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VACUUM PUMP 

Application filed February 16, 1931. Serial No. 516,057. 

This invention relates to a vacuum pump 
adapted to be used more particularly for 
withdrawing air from centrifugal hydraulic 
pumps or from the standpipes used in connec 
tion there with, set forth in my pending ap 
plication, Serial No. 380,223, filed July 22, 
1929, to reduce the liability of the centrifugal 
pump becoming airbound, but obviously the 
same vacuum pump may be used in many 
other relations. 
The vacuum pump is adapted to be mount 

ed upon or in close proximity to the support 
ing base for the centrifugal pump in such 
manner that one and the same shaft may be 
used as the primary driving means for the 
impeller and for the piston of the vacuum 
pump whereby both pumps may be readily 
transported as a unit from place to place for 
use more particularly for withdrawing 
water from the soil preparatory to excava 
tions for superstructures. 
The main object, therefore, of the present 

invention is to provide a simple, compact 
and highly efficient vacuum pump which may 
be easily and quickly applied to the shaft of 
a centrifugal pump or to an extension thereof 
so that the two pumps may lie in contiguous 
relation, thus permitting both pumps to be 
operated by one and the same power unit 
when desired, such, for example, as an elec 
tric motor. 
Another object is to drive the piston of the 

vacuum pump through the medium of a 
power multiplying and speed reducing gear 
train and incidentally to conserve the power 
required for operating the vacuum pump and 
at the same time adapt the speed of operation 
thereof to the requirements of the centrifugal 
pump. 
Another object is to arrange the gears of 

the train with their axes in one and the same 
plane and to divide the gear case along the 
same plane so that one section thereof 
may be readily removed for repairs or re 
placements of the gears as may be required 
to vary the speed of operation on the vacuum 
pump to suit the requirements of the centrifu 
gal pump with which it is associated. 
A further object is to mount the low-speed 

gear of the train upon a crank shaft having 

its axis intersecting the axis of the piston 
cylinder and to connect said low-speed shaft 
to the piston through the medium of a pit 
man to produce what may be termed a 
straight-line action of the driving means for 
the piston. 
Another object is to make the cylinder for 

the piston separate from the gear case and to 
provide releasable means for securing those 
parts together end to end so as to permit 
either part to be removed independently of 
the other part for repairs or replacements 
when desired. 
Another object is to provide the cylinder 

with a system of air passages through which 
the air is circulated by the action of the pis 
ton and also to provide a system of valves 
controlled by the circulation of air for con 
trolling the air intake and air exhaust to and 
from the piston chamber of the cylinder. 
Other objects and uses relating to specific 

parts of the vacuum pump will be brought out 
in the following description. 

In the drawings:- 
Figure 1 is a longitudinal vertical sec 

tional view of a vacuum pump embodying 
the various features of my invention. 

Figures 2 and 3 are sectional views taken 
respectively in the planes of lines 2-2 and 
3-3, Figure 1. 
As illustrated this vacuum pump is rigidly 

mounted in a substantially horizontal posi 
tion upon a suitable supporting frame-A- 
and comprises a gear-case section -- and 
a cylinder section-2-secured together end 
to end by releasable means, as bolts -3-, 
for rigidly holding the sections in fixed rela 
tion, the frame-A-being located as nearly 
as possible at or directly under the center 
of gravity of the pump for balancing the 
same and reducing to a minimum the vibra 
tion incidental to the operation of the mov 
ing parts thereof. 
The end of the gear-case -1- adjacent 

the cylinder section -2- is provided with 
an opening - 4 - which is normally closed 
by a transverse partition -5- forming the 
adjacent end of the cylinder section and hav 
ing a central gland -6- for receiving the 
piston-rod of the pump, presently described, 
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2 
said gear-case being adapted to receive and 
retain a quantity of oil for lubricating the 
gears and other moving parts therein. 
The cylindersection-2-is provided with 

a piston chamber -- having a circular pe 
ripheral wall-8- and outer and inner walls 
-9- and -10-, the latter being arranged 
in axially spaced relation a distance corre 
sponding approximately to the stroke of the 
piston. - 

The end wall -10- of the piston chamber 
is arranged in spaced relation to the trans 
verse partition --5- to form an intervening 
space and is provided with a gland -11 
co-axial with the cylinder for receiving and 
guiding the piston rod. 
A piston C-12- is reciprocally movable 

endwise within the piston chamber -7- 
and is provided with a piston rod -13 
extending through the glands -11- and 
-6-into the interior of the gear case section 
-1-, the inner end of said rod being secured 
to a cross-head -14- which, in turn, is mov 
able along and upon suitable guideways 
-15- as shown more clearly in Figure 1. 
These guideways are rigidly secured to and 

are preferably formed integral with the 
transverse partition -5- to extend there 
from into the gear case-1- a distance corre 
sponding approximately to the stroke of the 
piston for guiding the cross-head and piston 
in their rectilinear movements. 
The inner end of the piston rod -13- is 

threaded and engaged in a threaded aperture 
in the adjacent end of the cross-head -14 
and is also engaged by a lock nut -15 
for holding the cross-head and piston rod 
against accidental displacement one from the 
other. - 

The guideways -15-form a part of the 
cylinder section-2- but are located within 
the gear-case so that they, together with the 
cross head -14- and pitman connection 
there with, may be lubricated by the oil-splash 
from the gears and other moving parts of 
the piston-actuating means. 
The other end of the cross-head -14- is 

provided with a central chamber -16-for 
receiving the adjacent end of a pitman-17 
and a transverse pivotal pin-18-by which 
the pitman is pivotally connected to the 
cross-head with its axis intersecting the axis 
of the rod as shown in Figure 1. 
The other end of the pitman-17-is jour 

naled upon a Wrist pin -19-forming apart 
of a crankshaft-20- which in turn is jour 
naled in the opposite upright side walls of 
the gear case -1- to rotate about an axis 
intersecting the axis of the piston chamber 
-7- and piston rod -13-, said Wrist pin 
being counterbalanced by a weight -21 
forming a part of the crank arm as -20'- 
of the crank shaft, it being understood that 
the crank shaft -20- is arranged some dis 
tance from the inner end of the guideways 
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-15- at right angles to the axis of the pis 
ton rod-13- and parallel with the connect 
ing pin -18- between the pitman -17 
and cross-head -14-. 
A primary drive shaft -22- is journaled 

in suitable bearings in one or both sides of 
the gear case-1-- in a plane some distance 
above the guideways -15- and also some 
distance from the crank shaft. --20-. 
The drive shaft-22-may be an extension 

of, or co-axial with, the impeller shaft of a 
centrifugal pump, not shown, so that both 
shafts may be operated simultaneously at the 
same rate of speed by a single power unit, 
such, for example, as an electric motor. 

Suitable means is provided for transmit 
ting rotary motion from the drive shaft 
-22- to the crankshaft -20-, said means 
consisting, in this instance, of a speed reduc 
ing and power increasing gear train compris 
ing a driving pinion -23-tight on the drive 
shaft and meshing with an intermediate gear 
-24- which is secured to a co-axial pinion 
-25- so that both may rotate upon a Sup 
porting stud or shaft -26-, the pinion 
-25-meshing with a relatively larger gear 

which is secured to the crank shaft 

The axes of the shafts -20-, -26 - and 
-22- are disposed in one and the same 
plane diagonal to the axis of the cylinder or, 
at an acute angle to said axis as shown in 
Figure 1. 
The gear case-1- is divided in about the 

same plane as the axes of the shafts -20 
-26- and -22- and therefore diagonal to 
the axis of the cylinder to form lower and 
upper sections -28- and -29-. 
The upper section-29- is removable and 

constitutes what may be termed a cap section 
to permit access to the interior mechanism 
and particularly to allow the gears to be 
removed or replaced for repairs or for chang 
ing the speed ratio of the gear train between 
the driving shaft -22- and crank shaft 
-20- as may be desired to adapt the vacuum 
pump to varying sizes or capacities of the 
centrifugal pump with which the vacuum 
pump is associated, it being understood that 
portions of the bearings for the shafts-22-, 
-26-and-20- will be formed in the meet 
ing edges of the gear case sections -28- and 
-29-. which latter may be secured by any 
suitable releasing means, such as bolts, to the 
adjacent portions of the lower section-28 - 
to form a liquid tight joint therein so that the 
entire gear case may receive and retain a 
sufficient quantity of oil for lubricating the 
various moving parts therein and thereby to 
reduce the noise incidental to the operation 
of those parts. 

Air circulation control 

The cylinder section -2- is provided 
with separate diametrically opposite air 
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chambers-30- and -31- arranged respec 
tively above and below the piston chamber 
-7-, the central outer portion of the cham 
ber -30- being cylindrical and reduced in 
diameter and connected by a pipe -32- to 
the interior of a centrifugal pump or stand 
pipe leading thereto, not shown, or to any 
other apparatus from which air is to be with 
drawn. 
The chamber -30- constitutes what may 

be termed the air intake chamber and there 
fore the conduit -32- leading thereto may 
be termed the air intake pipe or conduit 
which is arranged substantially midway be 
tween opposite ends of the piston chamber 
-7- and extends axially some distance be 
yond opposite sides of the intake conduit 
-32- as shown in Figure 1. 
The upper portion of the cylinder section 

-2- is provided with a pair of valve cham 
bers -33- and -33'-located at opposite 
sides of the intake conduit -32-, the valve 
chamber-33-being connected by a passage 
-34 - to the adjacent end of the upper 
portion of the piston chamber -7- and is 
also connected by a port -35- to the adja 
cent end of the air intake chamber -30-. 
The other valve chamber -33'- is con 

nected by a passage -34'- to the upper por 
tion of the corresponding end of the piston 
chamber -7- and is also connected by a 
port -35/- to the adjacent end of the air 
intake chamber -30-. 
These ports -35- and -35/- are respec 

tively controlled by ball valves -a- and 
--b-, normally seated in the upper portions 
thereof by their own weight and therefore are 
self-closing but adapted to be opened by the 
circulation of air caused by the movements 
of the piston -12- in a manner presently 
described. 
These valves also control communication 

between the air intake chamber -30- and 
passages -34- and -34'- respectively 
through the medium of the ports -35- and 
-35’- and are held against undue upward 
displacement by cap portions -36- and 
-36'- which are releasably secured in open 
ings in upper portions of the valve chambers 
-33- and -33'- to permit access to the 
valves for repair or replacements when de 
sired. 
The lower wall of the lower air chamber 

-31- is provided with a reduced cylindri 
cal opening connected by a pipe or conduit 
-37- to the external atmosphere or to any 
other suitable place of exhaust. The cham 
ber -31- constitutes what may be termed 
the exhaust chamber and extends axially 
some distance beyond the opposite sides of 
the exhaust pipe -37-, the opposite ends of 
said chamber being respectively connected by 
ports -38- and -38'- to separate exhaust 
passages -39- and -39’- which in turn 
are connected to corresponding ends of the 

lower portion of the piston chamber -7- as 
shown in Figure 1. - 
The lower walls of the exhaust passages 

-39 and -39’-- are provided with cleanout 
openings directly under the corresponding 
ports-38-asd-38'- and normally closed 
by plugs -41- and -41'- which, when re 
moved, permit the removal of any solids or 
other foreign matter from said passages and 
ports which might interfere with the free 
operation of the valves. 
The valves -a/- and -b-aremovable 

in suitable chambers -40- and -40'- and 
are guided in their vertical movement 
against lateral displacement between the 
outer walls of the chambers and intermediate 
guide-flanges -42- which extend down 
Wardly from the top walls of said chambers 
between the valves and have their lower edges 
spaced from the bottom walls of the cham 
bers a distance somewhat less than the di 
ameters of the valves to enable the liquid to 
pass freely from the ports-38- and -38 - 
to the outlet conduit -37- as shown in Fig 
ures 1 and 2. 
One of the upright side walls of each of the 

valve chambers -40- and -40'- is pro 
vided with an opening -43- of size to per 
mit the insertion and removal of their re 
spective valves -a/- and -b'- there 
through, said openings being normally closed 
by a cover plate -44 - which is releasably 
secured to the valve case by bolts -45- or 
equivalent fastening means, Figures 2 and 3. 

Operation, 
Assuming now that the gear train is in 

operation and that the piston has just been 
forced to its extreme outer position as shown 
in Figure 1, then as the piston is moved in 
wardly the ball valve -d- will be opened 
by reason of the partial vacuum formed in 
the passage -34- and higher air pressure 
in the chamber -30-, thus permitting the 
inflow of air from the conduit-32-through 
the port -35- and passage -34- into the 
outer end of the piston chamber, while at the 
same time the exhaust valve -b'- will re 
main closed by reason of the partial vacuum 
created in the passage -39’- and higher air 
pressure in the exhaust chamber -31-. 
During this inward stroke of the piston, 

the valve -a'- will be opened by the com 
pressed air in the passage - 39- by reason 
of the lower air pressure in the exhaust 
chamber -31-, thereby allowing the air to 
escape from the piston chamber through the 
passage -39- and open port -38- and 
thence out through the exhaust conduit 
-37-, while at the same time the air com 
pressed by the inward movement of the pis 
ton in the passage-34'- will cause the valve 
-b-to remain closed by reason of the lower 
pressure in the intake chamber -30-. 
The inflow of air into the Outer end of the 
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piston chamber and outflow of air from the 
inner end of said chamber will continue dur 
ing the entire inner stroke of the piston. 
On the other hand, during the out-stroke 

of the piston, the valve-b'- will be opened 
to allow the air from the corresponding end 
of the piston chamber to flow outwardly 
through the exhaust conduit --37- and the 
opposite valve -a/- will remain closed while 
the valve -b- will also be opened to allow 
air to enter the inner end of the piston cham 
ber through the passage -34'-, this latter 
condition existing during the entire out 
stroke of the piston. 

Briefly stated, during the instroke of the 
piston the intake controlling valve-a- and 
exhaust controlling valve -a'- will both be 
opened while the other valves -b- and 
--b'- will be closed, but during the Outstroke 
of the piston the intake valves -t- and ex 
haust valves -b'- will be opened and the 
other valves-a-and-a'- will be closed so 
that a substantially continuous stream of air 
will be drawn into opposite ends of the cylin 
der during the reverse strokes of the piston 
and at the same time the air drawn into the 
cylinder will be continuously exhausted there 
from through the exhaust pipe -37-, thus 
constituting what may be termed a double 
acting vacuum pump. 

During this reciprocal movement of the 
piston - 12-by means of the gears - -23-, 
-24-, -25- and -26- and the pitman 
-17-the balanced condition of the pump on 
its supporting frame reduces the vibration of 
said pump to a minimum and thereby assures 
accuracy of operation of the valves and at 
the same time the action of the gears, crank 
shaft and pitman within the oil containing 
case and resultant splashing of the oil serves 
to automatically lubricate all of the moving 
parts within said case, including the gland 
-6-. 

It will be noted that by arranging the 
valve case in a vertical position, all of the 
ball-valves are self-closing by their own 
weight and that they are automatically 
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element and a cylinder element releasably 
secured together end to end, a partition ex 
tending transversely across the meeting ends 
of said elements and provided with a gland 
co-axial with the cylinder element, a piston 
reciprocally movable endwise in the cylinder 
element and provided with a rod extended 
through said gland, power-driven means in 
cluding a gear train in the gear-case element 
operatively connected to said rod for recipro 
cating the piston, said cylinder being pro 
vided with air inlet and outlet passages and 
valves controlled by the movement of the pis 
ton for controlling said passages. - 

2. A vacuum pump comprising a gear-case, 
a cylinder having air inlet and outlet pas 
sages, releasable means for securing said 
gear-case and cylinder together end to end, a 
partition extending transversely across the 
meeting ends of the gear-case and cylinder 
and provided with a guide-way extending 
into the gear-case, a cross-head reciprocally 
movable along said guideway, a piston in the 
cylinder operatively connected to the cross 
head to receive motion therefrom for circu 
lating air through the inlet and outlet pas 
Sages, and means including a train of gears 
in the gear-case for operating the cross-head. 

3. A vacuum pump comprising a gear 
case and a cylinder secured together end to 
end, said cylinder having air inlet and out 
let passages, a piston reciprocally movable 
endwise in the cylinder for circulating air 
through said passages, valves controlled by 
the circulation of air for controlling the pas 
sages, and power-driven means including a 
train of gears within the gear-case for recip 
rocating the piston, said gears having their 
axes disposed in one and the same plane, the 
gear-case being divided along said plane into i 
opposed sections, one of which is removable. 

In witness whereof I have hereunto set my 
hand this 13th day of February, 1931. 

THOMAS F. MOORE. 

opened in sequence in the order described by 
the varying air pressures above and below 
the same produced by the action of the piston. 

Furthermore, by making the gear-case with . 
the gears and pitman therein as one unit and 
the cylinder and valve-case with the piston 
and valves therein as a separate unit in the 
manner shown and described, either unit may 
be detached from the other unit without dis 
turbing the contained parts mentioned by 
simply removing the bolts -3- and discon 
necting the pivotal pin-18-, the latter be 
ing accessible when the lid-29 - is removed, 
under which conditions the cross-head -14 
and its guideways -15- would be removed 
with the case section -2-. See Figure 1. 
What I claim is:- 
1. A vacuum pump comprising a gear-case 
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