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(571 ABSTRACT

A hydraulic motor has a housing with an annular cam
surface on the inner circumferential surface of the
housing, the cam surface being generally sinusoidal and
having-a plurality of cam lobes at equiangular intervals.
A rotatable cylinder block is mounted in the housing
and has a plurality of radially extending cylinders hav-
ing pistons with cam followers on their outer ends
which engage the cam surface to cause the cylinder
block to rotate in response to reciprocation of the pis-
tons. Valve means are provided for sequentially con-
necting the cylinders to a pressure source or a return
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STEP VARIABLE DISPLACEMENT HYDRAULIC
MOTOR

BACKGROUND OF THE INVENTION

This invention relates to a rotary, hydraulic motor,
and more particularly to a high torque, low speed hy-
draulic motor of the type having a number of radial pis-
tons having cam followers on their outer ends, which
engage an annular generally sinusoidal cam surface so
that the motor rotates in response to reciprocation of
the pistons.

Generally, in such motors, each piston goes through
a cycle for each lobe of the cam surface, which requires
a relatively large number of cycles for each revolution
of the motor, so that the motor has high torque, low
speed characteristics. Such hydraulic motors, some-
times referred to as cam lobe motors, are relatively
new, and have been used recently in some low speed,
high torque applications, such as wheel motors for hy-
draulically driven vehicles.

SUMMARY OF THE INVENTION

According to the present invention there is provided
an improved radial piston cam lobe motor with a
stepped variable displacement. More specifically, valve
means are provided for such a motor so that the pistons
will complete one cycle for each cam lobe, to give one
displacement, or will idle on certain of the cam lobes,
to give a different motor displacement.

According to one aspect of the invention, four differ-
ent passages are provided in the housing and are se-
quentially connected to the cylinders for the radial pis-
tons, and valve means are provided to connect alter-
nate pasages to the fluid pressure source and the return
line to alternately pressurize and exhaust each cylinder
as its piston moves along each cam lobe, or to alter-
nately pressurize only one of the passages so that each
piston goes through a working stroke only on alternate
cam lobes.
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Another feature of the invention resides in the provi- .

sion of different size cam lobes in an alternating, re-
peating pattern around the cam surface, so that one dis-
placement is provided when the pistons have a working
stroke on each cam lobe, a second displacement is pro-
vided when the pistons are idle on one size cam lobe,
and a third displacement is provided when the pistons
are idle on a different size cam lobe. In addition, more
than two different size cam lobes can be provided, and
different combinations of working strokes for each pis-
ton can be achieved by appropriate valve means, so
that a relatively large number of displacements can be
provided.

Still another feature of the invention resides in provi-
sions of‘valve means which will permit reverse rotation
of the motor at said different motor displacements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an axial section through the hydraulic mo-
tor, as viewed generally along the line 1—1 of FIG. 2.

FIG. 2 is a section of the motor as viewed generally
along the line 2—2 of FIG. 1, on a slightly smaller scale.

FIG. 3 is a view of the valve manifold as viewed gen-
erally along the line 3—3 of FIG. 1. .

FIG. 4 is a schematic illustration of the hydraulic cir-
cuit in which the motor is utilized.
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FIG. 5 is a schematic illustration of an alternate de-
sign of the cam surface, which.is laid out in a straight
line rather than in a circle as in the actual motor.

FIG. 6 is a schematic illustration of the hydraulic cir-
cuit for the motor utilizing the cam surface shown in
FIG. 5.

FIG. 7 is a schematic illustration similar to FIG. §,
but showing a third embodiment of the cam surface.

FIG. 8 is a schematic illustration of the hydraulic cir-
cuit for the motor utilizing the cam surface shown in
FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention is embodied in a hydraulic motor hav-
ing a housing, indicated generally by the numeral 10.
The housing is formed by an annular member 12, an
annular end plate 14, and an annular ring 16 coaxially
clamped between the member 12 and the plate 14 by
a plurality of axially extending bolts 18, forming a gen-
erally cylindrical chamber 20. The inner surface of the
annular ring 16 is provided with a generally sinusoidal
cam surface 22 having a relatively large number of cam
lobes 24 extending radially into the chamber, the cam
surface illustrated in FIG. 2 having 10 identical cam
lobes at 36° intervals.

The right-hand end of the annular housing member
12 is closed by an end plate 26, which carries a bearing
28, aligned with a similar bearing 30 around the open-
ing in the annular end plate 14. An axial output shaft
32 extends through the end plate 14 and is journaled in
the bearings 28 and 30, the shaft 32 spanning the axial
length of the housing.

Attached to the shaft 32 is a cylinder block or barrel
34 having a plurality of equiangularly spaced radially
extending cylinders 36, the motor illustrated in FIGS.
1-4 having 12 cylinders spaced at 30° intervals. As is
apparent, the outer ends of cylinders open into the
chamber 20 and are provided with pistons 38, the outer
end of each piston being provided with a pair of rollers
40, which are axially parallel to the motor shaft 32 and
engage the cam surface 22. As is conventional in cam
lobe motors, and as described in U S. Pat. No.
3,511,131, also assigned to the assignee herein, recip-
rocation of the pistons while the rollers are in engage-
ment with the cam surface causes the cylinder block 34
and consequently the output shaft 32 to rotate. A heli-
cal compression spring 42 within each cylinder 36 bi-
ases the respective piston 38 outwardly into engage-
ment with the cam surface.

A passage 44 extends axially from the inner end of
each cylinder 36 through the cylinder block 34 and a
valve plate 46 secured to the end of the cylinder block,
each passage 44 terminating in a valve port 48 on the
radial valve face 50 of the valve plate, the respective
valve ports 48 being spaced at 30° intervals around the
valve face.

The annular housing member 12 is provided with’
four fluid passages 51, 52, 53, and 54, respectively,
each of the passages extending in an axial direction and
having their outer ends communicating with appropri-
ate fittings (not shown) on the outer radial face of the
member 12, while the inner ends of the passages extend
inwardly in a radial direction and respectively commu-
nicate with annular grooves 55, 56, 57, and 58 around
the inner periphery of the member 12, While only the
passages 51 and 54 in the housing are fully illustrated
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in FIG. 1, the passages 52 and 53 are schematically il-
lustrated and are similar to the passages 51 and 54.

An annular valve manifold 60 is rigid with and
mounted within the member 12 around the output shaft
32. The manifold 60 has 20 axially extending passages
61, which are equally spaced at 18° intervals and termi-
nate at valve ports 62 on the radial end face 63 of the
manifold 60 opposite the valve face 50 of the valve
plate 46. The arrangement of the valve ports on the
manifold is best seen in FIG. 3. Each passage 61 is con-
nected to one of the grooves 55-58, the connection
being in a sequential fashion so that five of the ports are
connected to the passage 51, five of the ports are con-
nected to the passage 52, etc. To more clearly illustrate
the above arrangement, the ports connected to the pas-
sage 51 are labeled with the numeral 1, the ports con-
nected to the passage 52 are labeled with the numeral
2, the ports connected to the passage 53 are labeled
with the numeral 3, and the ports connected to the pas-
sage 54 are labeled with the numeral 4.

Three balance pistons 65 are mounted in each of the
10 manifold passages 61 connected to the alternate
ports labeled with the numerals 1 and 2. The right-hand
or end balance piston 65 bears against a thrust bearing
66 clamped to the shaft 32 by an end plate 68 bolted
to the end of the shaft and bearing against the thrust
bearings through the inner race of the bearing 28. A he-
lical compression spring 70 is mounted on the shaft be-
tween the manifold and the thrust bearing and acts to
exert an axial force on the manifold urging it toward
the valve plate 46. As best described in said U. S. Pat.
No. 3,511,131, the balance pistons act to counterbal-
ance the force tending to separate the manifold and the
valve plate, thereby preventing excessive leakage. The
passages 53 and 54 are respectively connected to the
spaces on opposite sides of the center balance piston by
suitable radial passage means (not shown) so that the
balance pistons are also effective during reverse opera-
tion of the motor. ) _

The hydraulic circuit for the motor shown in FIGS.
1-3 is schematically shown in FIG. 4, and includes a
pressure supply line 72 which is connected to a fluid
pressure source in the conventional manner and a re-
turn line 74. As is also conventional, means are pro-
vided for reversing the flow to the motor, either by use
of reversing valving or by use of an over-center variable
displacement pump. As is apparent, the motor passage
51 is connected to the supply line 72 and the passage
54 is connected to the return line 74, so that all of the
manifold ports labeled with the numeral 1 are always
connected to the line 72 and all the ports labeled 4 are
always connected to the return line 74. A pilot-
operated control valve 76 is shiftable into three differ-
ent positions wherein it respectively connects the pas-
sage 52 to the passage 51 and the passage 53 to the pas-
sage 54, as illustrated in FIG. 4, or connects the pas-
sages 52 and 53 to the passage 51 or to the passage 54.

The control pressure for the pilot valve is supplied
through a two-position, manually-actuated valve 78,
and, as is apparent, when the pilot line is connected to
the reservoir as illustrated, the pilot valve 76 is main-
tained in the illustrated position by a spring 80. When
the manual valve 78 is shifted to pressurize the pilot
line, the valve 76 shifts against the bias of the spring 80
to its lowermost position, wherein it connects the pas-
sages 52 and 53 to the passage 54. The spring 80 is
mounted on the piston of a hydraulic cylinder 82,
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which is connected by a pilot line 84 to the passage 54,
so that when the passage 54 is pressurized during re-
verse operation of the motor, the piston shifts up-
wardly. When this occurs, and when the manual valve
78 is shifted to pressurize the pilot valve 76, the valve
76 is not allowed to shift completely downwardly, but
rather is stopped by the extended cylinder 82 so that
the valve shifts only to its intermediate positon wherein
the passages 52 and 53 are connected to the passage
51. Thus, the passages 52 and 53 are connected to the
reservoir whenever the manual valve 78 is shifted to
pressurize the pilot valve 76, regardless of whether the
motor is being operated in forward or reverse.

In operation, as described in greater detail in U. S.
Pat. No. 3,511,131, the manifold ports 62 are so re-
lated to the valve ports 48 that pressurization of the al-
ternate manifold ports 62 will cause reciprocation of
the pistons 38, and the valve ports are so related to the
cam surface that the reciprocation of the pistons wiil
cause rotation of the cylinder block 34 and conse-
quently the output shaft 32. This can best be seen in
FIGS. 2 and 3, where the 3 o’clock piston 38 is at the
top of the cam lobe 24 when the valve port 48 is in tran-
sition between the pressurized manifold port labeled
with the numeral 1 and the exhaust manifold port la-
beled with the numeral 3. similarly, the piston 38 in the
6 o’clock position is in its transitional phase, while the
piston in the 4 o’clock position is connected to the
pressurized port identified by the numeral 2 and the
piston in the 5 o’clock position is connected to the
pressurized port identified by the numeral 1, both of
said pistons being in their working stroke and on the
slope of the cam to cause counterclockwise rotation of
the cylinder barrel 34. On the other hand, the piston in
the 7 o’clock position is connected to a valve port la-
beled with the numeral 4, which is connected to the re-
turn line, so that the piston is shown during its return
stroke. Thus, in FIG. 2 the pistons shown in the 4, 5, 10,
and 11 o’clock positions are in their working stroke,
while the pistons shown in the 1, 2, 7, and 8 o’clock po-
sitions are in their return strokes, and the other four
pistons are in transitional phases.

The above, of course, assumes that the valve 76 is in
the position illustrated in FIG. 4 wherein all ports la-
beled with the numerals 1 and 2 are connected to the
pressure supply line 72, If the valve 78 is shifted to sup-
ply pilot pressure to the valve 76, the valve 76 connects
the passages 52 and 53 to the passage 54, so that only
the ports labeled with the numeral 1 are connected to
the pressure source, while the remaining ports are con-
nected to the return line. In such a case, every other
piston would be idling. Thus, in FIG. 2, the piston
shown in the 4 o’clock position would be connected to
the return line rather than the pressurized line and
would be idling. Therefore, in FIG. 2 the only pistons
that would be in their working stroke would be the pis-
tons in the 5 and 10 o’clock positions. This of course,
cuts the motor displacement in half and consequently
the torque, while doubling the motor speed for a given
flow rate.

As previously described, the flow can be reversed,
with the valve 76 in the position shown in FIG. 4, so
that the motor can be driven in reverse at full displace-
ment. As previously described, the valve 76 can be
shifted into the intermediate position wherein the pas-
sages 52 and 53 are connected to the passage 51, so
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that the motor can be operated at one-half displace-
ment in reverse.

A three-speed motor is schematically illustrated in
FIGS. 5 and 6, the motor having a cam surface 86 simi-
lar to the cam surface 82 except that it has alternating
small and large cam lobes 88 and 90 around the entire
cam surface. The shape of the cam surface as shown in
FIG. 5, the small cam lobes 88 having one-half the
height or radial dimension of the large cam lobes 90, so
that there are five large lobes and five small lobes. The
cam surface is so related to the manifold valve ports 62
that the ports identified by the numerals 1 and 4 are as-
sociated with the large cam lobes 90, while the ports
identified by the numerals 2 and 3 are associated with
the small cam lobes 88. Thus, as shown in FIG. 6, the
cylinders connected to the valve ports 1 and 4 produce
two-thirds of the motor displacement, while the other
cylinders produce the remaining one-third, as opposed
to the previously described embodiment where each
group of cylinders produce one-half of the displacment.

The flow to and from the passages 51, 52, 53, and 54
is controlled by a pair of pilot-operated control valves
92 and 94, which are identical to the previously de-
scribed pilot-operated valve 76. The pilot line pressure
is controlled by a three-position, manually-actuated
valve 96, which is adapted to supply pilot pressure to
either the valve 92 or the valve 94, or to connect both
of said valves to the reservoir, as shown in FIG. 6. As
previously described, the valves 92 and 94 are biased
into the position shown by a spring 80, the preload of
which is controlled by a cylinder 82 actuated through
a pilot line 84, so that the pilot-operated valve will shift
only to its intermediate position when the return line 74
is pressurized for reverse operation.

In operation, when the valve 96 is positioned as illus-
trated to drain both pilot lines, the valves 92 and 94 are
in the position illustrated wherein the supply line 72 is
connected to the passages 51 and 52 and the return line
74 is connected to the passages 53 and 54, providing a
full motor displacement as previously described.

When the manually actuated valve 96 is shifted to the
left into an intermediate position to supply pilot pres-
sure to the right-hand control valve 94, the valve 94
shifts downwardly to connect the passages 52 and 53 to
the return line 74, but only the passage 51 and the cor-
responding manifolds labeled with the numeral 1 are
connected to the pressure supply line 72. Since pressur-
ization of the number 1 manifold ports causes the pis-
tons to reciprocate only on the large cam lobes 90, the
motor will have two-thirds of the previously described
full displacement. If the valve 96 is shifted all the way
to the left to supply pilot pressure to the left-hand valve
92, the pressure supply line will only be connected to

_the passage 52 and consequently the number 2 mani-

fold ports only. Since the number 2 ports cause recipro-

cation of the pistons only on the small cam lobes 88,
which cause only one-half the displacement of the large
cam lobes, the motor will have only one-third of its full
displacement. Thus, the motor will produce three dif-
ferent torques and three different speeds for a given
flow rate. '

As is apparent, the different speeds can be achieved
in either forward or reverse as previously described.

A further embodiment of the invention is schemati-
cally shown in FIGS. 7 and 8 wherein seven different
motor displacements are provided. The motor has a
cam surface 100 somewhat similar to the previously de-
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6

scribed cam surfaces, except that the cam surface has
four small cam lobes 101, four intermediate size cam
lobes 102, which are twice the height of the cam lobes
101, and four large cam lobes 104 which are twice the
height of the lobes 102 or four times the height of the
lobes 101. Thus, a total of twelve . cam lobes are pro-
vided, so that 24 ports are necessary on the valve mani-
fold, the ports being arranged in an alternating repeat-
ing pattern similar to the ports described in FIG. 3, ex-
cept that six different ports, identified by the numerals
1-6 in FIG. 8, are provided, the six different ports re-
spectively being connected to six different motor hous-
ing passages 111, 112, 113, 114, 115, and 116. The
passages 114, 115, and 116 are always connected to a
return line 116 by control valves 117, 118, and 119,
which are respectively shiftable to connect the passages
111, 112, or 113 to the return line 116 or a fluid pres-
sure line 120 from a pump 121. Of course, a different
number of pistons would also be required.

When the valves 117, 118, and 119 are in the posi-
tion illustrated, all of the supply ports are connected to
the reservoir so that the motor is in neutral. If the right-
hand control valve 119 is shifted to pressurize the pas-
sage 113, and consequently the number 3 manifold
ports, the pistons will reciprocate only on the small cam
lobe 101, which gives only one-seventh of the full dis-
placement. Similarly, if only the middle control valve
118 is shifted to pressurize only the number 2 ports, the
pistons will reciprocate only on the medium-sized cam
lobes 102, to give two-sevenths of the total displace-
ment, or double the previously described displacement.
However, if both the control valves 118 and 119 are
shifted to pressurize both the number 2 and number 3
ports, the displacement will be the sum of the previ-
ously described displacement or three-sevenths of the
total displacement. Then, if only the left-hand control

valve 117 is shifted, pressurizing only the number 1

ports, the pistons will act only on the large cam lobe
104, to provide four-sevenths of the total displacement.
To obtain five-sevenths of the total displacement, both
the valve 117 and the valve 119 are shifted so that the
pistons acts on both the small lobes and the largest cam
lobes 104, while applying pressure to both the number
1 and number 2 valve ports causes the pistons to act on
the medium cam lobes 102 and the large lobes 104 to
give six-sevenths of the total displacement. For full
motor displacement, all three valves 117, 118, and 119
are shifted to pressurize the number 1, number 2, and
number 3 ports so that the pistons act on all three cam
lobes. Thus, seven different displacements can be
achieved in equal gradients. Obviously, the size of the
increments could be varied by varying the shape of the
cam. Also, reverse operation could be positioned in a
similar manner as that previously described.

We claim:

1. A hydraulic motor comprising: a housing forming
a generally cylindrical chamber and including a mani-
fold having at least four passages extending to the man-
ifold and terminating in manifold ports; an annular cam
surface on the inner circumferential surface of said
chamber and including a plurality of cam lobes dis-

posed at equiangular intervals around said surface; a

cylinder block mounted within the chamber for rota-
tion relative to the housing and having a plurality of ra-
dially extending cylinders, each cylinder having an as-
sociated valve port sequentially commaunicating with
the manifold ports during rotation of the block relative
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to the housing for sequentially connecting the passages
to the valve ports; a piston for reciprocation in each
cylinder in response to alternate pressurizing and ex-
hausting of the cylinders and having cam follower
means engageable with the cam surface to cause rela-
tive rotation between the cylinder block and the hous-
ing in response to reciprocation of the pistons; revers-
ible fluid pressure and fluid return lines; and control
valve means external of the housing and shiftable be-
tween a first position, wherein it connects two of the
passages to the pressure line and two of the passages to
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the return line to establish a first motor displacement,
a second position wherein it connects one of the pas-
sages to the pressure line and the other passages to the
return line to establish an alternate motor displace-
ment, and a third position when said pressure and re-
turn lines are reversed for reverse operation of the
motor wherein a different one of said passages is con-
nected to the pressure line and the other three are con-
nected to the return line to provide an alternate dis-

placement in reverse.
* * * * *



