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The present invention relates to self-reciprocating
pumps such as scavenge pumps.

In the present invention a self-reciprocating piston type
pump is provided which is particularly suited for use as
a scavenge pump in a hydraulically operated machine tool.
In a typical hydraulic system for a machine tool fluid
from a sump is delivered under pressure by a pump to a
pressure line conmected to ‘the hydraulically operated
mechanisms of the machine, and is returned to the sump,
However, some of the circulating fluid inevitably leaks
out of this system, which fluid can generally be collected
in reservoirs provided in the miachine tool. The pump
of the present invention can be connected to the pressure
line of the machine hydraulic system and will operate
continuously, with minimum tendency to stall, to return
escaped fluid from a reservoir to the sump.

It is therefore a general object of the present inven-
tion to provide an improved reciprocating pump operable
continucus from a source "of pressure with minimum
tendency to stall, :

It is another object of the present invention to provide
a piston scavenge pump operable to pump fluid on each
stroke. R

1t is yet another object of the present invention to pro-
vide a piston type scavenge pump operable from a pres-
sure scurce having positive acting means to reverse the
valve alternately supplying pressure 1o the driving pistons.

It is yet another object of the present invention to pro-
vide a scavenge pump which can be utilized to pump fluid
continuously from one reservoir, or alternately from two
TESETVOITs. : ' '

It is siill another object to provide a simple, effective,
scavenge pump operable to pump a large quantity of fluid
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in relation to the fluid utilized; and which is self-starting

and will operate continuously without stalling. )
Other objects and advantages of the present invention

should be readily apparent by reference to the following

specification, considered in conjunction with the accom-

45

panying drawings forming a part thereof, and it is to be * -

understood that any modifications' may be made in the
exact structural details there shown ‘and described, within
the scope of the appended claims, without departing from
or exceeding the spirit of the invention, o .
In the drawings: = ’ - )
FIG. 1 is an elevational view, partly in cross-section,
of the scavange pump of the present invention;
FIG. 2 is a view taken on line 2—2 of FIG. 1;
FIG. 3 is a view taken on line 3—3 of FIG. 1; and
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FIG. 4 shows a modification to thg pump to permit -

drawing fluid from two reservoirs. )

The scavenge pump 10 has a body 11 having a bore
12 extending therethrough. In each end of the bore 12
there is snugly received a-cylindrical core 13 having a
centra] bore 14. The bores 14 are closed at their outer
ends by the end plates 8 and 9 connected o the sides of
the body 11. The bores 14 define spaced motor cham-
bers 15 and 16 and slidably receive pistons 17 and 18, re-

spectively, therein. The pistons 17 and 18 are connedted_

in spaced relation to a common piston rod 19.

The motor chamber 15 has at its left (as viewed in
FIG. 2), or outer, end an inlet port 20 and spaced from
its right, or inner, end an inlet port 21. The other motor

- chamber 16 also has an inlet port 22 at its outer end and
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2. . -

an outlet port 23 spaced from its inner end. It will be
noted that the ports of motor chamber 16 are in opposed
relation to the ports of chamber 15 wth the inlet port 22
at the right end of the chamber instead of the left end,
and the outlet port 23 spaced from the left end-thereof
instead of the right end. The piston rod 19 and the
pistons 17 and 18 thereon reciprocate between an extreme
left hand position (as shown in FIG. 2) where the out-
let port 23 of chamber 16 is uncovered by piston 18 and
therefore is connected to inlet port 22 through chamber
16, and an extreme right hand position where outlet port
21 of chamber 15 is uncovered by piston 17 and thereby
connected to inlet port 20.

The bore 12 and the inner ends of cores 13 define a
vacuum, or pump, chamber 24 between the motor cham-
bers. Piston 25, connected to piston rod 19 and recipro-
cated thereby, is slidably received in the vacuom cham-
ber. The vacuum chamber 24 has an inlet port, 26 -and
27, at each end (see FIG. 1), and has an outlet port, 28
and 29, at each end. As'shown in FIG. 1, both inlet
ports 26 and 27 ‘are connected through check valves 28’
and 29’, respectively, to an inlet pipe 30 which leads to a
reservoir for scavenge fluid represented schematically at
31. :

Another bore 32 extends through the body 11, the ends
of which are also closed by end plates' 8 and 9, which
slidably receives therein the valve plunger 33 to define a
valve 34." The valve 34 has a pressure port 34a con-
nected to pressure ling 35. Motor driven pump 36 takes
hydraulic fiuid from the sump 37 of the hydraulic system
of the machine and delivers it to pressiure line 35 at a
pressure established by relief valve 364 connected to line
35 and discharging into sump 37. The valve 34 has a
pair of discharge ports 38 and 39, one on each side of
pressure port 34w, which are connected to a return line
40 by which fluid is returned to the sump 37. The valve
34 has a-pair of motor ports 41 and 42, ‘each between
the ‘pressure port and one of the ‘discharge ports, coi-
nected, respectively, through lines 43 and 44 to inlet ports
22 and 29 of the motor chambers. The valve 34 also has
a pair of terminal ports 45 and 46 in communication
with the respective ends of valve plunger 33 and con-
nected, respectively, through lines 47 and 48 to the outlet
ports 21 and 23 of the motor chambers. »

"The valve plunger 33 reciprocates in response to pres-
sure supplied alternately at terminal poits 45 and 46.
The plunger has a spoo] 49 which moves from one side of
the pressure port 34 to the other as the plunger moves
from: one extreme position to the other. The plunger 33
also has a pair of end spools 56 and 51 which alternately
open and close discharge ports 38 and 39 as the plunger
reciprocates. The spool 50 is integral with plunger 33,
and the spool 51 has an integral sleeve pinned. to plunger
33-at Sia.” ‘When the plunger 33 is in the right hand
position, shown in FIG. 3, the pressure port. 34 is con-
nected through the valve to motor port 41 and'is blocked,
or disconnected, from ‘motor port 42, which at that time
is connected to discharge port 39, Conversely, when the
valve plunger 33-is in the exireme left hand- position thé
pressure port is connected ‘to motor port 42 and discon-
nected from motor port 41; which is then connected to
discharge port .38.  _As the spool 49 passes” over and
blocks the pressure port 34a a dead center:position’ is
reached . where the pressure is blocked from:the motor
ports. Therefore, pressure is blocked from: the terminal
port at which pressure was previously:supplied to move
the valve. Unless the valve plunger is kept moving past
this dead center position by some other force the recipro-
cating pistons in the motor chambers 15 and 16 will
stall, and the valve plunger will remain at the dead center

position. Rather than rely. on-the momentum.-.of the
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valve plunger to carry it past this position it is preferable
to provide a positive acting actuator to prevent stalling.

To this end the valve plunger 33 has a pair of oppositely
beveled surfaces 52 and 53. which are joined at an apex 54.
Bores 55 in communication. with bore 32 have: plugs 56
at their outer end and balls 57 at their inner ends, the
balls defining actuators urged into. engagement with the
valve plunger 33 by springs 58. - When the balls engage
surface 52 the plunger is urged to the right; when the
balls engage surface 53 the plunger is urged to the left.
It will: be noted that the bores 55 are connected to the
discharge- line 40 to prevent trapped fluid which leaks
past the balls from blocking the yielding movement of the
balls.

If the spool 49 were fixed on the plunger 33 and spaced
from apex 54 an amount equal to the distance -between
the center of the actuators 57 and the center of pressure
port-34a, the balls 57 would be engaged with the apex
54 as.-the spool 49 reaches the dead center position and
the. actutators-might not be effective to carry the spool
past dead center. In order to assure that the balls are en-
gaged .with the beveled surface behind the apex (relative

to: the direction of movement) as the spool 49 passes.

the pressure port, regardless of the. direction of move-
ment of the plunger, the spool 49 is loosely received on
" the plunger and shiftable thereon between a position where
the spool 49 abuts against fixed shoulder 55’ and a posi-
tion ‘where the sleeve 56’ integral with spool 43, abuts
against fixed shoulder 57'.
“It-will be. noted that when the valve plunger is in its
right hand position -(as shown in FIG. 3) the left side
of the shiftable spool 49 is exposed. to pressure and the
right side thereof is exposed to exhaust so the spool sleeve
56’ is held against shoulder 57’. Shortly after the spool
49 passes over pressure port 34a during movement of the
valve plunger 33 to the left, discharge port 38 opens and
discharge port 39 is closed so that the right side of spool
49 is exposed to pressure and the:left side thereof is ex-
posed to exhaust. This fires the. spool 49 to-the left
on, valve plunger 33 against the fixed shoulder 55’ thereof.
‘When the valve plunger 33 is moved to the right, the spool
49 is mmally in its left hand posmon on plunger. 33 but,
after passing. the pressure port, is. fired to its right hand
position. where sleeve 56 engages. shoulder 57
~~ The extreme positions of the spool 49-on the valve

plunger 33 are spaced from the apex 54 a-lesser and
greater amount, respectively, than the distance between
the pressure port and the actuators. Therefore, when
the plunger begins movement to the left, the spool 49,
which is in its right hand position on the plunger at that
timie, is spaced further from the apex than the distance
between the pressure port and the actuators so that: the
apex passes the actuators before the spool 49 passes the
pressure port.  Thus, when the spool reaches the dead
center position the actutators are engaged with the beveled
‘surface 53 and the plunger is kept- moving past the dead
center ‘position by the actuators. The actuators, aided
by. the. hiydraulic firing. of the spool 49 against.the. fixed
shoulder 55" on the valve plunger, keep the valve plunger
moving, to -its extrenmie left hand. pesition. When the
plunger. begins. return movement to the right, the spool
49 at that time is in its left-hand position ‘on: the plunger
-~ and- is-spaced from the apex 54 an amount less than-the
. distance between the actuators and the pressure port so
“that the apex passes the actuators before the: spool passes
the: pressure: port. . Thus, when: the spool :reaches dead

‘ :~ center the actuators are engaged with the beveled surface

52.and the plunger is kept moving to- its extreme right
hand: position. .- The actuators- are aided by the firing of
the spool 49 and sleeve 56’ against the fixed shoulder 57
~eom: the: valve. plunger after the spool passes’ the -dead
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center positior. It will be nioted-that as the plunger moves *

initially from:: its-exfreme" positions the balls are urged -

“outwardly; and thereby- loaded; by their contact with the

75
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beveled surface in front of the apex 54 (relative to the
direction of movement).

In operatlon with the valve 34 in the position shown,
pressure is supplied through the valve to motor port 41,
line 43, and inlet port 22 of motor chamber 16 to
shift the piston rod 19 to the left. Fluid in motor chamber
15 is discharged through inlet port 20, line 44, motor port
42 of valve 34, discharge port 39, and line 40 to sump 37.
In chamber 24 scavenge fluid previously drawn into the
left side of the chamber is discharged through outlet port
28. Port 28 has a line 58’, containing check valve 59,
connected thereto which leads to sump 37. At the same
time, fluid is drawn into the right side of chamber 24
from the reservoir 31 through pipe 36, check valve 29,
and inlet port 27. -As piston .rod 19 approaches its ex-
treme left hand position outlet port 23 of motor chamber
16 is uncovered and ports 23 and 22 are thereby con-
nected. to supply pressure through line 48. to terminal
port 46 of valve 34. This shifts valve plunger 33 to the
left, spool 49 shifting. to-its left hand position on the
plunger 33-after it passes the pressure port 34a. Fluid
from the left hand side of valve bore 32 is discharged
through terminal port 45, line 47, .port 21 of motor

" chamber 15, chambér 24 and port 28 thereof, into line

58’ .and thence to sump- 37.

When valve 34 shifts to the left, motor. port 41 is dis-
connected from pressure port 34q¢ and motor port 42 is
connected to port 34a. Thus, pressure is supplied to inlet
port 20 through line 44, and piston rod 19 is shifted to
the right.” Fluid from chamber 16 is discharged through
port 22, line 43, port 41 of valve 34, discharge port 38,
and. line 40 to sump-37. ‘At the same time fluid in the
right hand end of chamber 24, which was drawmn:in on the
previous stroke, is discharged  through port 29. Line
60, having check valve 61, is. connected to port 29 and
leads to sump 37. Simultaneously, scavenge fluid is
drawn in to the left hand side-of chamber 24 from reser-
voir 31 through pipe 30, check valve 28, and inlet port
26. At the end of the stroke the port 21 of motor cham-
ber 15 is uncovered by piston 17, connecting that port
to inlet port 28, and pressure.is supplied through line 47
to terminal port 45, shifting the valve plunger 33,. once
again, to the right hand position. Fluid from the. right
end- of bore 32 is discharged through line 48, port 23,
chamber 24, port 29, line 69 and check valve 61 thereof,
to sump 37. It will be noted, that with the construction
of -the present invention the chamber 24 can be of sub-
stantially greater diameter than chambers 15 and ¥6 and
fluid can be pumped from reservoir-31 to sump, 37.6n each
stroke so. that subsfantlally more fluid can be returned to
the system than.is utilized.” In the embodimént above de-
scribed fluid is continuously pumped from-a single reser-

‘voir 31,

With thé embodlment shown: in. FIG. 4, ﬂmd can be
pumped from two separate reservoirs, fluid being drawn
from each on'alternate strokes.  To accomplish this the
vacuum chamber inlet. port 26 is connected. fo,line 62
through check valve 63 while the inlet port 27 is. con-
nected to line 64 through check valve 65. Line 62 leads
from reservoir 66. in. which scavengs fluid- has been
trapped, while line 64 leads from the separate reservoir 67
alsa containing scavenge fluid.

Although the connecting lines between the. valve 34
and the motor chaimbers have been shown schematically
these lines may. be drilled. passages in the body 11 and
the-end plates 8.and 9.

What is claimed is: :
1. A scavenge pump comprising: means defining a
pair of ‘motor chambers each having an inlet port at one
end and an oaﬂeL port $spaced from the opposite end and
each having:.a’ motor pxston movable a. predetermined
distance -in one ‘direction in. response to .pressure at the
inlet port to uncever. the -outlet. port and-connect said
inlet- and outlet ports; said motor pistons operatively -
connected to reclprocde in “Unison in responsu to. pres-
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sure alternately supplied to said inlet ports; means de-
fining a vacuum chamber having an inlet port and an
ogtlet port, said vacunm chamber having a piston oper-
qnvely connecied to the motor pistons and reciprocated
paereby to draw scavenge fluid in the vacuum chamber
inlet port and to discharge fluid through the vacuum
chamber outlet port; and a valve having a pressure port,
a pair of motor ports in communication with the inlet
ports of the motor chambers, respectively, and a pair
of terminal ports in communication with the outlet ports
of the motor chambers, respectively, said valve having
a valve plunger slidably received therein having ends in
communication with the terminal ports, said valve plunger
having a pair of oppositely beveled surfaces thereon
joined at an apex and having a spool shiftable thereon,
the valve plunger shiftable in oné direction in respouse to
pressure ai one terminal port from the outlet port of
one motor chamber to connect the métor port in com-
munication with the inlet of other motor chamibér to
the pressure port as the spool passes the pressure port
and shiftable in the other direction in response to pres-
sure at the other terminal port from the outlet port of
said other motor chamber to connect the motor port in
communication with the iniet port of said one motor
chamber to the pressure port as the spool passes the pres-
sure port, the spocl shifting on the plunger in the direc-
tion of plunger movement when the spool passes the pres-
sure port, said valve having a spring urged actuator
adapted to engage the beveled surfaces of the valve
plunger to assist movement of the valve plunger aiter
the apex thereon has passed the actuator.

2. A scavenge pump comprising in combination: 2
valve having a pressure port and having a motor port
and discharge port on each side of the pressure port,
said valve having a pair of terminal ports and having
a spring urged actuator therein; a vaive plunger having
a pair of oppositely beveled surfaces joined at an apex
slidably received in the valve for reciprocation in response
to a pressure differential at the valve terminal ports, said
beveled surfaces adapted to engage the actuator for con-
tinued movement of the valve plunger by the actuator
after the apex has passed the actuator, said valve plunger
baving a shiftable spool thereon and having spaced fixed
shoulders defining two extreme positions of the shiftable
spool on the valve plunger, the spool in one extreme
position opening the pressure port to the motor port on
one side of the pressure port when the apex is at the
actuator and in the other extreme position opening the
pressure port to the motor port on the other side of the
pressure port when the apex is at the actuator, the spool
shifted on each stroke of the valve plunger from one
extreme position to the other by pressure at the pressure
port as the spool passes the pressure port for positioning
thereof in the extreme position to pass the pressure port
on the next stroke after the apex has passed the actuator,
said valve plunger connecting one motor port to the pres-
sure port and the other motor port to a discharge port
when the valve plunger is at one end of a stroke and con-
mecting said other motor port to the pressure port and
said one motor port to the other discharge port when
the valve plunger is at the opposite end of a stroke; a
pump body having a ceatral pump chamber and two
motor chambers one on each side of the pump chamber
and in communication therewith, the pump chamber hav-
ing an inlet port and an outlet port at each end, the motor
chambers each having an outer end port connected, re-
spectively, to the motor ports in the valve, the motor
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S:harnbers each having an inner port spaced from the
inner end of the motor chamber and connected, respec-
1_‘.1ve1y to the valve terminal ports; a piston rod received
in the body for reciprocation therein and having a piston
siidably received in the pump chamber to draw in fluid
alternately through the inlet ports at the ends of the pump
chamber and simulitaneously to discharge fluid alternately
through the ouilet ports as the piston rod is reciprocated,
the piston rod having a piston slidably received in each
motor chamber for reciprocation between predetermined
extreme inner and outer positions in response to the pres-
sure alternately supplied to the respective outer end ports
of the motor chambers through the valve motor ports,
the piston in each motor chamber uncovering the inner
motor chamber port at both extreme positions, the inner
ports communicating through the motor chambers re-
spectively with the outer end ports thereof when the
respective pistons are alternately in their inner positions
to apply pressure alternately to the ends of the valve
plunger, said inner ports communicating with an outlet
port of the central pump chamber when the pistons are
alternately in their extreme outer positions.

3. In a pump of the type having a pump piston with a
reciprocating motor connected thereto, and having a valve
with a pressure port connectable to a continuous source
of fluid under pressure, said valve having a valve plunger
operable on reciprocation to alternately supply pressure
from the pressure port to the respective sides of the pump
motor for reciprocation thereof, said valve plunger re-
ciprocated in respomse to reciprocation of the pump
motor, mechanism to minimize stalling of the valve
plunger as pressure from the pressure port is diverted
from one side of the motor to the other comprising in
combination; a pair of oppositely beveled surfaces on
the valve plunger joining at an apex, an actuator in the
valve and a spring to urge the actuator toward the valve
plunger, the actuator adapted to engage the beveled sur-
faces of the valve plunger for compression of the spring
as the apex approaches the actuator and expansion of the
spring after the apex passes the actuator to assist move-
ment of the valve plunger in the direction of travel after
the apex has passed the actuator, a spool slidably received
on the valve plunger for shifting thereon, a pair of
spaced stops straddling the shiftable spool to define two
extreme limits of movement of the spool on the plunger,
one of said stops located on the plunger to define one
extreme position of movement of the spool on the plunger
on one side of the pressure port when the apex is at
the actuaior and the other of said stops located on the
plunger to define the other extreme position of move-
ment of the spool on the plunger on the other side of
the pressure port when the apex is at the actuator where-
by the spool is shifted by pressure at the pressure port
in the direction of valve plunger movement on each
stroke as the spool passes the pressure port and is there-
fore positioned to pass the pressure port after the apex
has passed the actuator on the next reverse stroke.
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