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ceive a fitting connected to a suitable source of hydraulic 
fluid, or the outlet passage of a motor as when the pump 
10 is connected in closed circuit fashion with the motor. 
The passage 30 communicates with a threaded outlet boss 
32 (or inlet) adapted to receive a fitting connected to a 
hydraulic load such as the inlet of a fluid motor. 
A centrally disposed bore 36 eXtending from the valve 

plate face 28 in the valve member 27 receives a suitable 
roller bearing 37 which rotatably supports the left end 
of the input shaft 15. 
The input shaft 15 has a splined portion 40 which en 

gages mating female splines on a rotatable cylinder block 
41. The cylinder block 41 is generally cylindrica in 
shape and has a porting face 42 Which slidably engages 
the valve plate face 28 When the cylinder block is driven 
in rotation by the input shaft 15. Suitable springs (not 
shown) may be provided for urging the cylinder block 
41 leftward into engagement with the valve plate face 
28 to prevent excessive fluid leakage. 
The cylinder block 41 has a pluarlity of axially dis 

posed cylinders 45 in annular array about the axis of 
rotation of shaft 15. Each of the cylinders 45 communi 
cates with a corresponding arcuate cylinder passage 46 
which opens to the port face 42. As the cylinder block 
rotates the passages 46 serially communicate with the 
inlet passage 29 and the outlet passage 30. Bonded with 
in each cylinder 45 is a cylindrical sleeve bushing 47 con 
structed of a suitable bearing metal to reduce the sliding 
friction and take Wear. Pistons 49, described in more de 
tail below, are slidablymounted in the bushings 47. Each 
piston 49 has a semi-spherical projection 50 at the free 
end thereof which is received by a semi-spherical socket 
in one of a plurality of bearingslippers 51. 
A fixed cam member 53 mounted within the housing 

member 11 has a fat camming surface 54 engaging the 
bearing surface 56 of each of the slippers 51 to recipro 
cate the pistons 49 in the cylinders 45 as the cylinder 
block and pistons rotate. It should be understood, how 
ever, that while the cam member 53 is shown as being of 
the fixed displacement type, a variable angle cam member 
could equally well be employed in the pump 10, as will 
be apparent to those skilled in this art. 
When the hydraulic unit 10 is employed as a pump, a 

prime mover rotates the cylinder block 41 through the 
shaft 15, and the pistons 49 are reciprocated in the cylin 
ders by the cam member 53. As the cylinder block ro 
tates, the pistons 49 deliver high pressure fluid through 
outlet passage 30 as they passover the outlet port in valve 
plate 27, and receive inlet fluid through inlet passage 29 
as the pistons pass over the inlet port in valve plate 27. 
A lubricaation passage 57 is provided in each of the pistons 
for conveying lubricating fiuid to the associated slipper 
member 51. The slippers 51 each have a lubricating 
pocket 60 opening adiacent the spherical projection 50 
on the piston, and a lubricating pocket 61 in the rear sur 
face 56 Which communicates through a small passage 63 
With the lubricating pocket 60. As the pistons recipro 
cate, a Small quantity of hydraulic fluid in each cylinder 
45 passes through passage 57 into the lubricating pocket 
63 to provide a lubricating film between the spherical 
projection 50 and the socket in the slipper 51. Further, 
fluid in the pocket 60 flows through passage 63 to the 
lubricating pocket 61 to lubricate the bearing surface 56 
on the slipper and the camming surface 54 on the cam 
member. 

Referring now to FIG. 2, wherein the piston 49 is shown 
in greater detail, the piston is seen to consist generally 
of an integral elongated body member 70 surrounded by 
a cylindrical cover member 71. The integral body 70 is 
generally cylindrical and has a flat radial surface 73 at 
one end thereof Which constitutes a major portion (for 
eXample, two-thirds to three-fourths) of the working face 
of the piston 49. At the other end of the integral body 
70 the spherical projection 50 is formed. Much of the 
force of the fluid in the cylinders 45istransferred through 
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4 
the integral body 70 to the cam member 53. This is a 
distinct advantage over prior pistons that are constructed 
in multiple parts, as in the present construction mechan 
ical failure due to the Ioosening of the piston parts is sig 
nificantly reduced. 
The lubrication passage 57 is centrally disposed in the 

generally cylindrical body 70 and opens at one end to 
the radial surface 73 and at the other end to the spher 
ical surface of the projection 50. The passage 57 is cham 
fered as at 74 adjacent the surface 73 and has a reduced 
portion 75 adjacent the other end of the body member 
70, both of which are adapted to control and improve the 
flow of fluid to the associated slipper. A recess 77 is 
machined or otherwise formed in the outer cylindrical 
surface of the integral body member 70 and extends from 
a plane 78 adiacent but spaced from the working surface 
73 axially to a plane 79 adiacent the spherical projec 
tion 50. Elimination of this material from the body mem 
ber 70 significantly reduces the weight of the piston 49 
over conventional constructions. The diameter of the 
cylindrical recessed portion 81 of the body member 70 is 
sufficiently great so that it will withstand the forces of the 
working fluid under operating conditions. The recess77 
is preferably formed as at 77a with rounded corner sur 
faces to avoid sharp corners in areas of high stress. The 
outer cylindrical surface of the body member 70 and the 
recess 77 define cylindrical mounting surfaces 83 and 
84 on the integral body 70. Integral body 70 may, asan 
example, be constructed of a suitable tool steel such as 
AISI E-52100, but it should be understood that other 
suitable steels may be employed as well. 
The cylindrical tube-like cover member 71 is con 

structed of the same steel as the body member 70 to elimi 
nate the adverse effects of differential expansion at high 
temperature operating conditions. Member 71 is sized 
so that it snugly fits over the cylindrical mounting sur 
faces 83 and 84 enclosing the recess77. The cover mem 
ber 71 is Welded as by electron beam welding along the 
circular parting line 85 and along the circular parting line 
86 adiacent the ends of the mounting surfaces 83 and 84, 
respectively. By known and reliable inspection tech 
niques, strong Weld joints may be assured. Subsequent to 
welding the cover 71 to the body member 70, the piston 
49 may be heat-treated to approximately 55to 60 Rock 
Wel C. 
As the cover member 71 and the integral body 70 

of the piston 49 are constructed of the same material, 
the temperature limitation of the piston is much higher 
than would be eXpected from a piston fabricated from 
dissimilar metals. 

It should be noted that radial Surface 88 on the left 
end of the cylindrical cover member 71 defines a por 
tion of the working face of the piston 49. This is only 
a Small portion (on the order of one-third) of the total 
Working face defined also by the radial surface 73 on 
the integral body 70, so that the cover member 71 
absorbs a minor portion of the fluid pressure force. 
In this manner, the piston 49 acts substantially like a 
solid piston rather than a multiple part piston and is 
virtually free from failure due to loosening of the parts. 

Referring now to FIG. 3, wherein another embodiment 
of the present invention is shown, a piston generally 
designated by the numeral 90 is shown and it may be 
equally Well employed in the hydraulic unit 10 in place 
of the pistons 49. The piston 90 is generally cylindrical 
in shape and may be constructed of the same steel as 
the piston 49, described above. Piston 90 consists gen 
erally of an integral body member 91 and an annular 
plug 92 fixed in the body member 91 adiacent the work 
ing face 93. The integral body member 91 has a 
Spherical projection 94 at the right end thereof identical 
in configuration to the projection 50. A centrally dis 
posed aXially extending lubrication passage 95 is formed 
in the body member 91 by a suitable drilling operation. 

75 The passage 95 has a restricted portion 96 to control 
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the flow of lubricating fluid from the cylinders to the 
slippers 51. An annular axially extending recess 98 is 
formed in the body member 91 and extends from the 
working end thereof to a plane adiacent the projection 
94. The recess 98 defines an inner cylindrical Wall 97a 
and a concentric outer cylindrical wall or cover 97b in 
the integral body member 91. The recess 98 defines 
two annular working surfaces 99 and 100 which con 
stitute a major portion of the piston Working face 93. 
The annular plug 92 is fixed in the working end of the 
piston 90 and has its left surface 101 in the same radial 
plane with the surfaces 99 and 100 on the integral body 
91. The surface 101 thus defines a portion of the Work 
ing face 93, but similar to the surface 88 on the piston 
49 of FIG. 2, constitutes a minor portion of the Working 
face. The plug92 is fixed to the body 91 asby electron 
welding the plug along the circular parting lines 103 and 104, respectively. 
The advantages obtained with the embodiment of 

FIG. 3 are substantially the same as those described above 
with respect to the piston 49. 

I claim: 
1. A multiple piston hydraulic translating device, com 

prising: a cylinder block having a plurality of cylinders 
therein, valve means having inlet and outlet ports, each 
of said cylinders communicable serially with said inlet 
and outlet ports as said cylinder block rotates With re 
spect to said valve means, pistons slidable in each of 
said cylinders including, an elongated rigid cylindrical 
piston element constructed in one piece and having at 
one end thereof a generally spherical projection, bearing 
means engaging said spherical projection, the other end 
of said element defining a working face of the piston, 
said cylindrical element serving to transfer the hydraulic 
force on said working face to said bearing means, an 
axial lubrication passage in said element eXtending from 
the working face through said spherical projection, an 
annular recess in the cylindrical surface of said one piece 
element extending axially from a plane adiacent the 
projection to a plane adjacent but spaced from said 
working face, said recess having an inner diameter sub 
stantially less than the diameter of the piston, said 
recess defining spaced cylindrical surfaces on said ele 
ment one adiacent each end thereof, a separate cylindrical 
cover surrounding and enclosing said recess being thin 
with respect to said piston element, the ends of the cover 
engaging and fixed to the cylindrical surfaces on the 
one piece element, the outer diameter of the cover being 
equal to the desired piston diameter, at least one of 
said surfaces having a diameter throughout its length 
less than the inner diameter of the cover to permit in 
sertion of the element in the cover, and a cam member 
for reciprocating said pistons and having a cam surface 
engaging said bearing means. 

2. A multiple piston hydraulic translating device, com 
prising: a cylinder block having a plurality of cylinders 
therein, valve means having inlet and outlet ports, each 
of said cylinders communicable serially with said inlet 
and outlet ports as said cylinder block rotates with re 
spect to said valve means, pistons slidable in each of 
said cylinders including, an elongated rigid cylindrical 
piston element constructed in one piece and having at 
one end thereof a generally spherical projection, bear 
ng means engaging said spherical projection, the other 
end of said element defining a working face for the 
piston, said cylindrical element serving to transfer the 
nydraulic force on said working face to said bearing 
neans, an axial lubrication passage in said element ex 
ending from the working face through said spherical 
projection, an annular recess in said element eXtending 
Xially from the working face of the one piece element 
o a plane adiacent the projection thereby defining an 
ntegral cylindrical inner wall and an integral cylindrical 
uter wall, said recess dividing said working face into 
wo concentric end surface portions, the end surface 
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6 
portions of said walls lying in a generally radial plane 
and constituting a major portion of said Working face, 
an annular plug fixed in said recess adiacent the Working 
face, and a cam member for reciprocating said pistons 
and having a cam surface engaging said bearing means. 

3. Anaxial piston hydraulic unit, comprising a cyl 
inder block having a plurality of cylinders therein, a 
valve plate having inlet and outlet ports therein, each 
of said cylinders communicable successively with said 
inlet and outlet ports as the cylinder block rotates With 
respect to the valve plate; pistons slidable in each of 
said cylinders each including an elongated rigidi cy 
lindrical piston element constructed in one piece and hav 
ing at one end thereof a generaly spherical projection 
adapted to be engaged by one of the slippers of the hy 
draulic device, the other end of said piston element de 
fining a working face for the piston, said cylindrical 
element serving to transfer the hydraulic force on said 
working face to said bearing means, an axial lubrication 
passage in said element extending from the Working face 
through said spherical projection, an annular recess in 
the cylindrical surface of said element eXtending from a 
plane adiacent the projection to a plane adiacent but 
spaced from said working face, said recess having an inner 
diameter substantially less than the diameter of the 
piston, said recess defining spaced cylindrical surfaces 
one adiacent each end thereof, and a separate cylindrical 
cover surrounding and enclosing said recess being thin 
with respect to said piston element, the ends of the 
cover engaging and fixed to the cylindrical surfaces on 
the one piece element, the outer diameter of the cover 
being equal to the desired piston diameter, at least one 
of said surfaces having a diameter throughout its length 
less than the inner diameter of the cover to permit in 
sertion of the element in the cover; a slipper having a 
spherical socket therein engaging the spherical projec 
tion on each of said pistons, each of said slippers hav 
ing a lubricating pocket opening into its associated spheri 
cal socket and adapted to receive lubricating fluid 
through the passage in the associated piston to lubricate 
the mating surfaces on the shperical projection and the 
spherical socket, a bearing surface on each of said 
slippers on the side of the slipper opposite said spherical 
socket, a second lubricating pocket in said bearing sur 
face communicating with said first pocket whereby fluid 
may pass from the lubricating passage through the first 
pocket to the second pocket to lubricate said bearing 
surface, and a cam member for reciprocating said pistons 
having a camming surface engaging the bearing surfaces on said slippers. 

4. Anaxial piston hydraulic unit, comprising: a cyl 
inder block having a plurality of cylinders therein, a 
valve plate having inlet and outlet ports therein, each 
of said cylinders communicable successively with said 
inlet and outlet ports as the cylinder block rotates with 
respect to the valve plate, pistons slidable in each of said 
cylinders each including an elongated rigid cylindrical 
piston element constructed in one piece and having at 
one end thereof a generally spherical projection adapted 
to be engaged by one of the slippers of the hydraulic 
device, the other end of said piston element defining a 
working face for the piston, said cylindrical element 
servingto transfer the hydaulic force on said working face 
to said slippers, an axial lubrication passage in said ele 
ment extending from the working face through said 
spherical projection, an annular recess extending axially 
from the working face of the one piece element to a 
plane adiacent the projection thereby defining an integral 
cylindrical inner wall and an integral cylindrical outer 
wall, said recess dividing said working face into two 
concentric end surface portions, the end surface portions 
of said walls lying in a generally radial plane and con 
stituting a major portion of said working face, and 
an annular plug fixed in said recess adiacent the working 
face; a slipper having a spherical socket therein engage 
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ing the spherical projection on each of said pistons, each 
of said slippers having a lubricating pocket opening into 
its associated spherical socket and adapted to receive 
lubricating fluid through the passage in the associated 
piston to lubricate the mating surfaces on the spherical 
projection and the spherical socket, a bearing surface on 
each of said slippers on the side of the slipper opposite 
said spherical socket, a secondi lubricating pocket in 
said bearing surface communicating with said first pocket 
whereby fluid may pass from the lubrication passage 
through the first pocket to the second pocket to lubricate 
Said bearing Surface, and a cam member for reciprocat 
ing said pistons having a camming surface engaging the 
bearing surfaces on said slippers. 
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