 8 also, although the size of the recesses 
258 is considerably less than the recesses 254. The en 
trance recesses 254 and the exhaust recesses 258 have 
con?gurations which are a matter of design, respectively, 
but the geometry with respect to the rotor 230 and its 
vanes 236 must be such that there is never communica 
tion directly between them across the top of the stator 
224. The direction of rotation assumed in FIG. 8 is in 
dicated by the arrows. 
The rear one of the recesses 258 is engaged against the 

surface 226 in aligment with the opening 262. This open 
ing 262 leads to an S-shaped passageway 264 in the cen 
ter plate 202, the other end of the passageway 264 open 
ing at 266 on the surface 268 of the center plate 202. 
Thus, the exhaust gases from the ?rst stage 214 will pass 
through the passageway 264 to the second stage to become 
the intake of that stage. 
As thus far described the stage 214 may be considered 

conventional. It operates as an intake stage, to eliminate 
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the majority of gases from the system being evacuated. 
It also will act to discharge oil from the pumping cham 
ber 235 in the beginning of the pumping action. For this 
purpose one or more large vertical risers 268’ extend 
from the transverse passageway to the top of the stator 
214 and are covered by a spring-pressed flutter valve 270 
which opens to discharge oil and some gases during the 
earlier stages of the pumping action. If the pressure is 
high enough, even large quantities of gas may be ex 
pelled at this point prior to entering the ?nishing stage 
216. This makes it much easier to start the pump and 
get the earlier phase of the pumping completed quickly 
since this would go slowly and require considerable 
power unless incompressible ?uids could be thrown off 
without requiring them to pass completely through both 
stages. 

It will be noted that an outgassing arrangement is 
provided in the intake stage. There is a groove 272 formed 
in the face 226 of the center plate 202 which ‘leads to 
an annular recess 274 surrounding the shaft 26 at the 
large bearing 276 which is set into the center plate 202 
Oil is supplied to the intake stage during operation by 
the clearances of the bearing 276. Oil will always tend to 
seep at this point during operation, and since all of the 
oil carries some occluded gases, the circulation of a por 
tion of the exhaust gases around the annular recess and 
their subsequent withdrawal by the second stage tends to 
outgas the oil in that area. This is a simple structure 
which is capable of being utilized with conventional vane 
type pumping stages. Its use with the pump of the in 
vention is preferred. 
As mentioned previously the entire mechanism is im 

mersed in a bath of oil. The discharge of gas and in 
compressible ?uids by the ?utter valve 270 and by other 
valve arrangements will normally occur below the level 
of the oil. The oil permeates the entire mechanism and 
?nds its way into the needed interstices and clearances 
for lubrication and sealing, or is deliberately drawn or led 
into these locations. In FIG. 2 especially it will be seen 
that the oil chamber 280 is formed between the stages and 
the casing. The bottoms of the casing halves 204 and 206 
are joined as shown to provide for continuous circulation 
of the oil while combining to form feet or a base for 
support of the pump. From time to time the oil may be 
drawn off at the bottom through a petcock 282. Addition 
all oil is easily poured into the chamber 280 by way of 
the exhaust port 284 this being done by removing the 
exhaust silencer 286 while the pump is not operating. The 
construction of the casing and the center plate 202 pro 
vides considerable leeway for the formation of hollow 
spaces and cavities to lighten the metal castings used to 
form such parts, and to increase the oil capacity of 
the pump. These for the most part are not given refer 
ence characters since their con?gurations are matters of 
design dictated by good foundry and molding practice and 
by previous experience with other pumps of this general 
type. 
The remainder of the description hereinafter relates to 

the second or exhaust stage 216, which as mentioned, is 
constructed in accordance with the invention. 
The equivalent of the end plate which was referred 

to in connection with the discussion of FIG. 3 and not 
there illustrated is the center plate 202 since the stage 216 
is engaged directly against the surface 268. _ 
The exhaust or second stage of the practical pump 

comprises the stator 20 within which the rotor 22 is ar 
ranged to rotate on the shaft 26. The rotor 22 is keyed 
to the shaft at 66. A description of the means for press 
ing the vanes 36 and 38 radially outward has already 
been given, and just to review, there is a hollow-ended 
tubular pin 64 which engages in suitable passageways in 
vthe shaft 26 and the respective margins 56 of the rotor, 
carrying springs 74 and 76 in said ends pressing outward 
against the vane inside edges, there being a partition 68 
in the center of the pin 64 to prevent transfer of gas 
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between the two slot pumping chambers. Since the opera 
tion of the exhaust stage 216 is basically the same as 
the operation described in connection with FIG. 3, only 
the differences need be discussed. 

First, the intake port 48 of the practical structure is 
in the form of crescent shaped recesses on opposite sides 
of the stator 20 shown in FIG. 4, these recesses opening 
along a portion of the circumference of the cylindrical 
bore of the stator. This is best shown in FIG. 10. Ac 
cordingly, the equivalent of the intake passageway may 
be considered the opening 266 on the face 268 of the cen 
ter plate 202 and the crescent shaped recesses designated 
48 and the through passageway 49. This latter type of 
construction, as noted by comparison with the ports of 
the stator 224 of the ?rst stage 214 is conventional. 
As for the exhaust port 50 of FIG. 3, its equivalent 

is found in the three openings 50 shown in FIG. 10 
which open to risers 52 terminating in suitable ports 
at the top of the stator 20 as shown in FIG. 2. These 
ports are covered by a ?utter valve 54 that is spring 
pressed, and discharge occurs below the oil level which 
is indicated at 290. The ?utter valve is also shown in 
FIGS. 4 and 9. The connecting passageway 88 from the 
face of the stator 20 to one of these risers is shown in 
FIGS. 2 and 10. It should be appreciated that the pas 
sageway 88 in effect may be said to connect with the 
exhaust port, or exhaust port area. 
For a good understanding of the practical construc 

tion of the end plate 24, reference may be had to FIGS. 
5, ‘6 and 7. FIG. 5 shows an elevational perspective view, 
FIG. 6 shows a front aspect elevational view but with 
certain parts of the stage in phantom to show the rela 
tionship, and FIG. 7 is a rear aspect elevational view 
with parts in section to illustrate details. 
From a comparison with FIG. 3, it will be apparent 

that there is no internal passageway similar to the pas 
sageway 82. Instead, the groove 80 has an elongate 
connecting groove portion 82 which is formed in the 
surface 44 of the end plate 24. This groove portion ex 
tends from the lower 'left hand area of the end plate 
24 upward and across to the upper right hand area where 
it terminates at 86. In this construction there is no need 
for forming internal passageways, this long groove being 
the full equivalent of internal passageway 82. The move 
ment of the principal pumping vanes 36 and 38 will af 
fect this groove very little, if at all, because the groove 
passes over the outer cylindrical path of the vanes as in 
dicated at 292 at the point where the rotor 22 meets the 
stator. Here the stator and rotor practically touch, and in 
view of the good lubrication afforded because of the oil 
?lm described, there will be no practical communica 
tion between either the right or left halves of the cres 
cent chamber 30. If anything, since the actual crossing 
of the line 292 occurs slightly to the right of the verti 
cal center line, if there is leakage at this point, it will 
function to lower the pressure in the exhaust side, and 
hence be bene?cial. 

The groove 92 and the opening 96 are equivalents in 
the practical structure of the respective similarly identi 
?ed elements of FIG. 3. In this case, however, the open 
ing 96 connects with a horizontal passageway 98 opening 
from the right side (FIG. 6) and plugged at 294. The 
vertical passageway 99 intersects the horizontal passage 
way 98 and extends to a threaded socket 298 opening to 
the top of the end plate 24. Into this socket there is in 
stalled the gas ballast valve 100 which is best shown in 
FIG. 4. Its operation being known and well understood, 
it may be simply described. The body 300 is screwed into 
the socket 298. It has a ball valve element 302 pressed 
against a seat by a spring 304. A needle valve element 306 
controlled by a hand wheel 308 mounted on a threaded 
shaft 310 provides a pre-set adjustment. The body extends 
through a ?uid tight grommet 312 mounted in a suitable 
opening formed in the casing 206. Only a small piece of 
this casing is shown in FIG. 4. 
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The passageway 99 also connects by way of a trans 
verse opening 140 with the outer wall of the end plate, 
and over this opening is the ?utter valve 142. Fluid will 
be relieved through this passageway 140 and the ?utter 
valve 142 only at the beginning phase of pumping when 
oil will be driven out of the pump. 
The oil groove 102 and its passageways are clearly 

identi?ed and related to the same structure of FIG. 3, 
while the groove 106 functions exactly as the recess 106 
of FIG. 3. The passageway 130, of the practical srtucture, 
however, opens also to the rear face of the end plate 24 
under the ?utter valve 142 thereby providing an addi 
tional relief and control of the discharge from the slot 
pumping chambers at the end of their exhaust stroke. 
The remaining groove 316 is intermediate the grooves 

92 and 106 and it has a connecting passageway 318 ex 
tending to the rear surface of the end plate and also open 
ing under the ?utter valve 142. This is another structure 
for relieving the oil from the slot pumping chambers near 
the beginning of the pumping action. Also, if pressure 
in the slot pumping chambers is high enough to cause the 
?utter valve to raise when the passing slot pumping cham 
ber connects at the groove 316, the relief of gas pressure 
is advantageous. This structure therefore provides addi 
tional control of the gas ‘ballast. 

In all other respects, the practical structure is the equiv 
alent of that described in connection with FIG. 3. 
As seen in the illustrations of the practical structure, 

the plug 116 of the valve 120 is screw threaded into a 
socket 320 formed at the upper end of the passageway 130. 
This valve 120 takes the place of several valves since it 
has the multiple function of admitting oil and discharging 
gas. Variations can readily be made of the ?nishing stage, 
utilizing all of the bene?ts of the decrease of pressure in 
the exhaust area through the use of slot pumping cham 
bers, without utilizing the particular multi-function valve 
120. 
The gas ballast valve is controlled from the exterior of 

the pump. As noted, the valve 100 passes through the 
casing 206 and into the socket 298 formed at the top of 
the end plate 24. Thus, it must be understood that the 
entire pump is fully assembled, but for the gas ballast 
valve, after which such valve is inserted into the grommet 
312 and screwed home, using the ?ats formed at 322 on 
the body 300 to obtain a purchase. 
The various ?utter valves described, the gas ballast 

valve 100, the valve 120 and the sizes of holes and 
passageways of the pump as well as the dimensions of the 
functional components of these valves give a broad basis 
for adjustment to achieve complete control of the opera 
tion of the pump for various requirements and purposes. 
An attempt has been made to draw the parts of the prac 
tical pump to scale, but the dimensions will not be assumed 
by those skilled in this art to provide any critical basis for 
operation. Indeed, the pump operates over a wide range of 
variations in some of these factors with great reliability, 
and achieves results which indicate a substantially higher 
e?iciency of pumping than deemed feasible for prior 
mechanical pumps of the same size. Detailed and complex 
study of the sizes and dimensions of the various passage 
ways and valves and their location could no doubt increase 
the e?iciency of the pump, but the basic improvement is 
substantial and a direct result of the structure described 
and claimed herein. Accordingly, a pump of a given 
capacity when constructed according to conventional 
methods will be substantially larger in size, weight and 
cost than a pump constructed according to the invention 
and having the same capacity. 
Some of the details of the practical structure have not 

been described to any extent where they relate to conven 
tional pump practice. These details, while of course nec 
essary for the actual operation of the pump, do not relate 
directly to the novel aspects of the invention. 
Some advantage in appreciating the nature of this in 
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vention will be obtained by studying such prior patents as 
the one already mentioned, namely, 2,877,946 and in addi 
tion another U.S. Patent 3,237,851. This latter patent re 
lates especially to a novel outgassing method and one 
technique of construction which is capable of being used 
with the invention herein. In said patent, one stage is 
carried in a standard from which the entire pump is sup 
ported so that the second stage is carried upon the end 
plate covering the one stage. The invention herein may 
be applied to a pump construction of this type as well. 

In FIG. 2, it will be seen that there is a seal 330 in the 
outer face of the end plate 24 surrounding the shaft 26 
to attempt to preserve the pressure conditions within the 
exhaust stage when the pump is shut down. The air above 
the oil bath just outside of the end plate 24 is at atmos 
pheric pressure. If the oil can be prevented from entering 
the exhaust stage due to atmospheric pressure when the 
pump is stopped for a while, it will be much easier to start 
up once more. The bearing and seal 332 for the shaft 
26 at the point where the shaft passes through the casing 
206 is set into a suitable boss 334 formed in the wall 
of the casing. Such bearing and seal assembly 332 is sub 
stantially the same as the equivalent construction of the 
pump of U.S. Patent 2,877,946. 

In order to enable those skilled in this art to appreciate 
the invention, some of the speci?cations of the practical 
pump illustrated would be of value. The vertical height 
of the pump measured at the level of the boss 284 carry 
ing the exhaust port is about 10% inches. The thickness 
of the center plate 202 is 1% inches. The width of the 
center plate at its base is about 8% inches. Each of the 
casing halves is about 3% inches wide so that the total 
length of the complete pump is about 9 inches. The prin 
cipal rotor, stator, vane and pumping chamber dimensions 
are the same for both stages, The rotor diameters are ap 
proximately 4%2 inches, their thickness about 2% inches, 
the stator chambers have a diameter of about 4% inches, 
so that the eccentricity is about 3%; inch. The vanes have 
a length equal to the length of the rotors, and a thickness 
of about % inch. Their radial length is about 1% inches, 
and the slot depths are the same as the radial length 
of the vanes. The end plate 24 of the ?nishing stage is 3%: 
inch. No fabrication di?iculties were encountered in hav 
ing all of the described grooves, passageways and open 
ings formed in this plate. It will also be noted that the 
multiple function valve 120, the ?utter valve 142 and the 
gas ballast valve 100 are all also mounted to this plate, 
so that to all intents and purposes, this is the only im 
portant major component of the pump which differs from 
conventional construction. This is true in the structure il 
lustrated, but is a bene?t and advantage ?owing from 
the invention, and is not a requirement, as previously 
mentioned. 
The pump having the above dimensions, and formed 

of a pair of stages, one constructed according to conven 
tional practice and the other constructed in accordance 
with the invention had the following ratings and ca 
pacities. 

Using a general purpose, one-half horsepower alternat 
ing current electric motor operating through a suitable 
power transmission to drive the shaft 26 at about 600 
r.p.m., the capacity of the pump is rated at 140 liters 
per minute for atmospheric pressure. This rating is based 
upon the pump intake being subjected to the atmosphere 
and the pump pumping air. With the pressure at the in 
take being one millitorr, the pump will handlee 75 liters 
per minute. Conventional vane type pumps of this same 
atmospheric pressure rating will take a considerably great 
er length of time to achieve the ultimate pressure capabil 
ity of the pump. Conventional pumps are very much more 
noisy than the pump constructed according to the inven 
tion. The pump of the invention easily attains a vacuum 
at the intake of .05 millitorr and even better. This extent 
of vacuum is not readily obtained by a pump of the same 
atmospheric pressure rating, certainly not with ordinary 
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production pumps. A conventional pump, specially con 
structed with high precision ,joints and bearings, with 
highly ?nished sliding surfaces and special seals might 
achieve this vacuum, but only at great expense. The same 
effort applied to a pump constructed according to the 
invention will produce better ratings and an even greater 
vacuum. The ?gures given are for a pump produced by 
ordinary factory production methods. a 

Reference may be made in the claims to a stationary 
pump assembly in order to provide a designation for 
the combination of an assembled stator with two end 
plates. For example the stationary pump assembly of the 
exhaust stage comprises the stator 20, end plate 24 and 
the center plate 202. Since elements claimed could be in 
one or the other end plate, with or without also being 
in the stator, or could be in the stator and not in either 
end plate, this designation of stationary pump assembly 
is used generally to cover all variations. 

Considerable variations in the details of the invention 
may be made without departing from the spirit thereof. 
For example, the groove system described and illustrated 
may be augmented with other grooves and passageways 
to achieve the desired results; it may be made more so 
phisticated by using a series of curved instead of straight 
grooves or a group of round recesses and so on; it may 
be arranged in the center plate in addition to or instead of 
being in the end plate; portions of the system might be 
provided in the stator, etc. The principal concepts are the 
manner of using the slot pumping chambers for decreas 
ing the pressure in the exhaust area of the pump stage, 
the novel manner of introducing gas ballast, the novel 
discharge arrangements, the novel multi-function valve 
structure, and other described aspects of the structures. 
What it is desired to secure by Letters Patent of the 

United States is: 
1. A mechanical vacuum pump of the rotary, fluid 

se'aled, internal vane type mounted within a housing and 
having intake and exhaust connections on said housing 
and comprising, 

(a) a stationary pump assembly on the interior of the 
housing and including a central stator and end plates 
and a cylindrical bore within the stator, 

(b) an eccentrically mounted cylindrical rotor jour 
nalled for rotation within the stator and forming a 
crescent pumping chamber in said bore and having a 

. plurality of slots and a vane in each slot, the vanes 
adapted to reciprocate within the respective slots 
during rotation of the rotor and engage the inner 
cylindrical wall of the bore to sweep the crescent 
chamber, 

(c) an intake port and an exhaust port in the assem 
bly on opposite sides of the perigee point of engage 
ment of the vanes with the bore, rotation of the rotor 
acting to decrease the pressure of the intake port by 
action of the vanes moving through the crescent 
chamber, 

(d) means isolating the inner ends of the slots from 
one another pressure-wise so that the reciprocation 
of the vanes produces a pressure variation in each 
slot in synchronism with the rotor, thereby consti 
tuting each of said inner ends a slot pumping cham 
ber, 

(e) passageway means in the pump assembly con 
nected between a ?rst location where the slot pump 
ing chambers which consecutively pass will be in 
communication with said passageway means while 
passing said ?rst location and will be expanding 
during passing, and a second location in the vicinity 
of the exhaust port, whereby to reduce the pressure 
of gas in said exhaust port during operation of the 
pump by action of the vanes moving in the slot 
pumping chambers. 

2. The pump of claim 1 in which the said passageway 
means comprise a groove formed in the face of one of 
said end plates, said ?rst location is at a point on said 
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end plate at which the vane of each slot which communi 
cates while passing is close to its maximum extent of 
radially outward movement. 

3. The pump of claim 2 in which the second loca 
tion is spaced a distance substantially radially outward of 
the bore, and the groove passes the crescent chamber ad 
jacent said perigee point. 

4. The pump of claim 1 in which second passageway 
means are provided in the pump assembly connected from 
a third location where the slot pumping chambers which 
consecutively pass will be in communication with said 
second passageway means while the said chambers are 
decreasing in volume, respectively, to the interior of said 
pump assembly independently of said exhaust port. 

5. The pump of claim 4 in which there is a unilateral 
valve in said second passageway means permitting dis 
charge from but not intake to said second passageway 
means. 

6. The pump of claim 4 in which the second passage 
way means has a gas ballast connection with the exterior 
of the pump at a portion of said third location immedi 
ately after the respective vanes pass the apogee point of 
engagement with said bore, and said connection to the ex 
terior of the pump assembly comprising a ?uid discharge 
path from a later~reached portion of said third location 
having unilateral valve means therein. 

7. The pump of claim 6 in which the two portions 
of said third location are isolated ?uid-wise from one an 
other. 

8. The pump of claim 7 in which there is an interme 
diate portion of the third location between the other two 
portions having another connection with the exterior of 
the pump assembly independently of said exhaust port. 

9. The pump of claim 1 in which second passageway 
means are provided in the pump assembly and having at 
least two separate parts, one part including a ?rst ex 
posed opening at a third location where the slot pump 
ing chambers consecutively passing will be in communi 
cation therewith immediately after the vane of the respec 
tive slot has passed its apogee point of engagement, the 
second part including a second exposed opening at a fourth 
location where the slot pumping chambers consecutively 
passing will be in communication therewith a substantial 
time after the vane of the respective slot has passed its 
apogee point of engagement and the pressure with'm the 
slot pumping chambers has substantially increased, the 
?rst part including a uni-lateral gas ballast connection 
from said ?rst exposed opening extending to the exterior 
of the pump, the second part including a unilateral dis 
charge connection extending from said second exposed 
opening to the exterior of said pump assembly. 

10. The pump of claim 4 in which there is an oil seal 
in the pump assembly between the exhaust port and said 
third location. 

11. The pump of claim 10 in which said oil seal com 
prises a groove in the end plate and a feed passageway 
from said groove to exterior of said pump assembly for 
enabling oil to be applied to said groove. 

12. The pump of claim 4 in which the second passage 
way means comprise at least one recess formed in one 
end plate and there is an arcuate oil groove generally 
concave toward the axis of the rotor also formed in the 
said one end plate with the said recess on the concave 
side of the said groove, the exhaust port being on the con 
vex side of said groove, and there being means to feed 
oil from exterior of said pump assembly to said groove. 

13. The pump of claim 1 in which there are two vanes 
arranged in respective slots on diametrical opposite sides 
of the rotor, in which the ?rst location in an arcuate area 
along which the slot pumping chambers are expanding 
in communication with said passageway means, and in 
which the second location is approximately diametrically 
opposite the ?rst location but located at a substantially 
greater radial distance from the axis of the rotor than said 
?rst location. 
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14. The pump of claim 13 in which there are second 
passageway means having communication between a third 
location in an arcuate area along which the slot pump 
ing chambers are compressing in communication with said 
second passageway means and the exterior of the pump 
assembly, but independent of said exhaust port. 

15. The pump of claim 14 in which said passageway 
means include recesses in one of said end plates at said 
locations. 

16. The pump of claim 1 in which the pump is of the 
oil-sealed variety, the housing is oil-?lled, and the rotor 
is adapted to be driven from exterior of said housing, in 
which said pump assembly comprises an exhaust pumping 
stage, there being an intake pumping stage also disposed 
within the housing and mechanically coupled with said 
?nishing stage, the intake on said housing being connected 
to the intake of said intake stage, the exhaust of said in 
take stage being connected to the intake port of said ex 
haust stage, the exhaust port of said exhaust stage being 
connected to the exhaust connection of said housing. 

17. The pump of claim 4 in which the pump is of the 
oil-sealed, oil-?lled variety, in which there is an oil groove 
formed in one end plate between the exhaust port and the 
third location, an oil-conducting passageway to the ex 
terior of the pump assembly opening into said housing be 
low the level of the oil in said housing, a valve member 
closing said oil-conducting passageway and means to move 
said valve member to open condition when the pump is 
operating. 

18. The pump of claim 17 in which the second pas 
sageway means includes a gas discharge conduit, said 
valve member also closing said conduit, a jet extending 
from said gas discharge conduit against the interior of 
the valve member to move the same to open condition for 
both the gas discharge conduit and the oil conducting 
passageway, whereby when the pump is operating oil will 
enter the pump assembly and gas will leave by way of 
said valve member, but when the pump is quiescent, 
neither oil nor gas will enter the pump assembly. 

19. A vacuum pump of the vane type including a stator, 
a pair of opposite end plates secured to the stator, a cy— 
lindrical bore in the stator, a rotor eccentrically mounted 
in the stator for rotation and forming therewith a crescent 
pumping chamber and adapted to be coupled with a rotary 
power source, a plurality of vanes mounted in slots radi 
ally formed in the rotor and having their radially outer 
ends engaging the interior of the bore during rotation 
while sweeping the crescent chamber, an intake port in 
the stationary parts of the pump on one side of the narrow 
est point of the crescent chamber and an exhaust port in 
the stationary parts of the pump on the other side of the 
narrowest point of the crescent chamber, slot pumping 
chambers formed within the slots by action of the radially 
inner ends of the vanes in reciprocating in said slots dur 
ing rotation of the rotor, means for connecting the slot 
pumping chambers respectively with the exhaust port 
while the slot pumping chambers are increasing in vol 
ume, and ‘means for exhausting the slot pumping cham 
bers externally of the pump independently of the exhaust 
port while the slot pumping chambers are decreasing in 
volume. 

20. The vacuum pump of claim 19 in which means are 
provided for introducing gas ballast to the slot pumping 
chambers at the beginning of the portion of their action 
that they are decreasing in volume. 

21. The pump of claim 19 in which there is an oil seal 
between the exhaust port and the slot pumping chambers. 

22. The pump as claimed in claim 21 in which means 
are provided operated by the exhausting of the slot pump 
ing chambers to introduce oil to said oil seal while the 
pump is operating, but acting to block the entrance of 
oil when the pump is quiescent. 

23. The pump as claimed in claim 19 in which the 
means for connecting the slot pumping chambers with the 
exhaust port comprise a groove in one end plate commenc 
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ing at a point where the passing slot pumping chambers 
have reached approximately their maximum value during 
expansion and extending in a generally curved path to the 
exhaust port. 

24. The pump as claimed in claim 19 in which the 
means for exhausting the slot pumping chambers com 
prise at least one recess in an end plate at a point where 
the volume of the slot pumping chambers has decreased 
substantially, a passageway leading to the exterior of the 
pump, and a unilateral valve in the passageway. 

25. The pump as claimed in claim 20‘ in which the 
means for exhausting the slot pumping chambers comprise 
at least one recess in said one end plate at a second point 
where the volume of the slot pumping chambers has de 
creased substantially, a passageway leading to the exterior 
of the pump and a unilateral valve in the passageway. 

26. The pump as claimed in claim 23 in which the ex 
haust port opens on the interior of said bore and includes 
a connecting conduit extending to an edge of said stator, 
there being a transverse channel extending from the ‘face 
of the stator which is in engagement with said one end 
plate to said connecting conduit, and in which the groove 
end opposite said point is in ‘alignment with said channel. 

27. The pump as claimed in claim 26 in which there 
is a unilateral valve blocking said conduit at said stator 
edge. 

28. The pump as claimed in claim 24 in which there is 
a second recess in said end plate at a second point where 
the volume of the slot pumping chambers is just com 
mencing to decrease, a gas ballast intake system connected 
to said second recess, and means for discharging incom 
pressible ?uid from said second recess. 

29. The pump of claim 19 in which the last means 
comprise at least two independent recesses formed in 
one of said end plates consecutively along the path taken 
by the slot pumping chambers during the pumping cycle 
while they are decreasing in volume, one or both recesses 
being connected to discharge incompressible ?uid through 
a ?utter valve during the early pumping phases, the ?rst 
having a gas ballast connection with unilateral entrance 
for bringing in exterior air to said slot pumping chambers, 
the second recess having a connection through a unilateral 
discharge valve for exhausting compressed gas and ?ush 
ing ?uids from said slot pumping chamber but only 
during operation of the pump whereby to deny entrance 
of ?uids through said last connection when the pump is 
quiescent. 

30. A multi-function valve for a vane-type, oil-sealed 
rotary pump, in which there is a pump assembly mounted 
in a housing immersed in oil, the pump assembly has a 
?uid discharge conduit requiring relief of ?uid below the 
oil level, and has an internal structure requiring the in 
troduction of oil thereinto, said valve comprising a pair 
of telescopic members, one being secured to the pump 
assembly and having three passageways therein, the sec 
ond member being movable between two positions, one 
engaged against the pump assembly and the other raised 
from it, one passageway extending to said internal struc 
ture and having a lateral entrance closed during the en 
gaged position, but opened during the raised position, 
the second and third passageways connected to said ex 
haust conduit, the second having a lateral entrance closed 
during the engaged position but opened during the raised 
position, the third passageway opening in an end of said 
?rst member in a con?ned space formed between tele 
scopic members and serving to raise the second mem 
ber by ?uid discharged through said third passageway 
during pump operation. 

31. The valve of claim 30 in which there are means 
limiting the raising movement of said second member. 

32. The valve of claim 30 in which there is a sealing 
member on the pump assembly pressed by said second 
member when engaged against said pump assembly to 
seal the passageways. 
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33. A valve as claimed in claim 30 in which the struc 
ture requiring introduction of oil thereto comprises at 
least an oil seal between ports of said pump assembly. 
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