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This invention relates to rotary hydraulic 
pumpS and motors of the type in which a rotary 
cylinder barrel is provided with radial cylinders 
having pistons fitted therein, the cylinder barrel 
is journaled upon a pintle which is supported at 
only one of its ends and through which liquid 
flows to and from the cylinders, a thrust member 
is arranged around the cylinder barrel eccentric 
thereto and coacts with the pistons to convert 
rotary mechanical motion into a flow of liquid 
or vice versa, and the piston displacement is va 
ried by moving the pintle to vary the distance 
between the axis of the cylinder barrel and axis 

- of the thrust member. 
The pump or motor to which the invention ap 

plies in particular has its pintle provided at the 
rear end thereof with a pintle block which is 
fitted between stationary guides or ways and is 
slidable therebetween to vary pump displacement. 
The forces required to convert rotary mechan 

ical motion into a flow of liquid or vice versa are 
transmitted through the pistons from or to the 
thrust member and act in a radial plane upon the 
pintle and tend to deflect it. These radial forces 
urge the pintle toward the low pressure side of 
the pump or motor and create high bearing pres 
Sures between the pintle block and the axial faces 
of the Supporting guides and, since the pintle is 
Supported at only one of its ends, the axial com 
ponents of these forces create high bearing pres 
Sures between the pintle block and the radial 
faces of the Supporting guides. These bearing 
preSSures are often SO high that excessive wear 
results, and also considerable force is required to 
adjust the pintle when the pump or motor is 
Operating at high pressures. 
This invention has as an object to provide a 

pump or motor in which the pintle is hydro 
Statically balanced. 
Another object is to provide a pump or motor 

in which the bearing pressure exerted by the 
pintle block upon the guides is reduced. 
Another object is to provide a pump or motor 

which may have its displacement easily and 
readily changed while operating at high pres 
SeS. 
Another object is to provide a hydraulic ma 

chine which may be operated in either direction 
and either as a pump or as a motor and which has 
its pintle hydrostatically balanced regardless of 
the direction of operation or the function of the 
machine. 
The invention is exemplified by the hydraulic 

machine shown in the accompanying drawings in 
which the views are as follows: 

Fig. 1 is a longitudinal vertical section taken 
through the machine on the irregular line 8-6 
of Fig. 4. 

Fig. 2 is a section taken on the line 2-2 of 
Fig. I to show the details of a sliding joint. 

Fig. 2A is a view similar to Fig. 2 but showing a 
modified form of sliding joint. 

Fig. 3 is a transverse section taken on the line 
3-3 of Fig. and showing the pump rotor partly 
in full and partly in Section. 

Fig. 4 is a transverse section taken on the line 
4-3 of Fig. 3. 

Fig. 5 is a transverse Section taken on 
irregular line 5-5 of Fig. . . 

Fig. 6 is a detail section taken on the irregular 
line 6-6 of Fig. 5. 

Fig. 7 is a, transverse section taken on the line 
- of Fig. i. 
Fig. 8 is a detail view taken on the line 8-3 

of Fig. 7. 
Fig. 9 is a circuit diagram. 
Fig. i0 is a force diagram. 
The machine comprises, in general, a closed 

Casing , a pintle 2 arranged within the casing, a 
cylinder barrel 3 journaled upon the pintle and 
provided with a plurality of cylinders 4, a thrust 
member or driver 5 arranged around the cylin 
der barrel, a piston 6 arranged in each cylinder 
and coacting with the thrust member to transmit 
forces between it and the liquid in the cylinder, 
and a shaft connected to the thrust member and 
extending through. One end of the Casing. 
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When the shaft is driven from an Outside 
source of power, the thrust member will recipro 
cate the pistons in the cylinders and rotate the 
cylinder barrel upon the pintle and cause the ma 
chine to function as a pump and, When liquidum 
der pressure is delivered to the cylinders, it will 
reciprocate the pistons in the cylinders and there 
by rotate the thrust member and the shaft and 
cause the machine to function as a motor. 
The machine will thus function as either a 

pump or a motor but, since means are herein pro 
vided for controlling the stroke and for flooding 
the low pressure side With liquid which are not 
necessary when it is employed as a motor, it will 
be described herein as a pump and it is to be un 
derstood that the terms “pump' and motor' as 
employed herein are substantially Synonymous 
within the purview of the present invention. 
When the machine is employed as a pump, it is 

also provided with a reservoir 8 which contains a 
supply of liquid and is shown arranged beneath 
the casing and connected thereto to support the 
SC, 
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Under the conditions illustrated in Fig. 10, the 

pintle block assembly constitutes a riigid body in 
equilibrium under the action of the following four 
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forces: 

Wertical pumping force PR 
Direction known 
Location known 
Magnitude known 

Inclined hydrostatic force RL 
Direction known 
Location known 
Magnitude unknown 

Upper horizOntal guide force T2 
Direction known 
Iocation known 
Magnitude unknown 

Lower horizontal guide force I3 
Direction known 
Location known 
Magnitude unknown 

When a rigid body is in equilibrium under the 
action of four forces, the resultant of any tWO of 
those forces must be equal and opposite to the 
resultant of the other two forces and must coin 
cide with that resulitant. In this caSe, the in 
clined hydrostatic supporting force R.E. of ap 
proximately 8800i is chosen and made to inter 
sect the given vertical pumping force PR at a 
point R, which will give favorable horizontal guide 
reactions. 
The choice of this point R combined With the 

given magnitude and direction of the pumping 
force PR determaines both the magnitude and the 
direction of the resultant PL of these tWo fO’CeS, 
which is approximately 6500F for a pumping 
force PR of 6000 it and which passes through the 
point R. This determines the location, direction, 
and magnitude of the force L1 which is the re 
Sultant of the two actual guide forces L2 and T3. 
As all these forces are horizontal and the loca 
tions of all are known, the inverse proportion be 
tween the distances L1-L2 and L1-L3 determines 
the division of the resultant horizontal force L1, 
placing 5050 it at L2 on the upper guide 34 and 
1450i at L3 on the lower guide 35. 
The horizontal component P-L is centered 

about the line Li and creates a high bearing pres 
sure between the rear face of the pintle guide 34 
and the bearing face 39 on the pintle block. 
When the pump delivers liquid in the opposite di 
rection, a high bearing pressure is created be 
tween the rear face of the guide 35 and the bear 
ing face 40 on the pintle block. 
When the pump is delivering liquid at high 

pressure, the bearing pressure between the pin 
tle block and the pintle guide on the high pres 
sure side of the pump may become So great that 
excessive friction or undue wear may result when 
the pintle block is shifted along the guides to 
vary pump displacement. 

In order to relieve the vertical bearing faces 
of high bearing pressure in either direction of 
pump delivery, the pintle block 38 is provided, as 
shown in Figs. 1 and 4, with two pressure cham 
bers 58 and 59 which extend inward from the 
bearing faces 39 and 40, respectively, and have a 
packing ring 60 fitted in each in contact with the 
rear face of the adjacent pintle guide. 
The chamber 58 is connected at the rear of its 

ring 60 to the main passage 44 by a duct 6, and 
the chamber 59 is connected at the rear of its 
ring 60 to the main passage 45 by a duct 62. 
When the pump is delivering liquid through 

the passages 8 and 44, the liquid in the duct 6 
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and the pressure chamber 58 is subjected to pump 
pressure which tends to move the face 39 out of 
contact with the rear face of the guide 34 and at 
the same time presses the packing ring 60 against 
the rear face of the guide 39 to prevent liquid from 
escaping from the chamber 58. 
In order to relieve the bearing face 39 from 

the greater part of this high bearing force and to 
permit the pintle block to be readily and easily 
noved along the guides 34 and 35, the pressure 
chamber 58 is made with sufficient cross-sectional 
area to enable the liquid therein to react upon 
the pintile block with a force of Sufficient magni 
tude to reduce the bearing pressure between the 
pintle block and the pintle guide to a value which 
is not great enough to impede the movement of 
the pintle block along the guides or to cause un 
due wear thereof. In the example given, the 
chamber 58 is sufficiently large to enable the liq 
uid therein to exert a force of 3600 it when the 
force PR is 6000 at which time the force L2 is 
5050i, thereby reducing the bearing force on the 
face 39 to 1450 it and permitting the pintle block to 
be shifted easily and without wear of the con 
tacting Surfaces. 
Since the bearing force on the bearing face 40 

is only 1450ff, it is not necessary to create pres 
Sure in the pressure chamber 59, which has the 
Same Cross-sectional area as the chamber 58 and 
is located at the same distance from the pintle 
axis but upon the opposite Side thereof. 
When the pump is delivering liquid in the Op 

posite direction, the conditions are exactly re 
versed, that is, the pumping forces act upwardly 
upon the pintle, the pintle is hydroStatically bal 
anced by the vertical component of the force ex 
erted upon the pintle block by the liquid flowing 
through the sliding joint A2 the liquid in the 
lessure chamber 59 is under pump pressure, and 

the liquid in the pressure chamber 58 is under 
little if any pressure. 
The pintle block 38 may be manually moved 

along the guides 34 and 35 to change the stroke 
of the pump, but it is ordinarily noved by liquid 
supplied from a gear pump (Figs. 1 and 7) which 
is arranged in the front head 9 and has its driv 
ing gear 63 fixed on the shaft and its driven 
gear 64 journaled upon a stub shaft 65 fixed in 
the front head 9. 
The gears 63 and 64 are closely fitted for rota 

tion, respectively, Within two gear chambers 66 
and S. Which are formed in the front head 9 and 
open into an intake chamber 68 and an exhaust 
chanaber 69. The chambers 66, 6, 68 and 69 are 
closed at the rear tereof by a plate 70 which is 
attached to the front head 9 and forms therewith 
a Casing for the gear pump. 
Leakage from the gear pump lubricates the 

er ing i f and also seeps into a recess I which 
is í {}}'med i?) the front head 9 and extends above 
the gear 63 SO that the gear pump chambers are 
kept filed With liquid. 

iiquid in the recess i? above a given level may 
flow through an orifice 72 into an annular drain 
channel 73 which is formed in the plate TO and 
connected at its bottom. by a duct 4 to a drain 
pipe 5 which discharges into the reservoir 8. 
The intake chamber 68 is connected by a radia 

duct 6 (Fig. 7) to a duct which extends on 
gitudinally of the casing and communicates with 
a vertical Suction pipe 78 extending downward 
into the reservoir 8 (FigS. 4 and 7). 
The gear pump draws liquid through the pipe 

78, the ducts 77 and 76 and the intake chamber 
68 and discharges it through the exhaust cham 
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ber 69 and a radial duct 79 into a duct 80 which 
extends longitudinally of the casing f and com 
municates at one end with a duct 8 formed in 
the wall of a control cylinder 82 which is fastened 
to the side of the casing in the plane of the 
pintle block 38. The other end of the duct 80 
may communicate With a pipe 83 which is con 
nected to the casing "and through which the 
gear pump may deliver liquid outside the Casing 
for control or other purposes. 
The pressure of the liquid discharged by the 

gear pump is limited by a relief valve 84 and a 
resistance valve 85 which are connected in Series 
(Fig. 9). The relief valve 84 (Fig. 7) has its 
plunger fitted in a bore 86 which is formed in the 
front head 9 in communication with the duct 79 
and with an exhaust duct 87. 
The plunger of the relief valve 84 is urged 

downward by a spring 88 to close communication 
between the ducts 79 and 8 and, when the pres 
sure of the liquid in the duct 79 exceeds the re 
sistance of the spring 88, the plunger rises and 
permits liquid to flow into the duct 87 which ex 
tends downward around the duct 80, as shown 
in Fig. 8, and then extends rearward (Fig. 6) 
to a port 89 formed in the bottom of the casing . 

Liquid discharged by the gear pump through 
the relief valve 84 into the duct 87 maintains 
the return side of the variable delivery pump 
circuit under pressure and makes up for leakage 
losses, as will be presently explained. 
The port 89 communicates with the open upper 

end of a valve casing 90 which is attached to 
the bottom of the casing f and closed thereby, as 
shown in Fig. 4. 
The valve casing 90 contains the resistance 

valve 85 and a check valve 9 which is connected 
in parallel therewith between the port 89 and a 
pipe 92 which extends downward into the reser 
Voir 8. 
The check valve 9 permits liquid to be drawn 

freely from the reservoir 8 into the port 89 but 
forces liquid exhausted into the reservoir to paSS 
through the resistance valve 85 which limits the 
pressure of the liquid in the duct 87. 
The resistance valve 85 is thus connected in 

Series with the relief valve 84 to permit the gear 
pump to deliver liquid to the control cylinder 
82 at a pressure higher than the pressure at 
which it delivers liquid to the intake of the vari 
able delivery pump. 
The variable delivery pump is Ordinarily em 

ployed in a closed circuit in which liquid is 
returned from the circuit direct to the pump in 
take. When the pump is operating a motor hav 
ing a differential piston, the volume of liquid re 
turned to the pump intake is either greater or 
less than the volume delivered by the pump, de 
pending upon the direction of motor actuation. 
In order to permit excess liquid to flow in either 

direction between the pump intake and the reser 
Voir 8 and the gear pump to supply liquid to the 
pump intake when the pump is delivering liquid 
through either the pipe 4 or the pipe 5, the 
rear head 0 is provided with a transverse bore 
93 (Fig. 5) having a plunger 94 fitted therein 
to control communication between three annu 
lar ports 95, 96 and 9 formed in the wall of the 
bore. 
The port 95 is connected by a passage 98 to 

the main passage f2 in the rear head ?o, the port 
96 is connected by a passage 99 to the main pas 
sage 3, and the port 97 is cônnected by a pas 
sage 00 to a passage of which extends for 

5 
ward into the wall of the casing and communi 
cates with the duct 87 and the port 89. 
The plunger 94 is provided upon one of its ends 

with a piston 02 having an annular groove 03 
formed in its periphery and a radial duct 04 ex 
tending inward from the groove O3 to an axial 
duct 05 which extends inward from the end of 
the plunger and opens into the bore 93. The 
plunger 94 is provided at its other end with a 
similar piston O6 having a peripheral groove 07, 
a radial duct iO8 and an axial duct 09. 
When the pump is adjusted to deliver liquid to 

the pipe 4 and receive liquid from the circuit 
through the pipe fS, pressure will extend from 
the passage 2 through the passage 98, the port 
95 and the ducts f4 and 05 to the left end of 
the bore 93 and move the plunger 94 to the posi 
tion shown in Fig. 5. The gear pump will keep 
the return side of the circuit flooded with liquid 
delivered through the relief valve 84, the duct 87, 
the passages of and 00, the port 97, the bore 
93 and the passageway 99 to the passageway 3, 
and the pressure of the liquid in the return side 
of the circuit will be determined by the adjust 
ment of the resistance valve 85. If the total 
volume of liquid delivered to the pump intake 
from the circuit and by the gear pump is less 
than the volume required by the pump, liquid is 
drawn into the pump from the reservoir 8through 
the pipe 92 and the check valve 9 and, if the 
Volume returned from the circuit is greater than 
the volume required by the pump, the excess 
liquid is discharged into the reservoir through 
the resistance valve 85 and the pipe 92. 
When the pump is adjusted to deliver liquid 

through the pipe 5 and receive liquid from the 
circuit through the pipe 4, pressure will ex 
tend from the passage 3 through the passage 
99, the port 96 and the ducts O8 and 09 to the 
right end of the bore 93 and move the plunger 
94 to the left in respect to Fig. 5 and thereby close 
communication between ports 96 and 97 and open 
communication between ports 95 and 9. The in 
take side of the pump is then open to the reser 
voir and the gear pump through the ports 95 and 
97, and liquid may flow from the gear pump or 
the reservoir to the pump intake or excess liquid 
may be discharged into the reservoir from the 
return side of the circuit in the manner pre 
viously described. 
The pressure of the liquid delivered by the 

pump in either direction is limited by one of 
two high pressure relief valves if O and which 
are exactly alike and extend through the bore 93 
near the ends thereof to limit the movement of 
the plunger 94 in either direction. 

Each of the relief valves 0 and fill has a 
cylindrical casing 2 which extends through 
the bore 93 and is closely fitted in the rear head. 
O both above and below the bore 93, lateral 

openings or admission ports 3 are formed in 
the side wall of the casing 2 to provide com 
munication between the interior thereof and the 
bore 93, a discharge port 4 is formed in the 
lower end of the casing 12 to permit liquid 
to escape from the bore 93, a plunger ff.5 is closely 
fitted for reciprocation in the casing 2 above 
the admission ports f3, a valve 6 is arranged 
upon the lower end of the plunger 5 to engage 
a seat formed around the discharge port 4, 
and a spring (not shown) normally urges the 
plunger f 5 downward to keep the discharge port 
4 closed. 
The discharge port 4 of the relief valve lio 

communicates (Fig. 5) with a drain duct f, 
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of the plunger. 

6 
and the discharge port 4 of the relief valve 
f communicates with a drain duct 8 both 
of which are formed in the rear head and 
extend downward therein. The drain ducts f 
and 8 (Figs. 4, 5 and 6) are connected, respec 
tively, by drain ducts 9 and 20 to drain pipes 
2 and 22 which discharge into the reservoir . 
When the pump is delivering liquid through 

the passageway 2, pressure extends through the 
passage 98, port 95, bore 93 and ports 3 and 
acts upon the lower end of the relief valve plung 
er i 5 and, when the pump pressure exceeds a 
predetermined maximum, the valve 6 is raised 
above its seat and liquid is exhausted through 
the port 4, ducts and 9 and the drain 
pipe 2. When the pump is delivering liquid 
through the passage 3 and pump pressure ex 
ceeds the predetermined maximum, the relief 
valve f is operated and liquid is exhausted 
through the corresponding channels on that side 
of the pump. 

It is sometimes desirable or necessary that the 
pump operate temporarily at zero stroke in Order 
that one or more motors driven by the pump 
may remain stationary, but it is difficult to so 
adjust the pump that the axes of the pintle 2 
and the driver 5 coincide with such precision 
that absolutely no liquid is discharged from the 
pump cylinders. Consequently, the pump is pro 
vided in each end of the bore 93 with a neutral 
bypass valve 23 through which very small vol 
umes of liquid may pass freely to the reservoir 8. 
Each bypass valve 23 is provided with a casing 

or valve body 24 which is closed at its outer 
end and closely fitted in the end of the bore 93 
to close the same. 
The valve body 24 has an axial bore 25 ex 

tending into it from its inner end and a recess 
26 arranged near its outer end concentric with 

the bore 25 and connected by a lateral duct 2 
to a branch of the high pressure relief Walve 
drain duct, the valve body 2 on the left side 
of the pump in respect to Fig. 5 having its re 
cess 26 connected to a branch of the duct 
and the valve body 24 on the right side of the 
pump having its recess 26 connected to a branch 
of a duct 8. 
The bore 25 has a helical compression spring 
28 arranged therein around the reduced part 

of a valve plunger 29 which is fitted in the bore 
25 and urged by the spring 28 toward the high 
pressure relief wave which limits the movement 

The spring 28 tends to keep 
the end of the reduced part of the plunger 29 
out of contact with the entrance to the recess 
26 with which it coacts to form a wave. The 
plunger 29 has formed therein a small discharge 
duct 3D which provides communication between 
the bore 93 and the bore 2. 

. When the pump is delivering a very small vol 
ume of liquid in one direction, the liquid flows 
through the bore 93 and one of the neutral by 
pass waives 23 via the duct , the bore 2, 
the recess 2 and the duct f2 and discharges 
into the relief valve drain passages but, as soon 
as the volume of liquid delivered by the pump 
exceeds the capacity of the duct f at a pres 
sure determined by the resistance of the spring 
28, pressure rises in the bore 93 and forces the 
plunger 29 against the entrance to the recess 
26 and closes communication between the bore 
93 and the drain passages so that the entire out 
put of the pump is delivered into the pipe 
or the pipe S. When the pump is delivering a 
very small volume of liquid in the other direction, 
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the liquid flows through the other neutra by 
pass valve 23 until the volume delivered by the 
pump exceeds the capacity of the duct to and 
then the valve 2 closes. 
The volume of liquid delivered by the pump may 

be determined by the position of the pintle block 
38 which is connected by a connecting rod 
(Fig. 4) to the hollow stem 4 of a motor piston 
42 which is closely fitted in the control cylinder 

82 to reciprocate therein and has its stem 4 
closely fitted in the ends thereof. 
The connecting rod 40 is connected to the 

stem if by a universal joint f and has a drain 
channel 44 formed therein to provide commu 
nication between the interior of a pump casing 
and a bore 45 which extends entirely through 

the piston 42 and its stem ff. 
The piston 42 is provided intermediate its ends 

with a wide peripheral groove 46 which registers 
at all times with the duct and communicates 
through a radial duct 7 with an annular port 

formed in the wall of the bore 5. 
The piston 42 has an annular port 49 formed 

in the Wall of the bore 5 upon the Outer side 
of the port 8 and connected by a duct SO to the 
inner end of the control cylinder 82, and an an 
nular port 5 formed in the wall of the bore 45 
upon the inner side of the port 48 and connected 
by a duct S2 to the outer end of the control 
cylinder 2. 
The bore 45 has a hollow valve fitted 

therein and provided with two pistons which 
normally cover the ports 9 and 5 and prevent 
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liquid from flowing therethrough from the port. 
48 which is always open to the gear pump 

through the duct 47, the groove f4 and the 
duct 8. 
The valve 53 may be moved longitudinally of 

the bore 45 by a valve stem 54 which extends 
outward through the outer end of the cylinder 
82 for connection to control mechanism or for 
manual Operation. 
When the valve 5 is moved outward, it Will 

open the port 49 to the port 4 and the port fill 
to the bore 4. Gear pump liquid may then flow 
through the port 49 and the duct 50 to the 
inner end of the cylinder 82 and move the piston 
f42 and the pintle block 38 to the left in respect 
to Fig. 4, and liquid will be ejected by the piston 
42 from the outer end of the cylinder 2 through 
the duct 52, the port S, the bore 45 and the 
drain channel 4. 
The piston f2 starts to move as soon as the 

valve 53 uncovers the ports and it moves with 
the valve at substantially the same speed and 
through the same distance. 
When the valve 53 is moved inward, it will 

open the port S to the port 4 and the port 
to the bore S. Gear pump liquid may then flow 
through the port f and the duct 52 to the outer 
end of the cylinder 2 and move the piston 2 
and the pintle block 3 to the right in respect 
to Fig. 4, and liquid will be ejected by the piston 
42 from the inner end of the cylinder 2 through 
the duct SD, the port 4), the interior of the hol 
low valve 53, the bore f45, the drain channel 
f. 
The volumetric delivery of the pump is deter 

mined by the distance the axis of the pintle is 
moved beyond the axis of the driver and it may 
be moved at any time regardless of pump pres 
sure since the pintle is hydrostatically balanced. 
The pressure created by the pump tends to 

force the cylinder barrel toward the small end 
of the pintle 2 but is prevented from doing so by 
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2,033,464 
fluid pressure in a pressure chamber 55 (Fig. 1) 
which is formed by a cylinder 56 arranged upon 
the end of the cylinder barrel and a piston 57 
fixed upon the end of the pintle. 

Liquid which leaks from between the cylinder 
barrel and the pintle seeps into the pressure 
chamber 55 and escapes therefrom through a 
duct 58 formed in the pintle. The escape of 
liquid through the duct 58 is controlled by mech 
anism (not shown) which regulates the rate of 
escape. w 

If the leakage from between the cylinder bar 
rel and the pintle increases due to an increase 
in pump pressure, the pressure in the chamber 
55 increases and urges the cylinder barrel to 
ward the large end of the pintle taper and there 
by decreases the leakage. 
This mechanism maintains the slip of the pump 

substantially constant at all pump pressures out 
has not been illustrated nor described in detail 
herein as it constitutes a separate invention and 
is fully disclosed and claimed in a separate ap 
plication. 
The hydraulic machine herein Set forth is SuS 

ceptible of various modifications without depart 
ing from the scope of the invention as defined by 
the following claims which for descriptive pur 
poses refer to the machine as a pump and to the 
pumping functions of certain parts but such 
terms are descriptive only and are not limitations 
to the claims which are equally applicable to a 
hydraulic motor. 
The invention is hereby claimed as follows: 
1. in a pump having a pintle, a cylinder barrel 

provided with radial cylinders and fitted upon 
said pintle to rotate thereon to enable said cylin 
ders to receive liquid at one side of the axis of 
said pintle and discharge liquid at the other side 
of said axis as said cylinder barrel rotates, a pis 
ton fitted in each cylinder, and a thrust member 
arranged around said pintle eccentric thereto for 
urging each piston on the discharge side of Said 
axis into its cylinder to expel liquid therefrom 
and thereby transmitting through said piston a 
pumping force which tends to move said pintle 
toward the intake side of the pump, the combina 
tion with said pintle of a pintle block fixed to said 
pintle at one end thereof to support the same 
and movable radially of said thrust member to 
vary pump displacement, and means arranged 
upon the intakeside of the pintle axis for causing 
the liquid discharged from the cylinders on the 
discharge side of said axis to react upon said 
pintle block upon the intake side of said axis and 
tend to hydrostatically balance said pintle against 
said pumping force. 

2. In a pump having a pintle, a cylinder bar 
rel provided with radial cylinders and fitted upon 
said pintle to rotate thereon to enable said cyl 
inders to receive liquid at one side of the axis 
of said pintle and discharge liquid at the other 
side of said axis as said cylinder barrel rotates, 
a piston fitted in each cylinder, and a thrust 
member arranged around said pintle eccentric 
thereto for urging each piston on the discharge 
side of said axis into its cylinder to expel liquid 
therefrom and thereby transmitting through 
said piston a pumping force which tends to move 
said pintle toward the intake side of the pump, 
the combination with said pintle of a pintle block 
fixed to said pintle at one end thereof to Sup 
port the same, and movable radially of Said 
thrust member to vary pump displacement, and 
m - ans arranged i upon the intake side of the 
pintle axis for causing the liquid discharged 
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from the cylinders on the discharge side of said 
axis to react upon said pintle block upon the in 
take side of said axis and at an oblique angle 
to said axis with a force having a component 
parallel and opposite to said pumping force and 
tending to hydrostatically balance said pintle 
against said pumping force. 

3. In a pump having a pintle, a cylinder bar 
rel provided with radial cylinders and fitted 
upon said pintle to rotate thereon to enable said 
cylinders to receive liquid at One side of the axis 
of Said pintle and discharge liquid at the other 
side of Said axis as said cylinder barrel rotates, 
a piston fitted in each cylinder, a thrust member 
arranged around said pintle eccentric thereto for 
urging each piston on the discharge Side of said 
axis into its cylinder to expel liquid therefrom 
and thereby transmitting through said piston a 
pumping force which tends to move said pintle 
toward the intake side of the pump, and means 
for shifting said pintle to cause said pistons to 
expel liquid from said cylinders upon either 
One or the other side of said pintle axis to there 
by enable said pump to deliver liquid in either 
direction, the combination with said pintle of a 
pintle block fixed to said pintle at one end there 
of to support the same, and means arranged 
upon each side of the pintle axis for causing 
the liquid discharged from the cylinders on the 
discharge side of said axis to react upon said 
pintle block upon the intake side of said axis 
in either direction of pump delivery and tend 
to hydrostatically balance said pintle against 
Said pumping force. 

4. In a pump having a pintle, a cylinder bar 
rel provided with radial cylinders and fitted 
upon said pintle to rotate thereon to enable Said 
cylinders to receive liquid at one side of the axis 
of said pintle and discharge liquid at the other 
side of said axis as Said cylinder barrel rotates, 
a piston fitted in each cylinder, a thrust member 
arranged around said pintle eccentric thereto for 
urging each piston on the discharge side of said 
axis into its cylinder to expel liquid therefrom 
and thereby transmitting through Said piston a 
pumping force which tends to move said pintle 
toward the intake side of the pump, and means 
for shifting said pintle to cause said pistons to 
expel liquid from said cylinders upon either one 
or the other side of Said pintle axis to thereby 
enable said pump to deliver liquid in either di 
rection, the combination with Said pintle of a 
pintle block fixed to said pintle at one end there 
of to support the same, and means arranged 
upon each side of the pintle axis for causing the 
liquid discharged from the cylinders on the dis 
charge side of said axis to react upon said pintle 
block upon the intake side of Said axis in either 
direction of pump delivery and at an oblique 
angle to said axis with a force having a compo 
nent parallel and opposite to said pumping force 
and tending to hydrostatically balance Said 
pintle against Said pumping force. 

5. In a pump having a casing, a pintle ar 
ranged within said casing longitudinally there 
of, a cylinder barrel journaled upon said pintle 
to rotate thereon and provided with cylinders to 
receive liquid at one side of the axis of said 
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pintle and to discharge liquid at the other side 
of said axis as said cylinder barrel rotates, a 
piston fitted in each cylinder, and a thrust mem 
ber arranged around said pintle eccentric there 
to for urging each piston on the discharge side 
of said axis into its cylinder to expel liquid 
therefrom and thereby transmitting through 
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said piston a pumping force which tends to 
move said pintle toward the intake side of the 
pump, the combination with said pintle of pintle 
guides fixed in said casing transverse to said 
pintle axis, a pintle block fixed to said pintle at 
one end thereof to support the same and slid 
able upon said guides to vary pump displace 
ment, and means arranged upon the intake Side 
of the pintle axis for causing liquid discharged 
from the cylinders on the discharge side of Said 
axis to react upon said pintle block upon the 
intake side of said axis and tend to hydrostati 
cally balance said pintle against Said pumping 
force. 

6. In a pump having a casing, a pintle ar 
ranged within said casing longitudinally there 
of, a cylinder barrel journaled upon said pintle 
to rotate thereon and provided with cylinders to 
receive liquid at one side of the axis of Said 
pintle and to discharge liquid at the other side 
of said axis as said cylinder barrel rotates, a 
piston fitted in each cylinder, and a thrust mem 
ber arranged around said pintle eccentric there 
to for urging each piston on the discharge Side 
of said axis into its cylinder to expel liquid there 
from and thereby transmitting through said pis 
ton a pumping force which tends to move said 
pintle toward the intake side of the pump, the 
combination with said pintle of pintle guides 
fixed in said casing transverse to said pintle axis, 
a pintle block fixed to said pintle at One end 
thereof to support the same and slidable upon 
said guides to vary pump displacement, means 
for causing liquid discharged from the cylinders 
on the discharge side of the pump to react upon 
said pintle block upon the intake side of Said 
pintle axis and tend to hydrostatically balance 
said pintle against said pumping force, and 
shoulders arranged upon said pintle block be 
tween said guides and in engagement with the 
opposed faces thereof to support said pintle 
block during non-operating periods and to posi 
tively retain said pintle in position against the 
action of unbalanced radial forces during Oper 
ating periods. 

7. In a pump having a casing, a pintle ar 
ranged within said casing longitudinally thereof, 
a cylinder barrel journaled upon said pintle to 
rotate thereon and provided with cylinders to 
receive liquid at one side of the axis of said pintle 
and to discharge liquid at the other side of Said 
axis as said cylinder barrel rotates, a piston fitted 
in each cylinder, and a thrust member arranged 
around said pintle eccentric thereto for urging 
each piston on the discharge side of said axis 
into its cylinder to expel liquid therefrom and 
thereby transmitting through Said said piston a 
pumping force which tends to move said pintle 
toward the intake Side of the pump, the combina 
tion with said pintle of pintle guides fixed in 
said casing transverse to said pintle axis, a pintle 
block fixed to said pintle at one end thereof to 
Support the same and slidable upon Said guides 
to vary pump displacement and to change the di 

5 rection of pump delivery, and means arranged 
upon each side of the pintle axis for causing 
liquid discharged from the cylinders. On the dis 
charge side of said axis in either direction of 
pump delivery to react upon Said Said pintle block 
upon the intake Side of Said axis and tend to 
hydrostatically balance said pintle against Said 
pumping force. 

8. In a pump having a casing, a pintle arranged 
within said casing longitudinally thereof, a cyl 
inder barrel journaled upon Said pintle to ro 
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tate thereon and provided with cylinders to re 
ceive liquid at One side of the axis of said pintle 
and to discharge liquid at the other side of said 
axis as Said cylinder barrel rotates, a piston fitted 
in each cylinder, and a thrust member arranged 
around said pintle eccentric thereto for urging 
each piston on the discharge side of said axis into 
its cylinder to expel liquid therefrom and there 
by transmitting through Said piston a pumping 
force which tends to move said pintle toward the 
intake side of the pump, the combination with 
said pintle of pintle guides fixed in said casing 
transverse to said pintle axis, a pintle block fixed 
to said pintle at One end thereof to Support the 
same and slidable upon said guides to. vary pump 
displacement, and means arranged upon the in 
take side of Said piston axis for causing liquid 
discharged from the cylinders on the discharge 
side of Said axis to react upon said pintle block 
upon the intake side of Said axis and at an oblique ; 
angle to said axis With a force having a com 
ponent parallel and opposite to said pumping 
force and tending to hydrostatically balance said 
pintle against Said pumping force. 

9. In a pump having a casing, a pintle arranged 
within said casing longitudinally thereof, a cylin 
der barrel journaled upon said pintle to rotate 
thereon and provided with cylinders to receive 
liquid at one side of the axis of said pintle and to 
discharge liquid at the other side of Said axis as 
Said cylinder barrel rotates, a piston fitted in each 
cylinder, and a thrust member arranged around 
said pintle eccentric thereto for urging each 
piston on the discharge side of said axis into its 
cylinder to expel liquid therefrom and thereby 
transmitting through Said piston a pumping 
force which tends to move said pintle toward the 
intake side of the pump, the combination with 
Said pintle of pintle guides fixed in Said casing 
transverse to said pintle axis, a pintle block fixed 
to Said pintle at one end thereof to support the 
Same and slidable upon said guides to vary pump 
displacement and to change the direction of 
pump delivery, and means arranged upon each 
side of the pintle axis for causing liquid dis 
charged from the cylinders on the discharge side 
of Said axis in either direction of pump delivery 
to react upon Said pintle block upon the intake 
side of Said axis and at an oblique angle to Said 
axis with a force having a component parallel 
and opposite to said pumping force and tending 
to hydrostatically balance said pintle against 
Said pumping force. 

10. In a pump having a casing, a pintle ar 
ranged within Said casing longitudinally thereof, 
a cylinder barrel journaled upon Said pintle to 
rotate thereon and provided with cylinders to 
receive liquid at One side of the axis of said pintle 
and to discharge liquid at the other side of said 
axis as said cylinder barrel rotates, a piston fitted 
in each cylinder, and a thrust member arranged 
around Said pintle eccentric thereto for urging 
each piston on the discharge Side of said axis into 
its cylinder to expel liquid therefrom and thereby 
transmitting through said piston a pumping force 
which tends to move said pintle toward the intake 
side of the pump, the combination with said pintle 
of pintle guides fixed in Said casing transverse to 
Said pintle axis, a pintle block fixed to said pintle 
at on end thereof to support the same and slid 
able upon said guides to vary pump displacement, 
means for causing liquid discharged from the 
cylinders on the discharge side of the pump to 
react upon said pintle block upon the intake side 
of Said pintle axis and at an oblique angle to 

5 

0. 

30 

40 

5 5 

60 

70 

75 



2,038,464 
able along said guides to vary pump displace Said axis with a force having one component 

parallel and opposite to said pumping force and 
tending to hydrostatically balance Said pintle 

, against said pumping force and another con 
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ponent parallel to the axis of said pintile and cre 
ating at high pump pressure a high bearing 
pressure between said pintle block and pintle 
guide in an axial direction, and means for re 
ducing said bearing pressure including a pres 
sure chamber open to pump pressure and are 
ranged betwen said pintle block and one of said 
gudes. 

i. In a pump having a casing, a pintle ar 
ranged within said casing longitudinally thereof, 
a cylinder barrel journaled upon Said pintle to 
rotate thereon and provided with cylinders to re 
ceive liquid at one side of the axis of Said pintle 
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and to discharge liquid at the other side of said 
axis as said cylinder barrel rotates, a piston fitted 
in each cylinder, and a thrust member arranged 
around Said pintle eccentric thereto for urging 
each piston on the discharge side of said axis 
into its cylinder to expel liquid therefrom and 
thereby transmitting through Said piston a 
pumping force which tends to move said pintle 
toward the intake side of the pump, the combi 
nation. With said pintle of pintle guides fixed in 
said casing transverse to said pintle axis, a 
pintle block fixed to Said pintle at One end there 
of to support the same and slidable upon said 
guides to vary pump displacement and to change 
the direction of pump delivery, means for caus 
ing liquid discharged from the cylinders on the 
discharge side of the pump in either direction of 
pump delivery to react upon said pintle block 
upon the intake side of said pintle axis and at an 
oblique angle to said axis with a force having/ 
One component parallel and opposite to said 
pumping force and tending to hydrostatically 
balance said pintle against said pumping force 
and another component parallel to the axis of 
said pintle and creating at high pump pressure 
a high bearing pressure between said pintle block 
and pintle guide in an axial direction, and means 
for reducing said bearing pressure in either di 
rection of pump delivery including a pressure 
chamber open to pump pressure and arranged 
between said pintle block and one of said guides. 

12. A pump, comprising a casing having two 
fluid channels formed in its rear end wall for 
connection to an external circuit, an upper and 
a lower pintle guide fixed in said casing and ex 
tending transversely thereof, a pintle extending 
longitudinally of said casing between said guides 
and provided with an upper port and passage and 
a lower port and passage, a cylinder barrel ar 
ranged in front of said guides and fitted upon 
said pintle to rotate thereon and provided with 
cylinders to communicate with said pintle ports 
alternately as Said cylinder barrel rotates, a 
piston arranged in each cylinder to reciprocate 
therein and eject liquid therefrom into the pintle 
port and passage on the discharge side of the 
pimp and to permit liquid to enter its cylinder 
through the pintleport and passage on the intake 
side of the pump, a thrust member arranged 
around Said cylinder barrel eccentric to said pin 
tle for transmitting to said pistons during One 
part of a revolution of said cylinder barrel pump 
ing forces which tend to move said pintle toward 
the intake side of the pump, a pintle block fixed 
to said pitle upon the rear end thereof to sup 
port the same and engaging said guides upon the 
rear faces thereof, said pintle block being mov 

ment and provided with a fluid passage which 
connects the pintle passage on the discharge side - 
of the pintle axis to a fluid channel formed in 
the end wall of the casing upon the intake side 
of the pintle axis to permit the liquid discharged 
from the cylinders to react upon the pintle block 
upon the intake side of the pintle axis and there 
by hydrostatically balance said pintle against said 
pumping force, and means for connecting the 
other pintle passage to the other fluid channel 
in the end Wall of the casing. 

13. A pump, comprising a casing having an 
upper and a lowerfluid channel formed in its rear 
end wall for connection to an external circuit, an 
upper and a lower pintle guide fixed in Said cas 
ing and extending transversely thereof, a pintle 
extending longitudinally of said casing between 
said guides and provided with an upper port and 
passage and a lower port and paSSage, a cylinder 
barrel arranged in front of said guides and fitted 
upon said pintle to rotate thereon and provided 
with cylinders to communicate with said pintle 
ports alternately as Said cylinder barrel rotates, 
a piston arranged in each cylinder to recipro 
cate therein and eject liquid therefrom into the 
pintle port and passage on the discharge side of 
the pump and to permit liquid to enter its cylin 
der through the pintle port and passage on the 
intake side of the pump, a thrust member ar- . 
ranged around said cylinder barrel eccentric to 
said pintle for transmitting to said pistons dür 
ing one part of a revolution of said cylinder bar 
rel pumping forces which tend to move said pintle 
toward the intake side of the pump, and a pintle 
block fixed to said pintle upon the rear end there 
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of to support the same and engaging said guides 
upon the rear faces thereof, said pintle block 
being movable along Said guides to vary pump 
displacement and provided with two fluid pas 
sages each of which connects the pintle passage 
on one side of the pintle axis to the fiuid channel 
formed in the end wall of the casing upon the 
other side of the pintle axis to permit the liquid 
discharged from the cylinders on one side of the 
pintle axis to react upon the pintle block upon 
the other side of the pintle axis and thereby hy 
drostatically balance said pintle against Said 
pumping forces. 

14. A pump, comprising a casing having an 
upper and a lower fluid channel formed in its 
rear end wall for connection to an external cir 
cuit, an upper and a lower pintle guide fixed in 
said casing and extending transversely thereof, 
a pintle extending longitudinally of Said casing 
between said guides and provided with an upper 
port and passage and a lower port and passage, 
a cylinder barrel arranged in front of Said guides 
and fitted upon said pintle to rotate thereon and 
provided with cylinders to communicate with said 
pintleports alternately as said cylinder barrel ro 
tates, a piston arranged in each cylinder to re 
ciprocate therein and eject liquid therefrom into 
the pintle port and passage on the discharge side 
of the pump and to permit liquid to enter its cyl 
inder through the pintle port and passage on 
the intake side of the pump, a thrust member 
arranged around said cylinder barrel eccentric 
to said pintle for transmitting to Said pistons 
during one part of a revolution of Said cylinder 
barrel pumping forces which tend to move said 
pintle toward the intake side of the pump, a pin 
tle block fixed to said pintle upon the rear end 
thereof to support the same and engaging said 
guides upon the rear faces thereof, said pintle 
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block being movable along said guides to vary 
pump displacement and provided with a fluid 
passage which connects the pintle passage on the 
discharge side of the pintle axis to a fluid chan 
nel formed in the end wall of the casing upon 
the intake side of the pintle axis to permit the 
liquid discharged from the cylinders to react 
upon the pintle block upon the intake side of the 
pintle axis and thereby hydrostatically balance 
Said pintle against Said pumping force, means 
for connecting the intake pintle passage to the 
other fluid channel, and a cylinder connected to 
Said discharge passage and arranged in said 
pintle block upon the discharge side of the pintle 
axis to act upon a pintle guide and reduce the 
bearing pressure between that guide and said 
pintile block. 

15. A pump, comprising a casing having an up 
per and a lower fluid channel formed in its rear 
end Wall for connection to an external circuit, an 
upper and a lower pintle guide fixed in said cas 
ing and extending transversely thereof, a pintle 
extending longitudinally of said casing between 
Said guides and provided with an upper port and 
passage and a lower port and passage, a cylinder 
barrel arranged in front of Said guides and fitted 
upon said pintle to rotate thereon and provided 
with cylinders to communicate with said pintle 
ports alternately as said cylinder barrel rotates, 
a piston arranged in each cylinder to reciprocate 
therein and eject liquid therefrom into the pintle 
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port and passage on the discharge side of the 
pump and to permit liquid to enter its cylinder 
through the pintle port and passage on the intake 
side of the pump, a thrust member arranged 
around said cylinder barrel eccentric to said 
pintle for transmitting to said pistons during one 
part of a revolution of said cylinder barrel pump 
ing forces which tend to move said pintle to 
ward the intake side of the pump, a pintle block 
fixed to said pintle upon the rear end thereof to 
Support the Same and engaging Said guides upon 
the rear faces thereof, said pintle block being 
movable along Said guides to change pump dis 
placement and the direction of pump delivery 
and provided with two fluid passages each of 
which connects the pintle passage on One side 
of the pintle axis to the fluid channel formed in 
the end wall of the casing upon the other side of 
the pintle axis to permit the liquid discharged 
from the cylinders on one side of the pintle axis 
to react upon the pintle block upon the other 
side of the pintle axis and thereby hydrostatically 
balance said pintle against Said pumping force, 
and means for reducing the bearing pressure beu 
tween said pintle block and said guides. 

16. In a pump having a casing and a station 
ary member carried by said casing and provided 
with a fluid passage, the combination of a pintle 
guide spaced from said member and arranged 
in a stationary position within said casing and 
extending transversely thereof, a pintle having 
a supporting member fixed thereon between said 
guide and said menuber in engagement with Said 
guide and provided with a fluid passage in reg 
istry with the passage in said stationary mem 
ber, means for moving said pintle Supporting 
member along said guide to vary pump displace 
ment, a bearing surface arranged upon one of 
said members around the end of the passage 
therein, and an annular packing closely fitted in 
the end of the passage in the other member and 
having sufficient area exposed to the pressure 
therein to enable it to be urged by fluid pressure 
against said bearing surface with sufficient force 

2,083,464 
to form a slidable and substantially fluid-tight 
joint between said passages. 

17. In a pump having a casing and a station 
ary member carried by said casing and pro 
vided with a fluid passage, the combination of 
a pintle guide spaced from said member and ar 
ranged in a stationary position within said casing 
and extending transversely thereof, a pintle hav 
ing a Supporting member fixed thereon between 
said guide and said member in engagement with 
Said guide and provided with a fluid passage in 
registry. With the passage in said stationary 
member, means for moving said pintle support 
ing member along Said guide to vary pump dis 
placement, a bearing surface arranged upon one 
of Said members around the end of the passage 
therein, a packing engaging said bearing surface 
and fitted in the end of the passage in the other 
member and having an opening therethrough of 
Sufficient size to maintain communication be 
tween Said passages in any position of said pintle 
Supporting member, and a thimble forming 
universal liquid-tight joint with said packing to 
provide a self-alining joint between said mem 
bers and having a sufficiently large area, thereof 
Subjected to fluid pressure to urge said packing 
against said bearing surface and thereby pro 
vide a substantially liquid-tight joint between 
Said members. 

18. In a pump having a casing provided with 
fluid channels in one end thereof, the combina 
tion of a pintle guide spaced from said end and 
arranged within said casing transversely thereof, 
a pintle having a pintle block fixed thereon be 
tween said guide and said end in engagement 
With Said guide, said pintle block being provided 
With fluid passages each of which registers with 
One of Said fluid channels, means for moving said 
pintle block along said guide to vary pump dis 
placement, a stationary thimble fixed in the 
inner end of each fluid channel and forming a 
liquid-tight joint with said casing, and a mov 
able thimble closely fitted in the outer end of 
each fluid passage and forming a fluid-tight 
joint with Said pintle block and having a Suf 
ficiently large area, thereof subjected to the 
preSSure in said passage to enable it to be urged 
by fluid pressure against one of Said stationary 
thimbles with sufficient force to form a substan 
tially fluid-tight joint therewith and to keep said 
passage in communication with the correspond 
ing channel in any position of said pintle block 
along Said guide. 

19. In a pump having a casing provided with 
fluid channels in one end thereof, the combina 
tion of a pintle guide arranged within said casing 
transversely thereof, a pintle having a pintle 
block engaging said guide and provided with 
fluid passages each of which registers with one 
of Said fluid channels and has a counterbore at 
the Outer end thereof, means for moving said 
pintle block along said guide to vary pump dis 
placemefit, a stationary thimble fixed in the in 
ner end of each fluid channel and forming a 
liquid-tight joint with said casing, a movable 
thimble closely fitted in the counterbore at outer 
end of each fluid passage and forming a fluid 
tight joint with Said pintle block and urged by 
fluid pressure against one of said stationary 
thimbles to form a fluid-tight joint therewith 
and to keep Said passage in communication with 
the corresponding channel in any position of 
Said pintle block along said guide, and means for 
keeping the counterbore around the thimble on 
the intake side of the pump flooded with liquid. 
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20. In a pump having a casing provided with 

fluid channels in one end thereof, the combina 
tion of a pintle guide spaced from said end and 
arranged within said casing transversely thereof, 
a pintle having a pintle block fixed thereon be 
tween Said guide and said end in engagement 
with said guide, said pintle block being provided 
with fluid passages each of which registers with 
Cne of said fluid channels, means for moving Said 
pintle block along said guide to vary pump dis 
placement, a stationary thimble fixed in the in 
ner end of each fluid channel and forming a 
liquid-tight joint with said casing, and a mov 
able thimble closely fitted in the outer end of 
each fluid passage and forming a liquid-tight 
joint with said pintle block and having a suf 
ficiently large area, thereof subjected to the 
pressure in said passage to enable it to be urged 
by fluid pressure against one of said stationary 
thimbles with sufficient force to form a substan 
tially liquid-tight joint, therewith and to keep 
said passage in communication with the cor 
responding channel in any position of Said pintle 
block along said guide. 

21. In a pump provided with a pintle having 
intake and discharge passages formed therein 
upon opposite sides of the pintle axis, a cylinder 
barrel provided with radial cylinders and fitted 
upon said pintle to rotate thereon to enable said 
cylinders to receive liquid at one side of the axis 
of said pintle and discharge liquid at the other 
side of said axis as Said cylinder barrel rotates, 
a piston fitted in each cylinder, and a thrust 
member arranged around said pintle eccentric 
thereto for transmitting to each piston on the 
discharge side of said axis a pumping force which 
tends to move said pintle toward the intake side 
of the pump, the combination with Said pintle 
of pintle guides arranged in a stationary posi 
tion, a pintle block fixed to said pintle at one 
end thereof in engagement with said guides and 
movable along said guides to vary pump dis 
placement, said pintle block being provided with 
two fluid channels each of which has one end 
thereof in communication with a pintle passage 
upon one side of the pintle axis and the other 
end thereof terminating upon the Outside of said 
block upon the opposite side of said pintle axis, 
and an abutment arranged in a stationary posi 
tion and provided with two fluid channels each 
of which registers with one of said pintle block 
channels to enable liquid discharged from said 
pump to react upon the Walls of said channels 
and create a force which tends to counteract said 
pumping force. 

22. In a pump provided with a pintle having 
intake and discharge passages formed therein 
upon opposite sides of the pintle axis, a cylinder 
barrel provided with radial cylinders and fitted 
upon said pintle to rotate thereon to enable said 
cylinders to receive liquid at one side of the 
axis of said pintle and discharge liquid at the 
other side of said axis as said cylinder barrel 
rotates, a piston fitted in each cylinder, a thrust 
member arranged around said pintle eccentric 
thereto for transmitting to each piston on the 
discharge side of said axis a pumping force which 
tends to move said pintle toward the intake side 
of the pump, means for adjusting said pump 
to cause said pistons to expel liquid from said 
cylinders upon either one or the other side of 
said pintle axis to thereby enable said pump to 
deliver liquid in either direction, the combination 
with said pintle of pintle guides arranged in a 
stationary position, a pintle block fixed to Said 
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pintle at one end thereof in engagement with 
said guides and movable along said guides to vary 
pump displacement, said pintile block being pro 
vided with two fluid channels each of which has 
one end thereof in communication with a pintle 
passage upon one side of the pintle axis and the 
other end thereof terminating upon the outside 
of said block upon the opposite side of said pintle 
axis, and an abutment arranged in a stationary 
position and provided with two fluid channels 
each of which registers with One of Said pintle 
block channels to enable liquid discharged from 
said pump to react upon the walls of said chan 
nels and create a force which tends to counter 
act said pumping force in either direction of 
pump delivery. 

23. A pump, comprising a casing, an upper 
and a lower stationary pintle guide arranged in 
said casing transversely thereof, a pintle extend 
ing between said guides longitudinally of Said cas 
ing and having intake and discharge passages 
formed therein upon opposite sides of the pintle 
axis, a cylinder barrel provided with radial cyl 
inders and fitted upon said pintle to rotate there 
on to enable said cylinders to receive liquid at : 
one side of the pintle axis and discharge liquid 
at the other side of Said axis as said cylinder 
barrel rotates, a piston fitted in each cylinder, 
a thrust member arranged around said pintle 
eccentric thereto for transmitting to each piston 
on the discharge side of said axis a pumping 
force which tends to move Said pintle toward the 
intake side of the pump, a pintle block arranged 
at the rear of said guides in contact therewith 
and fixed to said pintle at one end thereof, said 
pintle block being movable along said guides to 
vary pump displacement and provided with two 
fluid channels each of which has one end there 
of in communication with a pintle passage upon 
one side of the pintle axis and the other end 
thereof terminating upon the outside of said 
block upon the Opposite side of said pintle axis, 
and an abutment arranged behind said pintle 
block and provided with two fluid channels each 
of which registers with one of said pintle block : 
channels to enable liquid discharged from said 
pump to react upon the walls of said channels 
and create a force which tends to counteract 
said pumping force. 

24. A pump, comprising a casing, an upper : 
and a lower stationary pintle guide arranged in 
said casing transversely thereof, a pintle extend 
ing between said guides longitudinally of said 
Casing and having intake and discharge passages 
formed therein upon opposite sides of the pintle : 
axis, a cylinder barrel provided with radial cyl 
inders and fitted upon said pintle to rotate there 
on to enable said cylinders to receive liquid at 
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one side of the pintle axis and discharge liquid . 
at the other side of said axis as said cylinder 
barrel rotates, a pistOn fitted in each cylinder, 
a thrust member arranged around said pintle 
eccentric thereto for transmitting to each piston 
On the discharge side of said axis a pumping 
force which tends to move said pintle toward 
the intake side of the pump, a pintle block ar 
ranged at the rear of said guides in contact 
therewith and fixed to said pintle at one end 
thereof, said pintle block being movable along 
said guides to vary pump displacement and pro 
vided with two fluid channels each of which has 
one end thereof in communication with a pintle 
passage upon one side of the pintle axis and the 
other end thereof terminating upon the outside 
of said block upon the opposite side of Said pintle 

00 

O 

5. 



5 

O 

12 
axis, and an abutment arranged behind said pin 
tle block and provided with two fluid channels 
each of which registers with one of said pintle 
block channels to enable liquid discharged from 
said pump to react upon the walls of said chan 
nels and create a force which tends to counter 
act said pumping force, said channels being so 
arranged that the force created by fluid pressure 
therein acts at an oblique angle to the pintle 
axis. 

25. A pump, comprising a casing, an upper and 
a lower stationary pintle guide arranged in said 
casing transversely thereof, a pintle extending 
between said guides longitudinally of said cas 
ing and having intake and discharge passages 
formed therein upon opposite sides of the pintle 
axis, a cylinder barrel provided with radial cyl 
inders and fitted upon said pintle to rotate there 
on to enable said cylinders to receive liquid at 
one side of the pintle axis and discharge liquid 
at the other side of said axis as said cylinder 
barrel rotates, a piston fitted in each cylinder, 
a thrust member arranged around said pintle 
eccentric thereto for transmitting to each pis 
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ton on the discharge side of said axis a pumping 
force which tends to move said pintle toward 
the intake side of the pump, a pintle block are 
ranged at the rear of said guides in contact there 
with and fixed to said pintle at One end therer 
of, said pintle block being movable along said 
guides to vary pump displacement and provided 
with two fluid channels each of which has One 
end thereof in communication with a pintile pas 
sage upon One side of the pintle axis and the 
other end thereof terminating upon the Outside 
of said block upon the opposite side of said pin 
tle axis, an abutment arranged behind said pin 
tle block and provided with two fluid channels 
each of which registers with One of said pintle 
block channels to enable liquid discharged from 
said pump to react upon the walls of said chan 
nels and create a force which tends to counter 
act said pumping force, and shoulders arranged 
upon said pintle block and engaging the opposed 
faces of said guides to restrain said pintle from 
radial movement. 

WALETTER, PERRIS. 
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