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(57) Abrége/Abstract:
A fixed displacement vane-type hydraulic machine that includes a cartridge assembly having a rotor, a plurality of v

anes carried

by the rotor, side plates on opposed sides of the rotor, and a cam ring carried between the side plates surrounding the vanes
and rotor to define fluid chambers between the vanes. A housing surrounds and encloses the cartridge assembly, and provides
Inlet and outlet passages for feeding fluid to and from the chambers. A shaft is coupled to the rotor and extends from the

housing. A cam pin extends radially between the cam ring and the housing surrounding the cam ring for preventin
the cam ring with respect to the housing so as to absorb reaction torqgue on the cam ring with respect to the ho

g rotation of
Using due to

pressure applied to the machine. In the preferred embodiment of the invention, the cam pin Is affixed to the carr

rnng, and Is

slidably recelved within an axial pocket in the surrounding housing during assembly of the cartridge to the housing. The axial
pocket may Include either a portion of the fluid flow path that extends through the housing, or a pocket specially formed Iin the

housing for recelving the cam pin.
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Abstract of the Disclosure

' A fixed displacement vane-type hydraulic machine that includes a cartridge
assembly having a rotor, a plurality of vanes carried by the rotor, side plates on opposed sides
of the rotor, and a cam ring carried between the side plates surrounding the vanes and rotor
to define fluid chambers between the vanes. A housing surrounds and encloses the cartridge
assembly, and provides inlet and outlet passages for feeding fluid to and from the chambers.
A shaft 1s coupled to the rotor and extends from the housing. A cam pin extends radially
between the cam ring and the housing surrounding the cam ring for preventing rotation of the
cam ring with respect to the housing so as to absorb reaction torque on the cam ring with
respect to the housing due to pressure applied to the machine. In the preferred embodiment
of the invention, the cam pin is affixed to the cam ring, and is slidably received within an axial
pocket 1n the surrounding housing during assembly of the cartridge to the housing. The axial
pocket may include either a portion of the fluid flow path that extends through the housing,

or a pocket specially formed in the housing for receiving the cam pin.
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FIXED-DISPLACEMENT VANE-TYPE HYDRAULIC MACHINE

The present invention is directed to fixed-displacement vane-type hydraulic
machines (pumps and motors), and more particularly to an improved vane-type hydraulic

machine and method of assembly that provides structure between the cam ring and surrounding

housing for absorbing reaction torque on the housing.

Background and Summary of the Invention

Vane pumps conventionally include a rotor coupled to an input shaft, a plurality
of radial vanes carried by the rotor, side plates disposed on axially opposed sides of the rotor,
and a cam ring carried between the side plates circumferentially surrounding the rotor. A
plurality of fluid chambers are defined between the angularly spaced vanes, the axially spaced
side plates and the radially spaced rotor and cam ring surfaces. A housing includes inlet and
outlet passages for feeding hydraulic fluid to and from the chambers. Pressure applied to the
pump creates a reaction torque on the cam ring, which must be absorbed by the surrounding
housing. A similar reaction torque is created in vane-type hydraulic motors, in which flow of
fluid through the housing and chambers provides a rotary output at the machine shaft.

It 1s a general object of the present invention to provide structure between the
cam ring and the surrounding housing for absorbing the reaction torque caused by pressure
applied to the pump. Another and more specific object of the present invention is to provide
such torque-absorbing structure that is inexpensive, reliable, and can be readily implemented
In vane-type machines of differing designs and constructions. Yet another object of the present
Invention is to provide torque-absorbing structure of the described character implemented in

cartridge-type vane machines, which are currently preferred in the art, and/or which is adapted
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to be employed in machines for rotation in either direction. Yet another object of the invention
1S to provide a method of assembling machines of the described character.

A fixed displacement vane-type hydraulic machine in accordance with a
presently preferred embodiment of the invention comprises a rotor, a plurality of vanes carried
by the rotor, side plates on opposed sides of the rotor, and a cam ring carried between the side
plates surrounding the vanes and rotor to define fluid chambers between the vanes. A housing
surrounds and encloses the side plates and cam ring, and provides inlet and outlet passages for
feeding fluid to and from the inter-vane chambers. A shaft is coupled to the rotor and extends
from the housing. A cam pin (or key) extends radially between the cam ring and the housing
surrounding the cam ring for preventing rotation of the cam ring with respect to the housing
SO as to absorb reaction torque on the cam ring with respect to the housing due to pressure
applied to the pump. In the preferred embodiment of the invention, the cam pin is affixed to
the cam ring, and 1s slidably received within an axial pocket in the surrounding housing during
assembly of the cartridge to the housing. The axial pocket may comprise either a portion of
the fluid flow path that extends through the housing, or a pocket specially formed in the

housing for receiving the cam pin.

In the preferred embodiment of the invention, angularly spaced pins are affixed
to and project radially from the cam ring. One of these pins is dimensioned for sliding fit with
the surrounding housing during assembly. The other pin functions to locate the cam ring with
respect to the housing, and thereby to prevent angular misalignment of the cam ring and the

housing. The pins and slots do allow for reverse rotation of the pump mechanism within the

housing.
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Brief Description of the Drawings

The 1invention, together with additional objects, features and advantages thereof,
will be best understood from the following description, the appended claims and the
accompanying drawings in which:

FIG. 1 1s a sectional view that bisects a fixed displacement vane pump in

accordance with a presently preferred embodiment of the invention;

FIG. 2 is a fragmentary sectional view taken substantially along the line 2-2 in

FIG. 1; and

FIG. 3 1s a fragmentary sectional view similar to that of FIG. 2 but showing a

modified embodiment of the invention.

Detailed Description of Preferred Embodiments

FIGS. 1 and 2 illustrate a fixed displacement vane pump 10 in accordance with
a presently preferred embodiment of the invention as comprising a vane pump cartridge sub-
assembly 12 mounted between an inlet end cover 14 and an outlet end cover 16. Cartridge 12
Includes a rotor 18 having a plurality of radially oriented angularly spaced slots in which a
corresponding plurality of vanes 20 are radially slidably disposed. An inlet side plate 22 and
an inlet wafer or port plate 24 are disposed on one axial side of rotor 18, and an outlet side
plate 26 and an outlet wafer or port plate 28 are disposed on the opposing axial side of rotor
18. A cam ring 30 is fixedly mounted by pins 32 between side plates 22, 26 radially and
circumferentially surrounding rotor 18 and vanes 20. There are thus formed between angularly
spaced vanes 20, between the axially spaced surfaces of wafer plates 24, 28, and between the

radially spaced surfaces of rotor 18 and cam ring 30 a circumferential array of fluid pumping
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chambers 34 (FIG. 2). A plurality of angularly spaced screws 36 extend through side plates
22, 26, wafer plates 24, 28 and cam ring 30 for holding cartridge 12 as an assembly.

Inlet cover 14 has a central recess or pocket 38 formed by an axially extending
flange 40 that surrounds cartridge 12 in assembly. Outlet cover 16 is fastened to inlet cover
14 by a plurality of screws 42 (FIG. 2). O-ring seals are carried by cartridge 12 and covers
14, 16 for sealingly joining the covers to each other and to cartridge 12 where appropriate.
A shaft 44 1s rotatably carried by bearings 46, 47 in side plate 22 and cover 16 respectively,
and 1s coupled to rotor 18 of cartridge 12 for providing input drive to the pump mechanism.
Inlet cover 14 has a radially opening inlet port 48. Port 48 opens to an inlet chamber 49 that
surrounds cartridge 12, and is connected by ports 50 in side plate 22 and wafer plate 24 both
to pumping chambers 34 surrounding rotor 18 and to the under-vane chambers in rotor 18 for
urging the vanes radially outwardly against the opposing surface of cam ring 30. Pumping
chambers 34 are also connected through ports 52 (FIG. 2) in wafer plate 28 and side plate 26
to an outlet port 54 that opens radially from outlet cover 16.

To the extent thus far described, pump 10 is of generally conventional
construction. Rotation of shaft 44 by an external source of pumping energy rotates rotor 18
and reciprocates vanes 20 with respect to cam ring 30. The positive displacement pumping
action in the inter-vane chambers pulls fluid through inlet port 48 and inlet cavity 49
surrounding cartridge 12, and pumps the fluid through the cartridge outlet ports and pump
outlet port 54. Pressure applied to the pump creates a reaction torque on cartridge 12, which

must be absorbed by the surrounding housing formed by covers 14, 16.

In accordance with the present invention, a pin 60 (FIG. 2) is affixed to and
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extends radially outwardly from cam ring 30 of cartridge 12 into close engagement with an

opposing pocket 62 formed in flange 40 of inlet cover 14. Pin 60 1s preferably of solid

cylindrical construction, _and. cooperates - with pocket 62 in cover 14 for absorbing the
reaction torque generated by the pumping cartridgé. The axis of pin 60 is radial to the axis
of shaft 44. Pocket 62 preferably comprises an axial slot in flange 40 that is either cast into
.the cover flange, or 1s machined into the flange following the forming operation. A
secondary pocket 64 preferably i1s machined or otherwise formed on the opposite side of '
housing cover 14 for allowing pumping cartridge 12 to be assembled to the housing in
opposite orientation — 1.e., for pumping rotation in either direction. Pocket 64, which is
angularly spaced from pocket 62, receives in assembly a pin 66, which is mounted to and
projects radially from cam ring 30, and which may be of smaller dimension than cam pin 60.
Pin 66. ensures that pumping cartridge 12 will be assembled to end cover 14 at proper

angular orientation.

In assembly, pin 60 is press fitted into cam ring 30, or secured by adhesive
within its cam ring opening. Pin 66, which may be a spring roll pin, is press fitted into ring
30. After cartridge 12 is assembled; the cartridge is axially fitted into pocket 38 by- axial
movement of pins 60, 66 into their associated pockets 62, 64. Pin 60 has a close sliding fit
into pocket 62, but pin 66 may be much smaller than pocket 64 since the only function of pin
66 is to prevent misalignment during assembly. Thus pins 60, 66 together serve to time the
cartnidge input and output ports with respect to the pump housing, while pin' 60 alone absorbs
reaction forces on the cam ring.

By locating torque pin 60 on cam ring 30, and thus at the point of largest

outside diameter of pumping cartridge 12, the force on pin 60 due to the reaction forces
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between the pumping cartridge and the surrounding housing is reduced to a minimum. This
reaction 'torque 1s taken directly from the cam ring to the housing, as opposed to absorbing the
torque through other intermediate components. As loading 1s increased, the cam ring expands
SO as to be cbrnpletely radially supported by the surrounding housing structure, so that forces
applied to the pin are pure shear forces without any bending forces or moments. These shear
forces are in a plane perpendicular to the axis of the pin.

FIG. 3 illustrates a modified embodiment of the invention in which, instead of

individual pockets 62, 64 in FIG. 2, torque pin 60 and orientation pin 66 are disposed at
angularly spaced edges of inlet ﬂow flow chamber 49 in inlet cover 14a. Reaction torque on
the pumping cartridge is still absorbed by cover 14 of the pump housing, as in the enibodiment
of FIGS. 1 and 2, since such torque is unidirectibna]. That is, torque pin 60 need only abut
end cover 14 from one angular— direction, corresponding to the direction of rotation of the
pumping mechanism within ;he housing.

Although the invention has been described in connection with two presently
preferred embodiments thereof, modifications and variations are envisioned. For exaxnple,' the'
invention is by no means limited to cartridge-type pumps, but can be employed in connection

with all types of vane pumps. Pin 60 need not be cylindrical, but may have a flat machined

In 1t or be replaced by a key of square cross section.
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The embodiments of the invention 1n which an exclusive property or privilege is

claimed are defined as follows:

1. A fixed displacement vane-type hydraulic machine that comprises:

a vane-type fluid mechanism including a rotor, a plurality of vanes carried by said rotor,
side plates on opposed sides of said rotor, and a cam ring carried between said side plates
surrounding said vanes and rotor to define fluid chambers between said vanes;

housing means surrounding and enclosing said mechanism, including inlet and outlet
passage means for feeding fluid to and from said chambers;

a shaft coupled to said rotor and extending from said housing means; and

torque means extending radially between said mechanism and said housing means and
preventing rotation of said mechanism with respect to said housing means so as to absorb
reaction torque on said mechanism with respect to said housing means due to pressure
applied to said machine,

said torque means being affixed to said cam ring and extending into an opposing radial
pocket in said housing means, said pocket extending axially through said housing means
to facilitate assembly of said cam ring and mechanism to said housing means, said pocket

being formed by one of said inlet and outlet passage means.

2. The machine set forth in claim 1, wherein said mechanism comprises a cartridge
assembly; wherein said housing means includes inlet and outlet covers, and means |
.mounting said inlet and outlet covers to each other to enclose said cartridge; and wherein

said pocket comprises a slot extending axially into one of said covers.

3. A fixed displacement vane-type hydraulic machine that comprises:

a vane-type fluid mechanism including a rotor, a plurality of vanes carried by said rotor,
side plates on opposed sides of said rotor, and a cam ring carried between said side plates
surrounding said vanes and rotor to define fluid chambers between said vanes;

housing means surrounding and enclosing said mechanism, including inlet and outlet
passage means for feeding fluid to and from said chambers;

a shaft coupled to said rotor and extending from said housing means; and
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torque means extending radially between said mechanism and said housing means and
preventing rotation of said mechanism with respect to said housing means so as to absorb
reaction torque on said mechanism with respect to said housing means due to pressure
applied to said machine, '

said torque means being affixed to said cam ring and extending into an opposing radial
pocket in said housing means, said housing including a pair of said radial pockets
angularly spaced from each other such that said housing means is adapted to receive

cartridges for rotation in either direction.

4.  The machine set forth in claim 3, wherein there are a pair of means mounted on

said cam ring for receipt in said pockets.

J. The machine set forth in claim 4, wherein one of said pair of means comprises
locating means preventing misorientation of said mechanism in said housing means while

the other of said pair of means comprises said torque means.

6. A method of constructing a vane-type hydraulic machine that comprises the steps
of:

(a) forming a fluid mechanism that inclﬁdes a rotor, a plurality of vanes slidably carried
by said rotor, side plates or opposed sides of said rotor, a cam ring radially surrounding
said rotor, and torque means projecting radially outwardly from said cam ring;

(b) forming a pair of end covers, one of which has a recess for recetving said
mechanism, a flange surrounding said recess, and an axially extending pocket in said
flange;

(c) assembling said mechanism to said one cover by sliding said torcjue means into said
pocket while positioning said mechanism in said recess; and

(d) assembling said end covers to each other so as to capture said mechanism within

said end covers.
7. The method set forth in claim 6, wherein said pocket is machined in said flange.

8. The method set forth in claim 6, wherein said pocket is cast into said flange.

8
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9. The method set forth in claim 6 wheréin said step (b) includes the step of forming
a pair of said pockets angularly spaced from each other in said flange, wherein said step
(a) comprises the step of providing said torque means in the form of a pair of pins
projecting radially outwardly from said cam ring and angularly spaced from each other,
and wherein said step (¢) comprises the step of positioning said pins in respective ones of
said pockets, one of said pins serving to orient said fluid mechanism with respect to said
one end cover and the other functioning in operation of said machine to absorb reaction

torque on said cam ring.
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