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misalignment, or out of squareness due to temperature 
changes occurring under various conditions of operation 
or due to manufacturing imperfections in the cylinder 
block or valve disk or in their mounting means,and is 
claimedin my copending application Serial No.785910, 
filed January 9,1959,now abandoned. - 
With the construction thus far described,it will be 

understood that as.the cylinder block rotates the intake 
exhaust passages 37,38 leadingto and from the pumping 
cyinders 33 SucceSSively communicate alternately with 
the intake and exhaust kidneys 4@ and 4 in the valve 
disk 42. As these kidneys register respecitvely with the 
kidneys 44 and45 which in turn communicate with intake 
andexhaust passages 55 and56,it will be understood that 
when the latter passages are Suitably connected with a 
source of fuid and a device to be Supplied with pressure 
fluid,a complete pumping circuit is provided. While the 
device illustrated is usually referred to herein as a pump, 
it will be undersood thatitis also operative as a motor by 
Supplyingfuid under pressure through the intake passages 
for efecting rotation of the cylinder block,The passage 
4@,44,52,55,or the passage 41,45,53,56 may either 
be described as an intake and the other as an exhaust 
paSSage depending upon the direction of rotation imparted 
to or desired of the cylinder block ?6. 

Stroking of the pump pistons 34inwardly of the cylin 
der block is efected by means of an eccentric previously 
designated generaly by the reference number 35,AS 
Seen bestin FIGS.2,3 and 4,the eccentric 35 comprises 
an outer ring or bearing race 6@ haying an eniargement 
6í at the eft side thereof(as viewed in FIG,2),the en 
largement being pivotaly mounted as by a pivot pin 
means 62 which enables pivotai movement of the outer 
ring 60 about the axis of the pin 62,upwardly and down 
wardly as Viewed in FíG,2,from a maximum stroke 
position illustrated in FIG,2 to a no-Stroke position 
wherein the outer ring 63 would be positioned concen 
tricaly relative to the cylinder block. 
The outer ring or race @ rotatably and axiallyslidably 

SupportS bearingS aS at 64 on an inner ring or race 65. 
The inner ring 65is formed with a pair of axialy Spaced 
inner Surfaces 68 and 69(PIGS. 3 and 4)which are op 
positely inclined and curved axialy of the ring and en 
gage reSpectively the outer piston ends in the rows 30 
and 31. The Surfaces 68 and 69 are concavely curved, 
slopingfrom the axial center ofthe innerringawayfrom 
each other and radialy outwardly of the ring on an 
arcuate curve haying a radius Somewhat in excess of 
that ofthe spherical outer pistonends 34a. Forexample, 
in a preferred embodiment of the pump,the Surfaces 68 
and 69 are formed on a radius of.750 inch,with a center 
located axially just beyond the ends of the eccentric,and 
the Spherical Outer piston ends have a radius of .500 
inch,By this construction,it will be understood that, 
due to the pivotal mounting at 62,the inner eccentric 
ring 65 may be moved from a concentric position to ec 
centric positions relative to the cylinder block So that 
engagement of the inner eccentric surfaces 68 and 69 
with the outer piston ends,will efect a stroking of the 
pistonsinWardly of the cylinder block as the latterrotates. 

Inside the inner ring 65,a peak 7@is formed where the 
Surfaces 68 and 69 interSect,and when the eccentric is 
moved to a maximum displacementposition,substantialy 
asiliustratedin the drawings,the peak 70 may move to a 
position somewhat within the general outer periphery of 
the cylinder block. Accordingly,in order to accommo 
date the peak 70,the outer surface of the cylinder block 
is reduced centraly ofits length as at71 in orderto en 
able movement of the inner eccentric ring 65 and the 
innerpeak 70 to maximum displacement positions. 
The configuration of the inner eccentric surfaces 68 

and 69 is utized to maintain the inner eccentric ring 
or race 65 centered axially relative to the two rows of 
pistons 30 and 31. More particularly,So longas the ring 
65 is centered axialy between the two rows of pistons, 
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each row of pistons exerts outwardly directed forces hav 
ing components both radial and axial of the eccentric 
ring,With the compOnents of the tWo rOWS of pistonS 
being equal and opposite so that the ring remains in the 
centered position. En the event the ring moves axialy 
in either direction from the central position illustrated, 
the axial components of the two rows of pistons become 
unequal,the One axial component decreasing and the 
other increasing in directions which tend to reStore the 
ring to the central neutral position. This feature is 
claimed in the copending application of Paul Tomell, 
filed March 19,1959,now Patent No.3,010405. 
The length ofpiston Stroke,orin otherwords pump dis 

placement,may be varied by varying the pivotal position 
of the eccentric 35 about the pivot axis 62. This pivotal 
adjustment may be efected automatically under control 
of a piston 73 urged by a Spring74 toward an abutment 
75 on the outerring6@,thereby to urge the abutment and 
in turn the entire eccentric Structure downwardly(FIG, 
2)toward a maximum Stroke position. The bias of the 
piston and the Spring 74is opposed by means of a uni 
Versal pin 77acting against the underside of abutment 75 
and urged upWardly as by means of a piston 78 Slidable 
in a chamber 79 adapted to receive fuid under pressure 
through an inlet(notillustrated)whereby the position of 
the eccentric may be automatically controlled as,for ex 
ample,in reSponse to an output condition,such as pres 
Sure,to maintain the Same constant. 
The axial cylinder block portingillustrated at 37,38, 

40,41,etc.,is enabled by virtue of a pressure balancing 
of the cylinder block 16 which is provided by means in 
cluding a plurality of axialy extending cylinders 86 
(FIGS.4 and 6) openingto the right end ofthe cylinder 
block 16as viewedin FIGS,3and4,such cylinders being 
aligned TeSpectively with the axially aligned pistons 34of 
the two rows 30 and 31. The cylinders 86 have pistons 
87 Slidable therein,and urged outwardly of the cylinders 
as by means of individual Springs 88 seated in the cyin 
ders and bearings at opposite ends against the cylinder 
block and the pistons,The outer ends of the pistons 87 
are provided with concave seats which pivotably receive 
the baljoints of bearing slippers 89 havingend faces en 
gaginga bearing plate 90 Suitably securedin the housing 
member11as by means ofapin92(FIG.4). 
The end face ofeach slipper 89 engaging the bearing 

plate 90 is formed with a cavity providing a pressure 
Chamber as at 94 connected by a passage 95 through 
the slipper,a passage 96 through the balance piston 
87,the hollow interior of the balance piston,the cylin 
der 86,and a passage 97in the cylinder block communi 
cating with the bore 38 which forms the intake-exhaust 
paSSage to the cylinders in the row 31. It will be under 
Stood that the balance pistons 86 correspondin number 
With the Seven pistons in each bank of pistons,that the 
balance pistons are axially aligned respectively with the 
pistonsin the two rows,andthatthechambers94ineach 
of the bearing slippers 89is connected respectivelywith 
the algned pumping pistons In this fashion,the pres 
Sure fuid prevailing in each of the intake-exhaust paS 
SageS 37,38 is admitted to the aligned pressure balance 
chamber94 So that the pressure offuidin the chambers 
94,together with the Springs 88,function to ofsetand 
counterbalance the pressure of fuidexerted on the op 
Posite end of the cylinder block through the kidneys 40 
and 41. It will be understood that the arrangementis 
Such thathigh pressurefuid actingthroughthe high pres 
Sure kidney of the two kidneys40 and41againstthe1eft 
end ofthe cyinder blockis opposed by highpressurefuid 
in chambers94of one ormore balance slippers 89which 
happen to be aligned with the high pressure kidney atthe 
time,While in Similarfashion the pressure oflow pressure 
fiuidin the low pressure kidney at the ieftend ofthe cyl 
inder biock 16is opposed by low pressure fuid in one or 
more of the chambers 94 which are at the time aligned 
with the low pressure kidney. 
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The counterbalanced cylinder block construction pro 
vided by the balance pistons 87enables the use of axial 
porting as illustrated at 37,38,40,41 rather than radial 
porting leadingto the radial cylinders as by means of paS 
Sages through a central pintle or hollow shaft construc 
tion,the axial porting illustrated being a preferred con 
Struction due to the simplicity andeconomy of manufac 
ture,as Wel as the advantages of a more eficient opera 
tion. 

I claim: 
1. In a radial piston pump,a rotatable and axially 

movable cylinder block havinga plurality of radial cylin 
ders equaly Spaced angularly around the block,pumping 
pistons reciprocable in the cylinders,an eccentric ring Sur 
rounding the block and engaging the outer ends of the 
pistOnS,a valve plate engaging one end of the block and 
having intake and exhaust kidneys therein,axially ex 
tending intake-exhaust paSSages in the cylinder block 
communicating reSpectively with the cylinders and com 
municable SucceSSively with the intake and exhaust kid 
neys as the blockrotates,a Stationary bearingplate spaced 
from the opposite end of the cylinder block,a plurality 
of axial cylinders in Said opposite end of the cylinder 
block at angularly Spaced positions axialy aligned reSpec 
tively with Said pumping pistons,pistons slidable in said 
axial cylinders,Springs urging the axialpistons outwardly 
toWard Said bearing plate,bearing shoes universally 
mounted on Said axial pistons and engaging Said bearing 
plate,axial paSSages through the block connecting the 
radial pump cylinders respectively to the axial cylinders 
So that the cyinder blockis urged against the valve plate, 
preSSure chambers respectivelyin the faces ofthe bearing 
Shoes engaging the bearing plate,and axial passages 
through Said axial pistons,and bearing Shoes,respectively 
connecting axial cylinders with the pressure chambers in 
the bearing faces of Said bearing shoes,thereby to pres 
Sure balance Said axial pistons. 

2. In a radialpiston pump,arotatable and axially mov 
able cylinder block having at least two banks of radial 
cylinders therein,Said banks being axially spaced in the 
block and each bank having a plurality of cyinders 
equally Spaced angularly around the block and axially 
aligned reSpectively with the cyinders of the other bank, 
pistons reciprocable in the cylinders,an eccentric ring 
Surrounding the block and engaging the outerends of the 
pistons,a Valye plate engaging one end of the block and 
havingintake and exhaust kidneys therein,axialy extend 
ingintake-exhaust paSSages in the block respectively con 
necting aligned cylinders of the two banks and communi 
cable SucceSSively with the intake and exhaust kidneys as 
the block rotates,a bearing plate Spaced from the op 
posite end of the block,a plurality of axial cylinders in 
Said opposite end of the block axially aligned with the 
pistons in Saidtwo banks,piston meansin Saidaxial cylin 
ders inchuding bearing Shoes engaging Said bearing plate, 
Spring means acting betWeen the cylinder block and Said 
1ast recited piston means urging the latter outWardly of 
the block toward the bearing plate,fluid passages con 
necting the radial cylinders reSpectively with the axial 
cylinders So that the cylinder block is urged against the 
valve plate,each bearing shoe having afuid chamber in 
the face thereof engaging Said bearing plate,and axially 
extendingfuid paSSages in Said axialpistOn meanS reSpec 
tively connecting each axial cylinder and the axially 
aligned fuid chamber,thereby to pressure balance the 
axial piston meanS. 

3. In a radial piston pump or motor device,a rotatable 
pump block having a plurality of radial pump chambers, 
pump pistons reciprocable in said chambers,means for 
slidingthe pistonsin the chambers as the block rotates,a 
valve plate engaging one end of the pump block and hav 
ingintake and exhaust ports therethrough,axially extend 
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ingintake and exhaust passagesin the block communicat 
ing respectively with Said chambers and communicable 
Successively with Said intake and exhaust ports aS the 
block rotates thereby to admit fuid to and exhaust fuid 
from the pump chambers,means mounting the pump 
block for limited axial movement relative to the valve 
piate,a bearing block Spaced from the opposite end of 
Said pump block,a plurality ofaxial cylinderSinthe biock 
having pistons reciprocable therein and having univerSal 
bearing Shoes thereonengaging Said bearingblock to Slide 
thereon as the pump block rotates,fuid paSSages through 
Said pump block connecting the pump chamberS reSpec 
tively to the axial cylinders So that the block is urged 
against the Valve plate means providing a fiuid preSSure 
chamber at the interengaged faces of each bearing Shoe 
With the bearing plate,and paSSages through Said axial 
pistons and Said bearing Shoes reSpectively connecting 
Said axial cylinders to the preSSure chambers at the faces 
of Said bearing Shoes engaging Said bearing plate thereby 
to preSSure balance the axialpistons. 

4. In a radial piston pump or motor device,a pump 
housing,a rotatabie pump block in the housing having a 
plurality of radialy arranged pump cylinders,pump pis 
tons reciprocable in the cylinders,an eccentric ring in 
the housing Surrounding the cylinder block and engage 
able with the outer ends of the pistons as the block ro 
tates,aValve plate engaging one end of the blockand hav 
ing intake and exhaust kidneys,intake and exhaust ports 
in the housing communicating respectively with the in 
take and exhaust kidneyS,axially extending intake and 
exhaust passages in the block communicating reSpectively 
With the pump cyinders and communicable Successively 
With the intake and exhaust kidneys as the block rotates 
therebyto admitfuid to andexhaustfiuidfrom Said cylin 
ders,means mounting the cylinder block for limited axial 
movement relative to the valve plate,a bearing plate in 
the housingspaced from the opposite end of said cylinder 
block,a piurality of axial cylinders in the block having 
pistons sidable therein and engaging Said bearing plate, 
Spring means acting between Said axial pistons and Said 
cylinder block to urge the pistons toward the bearing 
plate,a bearing Shoe univerSally mounted on each axial 
piston and Slidable on the bearing plate as the cylinder 
block rotates,fuid paSSages through Said cylinder block 
connecting the pump cylinders respectively to the axial 
cylinders,means providinga fuid presSure chamberatthe 
interengaged faces of each bearing shoe with the bearing 
plate,and paSSages through Said axially slidable pistons 
and Said bearing shoes reSpectively connecting Said axial 
cylindersto the preSSure chamberatthe face of Said bear 
ing plate,thereby to preSSure balance the axial pistons. 
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