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{571 ABSTRACT

A fluid device of the axial piston type having high and
low pressure operating passages, one of which may be
an inlet and the. other an outlet depending upon the
pumping or motoring function of the device. The fluid
device which may be of the fixed or variable displace-
ment type has a rotatable cylinder barrel with each end
of a plurality of pistons disposed for reciprocation
within cylinder bores in the cylinder barrel, and cylin-
der ports successively communicating each of the cyl-
inder bores with arcuate inlet and outiet passages
formed in a valving face disposed at one end of the cyl-
inder barrel. The other ends of the pistons are drivingly
engaged by an inclined thrust plate assembly disposed
to impart a reciprocal stroking movement to the pistons
within the cylinder bores as the cylinder barrel is ro-
tated. In one example of the invention, the thrust plate
assembly, the cylinder barrel and other rotating com-
ponents of the fluid device are constructed of a sintered
material enclosed in a plastic housing which is pre-
loaded by a predetermined amount that is a function of
the expansion forces exerted on the housing by the
fluid pressure acting against the pistons within the cyl-
inder bores. '

In" a second example of the invention, a variable
displacement fluid device is disclosed as having several
means for varying the inclination of the thrust plate
assembly with respect to the longitudinal axis of the
shaft on which the rotating cylinder barrel is carried.

23 Claims, 11 Drawing Figures
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1
FLUID DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to fluid devices and
particularly to those of the axial piston type which may
function either as a fluid pump or as a fluid motor.

2. Description of the Prior Art

Heretofore, fluid pumping or motoring devices of the
axial piston type have been constructed of a metallic
housing having a revolving cylinder barrel with a plu-
rality of parallel cylinder bores therein, within which
pistons are reciprocated by means of a thrust plate as-
sembly or the like. A rotary valve mechanism in the
form of cylinder ports at one end of the cylinder barrel
alternately connects each cylinder bore with an inlet
and an outlet passage of the device as the cylinder bar-
rel is rotated.

The thrust plate assembly in fluid devices of the vari-
able displacement type normally takes the form of a
yoke having transversely extending pintles rotatably
carried in bearings suitably mounted to the wall of the
housing such that the entire force exerted against the
thrust plate assembly due to the fluid pressure acting
against the piston within the cylinder barrel bores is
taken by the housing, thus necessitating a strong metal
housing. Such metal housings are expensive in that they
must be cast molded and subsequently require a ma-
chining operation to provide the necessary precision
that is needed in such constructions. It would be desir-
able to provide a housing for such axial piston fluid de-
vices, constructed of a plastic material which would
eliminate the subsequent machining operations and the
resulting expenses normally incurred in using such
metal housings. For example, housings constructed for
fluid devices having the same displacement capacity
would cost approximately $2.00 for a metal housing as
compared to $0.60 for a housing constructed of a plas-
tic material. The equipment needed to manufacture a
metal housing costs approximately $750,000.00 as
compared to $3,500.00 for an injection mold which
would be used in constructing a housing of a plastic ma-
terial. ’

Further, heretofore fluid devices of the variable dis-
placement type have used a thrust plate assembly
which is normally of a metal construction such as cast
iron or steel which, in addition to requiring substantial
machining, adds to the overall weight of the device. It
would be desirable to replace such cast iron and/or
steel thrust plate assemblies with one constructed of a
sintered material which, heretofore, has not been possi-
ble because of the high loads and complicated shape
that such thrust plate assemblies require.

In addition to the high loads transmitted to the thrust
plate assembly, suitable means must be provided which
permit an easy movement of the thrust plate assembly
with respect to the longitudinal axis of the drive shaft
on which the cylinder barrel is rotated so as to vary the
amount of reciprocal stroking movement imparted to
the pistons within the cylinder bores to thereby permit
a selected variation in the displacement of such axial
piston fluid devices.

In such previously constructed axial piston fluid de-
vices, the displacement control mechanism used to
control the inclination of the thrust plate assembly with
respect to the longitudinal axis of the drive shaft has ne-
cessitated a different design for both the fixed displace-
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ment device and the variable displacement pump as the
displacement control mechanism is normally con-
structed as part of the housing in such variable dis-
placement devices, thus requiring a larger housing for
the variable displacement device. Heretofore, if the
same housing were used for both variable and fixed dis-
placement units, a larger housing would have been re-
quired since portions thereof would be used to mount
the displacement control mechanism. The use of such
a variable displacement housing in a fixed displacement
unit results in an unduly large unit in proportion to its
displacement. It would therefore be desirable to pro-
vide a housing which is constructed for both variable
displacement and fixed displacement devices without
requiring a larger housing for the variable displacement
design.

It is also a conventional practice that such previously
used devices have been normally constructed to use
only one type of displacement varying control mecha-
nism, whereas it may be desirable to have a fluid device
having a housing construction which is adaptable for
use with manual controls, pressure compensated con-
trols and the like, thus eliminating the necessity of hav-
ing several different housing designs for the same ca-
pacity unit so as to accommodate different displace-
ment control applications.

Fluid devices of the axial piston type normally are
characterized by having a valving face formed by a flat
surface on which the cylinder barrel normally runs in
abutment and in a fluid sealing relationship. The abut-
ting face of the cylinder barrel on which the cylinder
ports are disposed normally has been provided with ar-
cuately spaced elevated pressure pads disposed radially
outwardly from the cylinder ports providing a bearing
surface on which the cylinder barrel rides in a manner
which avoids excessive wear. Such bearing pads are
more commonly referred to as “Kingsbury Pads” and
have functioned in an acceptable manner in the past to
compensate for wear and variations in oil viscosity due
to changing temperatures and different fluids. In de-
vices of this type operating at high speeds and high
pressures, considerable difficulty may be experienced
in providing a satisfactory running surface between the
cylinder barrel and the valving face due to a lack of oil
flow across the face of the cylinder barrel from the cyl-
inder ports to the Kingsbury pads.

It would therefore be desirable to provide a new and
improved Kingsbury pad for such axial piston fluid de-
vices. '

As speed and pressure is increased in such previously
used fluid devices, there is always an accompanying in-

_crease in noise. This general increase in noise with in-

creased speed and pressure may be attributed to a num-
ber of factors in devices of the axial piston type. First,
the sound frequencies generated by the device increase
with speed as the components of the device are sub-
jected to increased alternating impact forces; second,
the intensity of speed related sounds increases as the
impact forces between components of the device in-
crease; and third, the excitation spectrum of the signifi-
cant piston harmonics also broadens, thus increasing
the number of resonant responses.

It would therefore be desirable to provide a fluid de-
vice wherein the attendant noise and vibration levels
are significantly reduced.
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3
SUMMARY OF THE INVENTION

The present invention, which will be described subse-
quently in greater detail, comprises a fluid pumping or
motoring device of the axial piston type having con-
struction which permits the adaptation of an outer plas-
tic housing with a substantially large percentage of the
rotating parts thereof constructed of a sintered mate-
rial, providing an axial piston fluid device adapted for
use over a wide range of applications.

It is therefore an object of the present invention to
provide a rotary fluid device of the axial piston type
having an improved construction which is readily
adapted to low cost manufacturing.

It is also an object of the present invention to provide
a rotary fluid device of the axial piston type having an
improved cylinder barrel construction resulting in a re-
duction in surface wear and galling between the cylin-
der barrel and the valving face.

It is also an object of the present invention to provide
a rotary fluid device of the axial piston type having an
improved thrust plate assembly resulting in greater reli-
ability and long life while operating at high pressures
and temperatures, proportioned and simplified so that
it can be made inexpensively from sintered materials.

It is also an object of the present invention to provide
a rotary fluid device of the axial piston type having a
construction which contributes to the reduction in the
general noise radiated by such a device.

It is also an object of the present invention to provide
a rotary fluid device of the axial piston type having
means for varying the displacement thereof, and a
housing construction adaptable to accommodate a va-
riety of displacement varying mechanisms.

Other objects, advantages, and applications of the
present invention will become apparent to those skilled
in the art of such fluid devices when the accompanying
description is read in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein makes reference to the ac-
companying drawings wherein like reference numerals
refer to like parts throughout the several views, and in
which:

FIG. 1 is a longitudinal cross sectional view of a fluid
device incorporating a feature of the present invention;

FIG. 2 is a longitudinal cross sectional view of the
fluid device illustrated in FIG. 1 and taken generally on
line 2—2 thereof;

FIG. 3 is a fragmentary transverse cross sectional
view of the fluid device of FIG. 1 and illustrating a com-
ponent thereof and taken generally on line 3—3 of FIG.
2

FIG. 4 is a side view of the component illustrated in
FIG. 3;

FIG. 5 is a fragmentary, exploded view of the fluid
device illustrated in FIG. 1;

FIG. ¢ is a fragmentary cross sectional view of a fluid
device incorporating another feature of the present in-
vention;

FIG. 7 is a transverse fragmentary cross sectional
view of the fluid device illustrated in FIG. 6 taken on
line 7—7 thereof; and :

FIGS. 8-11 are fragmentary views of several modifi-
cations of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, and particularly FIGS. 1
and 2, there is illustrated a fluid device in the form of
an axial piston pump 10 comprising a housing 12 hav-
ing a body section 14 constructed of a plastic material
and a longitudinally disposed bore 18 enclosed by a cap
20 secured to the body section 14 by bolts 22 extending
axially through the cap 20 and the body section 14 and
threadedly engaging clamps 15. An O-ring 24 insures
a fluid tight seal between the juncture of the body sec-
tion 14 and the cap 20. The body section 14 includes
a pilot portion 26 forming a mounting flange 28 having
mounting holes 30 extending therethrough to permit
the mounting of the pump 10 at a desired location. The
housing bore 18 provides a chamber 32 in which a ro-
tating group 33 is positioned. The rotating group 33 in-
cludes a cylinder barrel 34 which is provided with a
plurality of arcuately spaced cylinder bores 36, each
having one end of a piston 38 axially slidable therein.
A plurality of cylinder ports 40 axially aligned with
each cylinder bore 36 communicate each of the cylin-
der bores 36 with a front face 42 of the cylinder barrel
34. Each of the pistons 38 have spherical ends 44 on
which are swaged socketed shoes 46. The cylinder bar-
rel 34 is positioned axially between a valving face 48
formed on the inner face of the cap 20 and an inclined
thrust plate assembly 50. The valving face 48 serves in
a well known manner to provide a properly phased con-
nection between the cylinder ports 40 and a pair of ar-
cuate ports 52 and 54 such that the cylinder ports 40
communicate successively with the arcuate ports 52
and 54 as the cylinder barrel 34 rotates. The arcuate
ports 52 and 54 are, respectively, connected to the ex-
ternal inlet and outlet connection ports 53 and 55 of
the pump 10.

The piston shoes 46 have outwardly extending
flanges 56 which are contacted by an annular cage 58
with holes corresponding to each piston 38. The annu-
lar cage 58 has a centrally disposed conical bore 62
adapted to contact a spherical outer surface 64 of a col-
lar 66 which is, in turn, carried on a drive shaft 68 that
extends longitudinally through the housing bore 18. A
spring 70 disposed between the piston end of the cylin-
der barre] 34 and the collar 66 exerts a force urging the
face 42 of the cylinder barrel 34 into engagement with
the valving face 48, while at the same time biases the
shoes 46 by means of the collar 66 and the annular cage
58 into engagement with the thrust plate assembly 50.
The drive shaft 68 is supported between bearings 72
and 74. The bearing 72 is carried in a bore 75 of a de-
creased diameter at the thrust plate assembly énd of the
housing 12 while the bearing 74 (shown only in FIG. 1)
is carried in a centrally disposed bore 76 within the cap
20. The drive shaft 68 is effective to transmit torque
from a prime mover (not shown) to the cylinder barrel
34 through a splined driving connection 78 in a con-
ventional manner. A conventional shaft seal 80 is pro-
vided in the decreased diameter bore 75 and retained
in position by a snap ring 82.

The cylinder barrel 34 is provided with a skirt portion
84 snuggly fitted in a recessed portion 86 at the piston
end of the cylinder barrel 34 to form an inner race 88
for roller bearings 90; the outer race 92 of which is car-
ried by the body section 14 in abutment with the thrust
plate assembly in a manner which will be described in
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greater detail hereinafter. The skirted portion 84 has an
annular inclined inner surface 96 extending upwardly
from the cylinder barrel 34 and terminating in such a
manner that the thrust plate assembly end 98 of the
inner race 88 is flush with the thrust plate assembly end
100 of the roller bearings 90. Heretofore, fluid devices
have been constructed with the inner race of the bear-
ing extending beyond the roller bearings the same dis-
tance as the outer race. By having the end 98 of the
inner race 88 flush with the end 100 of the roller bear-
ings 90, a greater diameter of thrust plate assembly 50
with respect to the longitudinal axis is provided which
may increase the displacement capacity of the pump 10
by as much as 15 percent as compared to fluid devices
heretofore constructed by allowing the pistons to oper-
ate on a larger piston bore ¢ircle. The piston bore circle
is a circle defined by the longitudinal axes of the pistons
38 as the same rotate about the longitudinal axis of the
shaft 68. As the diameter of the piston bore circle is in-
creased, the diameter of each piston bore 36 may like-
wise be increased, thus the displacement of the pump
10 may be increased without increasing the overall size
thereof.

The face 42 of the cylinder barrel 34 which is sub-
stantially identical to the configuration illustrated in
FIG. 7, comprises a plurality of bearing pads 162, sepa-
rated from one another by radial grooves 104 and sepa-
rated from the balancing lands 106 of the cylinder ports
40 by an annular groove 108. The bearing pads 102 are
generally referred to as “Kingsbury pads” and function
in 2 manner well known in the art. The bearing pads
102 are further provided with a concave contour on the
inner wall 110 facing the cylinder ports 40 to provide
a larger oil pool to aid in lubricating the bearing pads
102 as the cylinder barrel 34 rotates. The oil pools de-
crease excessive wear during high temperature and
high speed operations, thereby increasing the life of the
face 42 of the cylinder block 34. ‘

As.can best be seen in FIG. 7, the cylinder ports 40
are arranged in a circle, having a radius equal to the ra-
dius of the arcuate ports 52 and 54 (shown in phantom
lines in FIG. 7) so that communication will be main-
tained throughout the full length of the arcuate ports
52 and 54. This communication will be interrupted
whenever a cylinder port 40 moves across a cut-off por-
tion or space separating the arcuate ports 52 and 54.

With reference to FIGS. 1 and 2, as the cylinder bar-
rel 34 rotates, a reciprocating stroking motion is im-

parted to the pistons 38 due to the inclination of the"

thrust plate assembly 50, thus a relative reciprocating
motion between the cylinder barrel 34 and the pistons
38 results as the cylinder barrel 34 rotates wherein the
cylinder bores 36 are alternately compressed and ex-
panded, resulting in fluid being drawn into and expelled
from the cylinder bores 36 through the cylinder ports
40. ' v

From the foregoing it can be seen that when a rotary
movement is imparted to the outer end 112 of the drive
shaft 68, the cylinder barrel 34 will be revolved to alter-
nately register the cylinder bores 36 with the arcuate
ports 52 and 54 of the valving face 48 by means of the
cylinder ports 40.

Referring to FIGS. 1-5 for an understanding of the
accompanying description of the thrust plate assembly
56 which comprises a movable yoke 55 and a fixed
yoke support §7. The fixed yoke support 57 has a U-
shaped configuration, the bottom wall 59 of which has
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a bore 61 through which the drive shaft 68 extends.
The bore 61 has an end enlarged portion 63 having an
inner diameter closely fitting the outer diameter of the
drive shaft support bearing 72, and thus as can best be
seen in FIG. 1 the yoke support 57 is axially aligned
with respect to the drive shaft 68 when positioned on
the outer periphery of the bearing 72.

The yoke support 57 includes a pair of axially pro-
jecting sidewalls 65, each of which has arcuately
shaped bearing surface 67 supporting the movable
yoke 55 on which the piston shoes 46 slidably engage
as the cylinder barrel 34 is rotated so as to impart a re-
ciprocal stroking movement to the pistons 38. The
yoke 55 has a pair of transversely extending aligned
support pins 69 and 71 each of which has arcuately
shaped bearing surfaces 73 contoured to meet with the
arcuately shaped bearing surfaces 67 of the projecting
sidewalls 65 such that the yoke 55 is adapted to pivot
within the side wall bearing surfaces 67 about a axis 75
defined by the radius of the transversely extending sup-
port pins 69 and 71 in a manner which will be described
in greater detail hereinafter.

The yoke support pin 71 includes a L-shaped arm 77
integrally formed therewith and projecting rearwardly
away from the support pin 71. The projecting leg of the
arm 77 carries a member 79 (FIGS. 1 and 2) having a
slot 81 in which a connecting pin 83 is disposed. The
connecting pin 83 extends through an opening 85
formed in a sidewall of the body section 14.and is
adapted to be coupled to any one of several displace-
ment varying mechanisms which will be described in
greater detail hereinafter. As can best be seen in FIG.
8, the opening 85 is so sized as to permit the member
79 to be positioned therethrough onto the arm 77 dur-
ing assembly with the connecting pin 83 extending
through the housing body section 14 and adapted to
pivot about the axis 75 defined by the radius of the sup-
port pins 69 and 71 without interference with the side-
wall of the housing bore 85. As can best be seen in FIG.
2, the preferred axis of rotation for the connecting pin
83 and for purposes of description the longitudinal axis
of the support pins 69 and 71, is the axis 75 passing
through the center point about which each of the arcu-
ate bearing surfaces 73 is formed. The axis 75 should
intersect the plane at which the centers of the spherical
piston ends 44 lie and may also intersect the longitudi-
nal axis of the drive shaft 68. However, the axis 75 may
be vertically offset from the drive shaft axis, in a well
known manner, depending upon the desired results.

The arcuately shaped bearing surfaces 67 formed on
the sidewalls of the yoke support 57 are in the form of
a plastic bearing 87, such as teflon-lead bearing or the
like, which provides the necessary support to withstand
the load transmitted through the pistons 38 and the
movable yoke 55, while at the same time offering the
least amount of frictional resistance to the pivotal
movement of the yoke 55 therewithin. The plastic bear-
ings 87 have a central aperture 89 (FIG. 5) adapted to
receive a boss 91 formed in each sidewall 65 to se-
curely retain the bearing 87 on its associated sidewall
65.

The yoke 55 has a circular thrust bearing face 93
with which the shoes 46 cooperate and a hemispherical
cross section 95 (FIG. 5) with an elliptical, centrally
disposed bore 97 through which the drive shaft 68 ex-
tends. The elliptical shape of the bore 97 permits the
yoke 55 to rotate about the shaft 68 without interfer-
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ence therewith, Since the yoke 55 and the yoke support
57 are both constructed of a sintered material, the ra-
dial thickness 99 (FIG. 5) of support pins 69 and 71,
as measured from the bearing face 93 to the bottom of
the support pin bearing surface 73 must be at least 40
percent of the total thickness or longitudinal length 161
of the yoke 55 as measured from the bearing face 93
to the bottom thereof to assure that the yoke 55 will
withstand the loads to which it is subjected, while the
L-shaped arm 77 extending from the support pin 71
should have a length which is at least equal to the yoke
thickness 101 in order to provide good fill characteris-
tics when the same is manufactured.

The amount of friction between the bearing surfaces
of the yoke 55 and the yoke support 57 will be directly
proportional to the load exerted thereon, while the fric-
tional torque is in direct proportion to the radius of the
arcuate bearing surfaces 67 or 73. In the present design
the radius of the bearing surfaces is kept to a minimum,
and thus the frictional torque minimized. It should also
be noted that present construction of the yoke 55 and
the yoke support 57 results in the length 103 and the
thickness 101 of the yoke 55 being respectively shorter
and greater than comparable components of presently
used devices. The shorter length and increased thick-
ness of the yoke 55 reduces unit vibrations and results
in an extremely quiet pump compared to such presently
used designs.

Since the periphery of the yoke support 57 is rectan-
gular and the periphery of the yoke 55 is circular, each
corner 117 of the yoke support 57 will project radially
outwardly beyond the yoke 55 as illustrated in FIG. 3
in phantom lines. As can best be seen in FIG. 2, the
bearing 90 is axially positioned with respect to the cen-
ter of each piston ball 44 by the abutment of the thrust
plate facing side 94 of outer race 92 against the corners
117 of the yoke support 57. This arrangement provides
a simple construction which insures proper axial align-
ment, which is essential for a smooth, efficient and ac-
curate operation of the pump 10.

Referring now to FIGS. 6 and 7 wherein there is illus-
trated a modification of the present invention in the
form of a variable displacement axial piston pump 120
comprising a housing 122 having an internal bore 124
enclosed by a cap 126 by means of screws (not shown)
extending through the cap 126 and into threaded bores
within the housing 122, the pump 120 is similar to the
pump 19 disclosed in FIGS. 1 and 2 in that it is pro-
vided with a drive shaft 68 on which a cylinder barrel
34 is rotatably mounted and having a plurality of paral-
lel cylinder bores 36 and cylinder ports 48 through
which fluid communication to arcuate passageways 52
and 54 (FIG. 7) in the valving face 48 formed on the
inner face of the cap 126 for directing fluid from an
inlet port to an outlet port. Radial support for the cylin-
der barrel 34 is provided by roller bearings 90 in the
same manner as describe hereinbefore. Each of the cyl-
inder bores 36 has a piston 38 reciprocably mounted
therein with the pistons 38, in turn, having rounded
ends 44 on which piston shoes 46 are positioned against
a thrust plate assembly 50 by means of the contact cage
58, the collar 66 and spring 70 in a manner substan-
tially identical as hereinbefore described.

The thrust plate assembly 50 comprises the fixed
yoke support 57 carried on the inner wall of the hous-
ing 122 by bearing 75 and includes a pair of axially pro-
jecting sidewalls 65, each of which has an arcuately
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shaped bearing surface 67 supporting a movable yoke
136 on which the piston shoes 46 slidably engage as the
cylinder barrel 34 is rotated so as to impart a reciprocal
stroking movement to the pistons 38. The yoke 136 has
a pair of transversely extending, aligned support pins
138, each having arcuately shaped bearing surfaces
140 contoured to mate with the arcuately shaped bear-
ing surfaces 67 of the projecting sidewalls 65, such that
the yoke 136 is adapted to pivot within the sidewall
bearing surfaces 67 about the axes 75 of the trans-
versely extending support pins 138 (only one of which
is shown in FIG. 6). The yoke 136 includes a pair of
transverse arms 142 and 144 which project in a plane
perpendicular to the support pins 138 and have
rounded bearing surfaces 146 and 147 at their project-
ing ends which respectively cooperate with a pair of
pistons 148 and 150 to rotate the yoke 136 within the
bearing surface 67 in a manner which will be described
in greater detail hereinafter.

The pistons 148 and 150 are slidably mounted for re-
ciprocal movement, respectively, within sleeve mem-
bers 152 and 154 which, in turn, are carried within
stepped bores 156 in the cap 126. Each sleeve member
152 and 154 has an enlarged end portion 158 which
abuts a step 160 within bores 156, and is secured to the
cap 126 by screws 162 extending through cover plates
164 and 166 into threaded bores 168 within the cap
126. The inner ends of each sleeve member 152 and
154 abuts one side of the outer race 92 of the roller
bearings 90 to maintain the opposite side 94 of the
outer race 92 in abutment with the corner 117 formed
on the yoke support 57 in the same manner hereinbe-
fore described with respect to the pump 10. As can best
be seen in FIGS. 6 and 7, the sleeve members 152 and
154 have a sufficient radial thickness such that the pis-
tons 148 and 150 will traverse the outer surface of the
outer race 92 without interference therewith.

The sleeve member 152 has a spring 170 in compres-
sion between the cover plate 164 and the piston 148 bi-
asing the piston 148 to engage the round bearing sur-
face 146 of the arm 142 and rotate the yoke 136 so as
to stroke the yoke 136 to a full displacement position,
that is, the yoke is at an angle with respect to the longi-
tudinal axis of the drive shaft 68 that permits the great-
est degree of relative reciprocal stroking movement be-
tween the pistons 38 and the cylinder bores 36.

The interior 153 of the sleeve member 154 is adapted
to be communicated to a source of pressure through a
pressure compensated valve 172 or the like, which se-
lectively controls the pressure admitted to the interior
of the sleeve member 154 to move the piston 150
against the bearing surface 147 of the arm 144 to selec-
tively position the yoke for controlling the inclination
of the thrust plate with respect to the longitudinal axis
of the drive shaft 68. Thus, the displacement of the
pump 10 may be varied to provide any desired output
from a minimum output to a maximum output.

The cylinder barrel 34, the piston shoes 46, the yoke
136 and the yoke support 57 are all constructed of a
sintered metal which, in addition to reducing the
weight of the pump 120, increases the lubricating char-
acteristics of the rotating components and results in a
fluid device which is substantially less expensive to
manufacture than fluid devices previously used.

Referring now to FIGS. 8-11 wherein there is illus-
trated several modifications of the present invention
for varying the inclination of the thrust plate assembly
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50 with respect to longitudinal axis of the drive shaft 68
to control the displacement of the fluid pump 10. FIGS.
8 and 9 there is illustrated a fragmentary cross sectional
view of manually operated displacement control mech-
anism 180 with FIG. 8 being a fragmentary cross-
sectional view taken on line 8—8 of FIG. 9. The control
mechanism 180 comprises an outer plastic housing 182
fastened to the plastic body section 14 by screws 184
extending therethrough into threaded bores 185 in the
plastic body section 14. The outer housing 182 is car-
ried by the body section 14 adjacent to the support pin
71 of the movable yoke 55. The manually operated dis-
placement control mechanism 180 includes a manually
operated handle 196 rotatably mounted within a bush-
ing 198 extending through a bore 200 in the. outer
housing 182. An O-ring 202 disposed in a recess 204
around the periphery of the handle 196 provides a fluid
“tight seal preventing leakage from the interior of the
fluid pump 10. The handle 196 is coupled to the con-
necting pin 83 by a pivot arm 194. When it is desired
to vary this displacement of the pump 10, the handle
196 is manually rotated so as to pivot the pivot arm
194, which, in turn, pivots the yoke 55 to any desired
position.

FIG. 10 discloses a second displacement control
mechanism 204 for varying the displacement of the
fluid pump 10 and comprises an outer plastic housing
206 having a cylindrical bore 208 in which a sleeve
member 210 is slidably mounted. The outer housing
206 is mounted to the side of the plastic body section
14 adjacent the opening 85 and is secured to the pump
10 by a plurality of screws 209 extending through the
outer housing 206 into the threaded bores 185 in the
body section 14.

One end of the sleeve member 210 has a threaded
bore 212 in which a threaded stem 214 projecting from

10.
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a knob 216 engages. The knob 216 is rotatably -

mounted in an aperture 217 extending through the
housing. 206 and is secured in place by a retainer ring
218 such that the knob 216 may be rotated about the
longitudinal axis of the. housing bore 208 while being
restrained against longitudinal movement by the re-
tainer ring 218. Thus, as the knob 216 is selectively ro-
tated in opposite directions, the sleeve member 210
will be reciprocated within the bore of the housing
under the driving action of the threaded stem 214. The
inner end of the sleeve member 210 has a bore 219
‘mounting the connecting pin 83 which joins the sleeve
member 210 to an arm 77 of the support pin 71 such
that reciprocal movement of the sleeve member 216
causes pivotable movement of the yoke 55, thereby
permitting a selected variation in the displacement of
the pump 10.

FIG. 11 illustrates a displacement control mechanism
224 of the pressure compensated type as having an
outer plastic housing 226 fastened to the plastic body
section 14 adjacent the opening 85 by screws 228 ex-
tending through the outer housing 226 into the
threaded bores 185 in the plastic body section 14. The
outer housing 226 includes two parallel bores, one bore
230 having a pressure compensator valve 232 carried
therein, while the other bore 234 has a pressure respon-
sive  piston member 236 -slidably mounted therein
which, in turn, is attached. to the yoke-55 by the con-
necting pin 83 extending through the opening 85 in the
wall of the housing 12, Each of the bores 230 and 234
are enclosed at their open ends by closure plates 244

40
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and 245 secured to the outer housing 226 by crews 246
or the like. The piston carrying bore 234 has a spring
248 disposed between the closure plate 244 and the
one side of the pressure responsive piston 236 to bias
the piston 236 toward the other end of the bore 234.
The pressure responsive piston 236 is so attached to the
yoke §5 that the yoke 55 is normally pivoted toward a
maximum flow position when piston 236 is positioned
toward the closure plate 245 as illustrated in FIG. 10.
The inner end 250 of the piston 236 and the associated
end of the bore 234 form a pressure chamber 252
adapted to be selectively communicated to a source of
fluid pressure generating a force acting on the piston
236 to move the piston 236 against the bias of the
spring 248 and stroke the yoke 55 toward a minimum
displacement position. The pressure chamber 252 is
supplied with fluid pressure through a passageway 254
in communication with the high pressure port of the de-
vice. The bore 234 is enlarged at the pressure chamber
end to provide a path between the passageway 254 and
the pressure chamber 252 which permits a construction
having a minimum amount of passageways while at the
same time allowing for a compact construction of the
mechanism 224.

The pressure compensator valve 232 comprises a pis-
ton member 258 having the sealing land 260 adapted
to control the amount of fluid through the passageway
254 to the pressure chamber 252. The piston member
258 is normally biased to a closed position by a spring
262 disposed between one end 264 of the piston mem-
ber 258 and a second movable wall member 266 which,
in turn, is axially adjustable within the bore 230 by a
threaded member 268 extending through the wall of
the housing 226 and externally thereof. By adjusting
the position of wall member 266 with respect to the pis-
ton end wall 264, the compression force of the spring

' 262 may be varied to thereby vary the amount of force

necessary to move the piston 258. The piston end of the
valve 232 is connected directly to high pressure pas-
sageway generating a force against the piston 258
urging it against the bias of the spring 262. When the
pressure of the pump 10 exceeds a predetermined
value, the sealing land 260 is moved toward an opened
position permitting fluid pressure to pass thereby and
into the pressure chamber 252, generating the afore-

. mentioned force for urging the piston member 236 to

50

55

60

move against the bias of the spring 248. A pressure be-
tween 200 psi and 300 psi acting against the piston
member 236 will move the same at sufficient distance
to stroke the yoke 55 from a full flow or maximum dis-
placement to a near zero flow or minimum displace-
ment.

The plastic housing illustrated in FIG. 2 has an outer
annular recessed portion 270 at the drive shaft end
thereof on which the elongated metal clamps 15 are
carried. By tightening the bolts 22 within threaded bore
280 in the clamps 15, the plastic body section 14 may
be precompressed to a predetermined amount, which
is a function of the pressure at which the pump 10 will
operate. During operation of the pump 19, the pressure
within each cylinder bore 36 generates a force against
each piston 38 which acts in a direction normal to the
face of the cylinder barrel 34. This force can be re-
solved in an axial component force and a radial compo-
nent force acting at the center of the spherical piston
ends 44. These forces tend to exert a load on the plastic
body section 14 of the housing 12 which tends to longi-
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tudinally expand the same. By precompressing the plas-
tic body section 14 by a predetermined amount, the ef-
fect of the expansion loads exerted on the plastic body
section 14 by internal forces of the rotating group 33
will be cancelled.

Thus, it can be seen that the present invention has
provided a rugged, compact and low cost fluid device
of the axial piston type that can function as a motor or
a pump and which has an improved means for mount-
ing the cylinder barrel and for varying the displacement
thereof.

While the forms of the embodiments of the invention
as disclosed herewithin constitute a preferred form, it
is to be understood that other forms might be adopted,
all coming within the spirit of the invention and the
scope of the appended claims.

What is claimed is as follows:

1. A fluid pressure energy translating device of the
axial piston type comprising:

a housing;

a cylinder barrel rotatably mounted about its longitu-
dinal axis within said housing, said cylinder barrel
having a plurality of arcuately spaced cylinder
bores communicating with both longitudinal ends
of said cylinder barrel,

a valve face having arcuate passages, said valve face
and one end of said cylinder barrel being disposed
for relative rotary movement, with said cylinder
barrel bores communicating successively with said
arcuate passages as said cylinder barrel rotates;

a plurality of pistons with inner ends disposed for re-
ciprocal movement within said cylinder bores at
the other end of said cylinder barrel;

a support member carried within said housing, said
support member having a pair of transversely
spaced arcuately shaped bearing surfaces facing
toward said other end of said cylinder barrel;

a movable yoke constructed of a sintered metal mate-
rial and having a piston engaging bearing surface
on the side thereof facing the other ends of said pis-
tons and cooperating therewith for imparting said
reciprocal movement to said pistons within said
cylinder barrel bores as said cylinder barrel rotates
relative to said valve face, said movable yoke hav-
ing laterally extending integral support pins with
arcuately shaped bearing surfaces pivotably sup-
ported in said support member arcuately shaped
bearing surfaces, each of said yoke support pins
having a radial thickness as measured from said pis-
ton engaging bearing surface to the periphery of
the support pin arcuate bearing surface which is
approximately 40 percent of the longitudinal thick-
ness of said movable yoke as measured from said
piston engaging bearing surface;

means for varying the inclination of said piston en-
gaging bearing surface, said last mentioned means
cooperating with said movable yoke to pivot said
movable yoke about an axis defined by said arcu-
ately shaped bearing surfaces of said support pins,
said means for varying the inclination of said piston
engaging bearing surface comprising an arm mem-
ber carried by and radially extending from one of
said support pins and pivotable therewith about the
axes of said support pins, and a displacement vary-
ing mechanism carried externally of said housing
and operatively coupled to said arm member to
pivot said arm and said movable member about the
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longitudinal axes of said support pins, said displac-
ing varying mechanism comprising a second hous-
ing carried by said first housing, said second hous-
ing having a longitudinal bore with a sleeve mem-
ber adapted to be selectively reciprocated therein,
said sleeve member having an internal threaded
surface, a threaded member rotatably mounted
about an axis concentric with the longitudinal axis
of said second housing bore and restrained against
movement along said last mentioned longitudinal
axis, said threaded member having a threaded por-
tion engaging said sleeve threaded surface such
that rotation of said threaded member in opposite
directions causes relative reciprocal movement be-
tween said sleeve member and said second housing
bore, said sleeve member being operatively cou-
pled through an aperture in said housing arm mem-
ber to pivot said arm member and said movable
yoke about the axes of said support pins.

2. A fluid pressure energy translating device of the

axial piston type comprising:

a housing having a longitudinal bore;

a cylinder barrel rotatably mounted about its longitu-
dinal axis within said housing bore, said cylinder
barrel having a plurality of arcuately spaced cylin-
der bores communicating with both longitudinal
ends of said cylinder barrel;

a valve face having arcuate passages, said valve face
and one end of said cylinder barrel being disposed
for relative rotary movement, with said cylinder
barrel bores communicating successively with said
arcuate passages as said cylinder barrel rotates;

a plurality of pistons with inner ends disposed for re-
ciprocal movement within said cylinder bores at
the other end of said cylinder barrel;

thrust plate means having a piston engaging bearing
surface on the side thereof facing the other ends of
said pistons and cooperating therewith for impart-
ing said reciprocal movement to said pistons within
said cylinder barrel bores as said cylinder barrel ro-
tates relative to said valve face, said piston engag-
ing bearing surface being constructed of a sintered
metal;

a shaft rotatably mounted in said housing along the
longitudinal axis of said bore, said cylinder barrel
being drivingly connected to and rotatable with
said shaft; '

bearing means carried at one end of said housing
bore, said bearing means mounting said shaft for
rotational movement, said thrust plate means being
mounted in said housing bore and having a portion
thereof in abutment with said last-mentioned bear-
ing means to provide both proper radial alignment
of said thrust plate means with said shaft and
proper alignment of said thrust plate means with
said cylinder barrel when said thrust plate means is
mounted on said bearing means, and

wherein said one end of said cylinder barrel has a plu-
rality of elevated arcuately spaced bearing pads,
said bearing pads being radially outwardly spaced
from said cylinder ports, the inner cylinder port
facing wall of each of said bearing pads having a
concave contour.

3. A fluid pressure energy translating device of the

axial piston type comprising:
a housing having a longitudinal bore;
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a cylinder barrel rotatably mounted about its longitu-
dinal axis within said housing bore, said cylinder
barrel having a plurality of arcuately spaced cylin-
der bores communicating with both longitudinal
ends of said cylinder barrel;

a valve face having arcuate passages, said valve face
and one end of said cylinder barrel being disposed
for relative rotary movement, with said cylinder
barrel bores communicating successively with said
arcuate passages as said cylinder barrel rotates;

a plurality of pistons with inner ends disposed for re-
ciprocal movement within said cylinder bores at
the other end of said cylinder barrel;

thrust plate means having a piston engaging bearing
surface on the side thereof facing the other ends of
said pistons and cooperating therewith for impart-
ing said reciprocal movement to said pistons within
said cylinder barrel bores as said cylinder barrel ro-
tates relative to said valve face, said piston engag-
ing bearing surface being constructed of a sintered
metal;

a shaft rotatably mounted in said housing along the
longitudinal axis of said bore, said cylinder barrel
being drivingly connected to and rotatable with
said shaft;

bearing means carried at one end of said housing
bore, said bearing means mounting said shaft for
rotational movement, said thrust plate means being
mounted in said housing bore and having a portion
thereof in abutment with said last-mentioned bear-
ing means to provide both proper radial alignment
of said thrust plate means with said shaft and
proper alignment of said thrust plate means with
said cylinder barrel when said thrust plate means is
mounted on said bearing means, said thrust plate
means comprises a support member carried in said
housing bore and having a portion thereof in abut-
ment with said bearing means to provide a proper
radial alignment of said support member with said
shaft, said support member having a pair of trans-
versely spaced arcuately shaped bearing surfaces
facing toward said other end of said cylinder barrel;
a movable yoke constructed of a sintered metal
material and having said piston engaging bearing
surface formed on the said thereof facing said other
ends of said pistons, said movable yoke having lat-

_erally extending integral support pins with arcu-
ately shaped bearing surfaces pivotably supported
in said support member arcuately shaped bearing
surfaces;

means for varying the inclination of said piston en-
gaging surface;

bearing means having an outer race carried by said
housing concentric with said housing bore, said
outer race having a portion of one side supported
by each said support member;

an inner race carried around a portion of the periph-
eral surface of said cylinder barrel,;

a plurality of roller bearings disposed between said
inner and outer races; and

said means for varying the inclination of said mov-
able yoke comprising a pair of spaced sleeve mem-
bers each disposed along axes paralleling the axis
of said shaft and radially spaced from the periph-
eral surface. of said cylinder barrel, each of said
sleeve members having one end of a piston member
reciprocably mounted therein, the other ends of
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said piston members adapted to abut a portion of
said movable yoke to pivot said movable yoke
about the longitudinal axes of said support pins,
said sleeves being radially spaced a distance from
the centerline of said shaft axis to abut the outer
race of said bearing means to maintain said outer
race in a supporting abutment with said support
member, said piston members being carried within
said sleeves and so spaced from said longitudinal
axis of said shaft as to freely reciprocate in a spaced
relationship with respect to the outer periphery of
said outer race.

4. The fluid pressure energy translating device de-
fined in claim 3 wherein the yoke facing ends of said
roller bearings and said inner race are substantially
flush; a portion of said inner race extending beyond
said other end of said cylinder barrel and having an an-
nular inclined inner surface flared upwardly from said
other cylinder barrel end and toward said yoke facing
end of said inner race.

5. A fluid pressure energy translating device of the
axial piston type comprising:

a housing constructed of a plastic material;

a cylinder barrel rotatably mounted about its longitu-
dinal axis within said plastic housing, said cylinder
barrel having a plurality of arcuately spaced cylin-
der bores communicating with both longitudinal
ends of said cylinder barrel;

a valve face having arcuate passages, said valve face
and one end of said cylinder barrel being disposed
for relative rotary movement, with said cylinder
barrel bores communicating successively with said
arcuate passages as said cylinder barrel rotates;

a plurality of pistons with inner ends disposed for re-
ciprocal movement within said cylinder bores at.
the other end of said cylinder barrel;

a support member carried within said housing, said
support member having a pair of transversely
spaced arcuately shaped bearing surfaces facing
toward said other end of said cylinder barrel;

amovable yoke constructed of a sintered metal mate-
rial and having a piston engaging bearing surface
on the side thereof facing the other ends of said pis-
tons and cooperating therewith for imparting said
reciprocal movement to said pistons within said
cylinder barrel bores as said cylinder barrel rotates
relative to said valve face, said movable yoke hav-
ing laterally extending integral support pins with
arcuately shaped bearing surfaces pivotably sup-
ported in said support member arcuately shaped
bearing surfaces, each of said yoke support pins
having a radial thickness as measured from said pis-
ton engaging bearing surface to the periphery of

~ the support pin arcuate bearing surface which is
approximately 40 percent of the longitudinal thick-
‘ness of said movable yoke as measured from said
piston engaging bearing surface;

means for varying the inclination of said piston en-
gaging bearing surface, said last mentioned means
cooperating with said movable yoke to pivot said
movable yoke about an axis defined by said arcu-
ately shaped bearing surfaces of said support pins,
said means for varying the inclination of said piston
engaging bearing surface comprising an arm mem-
ber carried by and radially extending from oné of
said support pins, and a displacement varying
mechanism carried externally of said plastic hous-
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ing and operatively coupled to said arm member to
pivot said arm member about the axes of said sup-
port pins, said displacement varying mechanism
comprising a second housing carried by said plastic

ciprocal movement within said cylinder bores at
the other end of said cylinder barrel;

support member carried within said housing, said
support member having a pair of transversely
spaced arcuately shaped bearing surfaces facing

16

housing mounting said shaft for rotational move-
ment, said support member being mounted in said
housing bore and having a portion thereof in abut-
ment with said last mentioned bearing means to

housing, said second housing having a longitudinal 5 provide proper radial alignment of said support
bore with a sleeve member adapted to be recipro- member with said shaft, said movable yoke being
cated therein, said sleeve member having an inter- carried by said support member such that said
nal threaded surface, a threaded member rotatably movable yoke is properly aligned with said cylinder
mounted in a fixed position 1n said hOUSlﬂg and barrel when said yoke support is mounted on said
adapted to rotate about a longitudinal axis of said 10 bearing means.

second housing bore, said threaded member having 7. A fluid pressure energy translating device of the
a portion -thereof engaging said sleeve member axial piston type comprising:

such that rotation of said threaded member in op- a housing having a longitudinal bore;

posite directions produces recipfocal moving l_)e- a cylinder barrel rotatably mounted about its longitu-
tween such sleeve member and said second housing 15 dinal axis within said housing, said cylinder barrel
bore, said sleeve member being operatively cou- having a plurality of arcuately spaced cylinder
pled through an aperture in said plastic housing to bores communicating with both longitudinal ends
said arm member to pivot said arm member and of said cylinder barrel;

said movable yoke about the axes of said support 0 2 valve face having arcuate passages, said valve face
pms. . . . and one end of said cylinder barrel being disposed

_6. A fluid pressure energy translating device the axial for relative rotary movement, with said cylinder

piston type comprising: barrel bores communicating successively with said

a h()lpszlng,b i bl 4 s . arcuate passages as said cylinder barrel rotates;

a cylinder barrel rotatably mounte _abou't 1ts longitu- a plurality of pistons with inner ends disposed for re-
dinal axis within said housing, said cylinder barrel 25 ciprocal movement within said cylinder bores at
having a plurality of arcuately spaced cylinder the other end of said cylinder barrel;
b?res, dcorrll'm :;mc;i tmgl‘wnh both longitudinal ends a support member carried within said housing; said
3 l‘slal f cy ll? \?1:1 :l;:eu;te assages. said valve f support member having shaped bearing surfaces

alve lace having L¢ passages, said vaive lace 30 facing toward said other end of said cylinder barrel;
and one end of said cylinder barrel being disposed ble voke havi . . .
for relative rotary movement, with said cylinder amovable yoke having a piston engaging bearing sur-
N ? . : . face on the side thereof facing the other ends of
barrel bores communicating successively with said I . . .
arcuate passages as said cylinder barrel rotates; said pistons and cooperating therewith for impart-
a plurality of pistons with inner ends disposed for re- ng dsalcll‘ rzcxprocal lntl)ovement t(:l saxlc.i plsto;l s WI; hin
35 said cylinder barrel bores as said cylinder barrel ro-

tates relative to said valve face, said movable yoke
having complementary shaped bearing surfaces co-
operating with said support member shaped bear-
ing surfaces;

toward said other end of said cylinder barrel; 40  means for valjying the inclir}ation of sai‘d piston en-
a movable yoke constructed of a sintered metal mate- gaging bearing surface, said last-mentioned means
rial and having a piston engaging bearing surface cooperating w1tl‘1 said movable ‘yoke to pivot said
on the side thereof facing the other ends of said pis- movable yoke with respect to said support member
tons and cooperating therewith for imparting said shaped bearing surfaces; a shaft rotatably mounted
reciprocal movement to said pistons within said 43 in said h_ousmg along the longl?udmal' axis of said
cylinder barrel bores as said cylinder barrel rotates bore, said cylinder barrel being drivingly con-
relative to said valve face, said movable yoke hav- nected to and rotatable with said shaft, and bearing
ing laterally extending integral support pins with means carried at one end of said housing mounting
arcuately shaped bearing surfaces pivotably sup- 50 said shaft for rotational movement, said support

ported in said support member arcuately shaped
bearing surfaces, each of said yoke support pins
having a radial thickness as measured from said pis-
ton engaging bearing surface to the periphery of
the support pin arcuate bearing surface which is

member being mounted in said housing bore and
having a portion thereof in abutment with said last-
mentioned bearing means to provide proper radial
alignment of said support member with said shaft,
said movable yoke being carried by said support

approximately 40 percent of the longitudinal thick- 53 member such that said movable yoke is properly
ness of said movable yoke as measured from said aligned with said cylinder barrel when said yoke
piston engaging bearing surface; support is mounted on said bearing means.

means for varying the inclination of said piston en- 8. The fluid pressure energy translating device de-
gaging bearing surface, said last mentioned means 60 fined in claim 7 wherein said housing is constructed of
cooperating with said movable yoke to pivot said a plastic material.
movable yoke about an axis defined by said arcu- 9. The fluid pressure energy translating device de-
ately shaped bearing surfaces of said support pins, fined in claim 8 wherein said plastic housing is longitu-
said housing having a longitudinal bore; a shaft ro- dinally precompressed a predetermined amount which
tatably mounted in said housing along the longitu- 65 is a function of the force generated by the pressure of

dinal axis of said bore, said cylinder barrel being
drivingly connected to and rotatable with said
shaft, and bearing means carried at one end of said

the fluid acting against the inner ends of said pistons,
said force tending to longitudinally expand said plastic
housing.
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10. The fluid pressure energy translating device de-
fined in claim 7 wherein said shaped bearing surfaces
on said support member are constructed of a plastic
material.

11. The fluid pressure energy translating device de-
fined in claim 7, further comprising: a bearing means
having an outer race carried by said housing concentri-
cally with said housing bore, an inner race carried
around the peripheral surface of said cylinder barrel,
and a plurality of roller bearings disposed between said
inner and outer races, the yoke facing end of each of
said roller bearings and said inner race being substan-
tially flush, a portion of said inner race extending be-
yond the other end of said cylinder barrel and having
an annular inclined inner surface flared upwardly from
said other cylinder barrel end toward said yoke facing
end of said inner race.

12. The fluid device defined in claim 7 wherein said
support member is constructed from a sintered metal
material.

13. The device defined in claim 7 further comprising
an arcuately shaped member carried by said support
member and defining said support member shaped
bearing surface, said arcuately shaped bearing surfaces
of said movable yoke support pins being received and
supported by said bearing members, said bearing mem-
bers being fabricated from a plastic material.

14. The device defined in claim 7 further comprising
bearing means having an outer race carried within said
housing; an inner race carried around a portion of the
peripheral surface of said cylinder barrel; and a plural-
ity of roller bearings disposed between said inner and
outer races, said bearing means providing radial sup-
port for said cylinder barrel as said cylinder barrel ro-
tates, said bearing means being properly axially posi-
tioned within said housing by the abutment of one side
of one of said bearing races with a portlon of said sup-
port member.

15. The fluid pressure energy translating device de-
fined in claim 45, wherein said support member has a
pair of transversely spaced arcuately shaped bearing
surfaces facing toward said other end of said cylinder
barrel; a said movable yoke having said piston engaging
bearing surface formed on the side thereof facing said
other ends of said pistons, said movable yoke having
laterally extending integral support pins with said com-
plementary shaped bearing surfaces being pivotably
supported in said support member arcuately shaped
bearing surfaces; and means for varying the inclination
of said piston engaging surface.

16. The fluid pressure energy translating device de-
fined in claim 15, wherein said means for varying the
inclination of said piston engaging surface cooperates
with said movable yoke to pivot said movable yoke
about an axis defined by said arcuately shaped bearing
" surfaces of said support pins.

17. The fluid pressure energy translatmg device in
claim 15 wherein said means for varying the inclination

of said movable yoke comprises: an arm member car-

ried at the end of one of said support pins and pivotable
therewith about the axes of said support pins, and a dis-
placement varying mechanism. carried externally of
said housing and operatively coupled to said arm mem-
ber to pivot said arm member.and said movable yoke
about the axes of said support pins.

18. The fluid pressure energy translating device de-
fined in claim 17 wherein said displacement varying
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mechanism comprises: a second housing carried by said
first housing and having a bore disposed along an axis
extending transversely of said longitudinal axis, a man-
ually operated shaft rotatably mounted in said second
housing bore, a second arm member radially extending
from said manually operated shaft and operatively cou-
pled through an aperture in said device housing to said
first mentioned arm member to pivot said first men-
tioned arm and said movable yoke about the axes of

‘said support pins as said manually operated shaft is ro-

tated in said second housing bore.

19. The fluid pressure energy translating device de-
fined in claim 17 wherein said displacement varying
mechanism carried comprises: a second housing at-
tached to said housing, said second housing having a
bore with a pressure responsive member slidably
mounted therein and biased to a predetermined posi-
tion, valve means responsive to a predetermined oper-
ating pressure of said fluid device to supply a second
pressure of predetermined value to said pressure re-
sponsive member to move said pressure responsive
member from said predetermined position, said pres-
sure responsive member being operatively coupled to
said arm member through an aperture in said device
housing to pivot said arm member and said movable
yoke about the axes of said support pins as said pres-
sure responsive piston moves from said predetermined
position.

20. The fluid pressure energy translating device de-
fined in claim 15, wherein said housing is constructed
of a plastic material.

21. The fluid pressure energy translating device de-
fined in claim 20 wherein said means for varying the in-
clination of said movable yoke comprises: an arm mem-
ber carried by and radially extending from one of said
support pins and pivotable therewith about the axes of
said support pins, and a displacement varying mecha-
nism carried externally of said housing and operably
coupled to said arm member to pivot said arm member
about said axes of said support pins, said displacement
varying mechanism comprising: a second housing hav-
ing a bore disposed along on axis extending trans-
versely of said shaft axis; a manually operated shaft ro-
tatably mounted in said second housing bore, a second
arm member radially extending from said second man-
ually operated shaft and operatively coupled through
an aperture in said plastic housing to said first men-
tioned arm member to pivot said first mentioned arm
and said movable yoke about the axes of said support
pins as said manually operated shaft is rotated in said
second housing bore.

22, The fluid pressure energy translating device de-
fined in claim 20 wherein said means for varying the in-
clination of said thrust plate movable yoke comprises:
an arm member carried by and radially extending from

‘one of said support pins and pivotable therewith along

the axes of said support pins; and a displacement vary-
ing mechanism carried externally of said plastic hous-
ing and operatively coupled to through an aperture in
said plastic housing said arm member to pivot said arm
member about the longitudinal axes of said support
pins, said displacement varying mechanism comprising:
the second housing attached to said plastic housing and
having a bore with the pressure responsive member
slidably mounted therein and biased to a predeter-
mined position; valve means responsive to a predeter-
mined operating pressure of said fluid device to supply
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a second pressure of a predetermined value to said
pressure response member to move said pressure re-
sponsive member from said predetermined position,
said pressure responsive member being operatively
coupled to said arm member to pivot said arm member
and said movable yoke about the axes of said support
pins as said pressure responsive member moves from
said predetermined position.
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23. The fluid pressure energy translating device de-
fined in claim 20 wherein said plastic housing is longi-
tudinally precompressed a predetermined amount
which is a function of the longitudinal expansion forces
exerted on said plastic housing by the pressure of the
fluid acting against the inner ends of said pistons within

said cylinder barrel bores.
* * * * *



HEUEIN PSR D Ry gl

~ UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,739,691 . Dated_ June 19, 1973

_Inventor(s) W:Llfred S. Bobier

It is. certifled that error appears in the above—ldentlfled patent
and that said Letters Patent are hereby corrected as shown below:

In the claims, Column 17, Claim 15 line 40 follow:.ng
- "Claim" delete "45" and . insert ==7--.

Signed a_ngi sealed this 17th day of December 1974.

(SEAL)

Attest: :

McCOY M. GIBSON JR. '~ C. MARSHALL DANN
Attesting Officer - Commissioner of Patents

FORM PO-1050 (10-69) oo o i : L - USCOMM-DC 60376+P€9
: U.S. GOVERNMENT PRINTING OFFICE: 859,030




Disclaimer

8,739,691.—Wilfred 8. Bobicr, Bloomfield Hills, Mich. FLUID DEVICE.

Patent dated June 19, 1978. Disclaimer filed Nov. 20, 1980, by the
inventor.

Hereby enters this disclaimer to claim 7 of said patent.
[Official Gazette February 10, 1981.]




