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This invention relates to pumps of the ex 
pansible chamber type which are employed to 
pump liquid at pressures high enough to enable 
the liquid to perform useful work, such as ener 
gizing hydraulic motors or charging accumu 
lators. 
A pump of this type includes at least one in 

take port for connection to a Supply of liquid, at 
least one discharge port, which is spaced from 
the intake port and is adapted to be connected 
to an external circuit, a plurality of pump 
chambers, means to cause each pump chamber to 
register With the intake port, and the discharge 
port alternately and means to increase the ca 
pacity of each chamber while it is in registry 
with the intake port and decrease the capacity 
of each chamber while it is in registry with the 
discharge port to thereby cause liquid to flow 
from the intake port into each chamber in regis 
try therewith and liquid to be expelled into the 
discharge port fron each chanber in registry 
thereWith. 
When the liquid discharged by the pump is re 

quired to do useful Work such as energizing a 
notor, the liquid expelled from the chambers 
into the discharge port causes pressure to rise 
therein but the liquid in the chambers which are 
not in registry with the discharge port is under. 
a low or negative pressure and very often it con 
tains entrained gas. Consequently, when a 
chamber opens to the discharge port, the pres 
sure in the discharge port causes liquid to rush 
therefrom into that chamber and compress the 
liquid and entrained gas therein until the pres 
Sure in that chamber is the same as the pressure 
in the discharge port. This sudden back flow 
of liquid from the discharge port into the cham 
beir causes a shock and a resultant noise and, 
if the plump is creating a high pressure, the shock 
and noise are of considerable rinagnitude. 
The present invention has as an object to re 

duce the shocks and noise inherent in pumps of 
this type. 
Another object is to prevent any shock or noise 

due to back flow of liquid from the discharge 
post into the pumping chambers. 
A punperbodying the invention has the ad 

vantage that it will operate more quietly than 
a prior pump of the same type and with increased 
efficiency. 
Other objects and advantages will appear from 

the description hereinafter given of pumps to 
which the invention has been applied. 
According to the invention in its principal as 

pect, the fluid in each pumping chamber is con 
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pressed to a pressure somewhat greater than the 
pressure in the discharge port before that cham 
ber opens to the discharge port. 
For the purpose of illustration, the invention 

will be explained as applied to an axial type pis 
ton pump but the invention is also applicable 
to other types of pumps. 
The invention is exemplified by the pump ill 

lustrated in the accompanying drawings in which 
the views are as follows: 

Fig. 1 is a longitudinal Wertical section through 
an axial pump in which the invention is em 
bodied. 

Fig. 2 is an approximately horizontal section 
through the rear part of the pump shown in Fig. 
1, the plane of the view being indicated by the 
irregular line 2-2 of Fig. 3. 

Fig. 3 is a transverse Section taken on the line 
3-3 of Fig. 1 but drawn to a considerably larger 
Scale. 

Figs., 4 and 5 are fragmentary Sectional views 
taken, respectively, on the lines 4-4 and 5-5 of 
Fig. 3. 

Fig. 6 is a transverse Section taken on the line 
S-6 of Fig. 1 but drawn to a considerably larger 
Scale. 

Figs. 7 and 8 are fragmentary sectional views 
taken, respectively, on the irregular lines 7-7 
and 3-8 of Fig. 6. 

Fig. 9 is a view similar to a part of Fig. 4 but 
Showing the check valve in a different position. 
The invention has been shown applied to an 

ordinary Swash plate type pump which is sub 
stantially the same as the pump shown in Patent 
No. 1,020,285. Consequently, only so much of 
the pump has been illustrated as is necessary to 
an explanation of the invention. 
The purinp has its mechanism arranged within 

and Carried by a casing having its rear end 
closed by a removable end head 2 the front por 
tion of which constitutes a valve for controlling 
the flow of liquid to and from the pumping cylin 
ders as will presently be explained. A drive shaft 
3 journaled in the front wall of casing and in 
end head 2 has fixed for rotation therewith a 
cylinder barrel 4 having seven equally spaced 
Cylinders 5 formed therein parallel to the axis 
of shaft 3. Each cylinder 5 has a piston 6 fitted 
therein and it communicates at its inner end with 
a cylinder port which extends through the rear 
end of cylinder barrel 4 and preferably is elon 
gated in the direction of rotation as shown in 
Fig. 3. - 

Each piston 6 is connected by a ball and socket 
joint (not shown) to one end of a connecting rod 
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8 having the other end thereof connected by a 
ball and Socket joint 9 to a thrust member ) 
Which is rotatably supported within a tilting box 

and is fixed for rotation with shaft 3 by a 
universal joint f2 so that thrust member () and 
cylinder barrel 4 will rotate in unison. 

Cylinder barrel 4 is adapted to be rotated only 
in a clockwise direction in respect to Fig. 3 as 
indicated by the arrow on that figure, and in 
Order that the pump may be capable of dis 
charging liquid in either of two opposite direc 
tions and at Selected rates in each direction, box 

is supported at opposite sides thereof upon 
tWO trunnions (not shown) which are fixed in 
opposite sides of casing , and it is adapted to 
be tilted upon those trunnions by a stroke chang 
ing mechanism 3. 
The arrangement is such that, when thrust 

member 9 is vertical, the pump will be at zero 
stroke so that no liquid will be discharged there 
by and, when thrust member is tilted in One 
direction or the other, the pump will discharge 
liquid in a direction and at a rate determined 
by the direction and the degree that thrust mem 
ber 0 is tilted from its vertical position. 
The rear end of cylinder barrel 4 engages the 

front or valve face 28. On end head 2 and the 
contacting surfaces thereof are made flat and 
Smooth. Two arcuate valve ports f4 and 5 
(Figs. 2 and 3) are formed in the valve face 2a 
of end head 2 and communicate, respectively, 
through two passages 6 and 7 (Fig. 2) with 
two pipes f8 and 9 which form parts of the two 
sides of a hydraulic circuit. Ports f4 and 5 
are formed upon the same radius as cylinder 
ports 7 so that the cylinder ports will register 
Successively with a valve port and each cylinder 
port will register with the two valve ports alter 
nately during rotation of cylinder barrel 4. The 
front portion of end head 2 containing ports 4 
and 5 thus constitutes a valve for controlling 
the flow of liquid to and from cylinders 5. 
When thrust member 0 is inclined in the di 

rection shown in Fig. 1 and cylinder barrel 4 is 
rotated in the direction of the arrow shown in 
Fig. 3, thrust member O will pull the upWard 
moving pistons outward and Will force the down 
ward moving pistons inward. The upWard and 
outward moving pistons will draw liquid into 
their cylinders from port 4 until they reach the 5i 
dead center position on the vertical centerline 
of the pump and the downward and in Ward mOW 
ing pistons will eject liquid from their cylinders 
into port 5 until they reach the dead center 
position on the vertical centerline of the pump. ; 
If thrust member 0 is then inclined in the Op 
posite direction, the downward moving pistons 
will draw liquid into their cylinders from port 5 
and the upward moving pistons will eject liquid 
from their cylinders into port 4. Each of ports 
4 and 5 may thus function either as an inlet 
port or a discharge port. 
The pump as thus far described is substan 

tially the same as the pump shown in Patent No. 
1,020,285 but in the patented pump the valve 
ports are spaced apart a distance equal to or only 
slightly greater than the length of a cylinder 
port while in a pump embadying the invention, 
the valve ports are spaced farther apart. 
When a pump is performing useful work, it 

creates a high pressure in the discharge port and 
in the cylinders in communication therewith but 
the cylinders in communication with the inlet 
ports contain liquid under a low or negative pres 
sure and each cylinder as it moves out of com- 75 
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4. 
munication with the inlet port may not be com 
pletely filled with liquid. If the valve ports are 
Spaced apart a distance equal to or only slightly 
greater than the length of a cylinder port, so 
that a cylinder port opens to the discharge port 
as Soon as it moves out of communication with 
the inlet port as is the case in conventional 
pumps, the high pressure in the discharge port 
Will cause liquid to rush therefrom into the cyl 
inder to fill any void and to compress the liquid 
and gas therein to the pressure prevailing in the 
discharge port, thereby causing a sudden shock 
and a resultant noise. 

In a pump embodying the present invention, 
a cylinder does not open to the discharge port 
until the piston in that cylinder has compressed 
the liquid and gas therein to a pressure which 
is approximately the same as the pressure in the 
discharge port. If the pressure in a cylinder as 
it moves out of communication with the inlet, 
port were always the same, if the pump stroke 
were constant and if the cylinder were always 
completely filled with liquid, the valve ports 
Could be Spaced apait. Such a distance that at 
the time the cylinder opened to the discharge 
port the pistons in that cylinder would have 
compressed the liquid therein to a pressure ap 
proximately the same as the pressure in the dis 
charge port. However, the pressure and the vol 
ume of fillid in a cylinder at the instant that it 
moves out of communication with the inlet port 
both vary widely under different operating con 
ditions and the amount of air or gas therein is 
variable and unknown. Therefore, in Order to 
compensate for such varying conditions, each 
cylinder which has just moved out of communi 
cation with the inlet port is connected to the 
discharge port through a check valve which opens 
only after the pressure in the cylinder has been 
raised by the instroke of the piston until it is 
approximately the same as the pressure in the 
discharge port. 
As shown, the upper end of port f4 and the 

lower end of port 5 are each spaced from the 
adjacent dead center position a distance equal 
to or only slightly greater than one-half of the 
length of a cylinder port the same as in the 
prior pumps but the upper end of port 5 and 
the lower end of port 4 are spaced at Such a dis 
tance from the adjacent dead center position 
that, when a cylinder moves from a dead centel' 
position toward the adjacent port, the piston in 
that cylinder will be forced inward far enough 
to compress the fluid in that cylinder to a pres 
Sure at least as high as the pressure in that port 
before the cylinder opens to that port, and each 
cylinder is connected through a check valve 22 
to the cylinder immediately preceding it so that, 
when the pressure in a cylinder passing from the 
inlet port to the discharge poi’t becomes high 
enough, liquid will flow through the check valve 
22 and through the preceding cylinder into the 
discharge port. A check valve 22 is arranged in 
cylinder barrel 4 between each two adjacent 
cylinders 5 and the several check valves are ar 
ranged in a circle which is larger than the cylin 
der circle. 

If check valves 22 were of an ordinary type, 
liquid could flow through a check valve from the 
discharge port into the inlet port during each 
time that one cylinder was open to the inlet port 
and the following cylinder Was Open to the dis 
charge port as will presently be more fully ex 
plained. While two adjacent cylinders communi 
cate simultaneously with the two valve ports for 
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only a very brief interval (such as one four 
hundredths of a second) so that only a very 
limited volune of liquid could flow through a 
check valve from the discharge port to the inlet 
port, it is desirable to prevent any Such flow. 
Therefore, limited capacity check valves are en 
ployed. That is, each check valve 22 will open 
in response to liquid attempting to flow there 
through at a limited rate but will close in re 
sponse to liquid attempting to flow therethrough 
at a higher rate. 
Check valve 22 is not per se a part of the pres 

ent invention but is one of the check valves de 
scribed and claimed in application Serial No. 
182,623 filed September 1, 1950, now Patent No, 
2,633,447. 
As shown in Fig. 4, each check valve 22 in 

cludes a sleeve 23 which is closely fitted in a bore 
24 which extends in Ward from the front end of 
cylinder barrel 4 and has the inner end portion 
thereof reduced in diameter'. Sleeve 23 has a 
valve plunger 25 slidably fitted in the bore 23 
thereof and normally having the inner end there 
of in engagement with an annular valve seat 28 
which is arranged in a counterbore 23b at the 
inner end of sleeve 23. Plunger 25 is urged to 
Ward seat, 26 by a relatively weak spring 27 ar 
ranged between its outer end and a plug 28 
Which is threaded into the Outer end of bore 2. 
and holds sleeve 3 and waive seat 26 against 
the shoulder formed by the reduced portion of 
bore 24. 
When the check valves are arranged with the 

axes thereof parallel to the rotor axis as ShoWn, 
the valve element of each check valve must be 
urged toward its seat by a spring which pref 
erably has only enough strength to positively 
move the valve element against its seat. In 
some types of pumps however, the Springs may be 
dispensed with and the check valves be arranged 
radially so that the valve elements thereof are 
urged toward the valve seats by centrifugal 
force. 
Plunger 25 has an internal passage 29 which 

extends axially inward from the outer end there 
of and then extends radially through the side 
wall of the plunger at a point spaced from the 
inner end thereof. When the check valve is 
opened, passage 29 provides communication be 
tween the reduced inner end of bore 2 and an 
annular groove or port 3 which is formed in 
the inner wall of sleeve 23 and so located that 
it will be closed by plunger 25 if plunger 25 
lifts a predetermined distance from seat 26. 
The arrangement, is such that, when the pres 

sure in the inner end of bore 24 exceeds the pres 
sure in port 39 by an amount determined by the 
resistance of spring 2, plunger 25 will lift a 
short distance from its seat and permit liquid 
to flow from the inner end of bore 24 through 
valve seat 26, sleeve 23 and passage 29 into port 
30 at any rate within the capacity of the valve 
but, if the liquid tries to flow through the valve 
at a rate in excess of the capacity thereof, 
plunger 25 will be lifted farther from its seat 26 

... and will close port 3, as shown in Fig. 9, and 
thereby prevent flow of liquid through the valve. 
Each check valve 22 has its inlet connected to 

the discharge end of a cylinder 5 and its outlet 
connected to a passage which communicates with 
a valve port, when that cylinder 5 moves out of 
communication with the other valve port. As 
shown, the discharge end of each cylinder 5 is 
connected through a passage 3i (Figs. 3-5) with 
the inner end of the bore 24 containing the check 
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valve 22 which immediately precedes that cylin 
der 5 in respect to the direction of rotation of 
cylinder barrel 4, and the port 3 of that check 
valve 22 is connected through a passage 32 and 
a passage 33 to the discharge end of the cylinder 5 
which immediately precedes that check valve 22 
in respect to the direction of rotation of cylinder 
barrel 4. Each cylinder 5 is thus connected to 
the two adjacent check valves 22 and each check 
valve 22 is connected to the two adjacent cylin 
ders 5. 
When cylinder barrel 4 is rotated in the direc 

tion of the arrow. on Fig. 3 and the pump is dis 
charging liquid under pressure through valve port 
5, the cylinder 5 at the upper dead center posi 

tion (which has been designated as cylinder A in 
Fig. 3) will contain liquid at a low or negative 
pressure and the next preceding cylinder (which 
has been designated as cylinder B in Fig. 3) Will 
contain liquid at a high pressure. The pressure 
in cylinder B will extend therefrom through pas 
sages 33 and 32 and port 3 into the upper part 
of the sleeve 23 of the adjacent check valve 22 
(which has been designated as valve C) and will 
assist spring 2 in holding the plunger 25 of 
valve C against its seat 26. 
As cylinder A moves in the direction of the 

arrow, the piston 6 in cylinder A will be forced 
inward by thrust member and will compress the 
liquid in cylinder A until it creates therein a 
pressure which exceeds the pressure in discharge 
port 5 by an amount slightly in excess of the 
force exerted by light spring 27 and which extends 
through paSSage 3 and valve seat 26 and acts 
upon the inner end of plunger 25 of valve C. 
Then the pressure acting upon plunger 25 Will 
raise it from seat 26 and the inward moving pis 
ton will expel liquid from cylinder A through 
paSSage 3, check valve C and passages 32 and 33 
and cylinder B into discharge port 5 until cylin 
der A opens to port 5. Since the pressure in 
cylinder A is approximately the same as the pres 
Sure in discharge port 5, there is no sudden 
compression of the liquid in cylinder A and, con 
sequently, no resultant shock and noise such as 
Occurs in conventional pumps. As soon as cylin 
der A opens to port 5, the piston in cylinder A 
can eject liquid therefrom through its port T. 
directly into port 5 and the pressure at the inlet 
of check valve C becomes the same as the pressure 
at the outlet thereof, thereby permitting valve C 
to be closed by its spring 27. Each of check 
valves 22 will function in the above described 
mannel as the cylinder 5 associated thereWith 
passes from the inlet port to the discharge port. 
After each cylinder 5 has passed a short dis 

tance beyond lower dead center position as indi 
cated by the cylinder which has been designated 
as cylinder D in Fig. 3, its port 7 opens to inlet 
port 4 and thereby reduces the pressure at the 
outlet of the following check valve 22 which has 
been designated in Fig. 3 as valve E. At that 
time, the following cylinder 5, which has been 
designated in Fig. 3 as cylinder F, is still open to 
discharge port 5 so that the inlet of valve E is 
Subjected to the discharge pressure. 
Dropping the pressure in cylinder D permits 

the high pressure in cylinder F to raise the plung 
er 25 of check valve E from its seat. If the check 
Valve were of the ordinary type which opens and 
remains Open in response to a predetermined drop 
in pressure therea cross, liquid could flow there 
through from discharge port 5 into inlet port 4 
until the port 7 of cylinder F moved out of regis 
try with port 5 and this would occur each time a 
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eylinder passed across lower dead center. Each 
check valve 22 has ample capacity to pass the 
relatively small volume of liquid which is ejected 
from a cylinder 5 as the cylinder passes from its 
upper end center position to the position in which 
its port opens to discharge port 5 but it is 
obvious that all of the liquid discharged by the 
pump into port f5 at any given instant could not 
flow through a check valve 22. Consequently, 
when the port of cylinder D opens to inlet port 
4, the pressure therein is suddenly reduced to a 
low or negative value and the large volume of 
high pressure liquid in discharge port 5 tries to 
flow through check valve E but, since it cannot do 
so, it raises the plunger 25 of valve.E high enough 
to cause it to block port. 30, as shown in Fig. 9, 
thereby preventing flow of liquid from port 5 to 
port A. As soon as cylinder F opens to port 4, 
the pressure at opposite ends of check valve E 
are equalized and valve E is closed by its Spring 
2. All of the check valves 22 function in the 
same manner as the cylinders a SSociated there 
with pass across lower dead center. 
When the pump is operating normally, the por 

tion of bore 233 containing Spring 27 will be filled 
with liquid which will stop further movement of 
plunger 25 immediately after it has closed port 
39. Under certain temporary conditions how 
ever, the spring portion of bore 23 may contain 
SOrne air or gas Which night permit plunger 25 
to be moved too far from seat 25, whereupon 
spring 27 might not be able to return it against 
seat 26 before the cylinder associated with the 
check waive reached upper dead Center. There 
fore, the movement of plunger 25 away from Walve 
seat 26 is limited by a Suitable stop. For example, 
spring 2 may be so, designed that it goes Solid 
and prevents further movement of plunger 25, as 
shown in Fig. 9, as Soon as the upper end of 
plunger 25 passes the upper edge of port. 30. 
When thrust member 0 is tilted in a direction 

opposite to that shown in Fig. , the pump Will 
discharge liquid in opposite direction, port 4 
will be the discharge port and port 5 Will be the 
inlet port but check valves 22 will function in the 
above described manner. That is, the check 
valves will permit liquid to flow therethrough 
from the cylinders into the discharge port as the 
cylinderSpaSS from the inlet port to the discharge 
port and they will prevent flow of liquid from the 
discharge port into the inlet port as the cylinders 
pass from the discharge port to the inlet port. 

In a prior pump of this type, each cylinder is 
open to the inlet port during nearly a full half 
revolution of the cylinder barel. If a pump eral 
bodying the invention is unidirectional, the lower 
end of inlet port A is spaced from the vertical 
centerline of the pump a distance equal to or 
only slightly greater than one-half of the length 
of a cylinder port so that each cylinder is open 
to the inlet port during nearly a full half-revolu 
tion of the cylinder barrel the same as in the prior 
pumps but if the pump is reversible as shown, the 
lower end of port 4 is spaced from the vertical 
centerline of the pump the same distance that 
the upper end of port 5 is spaced from the ver 
tical centerline in order that the pump may be 
reversed as explained above. Therefore, the time 
during which a cylinder is open to the inlet port 
is considerably less than in the prior pumps and, 
if the pistons must draw liquid into their cylin 
ders from a reservoir arranged below the cylinder 
barrel, each piston might not be able to con 
pletely fill its cylinder with liquid during the time 
its cylinder was open to the inlet port. 
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..If the pump is reversible, as shown, it is pro 

vided with two auxiliary ports f4a and 5a (Figs. 
3 and 6) Which extend through valve face 28, and 
are adapted to be connected, respectively, to ports 
4 and 5 under the control of an automatic valve 
3A (Figs. 1 and 6). Ports f4a and 53 are ar 
ranged upon the same radius as ports f4 and 5 
and each is so located that the distance between 
the vertical centerline of the pump and the ad 
jacent edge of the auxiliary port is equal to or 
Only slightly greater than one-half the length of 
a cylinder port So that a cylinder port will open 
to an auxiliary port inmediately after it moves 
Out of registry With the preceding port 4 or 5. 
As best shown in Fig. 6, valve 34 is fitted in a 

bore 35 which extends through end head 2 and 
has its ends closed by two plugs 352. Bore 35 has 
four annular grooves or ports 36, 3, .38 and 39 
forfined in the Wall thereof. Port 36 is connected 
to auxiliary port 58 by a channel G3, as shown 
in FigS. 6 and 7, and port 39 is similarly con 
nected to auxiliary port 4a by a channel E, Port 
3 is connected through a channel 52 to a channel 
43 which opens into main port 5, 2s shown in 
Figs. 6 and 8, and port 38 is similarly connected 
through two channels 44 and 45 to main port 
4. Walve 34 has two cannelures 36 and 47 formed 

in the peripheral Surface thereof to provide com 
munication between ports 36 and 3 or between 
ports 38 and 33. Cannelure 45 communicates 
With a passage 3 which extends radially there 
from into valve 34 and then extends axially out 
Ward through the adjacent end of the valve. Can 
neure & communicates with a passage 43 which 
extends radially therefron into valve 34 and then 
extends axially outward through the adjacent 
end of the valve. 
The arrangement is such that, when the pump 

is discharging into port 5, pressure therefron 
extends through passages 43 and 42, port 3, can 
nelure 46 and passage 48 to the upper end of bore 
35 and, if walve 34 is in its upper position, the 
pressure noves it downward to the position 
shown in which position it blocks port 3S so that 
no liquid can escape through auxiliary port 52. 
Then as Soon as the port of a cylinder 5 opens 
to auxiliary port 4, the piston in that cylinder 
can draw liquid into the cylinder through aux 
iliary port 48, passage 4, port 39, cannelure 47 
and passages is and 45 from main port i. 
When thrust member is tilted in the Op 

posite direction and causes the pump to dis 
charge into port 4, pressure from port 4 will 
extend through passages 45 and 44, port 38, can 
nelure 4 and passage 9 to the lower end of bore 
35 and move valve 34 to its upper position in 
which position it blocks port 39 so that no liquid 
can eScape through auxiliary port 4. Then as 
Soon as the port of a cylinder 5 opens to aux 
iliary port 5, the piston in that cylinder can 
draw liquid into the cylinder through auxiliary 
port 5a, passage 40, port 36, cannelure 46 and 
passages 42 and 43 from main port 5. Thus in 
either direction of pump delivery the angular 
distance through which liquid can be drawn into 
a cylinder is just as great as in the prior pumps. 
The invention herein set forth is susceptible of 

various modifications and is adaptable to various 
other types of pumps without departing from the 
Scope of the invention which is hereby claimed 
as follows: 

1. In a pump having a rotor provided with a 
plurality of pistons and cylinders and a cylinder 
port leading from each cylinder, means for ro 
tating said rotor, and piston reciprocating means 
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for causing the pistons on one side of a central 
longitudinal plane of said pump to move pro 
gressively inward and the pistons on the other 
Side of Said plane to move progressively outward 
during rotation of said rotor, the combination 
of a main valve cooperating with said cylinder 
ports to control the flow of liquid to and from 
Said cylinders and having formed therein upon 
opposite sides of said plane an arcuate inlet port 
and an arcuate discharge port With which each 
cylinder port communicates alternately during 
rotation of said rotor, the leading end of Said 
discharge port in respect to the direction of ro 
tation of said rotor being spaced from said cen 
tral plane a distance greater than one half the 
angular length of a cylinder port So that the 
port of a cylinder after it passes beyond said cen 
tral plane toward the discharge port Will not 
open to the discharge port until after the piston 
in that cylinder has moved inward far enough to 
eject a limited volume of liquid from that cylin 
der, and a plurality of limited capacity check 
valves arranged in said rotor, each of said check 
Walves having an inlet connected to One cylinder 
and an outlet connected to the cylinder next pre 
ceding said one cylinder in the direction of rota 
tion of said rotor and a plunger having one end 
thereof normally closing said inlet and the other 
end thereof adapted to close said outlet only after 
Said plunger has been moved a Substantial dis 
tance from its normal position so that as said one 
cylinder passes beyond said central plane toward 
the discharge port the limited volume of liquid 
ejected from said one cylinder by the inward 
moving piston therein will move said plunger far 
enough from its normal position to permit said 
limited volume of liquid to flow through said 
check valve into said preceding cylinder and 
When Said preceding cylinder opens to the inlet 
port the resultant sudden rush of liquid into said 
inlet Will cause said plunger to move far enough 
to close said outlet and prevent flow of liquid 
through the check Valve from the discharge port 
into the inlet port. 

2. In a pump having a rotor provided with a 
plurality of pistons and cylinders and a cylinder 
port leading from each cylinder, means for ro 
tating Said rotor, piston reciprocating means for 
causing the pistons on one side of a central lon 
gitudinal plane of said pump to move progres 
sively inward and the pistons on the other side 
of Said plane to move progressively outward dur 
ing rotation of said rotor, and means for adjust 
ing Said piston reciprocating means to reverse the 
movements of said pistons and thereby reverse 
the direction of pump delivery, the combination 
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after it passes beyond said central plane toward 
the discharge port will not open to the discharge 
port until after the piston in that cylinder has 
noved inward far enough to eject a limited vol 
lume of liquid from that cylinder, a plurality of 
limited capacity check valves arranged in said 
rotor, each of Said check valves having an inlet 
connected to one cylinder and an outlet con 
nected to the cylinder next preceding said one 
cylinder in the direction of rotation of said rotor 
and a plunger having one end thereof normally 
closing Said inlet and the other end thereof 
adapted to close said outlet only after said 
plunger has been moved a substantial distance 
from its normal position. So that as said one cyl 
inder passes beyond said central plane toward 
the discharge port the limited volume of liquid 
ejected from said one cylinder by the inward 
moving piston therein will move said plunger 
far enough from its normal position to permit 
Said limited Volume of liquid to flow through said 
check valve into said preceding cylinder and 
When said preceding cylinder opens to the inlet 
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Of a main Valve cooperating With said cylinder . 
ports to control the flow of liquid to and from 
said cylinders and having formed therein upon 
opposite sides of Said plane two arcuate main 
portS With Which each cylinder port communi 
Cates alternately during rotation of said rotor 
and either of which may function either as an 
inlet port or as a discharge port depending 
upon the adjustment of said piston reciprocat 
ing means, the leading end of each of said main 
ports in respect to the direction of rotation of 
Said rotor being Spaced from said central plane 
a distance greater than one half the length of 
a cylinder port So that the port of a cylinder 
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port the resultant Sudden rush of liquid into said 
inlet Will cause said plunger to move far enough 
to close said outlet and prevent flow of liquid 
through the check valve from the discharge port 
into the inlet port, and means for supplying liquid 
to each cylinder port after it moves out of com 
munication with the discharge port and before 
it opens to the inlet port. 

3. The combination set forth in claim 2 in 
which the last mentioned means includes an aux 
iliary port formed in said main valve between 
the leading end of each of said main ports and 
Said central plane, channel means for connect 
ing each auxiliary port to the adjacent main 
port, and means arranged in said channel means 
for blocking communication between the dis 
charge port and the adjacent auxiliary port. 

4. The combination set forth in claim 2 in 
which the last mentioned means includes an aux 
iliary port formed in said main valve between 
the leading end of each of said main ports and 
Said central plane, a valve bore, separate chan 
nels connecting said valve bore to each of said 
main ports and to each of said auxiliary ports, 
and a shuttle valve arranged in said bore to con 
trol communication between said channels and 
having a passage extending into it from each of 
its ends and communicating with the adjacent 
channel leading to a main port so that pressure 
in one main port can extend through the chan 
nel leading therefrom and through the passage 
in the adjacent end of said shuttle valve and 
shift said valve to a position in which it blocks 
communication between the main port contain ing pressure and the adjacent auxiliary port. 
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