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3,186,352 
VARIABLE DISPLACEMENT PISTON PUMP 

Arthur F. Anderson, Livonia, Mich., assignor to Gar 
Wood Industries, Inc., Wayne, Mich., a corporation of 
Michigan 

Continuation of application Ser. No. 835,002, Aug. 20, 
r 1959., This application Nov. 22, 1960, Ser. No. 71,033 

32 Claims. (Cl. 103-162) 

This application is a continuation of my prior applica 
tion Serial No. 835,002, ?led August 20, 1959 now aban 
doned. , 

This invention relates generally to pumps and more par 
'ticularly ‘to an improved variable displacement piston 
pump. 

Variable displacement piston pumps usually include a 
rotary cylinder barrel which abuts a stationary valve face 
located at one end of the barrel. The barrel is provided 
with a plurality of cylinder bores which are arranged in 
a circular formation about the barrel axis and pistons are 
mounted for reciprocation in the cylinder bores. As the 
cylinder barrel revolves, the bores alternately communi 
cate with inlet and outlet ports in the valve face. 

In these pumps, ‘two distinctly different types of struc 
ture have been utilized for reciprocating the pistons. One 
type of pump includes a swash plate or slipper disk which 
is inclined with respect to the axis of rotation of the cylin 
‘der barrel, and the pistons are spring-urged into engage 
ment with the slipper disk. As a result, during rotation 

I of the cylinder barrel, the pistons are reciprocated in their 
cylinder bores and their movement is coordinated with 
the positions of the inlet and outlet ports to provide the 
desired pumping of ?uid. In this type of pump, the pis 
tons abut directly against the inclined disk which ‘applies 
thrust to the pistons and by varying the inclination of the 
slipper disk the displacement of the pistons in the cylinder 
bores may be varied .to vary the volume of ?uid delivered 
by the pump. , ‘Since the disk is inclined with respect to 
the-pistons, the reaction force applied to the end of each 
piston by the disk has a ?rst component in a direction 
axially of the piston and a second component perpendic 
ular to the piston axis. ' As a result of the latter compo 
nent, which results in a cantilever loading of the unsup 
ported projected end of each piston, the cylinder barrel 
must be long enough to provide adequate side support for 
the pistons and the pistons must be of a large enough di 
ameter to withstand the bending load. 
The second type of pump uses a drive ?ange, driven by 

the drive shaft which also rotates the cylinder barrel, for 
reciprocating the pistons. The drive ?ange is connected 
by ball and socket joints to the ends of connecting rods 
which are connected by other ball and socket joints at 
their opposite ends to the pistons. A tilt box supports 
the drive flange and can be moved to vary the angle be— 
tween the drive ?ange and the cylinder barrel to vary the 
volume of ?uid delivered by the pump. Since the side 
loads applied to the pistons are small, it has been found 
that the length of the cylinder barrel may be reduced in 
this type pump. However, in prior pumps of this type, 
it has been‘common practice either to extend the drive 
shaft entirely through the pump so that it is supported at 
both ends, or to make the support for the drive ?ange 
stationary and tilt the cylinder barrel to vary, the angle 
of the valve plate and cylinder barrel. In either case the 
resulting design is quite complex and volumetric capacities 
have‘ been small. 
One of the objects of this'invention is‘to provide a rel— 

atively simple pump which has a high capacity to size 
ratio. ,This is accomplished by a new combination and 
arrangement of known features coupled with‘a design ca 
pable of high speed operation. Connecting rods are uti 
lized ‘for driving the pistons to thereby make possible the 
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‘use of smaller pistons and a shorter cylinder barrel, a 
' cantilever support for the pump drive shaft including an 
overhung bearing on the valve face is provided and the 
cylinder bores are inclined inwardly toward the valve face 
to reduce the diameter of the valve port circle and thus 
reduce rubbing speed between the barrel and valve plate. 
A'ball type universal joint connection of high torque ca 
paoity is provided between the drive shaft and the drive 
?ange and it is nested in the unsupported end of the drive 
shaft in a novel manner to minimize its space require 
ments and to reduce the necessary distance between the 
cylinder barrel and the drive ?ange. 
Another object of this invention is to provide a pump 

which is constructed so that it is easily assembled with 
out any necessity for accurately aligning the pump parts 
during assembly. All of the pump parts are assembled 
on a stationary supporting structure except the tilt box 
‘and the tilting mechanism therefor which are separately 
assembled on the pump housing before it is applied to the 
support. The design of the drive ?ange and the radial 
supporting bearing therefor, which is carried by the tilt 
box so that the tilt box and the drive ?ange can be assem 
bled by relative axial movement, facilitates assembly of 
the supporting structure and the housing. In many 
pumps of this type, the drive ?ange supporting housing 
must be accurately positioned so that it is concentric with 
the cylinder barrel. The necessity for such accurate posi 
tioning is avoided in the pump of this invention by provid 
ing a cantilever drive shaft in combination with a connect 
ing shaft having universal joints at each end, whereby the 
drive shaft may drive the drive ?ange through the con 
necting shaft, to thereby e?ect a separation of the cylinder 
barrel and the drive ?ange so that there is no necessity 
for a concentric relation of these par-ts. ’ 
A further object of this invention is to provide a pump 

of the reciprocating piston type in which there is reduced 
wear on the rubbing faces of the valve plate and the cylin 
der barrel and in which any tendency of the cylinder bar 
rell to tilt or wobble is reduced. This is accomplished 
by providing a relationship of each cylinder open-ing rel 
ative to its corresponding cylinder bore such that the open 
ing is centered with respect to a line parallel to the barrel 
axis which intersects the center of the working face of the 
piston in the bore at a point midway bet-ween the limit 
positions of the working face during operation of the 
pump. 

Still a further object of this invention is to provide a 
pump which has an effective lubricating mechanism for 
maintaining the pump parts oiled during operation, and 
which includes an improved assembly of the tilt box and 
the control or actuating cylinders therefor which provides 
for an accurate control of the angle of inclination of the 
tilt box with a minimum wear of the moving parts of the 
control apparatus. 

Still another object of this invention is to provide a 
‘ pump which is simple and compact in construction and is 
relatively economical to manufacture. It is .to be under 
stood also that while the structure of this invention is par 
ticularly described herein with reference to a pump, it is 
apparent that it is equally applicable to a ?uid motor. and, 
consequently, the term “pump” in both the speci?cation 
and claims is to be inclusive of both pumps and motors. 
Further objects, features and advantages of this inven 

tion will become apparent from a consideration of the 
following description, the appended claim-sand the ac 
companying drawings in which: 7 
FIGURE 1 is a vertical sectional view of the pump of 

this invention, with some parts shown in elevation for the 
purpose of clarity; 

FIG. 2 is a fragmentary sectional view looking sub 
stantially along the line 2—2 in FIG. 1; 
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FIG. 3 is a horizontal sectional view of the pump of 
this invention;- I 
FIG. 4 is a transverse sectional view looking substan 

tially along the line 4—-4 in FIG. 1; 
\FIG. 5 is a fragmentary sectional view looking substan 

tially along the line 5—5 in FIG. 3; 
FIG. 6 is a View of one side of the valve plate in the 

'pump of this invention as seen along the line 6—-6 in 
FIG. 1; 

FIG. 7 is a sectional view of the valve plate only look 
ing substantially along the line 7-—7 in FIG. 6; and 

FIG. 8 is a sectional view looking substantially along 
the line 8—8 in FIG. 1. 
With reference to the drawing, the pump of this inven 

tion, indicated generally at 10, is illustrated in FIG. 1 
as including a stationary supporting structure 12 which 
consists of a valve block 14 and a ring-shaped valve 
plate 16 having a central opening 17 and mounted on 
one side 18 of the block 14. On its side 18, the valve 
block 14 is formed with a. tubular projection or sleeve 20 
which projects through the plate opening 17. The sleeve 
20 has an enlarged inner end 22 on which the plate 
16 is supported. A projection or pin 24 on the valve 
block 14 projects into a cavity 26 in one side of the valve 

'plate 16 for preventing rotation of the valve plate 1-6 
relative to the valve block 14. The pump 18‘ is illustrated 
with the plate 16 separate from the block 14 because it 
facilitates manufacture of these parts and so that the plate 
16 can be replaced when worn without also replacing the 
block 14. However, in the operation of the pump 10 
the plate 16 functions as an integral‘ part of the block 14. 
As shown in FIG. 8, the valve block 14 is formed 

‘with a pair of downwardly converging ?uid passages 28 
and 38. The passage 28 terminates in a pair of elongated 
arcuate openings 32 in the side 18 of the valve block '14 
and the passage 30 similarly terminates in a pair of 
arcuate openings 34 in the same side of the valve block. 
The openings 32’ and 34 are concentric with the sleeve 
20, and the openings 32 are on one side of a vertical 
plane through the axis of the sleeve 20 and the openings 
34 are on the opposite side of the plane, and communicate 
with corresponding arcuate openings 36 and 38, respec 
tively, which extend through the valve plate 16 and are 
alignable with the openings 32 and 34. The face 37 of 
the valve plate 1.6 which is remote from the side 18 of 
the valve block 14 is formed with a recess 48' between the 
pair of openings 36 and a similar recess 40 between the 
pair of openings 38 so that in effect a single elongated 
arcurate opening is formed on each side of a vertical 
plane through the axis of the plate 16 and the openings 
are concentric with, respect to the axis of the plate. As 
'will more clearly appear hereinafter, the openings 36 
function at times as ?uid inlet openings for the pump 10 
and at other times as ?uid discharge openings and this 
is also the case with the openings 38., 
A drive shaft 42 for the pump 10 is entirely supported 

by a combination radial and thrust bearing 44 carried 
by the valve block 14 and a bearing 46 supported in the 
sleeve 20 at a position adjacent the outer end 48 there 
of. As shown in FIG. 1, the ‘shaft 42 projects inwardly 
of the pump 10 beyond the bearing 46 and has an enlarged 
diameter end portion 50 which is unsupported so that in 
effect the shaft 42 has a cantilever mounting. An axial 
cavity 52 in the end portion 50 of the shaft 42 com 
municates with a smaller diameter axial cavity 54 which 
extends from the cavity 52 intocthe portion of the shaft 
42 disposed within the sleeve 20. ‘The inner end of‘the 
outer surface of the enlarged shaft end portion 50 is 
‘formed with a shoulder 56 which is perpendicular to 
the axis of the shaft 42 for a purpose to appear presently. 
A cylinder barrel 60 of tubular shape, and having an 

axial bore 61, has a pair of spaced parallel end faces 
58 and 62 and telescopes over the sleeve 28 to a position 
in which the face 58 engages the face 37 of the valve plate 
16 and the face 62 is in a vertical plane through sub 
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4 
stantially the middle of the shaft end portion 50. In 
other words, the shaft end portion 50 is disposed par 
tially within the outer end of the barrel bore 61. 
The cylinder barrel 6!) so formed with a plurality of 

cylinder bores 70 which are equally spaced from each 
other and from the axis of the cylinder barrel 60 and are 
inclined radially inwardly of the cylinder barrel 60 in a 
direction from the face 62 toward the face 58. Nine 
bores 78 are shown in the illustrated form of the pump 
of this invention and nine cylinders are preferred for 
the reason that the biggest proportion of the cylinder 
barrel 60 can be utilized for the cylinders 70 with this 
number. Also, in a preferred form of the invention, 
the bores 70 are inclined at about three degrees relative 
to the axis of the‘ cylinder barrel 60. 
Each bore 70 is of a cylindrical shape and extends at its 

outer‘ end to the barrel face 62 and terminates at its 
inner end short of the barrel face 58. Combination inlet 
and discharge openings 72, of arcuate shape, are formed 
in the barrel face 58 at positions spaced equal distances 
from the barrel axis and communicate with the inner 
ends of the bores 71}. Each arcuate opening 72 is con 
centric with the axis of the cylinder barrel 60 and is 
disposed a distance from’ the axis of the barrel 60 such 
that during the rotation of the cylinder barrel 60, the 
opening 72 is alignable with the openings 36 and 38 in 
the valve plate 16. 

Spline teeth or ribs 51, corresponding in number to 
the number of cylinder bores 70, and extending longi 
tudinally of the shaft 42, are formed on the outer sur 
face of the shaft end portion 50 and are ?tted in lon 
gitudinally extending grooves‘ 53 formed in the outer 
end of the cylinder bore 61 to provide a driving con 
nection and support the cylinder barrel 60'. The tops of 
the teeth 51 are cut o? at their right hand ends as'shown 
in FIGURES >1 and 3 so that the support for the barrel 
is concentrated at a point near the end of sleeve 20. As 
shown in FIGURE 2, the grooves 53 are formed at 
positions such that each groove 53 is centered with respect 
to a plane extending radially of the cylinder barrel 60 
disposed midway between a‘ pair of adjacent bores 70. 
By locating the grooves 53 in these positions, the shaft 
portion 58 may be of the largest possible size for a given 
size cylinder barrel 60 for supporting a universal joint 
which is as large as possible as well more clearly appear 
hereinafter. A coiled spring 66, positioned in the bore 
61 at a location beyond the sleeve 20, has one end in 
abutting engagement with the shoulder 56 on the shaft 
end portion 50 and the opposite end in engagement with 
a parallel shoulder 68 in the barrel bore 61 for urging 
the barrel 6%) toward the valve plate 16. > ' 

Each cylinder 70 has a piston 74 slidably mounted 
therein for reciprocating movement so that the working 
face 76 of the piston is moved toward and away from the 
corresponding cylinder opening 72. A piston 74 carries 
a socket 78 for the ball shaped end 80 of a connecting 
rod 82 which is also formed at its opposite endv with a 
ball 81. Each connecting rod 82 has an axially disposed 
?uid passageway 84 formed therein and communicating 
through an opening 86 in the socket member 78‘ and an 
opening 88 in the workin-gface 76 of the piston 74 with 
the interior of the cylinder bore 70. 
The pump 10 is provided with a cup-shape housing 90 

‘that has an open or rim end 92 of a size to be piloted on 
a tubular ?ange 94 formed on the valve block 14. When 
the housing member 98 is secured to the valve block 14 
in a position surrounding the ?ange 94 it encloses the 
cylinder barrel 60 and the other moving parts of the 
pump 18‘. A tilt box, 96 which is likewise of a cup 
'shape having a generallyfconcave side 95 and a gen 
erally convex side 97 and corresponding generally to 
the shape of the closed end of the housing member 90, 
as shown in FIG, 1, is disposed within and journaled on the 

The tilt box 96 
has diametrically opposed cavities 98 in its outer sur 
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face in which bearings 100 are mounted and the bearings 
100 are mounted on removable trunnions 102 carried by 
the housing member 90. The trunnions 102 are secured 
by bolts 104 to the housing member 90 and have shaft por 
tions 106 which project through the bearings 100 to 
support the tilt box 96 on the housing member 91} for 
tilting movement about an axis at right angles to the axis 
of the drive shaft 42. ' ‘ 
The cup-shaped tilt box 96 has a central opening 108 

and a rim or ?ange portion 110 on which an internal ring 
bearing 112, having rollers 113 and a retainer cage 115, 
is press ?t. Between the bearing 112 and the opening 108, 
the tilt box 96 is formed with a planar surface 114 which 
is parallel to the axis of rotation of the tilt box 96 and 
is provided for a purpose to appear presently. 

Adjacent one of the bearings 100, the rim or ?ange 
portion 110 is formed with an arm 116 which extends 
radially with respect to the axis of rotation of the tilt box 
96. A pin 118 extends transversely through the arm 116 
and a pair of rectangular blocks 120 are rotatably mount 
ed on the pin 118 and disposed on opposite sides of the 
arm 116. The blocks 120 are of a size to ?t loosely 
within a rectangular cavity 122 formed by the abutting 
ends 124 and 126 of a pair of actuating cylinders 128 
and 130, respectively, each of which has an end cavity half 
the‘ size of the total cavity 122. Since the mountings 
and controls for the pistons 128 and 136, which are mount 
ed in removable inserts 134 attached to the housing 90 are 
identical, only the mounting and control of the piston 130 
is described in detail hereinafter. The piston 130 is of a 
hollow construction and is slidably mounted in a bore 
132 formed in one of the removable inserts 134 carried by 
the housing member 90, and is urged toward the posi 
tion illustrated in FIG. 5 by a spring assembly 136 dis 
posed within the piston 130. In this position the ends of 
the pistons are in abutment and the tilt box is in its neu 
tral position. ' 
The assembly 136 consists of an elongated bolt 133 hav 

ing a head 135, a nut 137, and provided with a loose 
Washer 139 which abuts the nut 137. A pair of concen 
tric coil springs 141 extend about the bolt 133 between 
the head 135 and the washer 139. The assembly 136 is 
positioned so that the washer 139 bears against an internal 
shoulder 143 on the piston 130 and the bolt head 135 en 
gages the bottom of the bore in the insert 134. 
The two assemblies 136 are initially accurately ad 

justed so that they constitute yieldable abutments which 
exert no force on the pistons 128 andv 130 when they are 
in the position corresponding to the neutral or dead center 
position of the tilt box 96, as seen in FIGURE 5, ‘but 
which will yield and permit movement of the pistons when 
the ?uid pressures on the pistons 128 and 130 are un 
equal. This adjustment is achieved by accurately posi 
tioning the nuts 137 on their respective bolts 133 so that 
when the tilt box is in the neutral or dead center position 
the washers 139 and not the tilt box will receive the full 
force exerted by compressed springs 141,‘ as is clearly 
illustrated in FIGURE 5. Thus, when one of the pistons 
128, 130 operates to move or rotate the tilt box from 
the neutral position the opposite springs will exert a sub— 
stantial centering force to resist such movement, but when 
the tilt box is in the neutral or dead center position there 
will be no spring force exerted thereagainst. This arrange 
ment has been found to be very satisfactory for mini 
mizing hunting of the tilt box. 

Also mounted on the insert 134 is a control valve as 
sembly 138 which serves as both a safety device, to return 
the tilt box to the neutral position‘should the discharge 
pressure of the pump become excessive, and as control 
means for controlling the angle of the tilt box and hence 
the displacement of the pump during normal operating 
conditions. Control valve assembly 138 includes an over 
riding valve member 140 having‘ thereon a plurality of 
grooves 143 for placing an inlet port 142 into communi 
cation with a passageway 145, communicating with bore 
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132. Inlet port 142 is supplied with ?uid under a con 
trolled pressure from a suitable control valve (not shown), 
which ?uid passes from inlet port 142 through grooves 
143 and passageway 145 into bore 132 to'urge the piston 
130 toward piston 128, under normal operating condi 
tions. Control valve assembly 138 is also provided with 
a port 144 communicating with the pump outlet and 
adapted to communicate with passageway 145 when the 
over-riding valve member 140 is displaced to the left, as 
shown in FIGURE 5. The normal operating position of 
the over-riding valve member 140 is illustrated in FIG 
URE 5, wherein a valve spring 146 is utilized to urge 
the valve member 140 to the right to maintain the bore 
132 in operative communication with inlet port 142 for 
controlling the displacement of the pump. However, 
should an excessive pressure develop in the pump outlet, 
the pressure communicated to port 144 will over-ride the 
force of valve spring 146 to urge the valve member 140 
away from port 144, so that the high pressure therein 
may ?ow through’ passageway 145 to urge cylinder 130 
to the neutral position. It will be observed that when the 
valve member 140 has been displaced to the left by ex— 
cessive pressure in port 144, the inlet port 142 will be 
taken out of primary communication with passageway 
145 so that piston 131) will no longer be under the ex 
clusive control of the control valve. When the excessive 
pressure drops, the valve member will return to the right 
to place the pump under the control of the control valve. 
By mounting the control pistons 128 and 130 and the 

centering spring assemblies 136 for the tilt box 96 directly 
on the housing member 90, on which the tilt box 96 is 
journaled, convenient assembly of the tilt box 96 and 
the housing member 90 is facilitated, thereby eliminating 
any necessity for an inter?tting of parts for controlling 
the movement of the tilt box when the housing member 
91} is mounted on the valve block 14. 
The drive ?ange of this embodiment, generally indicated 

at 150 is of a cup-like shape and comprises a generally 
convex side 151 and a generally concave side 153, and is 
formed with a heavy rim portion 156 and a hollow central 
portion 152 disposed radially inwardly of the rim portion 
156 and provided with an axial opening 154. The drive 
flange 150 is nested within the tilt box 96 in a position in 
which the rim portion 156 is rotatably supported on and 
surrounded by the annular bearing 112, and a thrust bear 
ing assembly 158 is disposed between the rim portion 156 
and the tilt box surface 114. The thrust bearing assembly 
15$ includes a‘pair of spaced plates 160 and 161 and 
a third plate 162 disposed therebetween and having 
radially extending slots in which rollers 164 are mounted 
and retained by a ring 166 which extends about the rollers 
164 and the plate 162. The plate 161 is press ?t on the 
tilt box 96 against the surface 114 and the plates 160 
and 162 are press ?t on the drive ?ange portion 152. As 
will more clearly appear hereinafter, the drive ?ange 150 
is spring-urged toward a position maintaining the plates 

, 160 and 161 in bearing engagement with the rollers 164. 
When the pump 10 is assembled the concave side 153 

of the drive ?ange 151} faces the cylinder barrel 60 and 
the drive ?ange rim portion 156 is quite close to the 
barrel endv face 62. A plurality of socket members 168 
corresponding in number to the number of connecting 
rods 82 are carried by the rim portion 156 and cooperate 
with the balls on the connecting rods 82 to form ball and 
socket joint connections between the drive ?ange 150 and 
the connecting rods 82. ‘ 
To provide for driving of the drive ?ange>150 by the 

drive shaft 42, a splined shaft member v170 is drivingly 
connected to the drive shaft 42 by a universal joint 172 
of the drive ball type disposed in the cavity 52in the drive 
shaft end portion 50 and to the drive, ?ange 150 by a sim 
ilar ball-type joint 174 nested within and connected to 
the drive ?ange 150. The joint 174 is of a known type, 
the details of which form no part of the present invention 
except in respect to the manner in which it is inter?tted 
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with other parts of the pump. Joint 172 is a similar joint 
‘which has been specially modi?ed for purposes of the 
present pump design. , 
The universal joint 172 includes an inner member 176 

which isan integral part of the shaft 171), located at one 
A plurality of radially outwardly projecting 

ribs or teeth 175 formed on the inner member 176 are 
disposed in radial alignment with corresponding radially 
inwardly projecting teeth or ribs 131 on the hollow shaft 
end portion 50 (FIG. 2) which functions vas the outer 
member of the joint 172. The longitudinally extending 
teeth 175 are provided with convex-1y curved outer sur 
‘faces or crests 180 (FIG. 3) which lie in a sphere con 
centric with the center of the inner member and each of 
which is in a facing relation with a longitudinally extend 
ing surface 182 formed on the terminal end of the corre 
sponding‘ tooth 181. The surfaces 182 lie in a common 
cylinder concentric with the axis ‘of the outer member 58. 
As shown in ‘FIG. 2, adjacent ribs or teeth 175 de?ne 

therebetween grooves 177 in the inner member 176, the 
grooves 1'77 being substantially semicylindrical in cross 
section and in radial alignment with similar grooves 191 
vin the inner surface of the shaft end portion 50. ' The 
grooves 177 and 191 cooperate to form cylindrical cavities 
each of which is of a diameter corresponding substantially 
to the diameter of a drive ball 178 disposed therein. In 
the bottom of each groove 177 there is provided a groove 
179 having a radius corresponding to the radii of a pair 
of centering balls 171, to be disposed in'the groove 177 
‘on the opposite sides of and in engagement with the drive 7 
ball 178 for maintaining the drive 'ball 178 in a position 
in which a line between the center of the joint and the 
center of the ball 178 bisects the angle between the axes 
of the inner and outer members of the joint 1'72 in ail 
angular positions ofthe joint. 
The balls 171 and 178, which constitute drive ball 

assemblies, are retained in their cavities by a retaining 
ring 183 which is held in the cavity 52 by a snap ring 64. 
"The ring 1133 has a spherical surface 185 that faces a 
similar surfacev187 formed in the inner end of the shaft 
cavity 52 and the centering balls 171 ride on the surfaces 
185 and 1187. As shown in FIG. 2, the drive balls 178 
center the ball member 176 in the shaft cavity 52 so that 
clearance is provided between the crests 180 and 182 of 
the teeth 175 and 181. 
The universal joint 1'74 at the opposite end of the shaft 

170 includes an annular inner member 186 remov-ably 
splined on the shaft 179V and provided with longitudinally 
extending radially outwardly projecting teeth or ribs 188. 
The ribs 188 are provided with convex-1y curved outer end 
surfaces 190 which engage similar concave surfaces 192 
on longitudinally extending ribs or teeth 194 formed on 
the drive ?ange 150 and extending radially inwardly there 
of in radial alignment with the teeth 13%. The surfaces 
1% and 192' lie in spheres concentric with the center of 
the inner‘rnember. Drive ‘ball assemblies consisting of 
drive balls 196 and centering balls 117 are disposed‘ in 
the cavities between radially aligned adjacent pairs of 
teeth 138 and 194 so that during rotation of the shaft 171% 

' driving power is transmitted to the drive ?ange 150 by 
the'drive balls 196. The spherical outer surfaces of the 
ends of teeth 188 loosely ?t the spherical inner surfaces 
of teeth 194 to hold the inner member against axial dis 
placement. A retaining ring ‘198 is held within drive 
'?ange 15d by‘means of a snap ring 199, to maintain center 
ing balls 197 in position. In both joints the inner mem 

' bers are centered radially by the drive balls. 
As shown in FIGS. 1 and 2, the cylindrical cavities for 

the drive balls 173 are radially aligned with the grooves 53 
' in the cylinder barrel 60 and the exterior shaft ribs 51 so 
that the number of drive ball assemblies corresponds to the 
number of cylinder bores 76. ‘In order to obtain a joint 
having a maximum load capacity and which will fit in the 
‘available space in the cavity 52, the largest number of the 
largest size drive bal1s178 which will ?t within the ex 
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terior joint housing 51} are utilized. In the case of the 
splined housing 50tbis is accomplished by locating the 
balls 17% in cavities which project int-o the ribs 51. 

Thus, as best shown in ‘FIGURE 2, maximum load 
capacity for a given diameter is achieved by locating the 
grooves 53 in the cylinder barrel 61} in radial alignment 
with the solid portion thereof, and vby locating the grooves 
191 in shaft end portion 51} in radial alignment with ribs 
51. As can be seen, this arrangement makes it possible 
to reduce the diameters of barrel 6t} and the shaft end 
portion 59 without creating thin sections which would 
greatly reduce strength. This reduction of diameters is 
particularly important since it ‘results in a desirable reduc 
tion in the sliding velocity of the cylinder barrel 61B upon 
valve plate 16. Alternately, it facilitates the use of higher 
speeds, and hence displacement per unit time, for a given 
sliding velocity, all without a sacri?ce in strength. 
As shown in FIGURES l and 3,v the ends 200 and 20.2 

of the shaft 178 are of ‘a convexly curved ‘rounded shape 
so as to nest Within the concavely curved ends of a pair 
of lubricant distributing members 2114 and 2%, respec 

’ tively. The distributing member 2114 is generally cylin 
. drical in shape and is disposed in the outerren‘d of the drive 
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shaft cavity 54 against one end of a coiled spring 2118 posi 
tioned ‘in the cavity which urges the distributing member 
264 toward the right as viewed in FIG. 1 to in turn urge 

‘ the shaft 1-719 toward the right. The member 2114 has an 
axial opening 226 extending therethrough and communi 
cating adjacent the shaft end 200 with radial passages 223. 
The distributing member 206 at the opposite end 202 

of the shaft 171? has a ?rst’ tubular portion 210 axially 
aligned with the shaft 176 and formed .at one end with 
a peripheral groove 212. The member 2% includes a 
second cylindrical portion 214 of a diameter larger than 
the portion 21d and disposed at the grooved end of the 
portion 2119 so as to form a shoulder 216 at the juncture 
of the portions 210 and 214 which is perpendicular to 
the axis of the shaft 17%. 
The distributing member 206 has the portion 214 dis 

posed within the drive ?ange 150 in engagement with the 
shaft end 2112 and the portion 210 projects through the 
drive ?ange opening 154 which is surrounded by a ra 
dially inwardly directed ?ange 218 which is opposite 
the groove 212 and is engageable with the shoulder 216. 
As a result, the distributing member 206 is loosely sup 
ported on the drive ?ange Y15% and acts through the 
shoulder 216 to apply thepressure of the spring 208 to 
the drive ?ange 15% so as to hold the drive ‘?ange in the 
tilt box 96. ' . ' I 

‘The distributing'i'nember 2% is formed with an axial 
through opening 229 which communicates with radial pas 
sages 222 formed in the portion 214 and with one end of 
a passageway 22% for lubricant which extends axially 
through the shaft 1713 and communicates at its opposite 
end with the passage 226 in the distributing member 2%. 

In the use of the pump 11), the drive shaft 42 is rotated 
to in turn drive the cylinder barrel 60 and the drive ?ange 
15th. Fluid is supplied to one of the valve block passages 
28 or 3% so that one of the passages functions as a fluid 
inlet passage and the other functions as a discharge pas 
sage for fluid pumped out of the pump 19. The control 
'pistons 1223 and 1311 are operated to incline the tilt box 96 
relative to the face 62 of the cylinder barrel d0 so that 
during rotation of the drive ?ange 15@, the pistons 74 
are reciprocated in their cylinder bores ‘7b. During the 
time the working face 76 of each piston 74 is being 
moved toward the cylinder opening ‘72,-the opening 72 
is opposite a discharge opening 36 or 38 in the valve plate 
16 and during movement of the working face 76 in the 
opposite direction, the opening 72 is aligned with an 
inlet opening 36 or 38 in the valve plate 16. 
The ?uid pressure in a cylinder bore 70 during the 

discharge stroke of the piston 74 therein is applied to 
the area 2% at the inner endof the bore so as to exert 

' a force on the cylinder barrel 60 urging it against the 



‘3,186,352 

‘adjacent face 37 of the valve plate 16. Some of this 
?uid leaks between the cylinder barrel 60 and the valve 
plate face 37 to provide a ?lm of oil on which the cylin 
der barrel end face 58 rotates. The pressure of this ?uid 
?lm exerts a force on the cylinder barrel 6t) tending to 
move it in a direction away from the valve plate 16, 
and the ?uid pressure in the cylinder bores 76 exerts a 
force urging the cylinder barrel 60 toward the valve 
plate 16. 

In order to obtain efficient operation of the pump 10 
without excess wear of the rubbing faces 37 and 58, it is 
necessary to substantially balance these forces. If the 
forces are unbalanced in one direction, the cylinder barrel 
60 lifts off the valve plate 16 and if the forces are un 
balanced in the opposite direction the ?uid ?lm is com 
pressed and destroyed. These forces are balanced by 
taking into account known factors and by relieving the 
valve plate face 37 according to known principles. The 
valve plate face 37 is relieved in the annular concentric 
areas indicated at 232 and 236 in FIG. 6 and the radially 
outwardly extending areas 234 which communicate with 
the area 232. Only the shaded portion of the face 37 
is not relieved and engages the cylinder barrel end face 
58. The shaded portion includes an annular area between 
the relieved areas 232 and 236 which is of a radial width 
such that it extends, on opposite sides of the openings 
36 and 38 so as to form wide lands on opposite sides 
of the openings 36 and 38. ‘ These lands cooperate with 
the ?uid ?lm to form a seal around the openings 36 and 
38. One advantage of a small diameter cylinder barrel 
60 is ‘that these lands are wide enough to maintain an 
effective seal. The shaded portion also includes radially 
outwardly disposed pads 231 which form outer bearing 
supports and stabilize the cylinder barrel 60. The oppo 
site side 235 of the valve plate 16 is also relieved to 
adjust the effective area thereof relative to the effective 
area of the face 37 to prevent lifting of the valve plate 
off the valve block. 

Fluid leaks into the relieved area 236 where, by virt' e 
of the increased volume of the space‘ into which the ?uid 
has traveled, it is under substantially no pressure and 
?ows downwardly onto the sleeve 20 for travel around 
the end thereof onto the intermediate portions of the 
drive shaft 42 and onto the ‘bearing 46. Fluid which 
leaks into the relieved area 232 travels outwardly through 
the channels 234 into a ?uid discharge passageway 249 
formed in the valve block 14 and communicating with 
an, over?ow tank (not shown). ‘l 

Since the passageway 24% terminates at the upper end 
of the housing 90, the housing 90 is substantially full of 
?uid at all times and ‘the centrifugal force of the rotating 
cylinder barrel 6% onrthis?uid moves it outwardly onto 
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the inner surface of the housing 90 from which it ?ows ‘ 
into the central opening 168 in the tilt box 96 and into 
the axial opening 220 in the ?uid distributing member 
206 which is being rotated by‘the shaft 17%. The ?uid 
also ?ows onto the outer surface of the tubular portion 
210 of the member 266 which acts to sling this ?uid 
radially outwardly into the space 242 between the drive 
?ange 154) and the tilt box 96 for radially outward flow 
in the passage 242 onto the thrust bearing assembly 158. 
This ?uid ?ows through the bearing 158 and travels radi 
ally outwardly along the inner surface of the‘ tilt box 96 
onto the bearing 112. The loose mounting of the mem 

‘ her 206 on the drive'?ange 150 insures a ?ow of ?uid 
around the member 206. > 

Fluid ?owing through the opening 220 in the distribut 
ing member 266 is thrown outwardly through the radial 
passages 222 into the cavity in the drive ?ange 150 for 
outward ?ow into lubricating contact with the universal 
joint 174. The continual supply of ?uid‘to the opening 
220 forces ?uid through the axial passage 224 in the shaft 
170 which supplies ?uid to the axial passage 226 in the 
distributing member 204 at the opposite end of the shaft 
17%. Fluid from the passage 226 is supplied to the 
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spring 208 and also ?ows outwardly through the radial 
passages 228 to lubricate the universal joint 172. 

This ?ow of lubricating ?uid is substantially the same 
for ‘all positions of the tilt box 96 since it is the rotation 
of the cylinder barrel 64} which moves the ?uid and the 
cylinder barrel 60 is constantly rotating during operation 
of the pump 14). The ball and socket joints at opposite 
ends of the connecting rods 82 are lubricated by ?uid 
?owing from the cylinder bores 70 through the piston 
openings 86 and the connecting rod ?uid passages 84. 
When the tilt box 96 is tilted in one direction about 

its axis of rotation, one passage 23 or 30 in the valve 
block 14 functions as the inlet opening for the pump 
and the other passage functions as the outlet opening 
and when the tilt box 96 is tilted in the opposite direc 
tion, the function of the passages 28 and 38 is reversed. 
The volume of fluid being pumped is dependent on the 
extent of tilting of the tilt box 96, which determines the 
displacement of the pistons 74, and when the tilt box 96 
is in its neutral position shown in FIG. 1, in which it is 
not tilted in either direction, the pistons 74 are not recip 
rocated during rotation of the cylinder barrel 60 so that 
no ?uid is being pumped. 

In the assembly of the pump It), the drive shaft 42 
is supported on the valve block 14 and moved into driv~ 
ing engagement with the cylinder barrel 60 prior to as 
sembly of the housing member $0 with the valve block 
14. The drive ?ange 150, with the connecting rods 82 
and the pistons 74 mounted thereon, is then assembled 
with the drive shaft 42 and the cylinder barrel 60. This 
is readily accomplished by ?rst mounting the universal 
joint 172 in the drive shaft cavity 52 with the splined 
shaft 179 projecting outwardly therefrom. The‘ drive 
‘i?auge 150 is then manipulated so that the spline teeth 
on the ball member 136 are moved into engagement with 
the spline teeth on the shaft 170 concurrently with move 
‘ment of the pistons 74 into .the cylinder bores 70. Since 
the housing member 90 is not a part of this assembly at 
this time, the guiding of the pistons 74 into the cylinder 
bores 70 is relatively easy, and so is the guiding of the 
shaft 170 into the ball member 186 since‘ the pistons 74, 
the cylinders 70 and the splinecl shaft 179 are completely 
visible. ‘ 

The tilt box 96 is mounted on the trunnions 102 and 
the inserts 134, which carry the pistons 128 and 139, are 
moved into diametrically opposed openings 135 in the 
housing member 96 so that the blocks 120 on the tilt box 
actuating arm 116 are con?ned within the cavity 122 
formed at the abutting ends of‘ the pistons 128 and 130. 
vWith the drive shaft 42, cylinder barrel 60, and drive 

?ange 150 thus assembled on the valve block 14 and with 
the tilt box 96 and the control pistons 128 and 1:30 and 
the centering spring assemblies 136 therefor, assembled 
on the housing member 90, the housing member 99 is 
moved into position on the pilot ?ange 94 on the valve 
block 14. During movement of the housing member 
90, the only parts on the valve block 14 and housing 
member 9%} which must be guided into operative engage 
ment are the drive ?ange 15d and the tilt box 96 which 
must be moved into a nested relation as shown in FIG. 
1. This is readily accomplished because the drive ?ange 
150 is _of large size, relative to many of the smaller parts 
of the pump 10, and it is only necessary that it be guided 
into a supported position on the bearing 112. To facili 
tate such guided movement, the rear side of the rirn por 
tion 156 of the drive ?ange 150 has a chamfered surface 
241. Once the housing member 9%) has been guided onto 
the ?ange 94, it is secured by suitable bolts (not shown) 
to the valve block 14 and these bolts are the only con 
nections that .are required in the assembly of the pump 
10 since the spring 268 holds the drive ?ange 150 in a 
nested position on the drive ?ange 96. 

During operation of the pump, the amount of ?uid 
being pumped is readily adjusted by operation of the 
valve assemblies 138 to control the movement of the 
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pistons 1.28 and 130. The cavity 12-2; at the abutting ends 
of the pistons 123 and 13b is slightly larger in cross sec 
tion than the blocks 12% on the tilt box actuating arm 
116 to accommodate the slight movement of the blocks 
1259 which occurs during rotation of the arm 116 about 
the trunnions till. This assembly of the tilt box act-u 
ating arm 116 with the pistons 1248 and 1% provides for 
accurate adjustment of the tilt box 96 with a minimum 
Wear of the moving parts which actuatethe tilt box. 

It is seen, therefore, that many of the structural fea 
tures of the pump 14} cooperate to provide a pump which 
has a high capacity to size ratio. In one embodiment of 
the invention the distance between the outer sides of the 
housing 9tlxand the valve block 14', measured along the 
shaft 42‘, is about twelve inches, the largest part of the 
housing 96‘ is about twelve inches in diameter, and the 
pump is capable of delivering 188 gallons per minute at 
a maximum operating pressure of 2000 p.s.i. at a drive 
shaft speed of 2100 rpm. The diameter of the cylinder 
barrel oil has a direct effect on the required width of the 
housing 9tlmeasured in a direction diametrically of the 
cylinder member 60. It is also important to keep the 
diameter of the cylinder barrel 6%‘ as small as possible 
so as to reduce the speed of the outer peripheral port-ion 
of the face 58 to eliminate excessive wear of the face 
58. The location of the overhung bearing 4s near the 
point at which the barrel 6-1) is supported on the shaft 
42 makes it possible to support the barrel on a cantilever 
‘drive shaft without danger that de?ection of the shaft 
will tilt the barrel on its valve. plate. The driving con 
nection of the shaft 4-2 to the cylinder barrel 6%} adjacent 
the outer face 6-2 thereof makes it possible to incline the 
cylinder bores 7t) inwardly so that their inner ends are 
located on as small a radius of the cylinderbarrel as pos-_ 
sible. 'It is the location of the inner ends of the cylinder ' 
bores 7b which determintes the diameter of the cylinder 
barrel Wear face 58 where peripheral speed is so impor 
tant . 

The use of the connecting rods 82 for reciprocating the 
pistons '74 and the nesting of the universal joints 1'72 and 
174 Within the drive shaft 42 and the drive ?ange 150, 
respectively, makes possible the use of a relatively short 
cylinder barrel 60, measured in a direction axially there 
of, and also makes possible the location of the drive 
?ange 156’ relatively close to the rear face 6-2 of the 
cylinder barrel 6t}. Relatively small diameter universal 
joints l’izvand 174» are utilized considering the loads that 

7 these joints must carry. These joints are of maximum 
strength for a minimum size barrel because of the utili 
zation of the same number of drive ball assemblies in 

> each joint‘as there are cylinder bores '76, arrangedin 
the manner described earlier. 
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pacity of joints of this type increases with a decrease in 
their working angle and therefore the use of two joints 
each working at half the total angle greatly increases the 
capacity of the pump. In addition, it makes it unneces 
sary to locate the housing 9% accurately with respect to 
the axis of the shaft ‘42. 

vIn pumps of this type in which the pistons are recipro 
cated by articulated piston rods from a drive ?ange, both 
the cylinder barrel and the drive ?ange, must be driven, 
but the largest torque load is that required to rotate the 
drive ?ange. For that reason in the prior art it has been 
common practice to drive the drive ?ange directly from a 
cantilever shaft mounted on the housing at the opposite 
end from the valve face and to use universal joints to 
rotate the cylinder barrel._ As a result, the valve plate 
end of the pump along with all its ?uid connections must 
be articulated, with a resulting increase in complexity. 
In the present design the combination of features de 
scribed above makes it possible to transmit the high 
torque for the drive ?ange through the universal joints 
with one of the joints con?ned radially within the circle ' 
of the cylinders. Thus, the valve plate end of the pump 
may be the stationary base or support and the cylinder 
barrel is driven from a cantilever shaft journaled entirely 
on the support. 

During tilting of the tilt box 96, the spline shaft 179 
must move axially with respect to the drive shaft 42. 
Joint 172 has the inner ends of its teeth lying in a com 
mon cylinder so that the inner member 176 can shift 
axially withv respect to the outer member 5% in order to 
accommodate this relative movement of the shafts 42 
and 1'70. It is not necessary to confine the inner mem 
ber 176 against complete axial displacement with respect 
to member 5t? because that function is performed by the 
action of spring 2% on the end of spline shaft 170. 

‘It will be understood that. the speci?c construction of 
the improved variable displacement piston pump which 
is herein disclosed and described is presented for purposes 
of explanation and illustration and is not intended to 
indicate limits offthe invention, the scope of which is 
de?ned by the following claims. 
What is claimed ‘is: I 
1. A variable displacement piston pump comprising a 

drive shaft having an axial recess at one end, a tilt box 
journaled on an axis extending at right angles to the axis 
of the drive shaft, a driving ?ange located adjacent said 

' shaft end and rotatably mounted on said tilt box for rota 
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The operation of the pump ll) is made more smooth " 
by locating the center of each ‘cylinder bore opening 72 
on a line (shown in FIG. 1) which is parallel to the axis 7 
of the cylinder barrel on and which intersects the center 
of the ball $53 when the piston 74- is in a position midway 
between the extreme positions thereof. It has been 
found that this relation of the pistons 74 to the openings 
72 reduces any tendency of the cylinder barrel 6% to tilt 
with respect to the valve plate lid. . 
The trunnions W2 are located so that the axis about 

which the tilt box'96 is rota-ted is substantially midway 
between the joints 172 and 1747so that the total angle 
is substantially equally divided between the joints. 
joints 1'72 and 174 are constant velocity joints but are 
selected because of their high torque capacity rather than 
the fact that they provide constant velocity. The shaft 
17% makes equal angles with respect to the drive shaft 
42 and the drive ?ange 156, during tilting of the .tilt box 
Q6, because the axis of tilting of the tilt box is centered 
between the joints 17-2 and 174» so that constant velocity 
joints are not required. Theoretically, only one constant 
velocity joint need be used in the connection between the 
drive shaft and the drive ?ange. Howeverthe load ca 

The ~ 
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vtion about an axis at right angles to said journal axis, and 
a driving connection between said drive shaft and said 
driving flange including a connecting shaft extending 
between saiddrive shaft and said driving ?ange and a 
universal joint connecting said drive shaft and said con 
necting shaft, said journal axis for said tilt box being lo 
cated at a position spaced from said universal joint so 
that upon rotation of said tilt box and said driving ?ange 
about said tilt box journal axis said connecting shaft moves 
axially with respect to said drive shaft, said universal 
joint including a plurality of‘ axially extending ribs formed 
on the interior of said shaft recess and having their crests 
disposed on a cylindrical surface concentric with the drive 
shaft axis, an inner member ?xed with respect to said 
connecting shaft and having an equal number of axially 
extending external ribs having their crests convexly curved 
in a direction axially of said connecting shaft and disposed 
in substantial radial alignment with adjacent crests on 
said internal ribs, said shaft recess and said inner member 
having radially aligned mating grooves formed therein on 
opposite sides of said ribs, and driving balls located in 

~ the spaces between adjacent internal and external ribs. 
2. A variable displacement piston pump comprising: a 

stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a ro 
tary cylinder barrel having a plurality of cylinder bores 
therein, said barrel having a splined axial bore there 
through and one end face bearing against said valve face 



3,186,352 . 
13 

‘i for communicatingsaid cylinder bores with said inlet 
and outlet passageways; a cantilever drive shaft journaled 
on said supporting structure and having an unsupported 
splined end projecting into said axial bore in said barrel, 
said unsupported end drivingly engaging said barrel and 
constituting the sole support for said barrel against move 
ment in a direction transverse to the rotational axis 
thereof; a tilt box journaled on an axis extending at right 
angles to the barrel axis; a driving ?ange journaled on 
‘said tilt box for rotation about an axis at right angles to 
the tilt box journal axis; a piston in each cylinder bore 
connected to said driving ?ange; and a driving connection 
between said drive shaft and said driving ?ange. 

3. A variable displacement piston pump comprising: a 
stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores 
therein, said barrel having an axial bore therethrough and 
one end face bearing against said valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure and having an unsupported end pro 

, jecting into said axial bore in said barrel, said unsupported 
end supporting and drivingly engaging said barrel and hav 
ing an axial cavity in the free end thereof; a tilt box jour 
naled on an axis extending at right angles to the barrel 
axis; a driving ?ange journaled on said tilt box for rota 
tion about an axis at right angles to the tilt box journal 
axis; a piston in each cylinder bore; a connecting rod for 
each piston, each of said connecting rods having a ball 
and socket connection at one end with its piston and at 
the other end with said driving ?ange; and a driving con— 
nection between said drive shaft and said driving ?ange 
including a plurality of axially extending internal grooves 
formed in said cavity, an inner member extending into 
said cavity and having an equal number of axially ex 
tending external grooves in axial and radial alignment 
with said grooves in said cavity, and driving balls posi 
tioned in the spaces defined by aligned internal and ex 
ternal grooves. ‘ . Y 

4. A variable displacement piston pump comprising: a 
stationary supporting structure having a valve face and in 
let and outlet passageways opening at said face; a rotary‘ 
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rel being formed with axially extending grooves in said 
axial bore thereof for receiving said spline teeth, each of 
said grooves having its axis disposed in a radial plane con 
taining the axis of said barrel and positioned angularly 
‘between a pair of adjacent cylinder bores; a tilt box jour 
naled on an axis extending at right angles to the barrel 

I axis; a driving ?ange journaled on said tilt box for rota 
tion about an axis at right angles to the tilt box journal 
axis; a piston in each cylinder bore connected to said 
driving ?ange; and a driving connection between said 
drive shaft and said driving ?ange. , 

6. A variable displacement piston pump comprising: a 
stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores therein 
equally spaced from each other and from the axis of said 
barrel, said barrel having an axial bore therethrough and 
one end face bearing against said valve face for com 
mu'nicatingsaid cylinder bores withsaid inlet and outlet 
passageways; a cantilever drive shaft journaledon said 
‘supporting structure and having an unsupported end pro 
.jecting into said axial bore in said barrel; a driving con 
nection between said unsupported end and said barrel 
‘including spline teeth on said drive shaft corresponding 
, in number to the number of said cylinder bores, said barrel 
, being formed with axially extending grooves in said axial 
I here thereofv for receiving said spline teeth, each of said 
‘ grooves‘ having its axis disposed in a radial plane con 
taining the axis of said barrel and positioned angularly 
between a pair of adjacent cylinder bores; a driving ?ange; 
a piston in each cylinder bore connected to said driving 
?ange; and a driving connection between said drive shaft 

’ and said driving ?ange. 
7. A variable displacement piston pump comprising: a 

stationary supporting structure having a valve face and 
. inlet and outlet passageways opening at said face; a rotary 
cylinder barrel havinga plurality of cylinder bores there 
in, said barrel having a splined axial bore therethrough 
and one end .face bearing against said valve face for com 
municating said cylinder bores with said inlet‘ and outlet 
passageways, the spline teeth in said bore being equal in 
number to and radially ‘aligned with‘said, cylinder bores; 

_..a cantilever‘drive shaft journaled on said supporting struc 
cylinder barrel having a plurality of cylinder bores therein, .‘ 
said barrel having a splined axial bore therethrough and 
one end face bearing against said ‘valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a sleeve on said stationary supporting struc 
ture extending into said axial bore in said barrel; a canti 
lever drive shaft journaled on said supporting structure and 
having a unsupported splined end extending through said 
sleeve into said axial bore in said barrel to drivingly en 
gage said barrel, said drive shaft constituting the sole sup 
port for said barrel against movement in a direction 
transverse to the rotational axis thereof; a supporting bear 
ing for said shaft carried by said sleeve adjacent the outer 
end thereof; a tilt box journaled on an axis extending at 
right angles to the barrel axis; a driving ?ange journaled 
.on said tilt box for rotation about an axis at right angles 

. 'to the tilt box journal axis; a piston in each cylinder bore 
connected to said driving ?ange; and a driving connection 
between said drive shaft and said driving ?ange. 

5'. A variable displacement piston pump comprising: a 
. stationary supporting structure having a valve face and 
. inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores therein, 
said barrel having an axial bore therethrough and one end 
face bearing against said valve face for communicating 
said cylinder bores with said inlet and outlet passageways; 

- a cantilever drive shaft journaled on said supporting struc 
ture and having an unsupported end projecting into said 
axial bore in said barrel to support the latter; a driving 
connection between said unsupported end and said barrel 
including spline teeth on said drive shaft corresponding 
in number to the number of said‘ cylinder bores, said bar 
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: ture and‘ having? an unsupported splined end projecting 
45> 

, supporting and drivingly engaging said barrel and having 
into said axial bore in said barrel, said unsupported end 

an axial cavity‘ in Tthefree end thereof; a tilt‘box journaled 
_ on an axis extending at right angles to the barrel axis; a 
driving ?ange journaled on said tilt box for rotation about 
an axis .at right anglesto the tilt box journal axis; a piston 
in each cylinder bore connected to said driving ?ange; 
and a driving connection between said‘ drive shaft and 
said drivingh?ange including a pair of axially spaced inter 
connecteduniversal joints,'one of said universal joints 
being positioned at least partially within said cavity in 

. said unsupported end of said drive shaft. ‘ 
8. A variable displacement piston pump comprising: 

, a stationary supporting structure having a valve face and 
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inlet and'outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores therein, 
said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communi 

, cating said cylinder bores with said inlet and outlet pas 
‘ sageways; a cantilever drivexshaft journaled on ‘said sup 
porting structure and drivingly engaging said barrel, said 
driveshaft having an axial cavity in the free end thereof; 

‘ a driving ?ange; a piston in each cylinder bore connected 

75 

rto said driving ?ange; and a driving connection between 
said drive shaft and said driving ?ange including a plu 
rality of axially extending internal grooves formed in 
said cavity, an inner member extending into said cavity 
and having an equal number of axially extending external 
grooves in axial and radial alignment with said grooves 
in said cavity, and driving balls positioned in the spaces 
de?ned by aligned internal ‘and external grooves. 
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9. A variable displacement piston pump comprising: 

a stationary supporting structure having a valve :face and 
inlet and outlet passageways opening at said face; a rotary 
.cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said‘ valve face for communi 
ca‘ting said cylinder boresfwith said inlet and outlet pas 
sageways; a-cantilever drive shaft journaled on said sup 
porting structure and drivingly engaging. said barrel, said 
drive shaft having an axial cavity in the free end thereof; 
a tilt box journaled on an axis extending at right angles 
to the barreltaxis; a driving ?ange journaled on said 
tilt box for rotation about an axis at right angles to the 
tilt box journal axis; a piston in each cylinder bore con 
nected to said driving ?ange; and a driving connection 
between said drive shaft and said driving ?ange including 
a plurality of axially extending internal‘ grooves formed 
in said cavity, an inner member extending into said cavity 
and having an equal number of axially extending external 
grooves in axial and radial alignment with said grooves in 
said cavity, and driving balls positioned in'the spaces de 
?ned by aligned internal and external grooves. J 

10. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communi 

, cating said cylinder bores'with said inlet and outlet pas 
sageways; a‘ cantilever drive shaft journaled on said sup 
porting structure and having an unsupported end project 
ing into said axial bore in saidbarrel, said unsupported 
end supporting and drivingly engaging said barrel, and 
having an axial cavity in the free end thereof; a driving 
?ange; a piston in each cylinder bore connected to said 
‘driving ?ange; and a driving connection between said 
drive shaft and said driving ?ange including a plurality 
of axially extending internal grooves formed ‘in said cavity, 
an inner member extending into said cavity and having 

‘ an equal nunrber of axially‘, extending external grooves in 
' axial and radial alignment with said grooves in said 
cavity, and driving balls positioned'in the spaces de?ned 
by aligned internal-and external grooves. ' 

11, 'A variable displacement’ piston pump‘ comprising: 
a stationary supporting structure having. a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communi 
ca'ting said cylinder bores with said inlet and outlet pas 
sageways; a cantilever drive shaft journaled on said sup 
porting structure ‘and having'an unsupported end project 
ing into said axial bore and drivingly engaging'said barrel; 
a driving ?ange having an axial cavity therein; a piston in 
each cylinder bore connected to said ‘driving ?ange; and 
a driving connection between said drive shaft and said 
driving ?ange including a ‘plurality of axially extending 

7 internal grooves formed in said cavity, an inner member 
extending into said cavity and having an equal number 
of axially extending external grooves in axial and radial 
alignment with said grooves in said cavity, and driving 
balls positioned in?the spaces de?ned by aligned internal 

' and external grooves. 

12. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having .a plurality of cylinder borestherein, 
:s'aid barrel having an axial bore therethrough and one 
end face bearing against said valve face for communi 
cating said cylinder bores with said inlet and outlet pas 
sageways; a cantilever drive shaft journaled on said sup 
porting structure and drivingly engaging said barrel, said 
drive shaft having an axial cavity in ‘the free end thereof; 
Ia driving ?ange; a piston in each cylinder bore connected 
to said driving ?ange; and a driving connection between 
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is’)? 
said drive shaft and said driving ?ange including a plu 
rality of axially extending internal grooves formed in 
said cavity, an inner member extending into said cavity 
and having an equal number of axially extending external 
grooves in axial and radial alignment with said grooves 
in said cavity, an driving balls positioned in the spaces de 
?ned by aligned internal and external grooves, the crests 
of the ribs between said internal grooves in said cavity 
being substantially straight in the axial direction and 
the crests of the ribs between said external grooves on 
said inner member being convex in the same direction. 

13. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a ro 
tary cylinder barrel having a plurality of cylinder bores 
therein, said barrel having an axial bore therethrough 
and one end face bearing against said valve face for com 
rnunicatingsaid cylinder bores with said inlet and outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure, the unsupported free end of said 
drive shaft supporting and drivingly engaging said barrel 
and having an axial cavity in the end thereof; a tilt box 

' journaled on an axis extending at right anglesito the bar 
rel axis; a driving ?ange journaled on said tilt box for 
rotation about an axis at right angles to the tilt ‘box jour 
nal axis; a piston in each cylinder bore connected to said 
driving ?ange; and a driving connection between said 
drive shaft and said driving ?ange includingra plurality 
of axially extending internal grooves formed in said cav 
ity, an inner member extending into said cavity and hav 
ing an equal number of axially extending external grooves 
in axial and radial alignment with said grooves in said 
cavity, and driving balls positioned in the spaces‘de?ned 
by aligned internal and‘ external grooves, the crests of the 
ribs between said internal groove-sin said cavity being 
substantially straight in the axial direction and the crests 
of the ribs between said ‘external grooves on said inner 
member being convex in the same directionl 

14. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a ro 
tary cylinder barrel ‘having a plurality of cylinder bores 
therein, said barrel having an axial bore therethrough 
and one end face bearing against said valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a cantilever drive‘ shaft 'journlaled on said 
supporting structure and having an unsupported end pro 
jecting into said axial'bore in said bar-rel, said unsup 

- ported end supporting and drivingly engaging said barrel 
and having an axial cavity in the free end thereof; a tilt 
box journaled on an axis extending at right angles to the 
barrel axis; a driving ?ange journaled on said tilt box 
for rotation about an axis at right angles to the tilt box 
journal axis; a piston in each cylinder bore; a connecting 
rod for-teach piston, each of said connecting rods having 
a ball and socket connection at one ‘end with its piston 
and at the other end with said driving ?ange; and a driv 
mg connection between said drive shaft and said driving 
?ange including [a plurality of axially extending internal 
grooves formed in said cavity, an inner member extend 
mg into said cavity and having an equal number of axi 
ally extending external grooves in axial-and radial align 
ment with said grooves in said cavity, and; driving balls 
positioned'in the spaces de?ned by aligned internal and 
external grooves, the crests of the ribsbetween said in 
ternal grooves in said cavity being substantially straight 
in the axial direction and the crests of the ribs between 
said external. grooves on said inner member being convex 

in the same direction. _ 15. A variable displacement piston pump comprising: 

a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a ro 
tary cylinder barrel having a plurality of cylinder bores 
therein equally spaced from each other and the axis of 
said barrel, said barrel having an axial bore therethrough 
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and one end face bearing against said valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure and having an unsupported end pro 
jecting into said axial bore in said barrel and having an 
axial cavity in the free end thereof; a driving connection 
between said drive shaft and said barrel including spline 
teeth on said shaft corresponding in number to the num 
ber of said cylinder bores, said barrel being formed with 
axially extending grooves in said axial bore thereof for 
receiving said spline teeth, each of said grooves and spline 
teeth having the axis thereof disposed in a radial plane 
containing the axis of said barrel and positioned angu 
larly between a pair of adjacent cylinder bores; a driving 
?ange; a piston in each cylinder bore connected to said 
driving ?ange; and a driving connection between said drive 
shaft and said driving ?ange including a plurality of axi 
ally extending internal grooves formed in said cavity, an 
inner member extending into said cavity and having an 
equal number of axially extending external grooves in 
axial and radial alignment with said grooves in said cavity, 
and driving balls positioned in the spaces de?ned by, 
aligned internal and external grooves, said internal 
grooves in said cavity being equal in number to said 
spline teeth on said shaft and being located in the same 
said planes as said spline teeth. , 

16. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a ro 
tary cylinder barrel having a plurality of cylinder bores 
therein equally spaced from each other and the axis of 
said barrel, said barrel having an axial bore therethrough 
and one end face bearing against said valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a cantilever drive ‘shaft journaled on said 
supporting structure and having an unsupported end pro 
jecting into said axial, bore in said barrel and having 
an axial cavity in the free end thereof; a driving connec 
tion between said drive shaft and said barrel including 
spline teeth on said shaft corresponding in number to the 
number of said cylinder bores, said barrel being formed 
with axially extending grooves in said axial bore thereof 
for receiving said spline teeth, each of said grooves and 
spline teeth having the axis thereof disposed in a radial 
plane containing the axis of said barrel and positioned 
angularly between a pair of adjacent cylinder bores; a 
tilt box journaled on an axis extending at right angles to 
the barrel axis; a driving ?ange journaled on said tilt box 
for rotation about an axis at right angles to the tilt box 
journal axis; a piston in each cylinder bore connected to 
said driving ?ange; and a driving connection between said 
drive shaft and said driving ?ange including a'plurality 
of axially extending internal grooves formed in said cav 
ity, an inner member extending into said cavity and hav 
ing an equal number of axially extending external grooves 
in axial and radial alignment with said grooves in said 
cavity, and driving balls positioned in the spaces de?ned 
by aligned internal and external grooves, said internal 
grooves in said cavity being equal in number to said spline 
teeth on said shaft and being located in the same said 
planes as said spline teeth. 

17. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet ‘and outlet passageways opening at said face; a ro 
ta-ry cylinder barrel having a plurality of cylinder bores 
therein, said barrel having an axial bore therethrough and 
one end face bearing against said valve face for corn 
niunicating said cylinder bores with ‘said inlet and outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure and drivingly engaging said barrel, 
said drive shaft having an axial cavity in the free end 
thereof; a driving ?ange having an axial cavity therein; 
a piston in each cylinder bore connected to said driving 
?ange; and a driving connection between said drive shaft 
and said driving ?ange including a plurality of axially 
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18 
extending internal grooves formed in each of said cavities, 
an inner member extending into each of said cavities and 
having at each end thereof a plurality of axially extend 
ing external grooves corresponding in number to and in 
axial and radial alignment with said grooves in the cor 
responding cavity, and driving balls positioned in the 
spaces de?ned by the aligned internal and external grooves 
in each of said cavities. 

18. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communicat 
ing said cylinder bores with said inlet and outlet passage 
ways; a cantilever drive shaft journaled on said supporting 
structure and drivingly engaging said barrel, said drive 
shaft having an axial cavity in the free end thereof; a driv 
ing ?ange; a piston in each cylinder bore connected to 
said driving ?ange; and a driving connection between said 
drive shaft and said driving ?ange including a plurality of 
axially extending internal grooves formed in said cavity, 
an inner member extending into said cavity and having 
an equal number of axially extending external grooves in 
axial and radial alignment with said grooves in said 
cavity, driving balls positioned in the spaces de?ned by 
aligned internal and external grooves, a plurality of guide 
surfaces in said cavity, a smaller groove disposed in the 
bottom of each of said external grooves, and centering 
means positioned in each of said smaller grooves and co 
acting with said guide surfaces to position each of said 
driving balls. 

19. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores therein, 
said barrel having an axial bore therethrough and one end 
face bearing against said valve face for communicating 
said cylinder bores with said inlet and outlet passageways; 
a cantilever drive shaft journaled on said supporting struc 
ture and having an unsupported end projecting into said 
axial bore in said barrel and having an axial cavity in the 
free end thereof; a driving connection between said drive 
shaft and said barrel including spline teeth on said shaft, 
said barrel being formed with axially extending grooves in 
said axial bore thereof for receiving said spline teeth; a 
driving ?ange; a piston in each cylinder bore connected to 
said driving ?ange; and a driving connection between said 
drive shaft and said driving ?ange including a plurality of 
axially extending internal grooves formed in said cavity, 
an inner member extending into said cavity and having an 
equal number of axially extending external grooves in 
axial and radial alignment with said grooves in said cavity, 
and driving balls positioned in the spaces defined by 
aligned internal and external grooves, said internal grooves 
in said cavity being equal in number to‘ said spline teeth 
on said shaft and being located in radial and substantially 
axial alignment therewith. 

20. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrelhaving a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and 
one end face bearing against said valve face for communi 
cating said cylinder bores with said inlet and outlet pas 
sageways; a cantilever drive shaft journaled on said sup 
porting structure and having an unsupported end project 
ing into said axial bore in said barrel, said unsupported 
end supporting and drivingly engaging said barrel and hav 
ing an axial cavity in the free end thereof; a driving ?ange; 
a piston in each cylinder bore connected to said driving 
?ange; and a driving connection between said drive shaft 
and said driving ?ange including a plurality of axially ex 
tending internal grooves formed in said cavity, an inner 
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member extending into said cavity and having an equal 
number of axially extending external grooves in axial and 
radial alignment with said grooves in said cavity, driving 
balls positioned in the spaces de?ned by aligned internal 
and external grooves, a plurality of guide surfaces in said 
cavity, a smaller groove disposed in the bottom of each 
of said external grooves, and centering means positioned 

'in each of said smaller grooves and coacting with said 
guide surfaces to position each of said driving balls. 

21. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening in said face; a rotary 
cylinder barrel having an axis and a pair of spaced end 
faces, one of which is in bearing engagement with said, 
valve face, said barrel having a splined axial bore there 
through and a plurality of substantially straight cylinder 
bores extending from the opposite end face to positions 
adjacent said one end face, said bores being spaced sub~ 
stantially equal distances from the axis of said barrel and 
from each other, each of said cylinder bores having its 
longitudinal axis‘inclined radially inwardly of the barrel 
in a direction toward said one end face; pistons mounted 
for reciprocation in said cylinder bores; a cantlever drive 
shaft journaled on said supporting structure and having’ 
an unsupporting splined end projecting into said axial 
bore in said barrel, said unsupported end drivingly engag~ 
ing said barrel and constituting the sole support for said 
barrel against movement in a direction transverse to the 
rotational axis thereof; a tilt box journaled ‘on an axis 
extending at right angles to the barrel axis; a driving ?ange 
journaled on said tilt box for rotation about an axis at 
right angles to the tilt box journal axis; a driving connec 
tion between said drive shaft and said driving ?ange; con 
necting rods providing a driving connection between said 
driving ?ange and each of said pistons, each of said con 
necting rods having a ball and socket connection with its 
piston; and means de?ning openings in said one end face 
communicating respectively with said cylinder bores, each 
of said openings ‘being located so that a line parallel to 
said barrel axis passing through the center of the ball and 
socket joint between the piston in said cylinder bore and 
its connecting rod when the piston is midway in its 
stroke intersects substantially the center of said opening. 

22. In a variable displacement pump of the recipro 
cating piston type having a supporting structure provided 
with a valve face and inlet and outlet passageways open 
ing in said face, a rotary cylinder barrel having an axial 
bore therethrough and a pair of spaced end faces, one of 
which is in bearing engagement with said valve face, and 
a driving member for supporting and driving said barrel: 
means de?ning a plurality of spline teeth in said axial 
bore; means de?ning a plurality of axial grooves in said 
driving member, said grooves being drivingly engaged by 
said spline teeth; means de?ning a plurality of cylinder 
bores in said barrel extending from the opposite end face 
to positions adjacent‘ said one end face, said cylinder bores 
being spaced substantially equal distances from the rota 
tional axis of said barrel and from each other, said teeth 
and said cylinder bores being equal in number and ra 
dially aligned; means de?ning a plurality of openings in 
said ‘one end face communicating respectively with said 
cylinder bores; a driving ?ange; and pistons mounted for 
reciprocation in said cylinder bores and engaging said 
driving ?ange to be reciprocated thereby. 

23‘. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and 
one end face bearing against said valve face for commu 
nicating said cylinder bores with said inlet and outlet 
passageways; means de?ning an axial counterbore in said 
barrel having a splined portion therein; a cantliver drive 
shaft journaled on said supporting structure and having 

an unsupported splined end projecting into and drivingly 
engaging said splined portion in said barrel counterbore, 
said unsupported end supporting said barrel, the spline 
portion on said drive shaft being substantially shorter in 
axial direction than the axial length of said cylinder bar 
rel; a tilt box journaled on an axis extending at right 
angles to the barrel axis; a driving ?ange journaled on said 

' tilt box for rotation about an axis at right angles to the 

15 

tilt box journal axis; a piston at each cylinder bore con 
nected to said driving ?ange; and a driving connection 
between said drive shaft and said driving ?ange. 

2-4. A pump as claimed in claim 23, wherein said 
splined portion on said drive shaft engages said splined 
portion in said barrel only adjacent the end of said barrel 
farthest from said valve face. 

i , 25. A; variable displacement piston pump, comprising: 
a stationary supporting structure having a valve face; in~ 
let and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communicat 

' ing saidcylinder bores with said inlet and said outlet pas 
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sageways; a cantilever drive shaft journaled on said sup 
porting structure and projecting into said axial bore in 
said barrel; means de?ning an axial cavity in'the free end 
of said drive shaft; a driving connection between said 
drive shaft and said barrel including spline teeth on said 
shaft and grooves in said axial bore of said barrel for re 
ceiving said spline teeth; a driving ?ange; a piston in each 
cylinder bore connected to said driving ?ange; and a drive 
ing connection between said drive shaft and said driving 
?ange including a plurality of internal grooves formed in 
said cavity, and an inner member extending into said 
cavity and‘ having drive means engaging said grooves in 
said cavity, said grooves in said cavity being equal in num 
ber to said spline teeth on said drive shaft and being lo 
cated in radial and substantially axial alignment there 
with. . 

26. A variable displacement piston pump, comprising: 
a stationary supporting structure having a valve face; in 
let and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communicat 
ing said cylinder bores with said inlet and said outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure and projecting into said axial bore in 
said barrel; means de?ning an axial cavity in the free end 
of said drive shaft; a driving connection between said drive 
shaft and said barrel including spline teeth on said shaft 
and grooves in said axial bore of said barrel for receiving 
said spline teeth; a driving ?ange; a piston in each cylin 
der bore connected to said driving ?ange; and a driving 
connection between said drive shaft and said driving ?ange 
including a plurality of internal grooves formed in said 
cavity, and an inner member extending into said cavity 
and having drive means engaging said grooves in said 
cavity, said grooves in said cavity being equal in number 
to said spline teeth on said drive shaft and being located 
in radial and substantial axial alignment therewith, and 
said spline teeth on said drive shaft being equal in num 
ber to said cylinder bores and lying in radial planes con 
taining the axis of said drive shaft and extending between 
adjacent cylinder bores. ' 

27. A variable displacement piston pump, comprising: 
a stationary supporting structure having a valve face; in 
let and outlet passageways, opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 

_ end face bearing against said valve face for communicat 
ing said cylinder bores with said inlet and said outlet 
passageways; a cantilever drive shaft journaled on said 



3,186,352 
21 

supporting structure and projecting into said axial bore in 
said barrel; means de?ning an axial cavity in the free end 
of said drive shaft; a driving connection between said 
drive shaft and said barrel including spline teeth on said 
shaft and grooves in said axial bore of said barrel for re 
ceiving said spline teeth; a driving ?ange; a piston in each 
cylinder bore connected to 'said driving ?ange; and a driv 
ing connection between said drive shaft and said driving 
?ange including a plurality of internal grooves formed in 
said cavity, and an inner member extending into said 
cavity and having drive means engaging said grooves in 
said cavity, said spline teeth on said drive shaft being 
equal in number to said cylinder bores and lying in radial 
planes containing the axis of said drive shaft and extend 
ing between adjacent cylinder bores. 

28. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having an axial bore therethrough and one 
end face bearing against said valve face for communicat 
ing said cylinder bores with said inlet and outlet passage 
ways; a cantilever drive shaft journaled on said support 
ing structure and projecting into said axial bore in said 
barrel; means de?ning an axial cavity in the free end of 
said drive shaft; a driving connection between said drive 
shaft and said barrel including spline teeth on said shaft 
and grooves in said axial bore in said barrel for receiving 
said spline teeth; a driving ?ange; a piston in each cylin 
der bore connected to said driving ?ange; and a driving 
connection between said drive shaft and said driving ?ange 
including a plurality of internal grooves formed in said 
cavity, an inner member extending in said cavity and hav 
ing an equal number of external grooves in axial and 
radial alignment with said grooves in said cavity, and 
driving balls positioned in the spaces de?ned by said 
aligned internal and external grooves, said spline teeth 
on said drive shaft being equal in number to said cylinder 
bores and lying in radial planes containing the axis of 
said drive shaft and extending between adjacent cylinder 
bores. 

29. A variable displacement pump comprising: a sta 
tionary supporting structure having a valve face and in 
let and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in equally spaced from each other and from the axis of 
said barrel, said barrel having an axial bore therethrough 
and one end face bearing against said valve face for con 
necting said cylinder bores with said inlet and outlet pas 
sageways; a drive shaft journalled on said supporting 
structure and projecting into said axial bore in said barrel; 
a driving connection between said drive shaft and said 
barrel including spline teeth on said drive shaft corre 
sponding in number to the number of said cylinder bores, 
said barrel being formed with axially extending corre 
sponding grooves in said axial bore thereof for receiving 
said spline teeth, each of said grooves having its axis dis 
posed in a radial plane containing the axis of said barrel 
and positioned angularly between a pair of adjacent cylin 
der bores, the spline teeth on said drive shaft being sub 
stantially shorter in effective axial length than the length 
of said bore in said cylinder barrel and adapted to engage 
said grooves in said axial bore only adjacent the end of 
said barrel farthest from said barrel face; a driving ?ange; 
a piston in each cylinder bore connected to said driving 
?ange; and a driving connection between said drive shaft 
and said driving ?ange. 

30. A variable displacement pump comprising: a sta 
tionary supporting structure having a valve face and inlet 
and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in equally spaced from each other and from the axis of 
said barrel, said barrel having an axial bore therethrough 
and one end face bearing against said valve face, each 
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of said cylinder bores having its longitudinal axis in 
clined radially inwardly of said barrel in a direction to 
ward said one end face; a drive shaft journaled on said 
supporting structure and projecting into said axial bore 
in said barrel; a driving connection between said drive 
shaft and said barrel including spline teeth on‘ said drive 
shaft corresponding in number to the number of said 
cylinder bores, said barrel being formed with axially ex 
tending corresponding grooves in said axial bore thereof 
for ‘receiving said spline teeth, each of said grooves hav 
ing its axis disposed in a radial plane containing the axis 
of said barrel and positioned angularly between a pair 
of adjacent cylinder bores, the spline teeth on said drive 
shaft being substantially shorter in effective axial length 
than the length of said bore in said cylinder barrel and 
adapted to engage said grooves in said axial bore only 
adjacent the end of said barrel farthest from said barrel 
face; a driving ?ange; a piston in each cylinder bore; con— 
necting rods providing a driving connection between said 
driving flange and each of said pistons, each of said con 
necting rods having a ball and socket connection with its 
piston; means de?ning openings in said one end face of 
said barrel communicating respectively with said cylinder 
bores, each of said openings being located so that a line 
parallel to said barrel axis passing through the center of 
the ball and socket joint between the piston in said cylin 
der bore and its connecting rod when the piston is mid 
way in its stroke intersects substantially the center of said 
opening; and a driving connection between said drive shaft 
and said driving ?ange. 

31. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having a splined axial bore therethrough 
and one end face bearing against said valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure and having an unsupported splined 
end projecting into said axial bore in said barrel, said 
unsupported end drivingly engaging said barrel and con 
stituting the sole support for said barrel against move 
ment in a direction transverse to the rotational axis there 
of; a tilt box journalled on an axis extending at right 
angles to the barrel axis; a driving ?ange journaled on 
said tilt box for rotation about an axis at right angles to 
the tilt box journal axis; a piston in each cylinder bore; 
a connecting rod for each piston, each of said connecting 
rods having a ball and socket connection at one end with 
its piston and at the other end with said driving ?ange; 
and a driving connection including a universal joint ex 
tending between said drive shaft and said driving ?ange. 

32. A variable displacement piston pump comprising: 
a stationary supporting structure having a valve face and 
inlet and outlet passageways opening at said face; a rotary 
cylinder barrel having a plurality of cylinder bores there 
in, said barrel having a splined axial bore therethrough 
and one end face bearing against said valve face for com 
municating said cylinder bores with said inlet and outlet 
passageways; a cantilever drive shaft journaled on said 
supporting structure and having an unsupported splined 
end projecting into said axial bore in said barrel, said un 
supported end drivingly engaging said barrel and con 
stituting the sole support for said barrel against move 
ment in a direction transverse to the rotational axis there 
of; means de?ning an axial cavity in the unsupported end 
of said drive shaft; a tilt box journaled on an axis ex 
tending at right angles to the barrel axis; a driving ?ange 
journaled on said tilt box for rotation about an axis at 
right angles to the tilt box journal axis; a piston in each 
cylinder bore; a connecting rod for each piston, each of 
said connecting rods having a ball and socket connection 
at one end with its piston and at the other end with said 
driving ?ange; and a driving connection including a uni 
versal joint extending between said drive shaft and said 
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driving ?ange, at least a portion of said universal joint 
being positioned within said axial cavity. ' 
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