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1 
My present invention relates to vacuum pumps 

of the type in which ?rst and second stage pump 
ing units cooperate to produce a high vacuum. 
Vacuum pumps in which a second stage pump 

ing unit operates continuously as a backing pump 
for the ?rst stage pumping unit have been in use 
for some time. While the ?rst and second stage 
pumping units cooperate to produce a higher vac 
uum or lower pressure than either could estab 
lish by itself, the operation of such vacuum pumps 
may be characterized as entailing excessive power 
consumption. 
In accordance with my invention, I provide 

vacuum pumps, each of which has an inlet cham 
her, a ?rst stage pumping unit, a second stage 
pumping unit and an interstage chamber with 
which the outlet of the ?rst stage pumping unit 
and the inlet of the second stage pumping unit 
are in communication. The inlet of the ?rst 
stage pumping unit is connected to the inlet 
chamber and a conduit, controlled by a valve, 
preferably connects the inlet and interstage 
chambers directly. 

I provide a separate drive for each pumping 
unit so that a vacuum pump in accordance with 
my invention may be operated with the conduit 
valve open and onlylthe second stage pumping 
unit in service to establish a predetermined re 
duced pressure in the inlet chamber. When such 
a ‘reduced pressure has been established, the valve 
is closed and the ?rst stage pumping unit operated 
so that the ?rst and second stage pumping unit 
cooperate to increase the pumping speed of my 
vacuum pump to makepossible the production 
of the desired high vacuum. 
While any driving means may be employed that 

permits my vacuum pumps to be operated with 
or without the ?rst stage pumping units in service, 
I prefer to use a separate motor to drive each 
pumping unit. With the combination and mode 
of operation provided by my invention, the ap 
plied load is only a fraction of that required in a 
vacuum pump wherein the two stages have a com 
mon drive or are started simultaneously to pump 
down a system from atmosphere. My invention 
therefore ensures power economy. 
In my high vacuum pumps, the ?rst stage 

pumping unit is of substantially greater theo 
retical volumetric capacity than the second stage 
pumping unit. While the ?rst and second stage 
pumping units may be of any desired type, I pre 
fer that the ?rst stage pumping unit be of any 
simple, rotary positive displacement type which 
is not oil sealed and has its pumping capacity a 
function of its speed. Such pumping units are 
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2 
adapted to operate at high speeds and do con-. 
siderable work at high volumetric e?iciency when 
~operated in a low pressure region and with a low 
pressure differential across their inlets and 
lets because they are not oil sealed. 
For the second stage, I preferably use a pump~ 

ing unit of the rotating plunger, oil sealed type 
having a lesser theoretical volumetric displace 

out 

ment than the ?rst stage pumping unit. Such a. I 
pump has an e?ective pumping speed over a wide 
range of vacuum. 
With ?rst and second stage pumping units of 

these types, high vacuum may be established in 
vacuum pumps in accordance with my inven 
tion without excessive power consumption by 
bringing the ?rst stage pumping unit into service 
when a predeterminedreduced pressure has been 
established in the inlet chamber. My invention 
makes it possible to provide motors for the ?rst 
stage pumping unit of relatively low power for 
the very large ultimate displacement of the ?rst 
stage pumping unit. Maximum power economyre 
sults when the ?rst stage pumping unit of the pre 
ferred type is operated only in such a low pres 
sure region and with a low pressure differential 
across its inlet and the outlet that it may have 
an effective pumping capacity. 
While the valve in the conduit connecting the 

inlet and interstage chambers may be manually 
operated, automatic control of it and the drive 
for the ?rst stage pumping unit in relation to 
the pressure in the inlet chamber is desirable. 
I accomplish this result by utilizing a solenoid 
operated valve with its solenoid and the motor' 
of the ?rst stage drive in a circuit controlled by a 
switch actuated by a device responsive to pressure 
changes in the inlet chamber. With such a con 
trol, the valve is closed or opened and the motor 
for the ?rst stage pumping unit is started or 
stopped depending on whether the pressure is 
below or above that pressure determined as ensur 
ing the most economical production of the high 
vacuum. 

In the accompanying drawings I have shown an 
illustrative embodiment of a vacuum pump in ac 
cordance with my invention from which these 
and other of its novel features and advantages 
will be readily apparent. 
In the drawings: _ 

Fig. 1 is a schematic View of a vacuum pump 
in accordance with my invention. 

Fig. 2 is a top plan view of a preferred em 
bodiment of my invention. . 

Fig. 3 is a section along the lines 3-3, of Fig. 2. 
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Fig. 4 is a section along the lines 4-4, of Fig. 3. 
Fig. 5 is a section along the lines 5-8, of Fig. 2. 
Fig. 6 is a section along the lines 6-8, of Fig. 3. 
Fig. '7 is a partly sectioned view of one form 

of pressure responsive control device. 
Fig. 8 is a somewhat schematic view of another 

type of control device. 
Fig. 9 is a view showing one of the heads of the 

?rst stage pump, and 
Fig. 10 is a fragmentary section through the 

head of Fig. 9. , 
Introduction 

The general features and advantages of my 
invention will be readily understood from a con 
sideration of Fig. 1 in which I have schematical 
ly shown a convenient arrangement of the ele 
ments of vacuum pumps in accordance with my 
invention. 

I have indicated generally at l5 a chamber, , 
hereinafter referred to as the interstage cham 
ber with which the outlet of the ?rst stage 
pumping unit 18 and the inlet of the second 
stage pumping unit H are in communication. 
The inlet of the ?rst stage pumping unit I8 
is shown as connected to an'inlet chamber l8. 
At I8, I have indicated a conduit, controlled 
by a valve 28, which conduit may conveniently 
connect the interstage and inlet chambers.‘ As 
I have indicated in Fig. 1, the ?rst stage pump 
ing unit I 6 is of substantially greater capacity 
‘than the second stage pumping unit H and each 
pumping unit has a separate drive. 
By this arrangement of the pumping units rel 

ative to the interstage chamber, the second stage 
pumping unit may operate by itself, when the 
valve 20 in the conduit I8 is open, to establish 
a predetermined reduced pressure in the inlet 
chamber l8. After such a pressure has been 
produced, the valve 20 is closed and the ?rst 
stage pumping unit It brought into service so 
that the second stage pumping unit I 1 becomes a 
backing pump for the ?rst stage pumping unit 
-l8 and the pumping units. in cooperation with’ 
each other, increase the pumping speed of my 
vacuum pump and establish a high vacuum in 

- the inlet chamber l8. 
My invention, as thus broadly outlined, has the 

important advantage of economy in operation 
when the ?rst stage pump is employed only when 
a predetermined reduced pressure exists in the 
inlet chamber. 
While the ?rst and second stage pumping units 

may be of any desired type, I prefer to use, for 
the second stage, a rotating plunger, oil sealed 
pump. While such a pumping unit is of relative 
ly slow speed, it has the advantage that it has 
an effective pumping speed over a wide range of 
vacuum. 
With such a second stage pumping unit, the 

?rst stage pumping unit may be of any simple, 
positive rotary displacement unit of large the 
oretical displacement compared to that of the 
second stage pumping unit. The capacity of 
such a pumping unit is a function of ‘its speed 
because its clearances are not all sealed and 
because of the resistance of molecules to ?ow 
through these clearances at low pressure, it has 
an effective pumping capacity when operated in 
a low pressure region with a low pressure dif 
ferential across its inlet and outlet. 
These factors contribute to making my vacu 

um pump capable of producing an extremely high 
vacuum and to making possible economies in 
manufacture and in operation such, for example, 
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‘as result from not ‘having ’to use a ?rst stage 
pumping unit that is oil sealed. 
Another economy is that where each drive in 

cludes a separate motor the motor for the ?rst 
stage pumping unit may be of relatively low pow 
er forits displacement. To prevent the opera 
tion of the ?rst stage pumping unit under con 
ditions demanding excessive power from its mo 
tor and to provide advantages of automatic op 
eration, I provide a control for the ?rst stage 
pumping unit and the ‘valve 20 which is respon 
sive to the pressure. in the inlet chamber 18. 
While such automatic operation of my vacuum 

pumps may be effected by other means, I have 
shown schematically in Fig. 1 a control that is 
both convenient and satisfactory. 

I have shown the ?rst stage pumping unit 
It as being driven by a motor 2| and the sec 
ond stage pumping unit as having a drive 22 in 
cluding a motor 22. A switch controlled circuit 
24 includes the second stage motor 23 and a re 
lay operated switch 25 in parallel therewith 
which, when de-energized, connects the sole 
noid 28 in the circuit 24 and when energized 

- connects the ?rst stage motor 2| with the cir 
cuit 24. I 

The relay operated switch 25 is energized 
whenever the switch 21 is closed by the pressure 
actuated device 28 which is responsive to the 
pressure on the'high vacuum side of the pump. 
Illustrative examples of the device 28 are shown 

. in Figs. 7 and 8. 
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The pressure responsive device 28 shown in 
more detail in Fig. 7 has a bellows unit 28 which 
is subjected to the pressure on the high vacuum 
side of the pump and which is exhausted to such 
an extent that when the pressure in the work is 
in excess of a predetermined value, the switch 21 
is opened with the result that the solenoid 26 
which is in control of the valve 20 maintains that 
valve open so that the interstage and inlet cham 
bers are connected. When the pressure in the 
high vacuum side of the pump falls below the 
predetermined value, the device 28 expands and 
effects the closing of the switch 21 with the re 
sult that the solenoid 26 is de-energized and the 
motor 2| is energized. The valve 20 is then 
closed by atmospheric pressure on the bellows seal 
28 for the valve 20. . 
,By this arrangement, automatic operation re 

quires only that the second stage pumping unit 
be brought into operation by closing the cir 
cuit 24. Whenever the pressure on the high 
vacuum side of the pump is at or below a pre‘ 
determined value, the valve 20 is automatically 
closed and the ?rst stage pumping unit brought 
into service. Whenever the pressure on the high 
vacuum side of the pump is above the predeter 
mined value, the valve 20 is automatically held 
open and operation of the ?rst stage pumping 
unit is impossible. Any means for securing this 
sequence of operation is embraced by my inven 
tion. 

The pump construction detailed in the drawings 
In order to to ensure maximum e?iciency and 

economy in operation, it is desirable that the 
several elements of vacuum pumps in accord 
ance with my invention be combined as one unit. 

In Figs. 2-6, 9 and 10, I have shown in detail 
a particularly satisfactory pump construction. 
As may be most conveniently seen in Fig. 3, I 
have indicated generally at 3| a body, preferably 
in the form of a single casting and having a 
?anged port 32 to be connected to the system to 
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be exhausted, a top wall 33, a bottom wall 34, end 
walls 35 and 36 and side walls 31. The casting 
3| has a partition 38 extending from the end 
wall 35 towards the port 32 in parallel with the 
top wall and joining a partition 39. The par 
tition 39 is shaped to de?ne with a similarly 
shaped part 40 of the end wall 36, a casing for 
the ?rst stage pumping unit IS. The space be 
tween the port 32 and the inlet port of the cas 
ing for the ?rst stage pumping unit constitutes 
the inlet chamber I8. 
The bottom wall 34, a partition 4|, and the 

lower part 42 of the end wall 35 are adapted to es 
tablish a cylindrical housing for the second stage 
pumping unit H, the inlet port of which is de 
?ned by the end 43 of the partition 4|, and the 
intermediate portion 44 of the end wall 35. The 
space between the casings of the ?rst and second 
stage pumping units, de?ned by said casings, 
the partition 38, the bottom wall 34, and the end 
walls 35 and 38 is the interstage chamber l5. 
The space between the top wall 33 and the 

partition 38 establishes a conduit 45 similar in 
function to the conduit l9 of Fig. 1 and opening 
as at 45 into the inlet chamber l8 and closed at 
its other end by the end wall 35. The partition 
38 and the top wall 33 have vertically alined 
ports for the valve seat 41 and the valve 48, re 
spectively. , The valve v4|! differs from the valve 
2|] only in that the valve 48 is shown, for con- ' 
venience, as manually operated. Like the valve 
20, the function of the valve 48 is to connect the 
conduit 45 to or disconnect it from the inter 
stage chamber i 5. 
The portion 44 of the end wall 35 that is shaped 

to establish part of the inlet of the second stage 
pumping unit I1 is within a plane inclusive of the 
?ange 49 and the portion 42 of the end wall 35. 
Bolted to the end wall 35 is a plate 5|! establishing 
with the portion 44 a chamber 5| and carrying a 
discharge pipe 52 extending into a housing 53 
bolted to the ?ange 49 and to the end wall 35 to 
establish a separator tank, generally indicated at 
54. The separator tank has bail‘le plates 55 and 55 
disposed between the upwardly directed mouth 
of the discharge pipe 52 and the exhaust port 
51. The tank has a drainage plug 58 and ribs 59. 
To each side 31 of the casting 3|, I bolt heads 

58 and 6|. The heads 80 are apertured to receive 
the shafts 62 and 63 of the ?rst stage pumping 
unit I8 and the heads 6| are apertured to re 
ceive the shaft 84 of the second stage pumping 
unit l1. 

Fast on each of the shafts 82 and 53 are ro- . 
tors 65. These are shaped to intermesh without 
contact as they rotate within the casing and 
without contact therewith (see Fig. 4). 

Bolted to the heads 6|] are supports 66 which 
house the spring pressed shaft seals 61 and serve 
as oil reservoirs. The supports 68 are aper 
tured to receive the shaft supporting bearings. 
One end of each of the shafts 62 and 53 is sup 
ported by bearings 68 seated in one of the sup 
ports 55 by a cap 59 having an oil cup 18. The 
shafts 82 and G3, at their other ends, are sup 
ported by bearings 1| seated in the other of the 
supports 85 by a head 12 to which a gear box 13 
is bolted. 
The gear box 13 is ?lled with oil to the desired 

level to ensure the lubrication of the intermesh 
ing gears fast on the shafts 62 and 63, respec 
tively. Of these gears, only the gear 14 is shown. 
The‘shaft 53 extends through the gear box 13 

40 

4. 

and has a connection 15 for the drive shaft of 
the motor 2| of the ?rst stage pumping unit "5. 
The housing for the second stage pumping 

unit H (see Figs. 3 and 6) establishes a cylin 
drical passage transversely of the casting 31| and 
in this I insert va cylindrical casing 15. The 
casing 16 has a partition 11 apertured to receive 
the shaft 84 and establishes a pair of cylinders 
18 and 19. Fast 0n the shaft 54 is a cam 80 
in each of the cylinders. The cams 80 are pref 
erably disposed at an angle of 180° relative to 
each other. - 

Each cam 80 ?ts within a cylindrical piston 8| 
havingan arm 82 formed with channels 83 and 
slidably supported by a pin 84 rotatably mounted 
in the casing 16. As the shaft 64 rotates, the 
pistons 8| are given a rotating plunger motion 
tangent to the cylinder wall causing oscillation of 
the pins 84 and the sliding of the arm 82 therein 
so that the channels 83 are alternately connected 
to or closed from the cylinders. Discharge ports 
open through the casing 16 and the end wall into 
the chamber 5| and are closed by spring tensioned 
valves 85 mounted in the plate 50. 
The heads 6| are recessed to accommodate shaft 

supporting bearings 85 (see Figs. 5 and 6). The 
bearings 85 at one end of the shaft 54 are seated 
by a cap‘ 81 bolted to the head GI and at its other 
end the shaft 54 extends through a housing 88 
for the spring pressed shaft seal 89. The housing 
88 positions the bearing seating cap 98 and serves 
as a reservoir for sealing oil. The shaft 64 has a 
pulley 9| as indicative of the drive 22 for the 
second stage pumping unit l1. 
One of the factors contributing to the efficiency 

of the second stage pumping unit shown in the 
drawings is that it is oil sealed. Oil in the sepa 
rator tank 56 (see Figs. 2 and 3) flows to each of 
the bearings 86 and into the housing 88. At 92, 
I have indicated a support bolted to the housing 
53 and having a conduit 93 in communication 
with a port 94 in the end wall 95 of the housing 53. 
Conduits 96 in the support 92 are connected to 
the conduit 93 by a valve 91 opened when its oper 
ating solenoid 98 is energized. The solenoid 9B 
is preferably in series with a motor. 23 so that 

, when the second stage pumping unit is not in ser 
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vice, the valve 91 is automatically closed to pre 
vent the ?ooding of the second stage pumping 
unit I‘! with sealing oil. 
The support 92 is grooved as at 99 to ‘establish 

when it is bolted to the end wall 95 of the housing 
53, a pair of passages connecting each of the con 
duits 96 with one of the conduits |ll8 extending 
through the ribs 59 with which the side walls of 
the housing 53 are formed and into the end wall 
35 where the conduits Hill are in communication 
with passages |0| extending into the heads 6|. 
Conduits I02, controlled by adjustable valves “13 
provide for the regulated delivery of the oil to 
the bearings 86. A conduit Hi4 leads from the 
separator tank to the housing 88. 
In order to ensure satisfactory pump opera 

tion, it is desirable to eliminate the possibility of 
leakage into the ?rst stage pumping unit I6. To 
accomplish that result, I provide that any leakage 
between the heads 80 and the sides 31 of the ca‘st_ 
ing 3| or any leakage into the bearing supports 
6'3 is drawn into the interstage chamber |5 by the 
second stage pumping unit H. 
To this end I form the face of each of the heads 

60 that engages the sides of the casting 3| with 
a groove Hi5 that registers‘ with an aperture H58 
in each side wall 31 of the casting 3| (see Figs. 3, 
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9 and 10).- Each side wall 31 oi the casting 2| 
also has'apertures III in registry with holes Ill 
extending intov one race of each head ‘I. Each 
head II is drilled to establish a passage IIII com 
municating wlth'a hole IID ‘drilled into the other 
head lace and disposed so that a conduit is estab 
lished between the inter-stage chamber I! and 
the interior or the supports It. 
»It will be understood that should any leakage 

occur into the supports it or between the heads 
' ‘I and the side‘ wall 2] oi’ the casting 3 I, it is very 

slight. By maintaining the interior of. the sup 
ports I. and the groove Ill continuously under 
the exhausting in?uence oi.’v the second stage 

- pumping unit I‘I, any such slight leakage cannot 
interfere with the function of the ?rst stage 
pumping unit I I. 
The automatic control of the first stage pump 

Where it is desired that my vacuum pumps be 
‘automatic in their operation as to the use of the 
?rst stage pumping units, a wide range of de 
vices are available to open andclose the switch 21 
in response to pressure changes in the inlet cham 
ber I It. Such devices have to be reliable and ac 
curate in their operation and as schematically 
illustrative of different types I have shown in 
Figs. 7 and 8 two di?erent forms of pressure re 
sponsive control devices that may be employed in 
the circuit 2| of Fig. 1 or in any other circuit pro 
viding for the automatic control of the valve 20 
and the ?rst stage pumping unit. ‘ 
The device of Fig. 7 may conveniently consist 

of a vacuum tight housing II I mounted on the 
wall 33 of the casting :I' and having a conduit 

' I I2 connecting it to the conduit 45 so that it will 
be responsive to pressure in inlet chamber I8. 
Within the housing I I I, I mount the bellows unit 
29 secured’ to the ?ange I II of a plunger I“ slid 
ably supported in the bore I I! of a stop I I6. 
Within the housing III, I position a normally 

open snap action switch 21. The switch 21 is 
mounted in the housing I II for adjustment by 
means of the adjusting screw II'I. 

‘ The bellows unit 29 is exhausted and sealed so 
that it is compressed by pressures in the intake 
chamber It above a predetermined pressure. The 
?ange. II3 of the plunger I04 then seats on the 
stop I I5. Below that predetermined pressure, the 
bellows unit 2! acts as a weak spring to carry the 
plunger I04 against the plunger ; I II of the switch 
21 to hold the switch closed. 
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crease in the conductivity oi the gas as its pru 
sure rises, the temperature 0! the tungsten wire 
I23 decreases and it accordingly contracts caus 
ing the switch arm I24 to open the switch 21 or 
to hold it opened. Due to the decrease in its con 
ductivity as the pressure of the gas drops. the 
temperature 01’ the wire increases and it accord 
ingly expands permitting the switch 21 to close. _ 
This control permits the switch 21 to be operated 
within a very closely established pressure range 
and with very low power consumption. 
The insulated conductor I2I may conveniently 

be the means by which the device of Pig. 8 is 
adjusted. To that end, I have shown the hous 
ing II! as having an end wall I2! having a hole 
Illl therethrough to receive the conductor ele 

; ment m. Rubber washers I I2 and Ill are com 

20 l 

25 

pressed against opposite surfaces of the end wall 
I22 to establish a vacuum tight seal by nuts I“ 
and I" respectiyely. Metal washers are hull- 
cated at I 38 and at I31 .I have shown a lock nut 
which may also conveniently serve to anchor the 
lead of‘the circuit I25 thereto. 
A separate housing for each pressure respon 

sive device and the switch which it operates is 
preferred as it may be easily removed and re 
placed it service isnecessary. - 

Operation 
From the foregoing, the operation of vacuum 

pumps in accordance with my invention and their 
advantages will be apparent. 
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When the inlet chamber I8 is connected to the 
system to be evacuated, the second stagepumping 
unit I‘! is operated with‘the valve 20 open to eilect 
a pressure reduction. When the predetermined 
pressure is reached, the valve 20 is closed and 
the ?rst stage pumping unit It is brought into 
service to increase the pumping speed at. my 
vacuum pump. The particular pressure at which 
the valve 20 is closed and the ?rst stage'pump 
ing .unit It operated depends to a considerable 
extent on the nature and‘ requirements oi’. the 
system. Where the operation of the ?rst stage 
pumping unit is controlled by a device responsive 
to a predetermined pressure, the operation of the 
?rst stage pumping unit is prevented until the 
pressure in the inlet chamber drops below the pre 
determined value. This ensures against its opera 
tion with any appreciable pressure di?erential 
across its inlet and outlet and consequently avoids 
its use under conditions demanding excessive 

If desired, the "hot wire" control schematically . 
illustrated in Fig. 8 may be used. As shown in 
Fig. 8, a vacuum tight housing II! is mounted on 
the vacuum pump with a conduit I20 connecting 
it to the interior-of the pump so that pressure in 
the housing I I9 rise and fall with the pressure in 
the system. Within the housing I I9, I mount a 
normally open snap action switch 21 having its 
plunger indicated at III. ' 
The housing I I9 has a pair of insulated con 

ductors indicated generally at I2I and I22. I 
have shown a section of tungsten wire I23 as con 
nected to the conductor I2I while a switch operat 
ing arm I24 mounted on the switch 21 in engage 
ment with the plunger III is connected to the 
conductor I 22. At their opposite ends, the switch 
arm‘ I24 and the tungsten wire I23 are inter 
connected to constitute part of the circuit I25. 
A suitable power source is indicated at I28 and 
I have shown the circuit I25 as including a re 
sister I21 and, a rheostat I22. 
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By this construction, the wire I23 is heated‘ 
when the circuit I2! is energized. Due tothe in 

power from its motor. 
Apart from power economy, a vacuum pump 

utilizing the preferred types of ?rst and second 
stage Dumping units is particularly e?'ective even 
where the ?rst stage pumping unit is operated 
continuously with the second stage pumping unit. 
This results from the fact that the preferred type 
of ?rst stage pumping unit is of relatively large 
capacity and is not oil sealed so that-its pumping 
capacity is a function of its speed. Even it run 
simultaneously with the second stage pumping 
unit, it becomes Operative in a low pressure region‘ 
and with a low pressure diil'erential across its ' 
inlet and outlet to increase the pumping speed 
of a vacuum pump in accordance with my inven 
tion in cooperation with the second stage pump- ‘ 
ing unit. .1 
In general, however, power economy is an im 

portant consideration and maximum economy oi’ 
power consumption is attained by not operating 
the, ?rst stage pumping unit before the second. 
stage Dumping unit has become comparatively. 

.75 ine?icient at which time the ?rst stage pumping: ’ 
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unit is in a low pressure region and its operation 
is attended by a low pressure di?erential across 
its inlet and outlet. Because of its relatively large 
capacity and relatively high speed, its operation 
results in a compression of the gas in the inter 
stage chamber and accordingly comparatively‘ 
eiiicient operation of the second stage pumping 
unit through a longer period results. Whenthe 
control of the operation of the valve 20 and the 
motor 2| is automatic at the pressure predeter 
mined as ensuring most satisfactory operation, 
this may be done by any suitable accurate and 
reliable pressure responsive device of which the 
types suggested in Figs. 7 and 8 are but illustra 
tive. 
The schematic arrangement of the elements of 

my invention shown in Fig. 1 illustrates in general 
features and advantages. It is not, of course, 
necessary that the conduit I9 connect the inter 
stage and inlet chambers, but such is preferable 
to a separate line from the system to the inlet 
of the second stage pumping unit H. 
The pump construction detailed in Figs. 2-6 is 

a preferred embodiment of my invention since 
it ensures compactness, most economical, opera 
tion, minimizes the possibility of leakage, and 
safeguards against any such leakage interfering 
with performance. 
What I therefore claim and desire to secure by 

Letters Patent is: 
1. A vacuum pump for evacuating a system, 

said pump comprising ?rst and second stage 
pumping units each including an inlet and out 
let, an interstage chamber with which the outlet 
of the ?rst stage pumping unit and the inlet of 
the second stage pumping unit are in communi 
cation, valve controlled means in communication 
with the inlet of said second stage pumping unit 
with its inlet in parallel with the inlet of the first 
stage pumping unit so that when said means are 
open the inlets of both pumping units are in 
parallel with respect to the system and a separate 
drive for each pumping unit so that the vacuum 
pump may be operated with only the second stage 
pumping unit in service and the valve controlled 
means open to establish a reduced pressure in the 
system and in the interstage chamber or with 
both pumping units in service and the valve con 
trolled means closed to increase the pumping 
speed of the vacuum pump. 

2. A vacuum pump for evacuating a system, 
said pump comprising ?rst and second stage 
pumping units each including an inlet and an 
outlet, an interstage chamber with which the out 
let of the ?rst stage pumping unit and the inlet 
of the second stage pumping unit are in com 
munication, a conduit in communication with the 

' inlet of said second stage pumping unit with its 
inlet in parallel with the inlet of the ?rst stage 
pumping unit so that when said conduit is open 
the inlets of both pumping units are in parallel 
with respect to the system, a valve in said conduit, 
a separate drive for each pumping unit so that 
the vacuum pump may be operated with only the 

, second stage pumping unit in service and the valve 
controlled conduit open to establish a predeter 
mined reduced pressure in the system and in the 
interstage chamber or with both pumping units in 
service and the valve controlled conduit “closed to 
increase the pumping speed of the vacuum pump, 
and means responsive to the pressure in the work 
to cause the closing of the valve and the operation 
of the drive for the ?rst stage pumping unit when 
ever the pressure is at or below the predetermined 
pressure. 
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3. A vacuum pump for evacuating a system, 

said pump comprising first and second stage 
pumping ‘units each including an inlet and an 
outlet, an interstage chamber with which the 
outlet of the ?rst stage pumping unit and the 
inlet of the second stage pumping unit are in 
communication, the second stage pumping unit 
being of a positive displacement type having an 
effective pumping speed over a wide range of 
vacuum and the ?rst stage pumping unit being 
of a positive displacement type having a large 
theoretical volumetric displacement in relation to 
that of the second stage pumping unit and having 
an actual e?ective pumping capacity when oper 
ated on a low pressure region with a low pres 

» sure differential across the inlet and outlet, valve 
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controlled means in communication with the 
inlet of the second stage pumping unit with its 
inlet in parallel with the inlet of the ?rst stage 
pumping unit so that when said means are open, 
the inlets of both pumping units are in parallel 
with respect to the system and a separate drive, 
for each pumping unit so that the vacuum pump 
may be operated with only the second stage 
pumping unit in service and the valve controlled 
means open to establish a reduced pressure in 
the system and in the interstage chamber or 
with the valve controlled means closed and both 
pumping units in service, and cooperating to 
increase the pumping speed of the vacuum pump. 

4. The vacuum pump of claim 3, in which the 
second stage pumping “unit is of the rotating 
plunger, oil sealed type. 

5. A vacuum pump, comprising an inlet cham 
ber, an interstage chamber and an outlet, a first 
stage pumping unit having its inlet in communi 
cation with said inlet chamber, and its outlet in 
communication with said interstage chamber, a 
second stage pumping unit having its inlet in 
communication with said interstage chamber and 
its outlet in communication with the atmosphere, 
a separate drive for each pumping unit, a con 
duit connecting said chambers, and a valve in 
said conduit so that when a predetermined re 
duced pressure has been established in said inlet 
chamber by said second stage pumping unit, said 
valve may be closed and said drive for said ?rst 
stage pumping unit operated to bring said ?rst 
stage pumping unit into service. 

6. A vacuum pump, comprising a body having 
top, bottom, side and ?rst and second end walls, 
said body including a ?anged inlet port extend~ 
ing upwardly from said top wall, a transverse 
partition extending from said ?rst end wall and 
spaced from said top wall to define a conduit, 
and including a downwardly disposed portion, 
said portion and the upper part 'of said second 
end wall being shaped to establish with said side 
walls a ?rst pump casing having an inlet and 
outlet and spaced below said inlet port to estab 
lish an inlet chamber with which said conduit 
and said inlet are in communication, a second 
transverse partition extending upwardly from 
said bottom wall, said second partition, the lower 
part of said ?rst end wall and the included part 
of said bottom wall being shaped to establishv with 
said side walls a second pump casing and an 
inlet therefor and said lower part of said second 
wall having an outlet port, said partitions, and 
the intermediate portions of said end and side 
walls establishing an interstage chamber with 
which the outlet of said ?rst casing and the inlet 
of said second casing are in communication, a 
valve controlled port intermediate said conduit 
and said interstage chamber, shaft supported 
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pumping means in each of said casings, and 
sealed shaft supporting means attached to said 
body at the opposite ends of each of said casings. 

7. The vacuum pump of claim 6, in which there 
are a pair of ports in each side wall of the inter 
stage chamber adjacent the ?rst pump casing, 
each sealed shaft supporting means has a con 
duit in communication with one'of the ports and 
its interior and a groove establishing in the as 
sembled vacuum pump a conduit to entrap any 
leakage between the shaft supporting means and 
the adjacent pump side and disposed to com 
municate with the interstage chamber through 
the other port. ‘ 

8. A vacuum pump for evacuating a system, 
said pump comprising ?rst and second stage 
pumping units each including an inlet and an 
outlet, said ?rst stage pumping unit having a 
large theoretical volumetric displacement in re 
lation to. that of the second stage pumping unit, 
an interstage chamber with which the outlet 
of the ?rst stage pumping unit and the inlet of 
the second stage pumping unit are in communi 
cation, a conduit in communication with the in 
let of said second stage pumping unit and dis 
posed so that the inlets of both pumping units 
are in parallel with respect to the system, a valve 
in said conduit, a separate drive for each pump 
ing unit so that the vacuum pump may be oper 
ated with only the second stage pumping unit 
in service and the valveopen to establish a re 
duced pressure in theysystem and in the inter 
stage chamber or with both pumping units in 
service and the valve closed to increase the 
pumping speed of the vacuum pump, the drive for 
the ?rst stage pumping unit including an elec 
tric motor, a solenoid to actuate said valve, a 
circuit including said motor and said solenoid, a 
switch in control of said circuit and having a 
?rst position in which said motor is inoperative 
and said solenoid actuated valve is open and a 
second position in which said motor is energized 
and said solenoid actuated valve is closed, and 
means responsive to the pressure at the inlet 
side of said vacuum pump to close and open said 
switch when the pressure therein is below or 
above a predetermined pressure. 

9. The vacuum pump of claim 8, in which the 
pressure operated means consists of a plunger to 
operate the switch, a support and a bellows unit 
connected to the plunger and to the support and 
being evacuated so that it expands and contracts 
in response to pressure variations at the inlet side 
of the vacuum pump. ‘ 

'10. The vacuum pump 01' claim 8, in which the 
pressure operated means consists of a support, a 
switch operating plunger slidable in the support 
into or out of a seated position, and a bellows unit 
connected to the plunger and to the support and 
being evacuated so that it expands as the pres 
sure at the inlet side of the vacuum pump de 
creases to carry the plunger from its seated posi 
tion into a switch operating position. 

11. The vacuum pump of claim 8 in which the 
pressure operated means consists of a housing 
connected to the vacuum pump so that the pres 
sure in the housing varies with the pressure at 
the inlet side of the vacuum pump, a switch with 
in the housing, a circuit including a pair of con 
ductors extending through the walls of the hous 
ing, a section of tungsten wire connected to one 
of the conductors, and a switch arm connected to 
the tungsten and the other of the conductors. 

12. A vacuum pump for evacuating a system, 
said pump comprising ?rst and second stage 
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pumping units each including an inlet and an 
outlet,‘ said ?rst stage pumping unit having a 
large theoretical volumetric displacement in re 
lation to that of the second stage pumping unit, 
an interstage chamber with which the outlet of 
the ?rst stage pumping unit and the inlet oi’ the 
second stage pumping unit are in communica 
tion, a conduit in communication with the inlet 
of said second stage pumping unit and disposed so 
that the inlets of. both pumping units are in par 
allel with respect to the system, a valve in said 
conduit, a separate drive for each pumping unit 
so that the vacuum pump may be operated with 
only the second stage pumping unit in service 
and the valve open to establish a reduced pres 
sure in the system and in' the interstage chamber 
or with both pumping units in service and the 
valve closed to increase the pumping speed of the 
vacuum pump, the drive for each pumping unit 
including a motor, a solenoid _to open said valve, 
means to close said valve, a circuit including the 
motor for the second stage pumping unit, a relay 
operated switch to connect the motor for the ?rst 
stage pumping unit or said solenoid in series with 
the motor for the second stage pumping unit and 
having a normal position in which said solenoid 
is energized, and a switch in control of said relay, 
and means responsive to the pressure in the high 
vacuum side of the vacuum pump to close the 
relay controlling switch when the pressure in the 
high vacuum side is below a predetermined re 
duced pressureand to open the relay controlling 
switch when the pressure in the high vacuum side 
is above the predetermined pressure. " 

13. The vacuum pump of claim 12, in which 
the valve has a stem slidably extending through 
the wall of the conduit, and the means to close 
the valve comprises a bellows fastened to the 
stem and to the outer surface of the conduit wall 
to establish a seal for the stem. 

14. A vacuum pump comprising an inlet cham 
ber, an interstage chamber, ?rst and second stage 
pumping units each including an inlet and out 
let, the ?rst stage pumping unit having its inlet 
in communication with the inlet chamber and its 
outlet in communication with the interstage 
chamber, the second stage pumping unit having 
its inlet in communication with the interstage 
chamber, a conduit connecting the chambers, a 
valve in control of the conduit, a solenoid to op 
erate said valve, an electric motor to operate the 
?rst ‘stage pumping unit, an electric circuit in 
cluding a switch, the motor and the solenoid, a 
vacuum tight housing mounted on the vacuum 
pump, a conduit connecting the interior of the 
housing and the interior of the inlet chamber, 
the switch being mounted in the housing, and 
means in the housing responsive to pressure to 
actuate the switch to eifect the running of the 
motor and the closing of the valve whenever the 
pressure in the inlet chamber is at or below a 
predetermined pressure. 

15. The vacuum pump of claim 14, and adjust 
able means to vary the operative relation of the 
switch and the pressure responsive means. 

16. A vacuum pump comprising a casting hav 
ing top, bottom, side and ?rst and second end 
walls, said casting including a ?anged inlet port 
extending upwardly from said top wall, a trans 
verse partition extending from said ?rst end wall 
and spaced from said top wall to de?ne‘a conduit, 
and including a downwardly disposed portion, 
said portion and the upper part of said second end 
wall being shaped to establish with said side walls 
a ?rst pump casing having an inlet and an outlet 



and spaced below said inlet part to establish an 
inlet chamber with which said conduit and said 
inlet are in communication, a second transverse 
partition extending upwardly from said bottom 
wall, said second partition, the lower part of said 
?rst end wall and the included .parts of said bot 
tom and side walls being shaped to establish a 
second pump casing and an inlet and said lower 
part of said second wall having an outlet, said 
partitions, and the included portions of said side 
and bottom walls establishing an interstage 
chamber with which the outlet of said ?rst cas 
ing and the'iniet of said second casing are in 
communication, a port intermediate said conduit 
and said interstage chamber, a valve in control of 
said port, shaft supported pumping means in 
each of said casings, the pumping means in the 
second pump casing being of the‘ oil sealed type, 
sealed shaft supporting means attached to said 
casting at the opposite ends of each of said cas 
ings, a casting attached to the ?rst end wall and 
de?ning therewith an oil separator tank, and 

14 
oil conduits from said separator tank to the 
sealed shaft supporting means of the pumping 
means in the second pump casing. 

CHESTER M. VAN A'I'I‘A. 
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