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@ Pump having piston and cyiinder rotatabie respectively about spaced axes transverse to the reciprocating axis.

6 a pump assembly (10) including a piston (12) connectedto a
rotating wheel (30) by a pin (32) radially offset from the axis of
rotation of the wheel and a cylinder (14) in reciprocating telescop-
ing relationship with the piston (12) and supported by a hollow
shaft (26) for rotation in 2 housing member (24) so that the piston
(12) rotates about the axis of a supporting shaft (22) extending
transversely to the reciprocating movement while the cylinder
(14) rotates about another axis transverse to the reciprocating
movement with the distance between the two axes being adjust-
able to vary the displacement of the pumping chamber (16)

< between zero when the two axes coincide to a maximum degree
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when the two axes are spaced the maximum amount. The
housing (24) rotatably supporting the hollow shaft (26) of the
cylinder (14) includes two fixed fluid ports (50, 52) which alter-
nately communicate with an axially aligned radial port (48) in the
hollow shaft (26).
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TITLE
. Pump having piston and cylinder rotatable

respectively about spaced axes transverse to the

reciprocating axis.

TECHNICAL FIELD

The subject invention relates to a pumping assembly

of the type 1including a piston member reciprocally
disposed within a cylinder for pumping action upon
relative reciprocating motion between the members. Such
assemblies include a mechanism for effecting the
reciprocating motion between the piston and cylinder
members and a valving arrangement for controlling the

fluid flow to and from the pumping chamber.

BACKGROUND ART

Although the subjectvinvention may have other uses,

it is particularly suitable for use in a marine steering
system. A marine steering system in a boat typically
includes a double-acting steering cylinder connected to
the rudder of the boat and. supplied hydraulic f£fluid
through two 1lines connected fo opposite ends of the
cylinder and extending to a manually operated steering
pump typically connected to a steering wheel which is

manually rotated in opposite steering directions.
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Such steering systems frequently also include an
automatic pilot which detects the course of the marine
vessel and makes course corrections by feeding signals to
drive an auxiliary hydraulic fluid pump which is also
connected to the hydraulic steering cylnder, The
auxiliary pumps typically used in such systems have low
volumetric efficiency, high internal slippage, and require
check valves to isolate the pump from the remainder of the

manually actuated steering assembly.

SUMMARY OF INVENTION AND ADVANTAGES

A pump assembly comprising piston and cylinder

pumping members in telescoping relationship with one
another for reciprocating movement relative to one another
along a reciprocating axis to define a pumping chamber
therebetween. A piston support means supports the piston
member for rotation about a first axis extending
transversely to the reciprocating axis. In a similar
fashion, a cylinder support means supports the cylinder
member for rotation about a second axis extending
transversely to the reciprocating axis so that the piston
member rotates about the first axis in conjunction with
the cylinder member rotating about the second axis. The
assembly is characterized by the cylinder member being
open except for the piston member to establish only one
pumping - chamber between the members and including
commutating valve means for establishing fluid flow into
the single pumping chamber during one portion of each
revolution to charge the pumping chamber and for
establishing fluid flow from the pumping chamber during
the remainder of each revolution. The assembly is also
characterized by a -“fluid passage extending from the
pumping chamber to a radial port rotatable about one of
the first and second axes with first and second fixed
ports non-rotatable-. about that axis and spaced

circumferentially from one another and axially aligned
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with the radial port for alternatively communicating with
the radial port so the fluid flows in one direction
through the fixed ports upon rotation of the piston and
cylinder members about their axes in one direction and
flows in the opposite direction through the fixed ports
upon the opposite direction of rotation.

Such a pump assembly provides very high efficiency
which converts to minimum power requirements for driving
the pump assembly. The pump assembly also has very low
internal leakage and, therefore, eliminates the
requirement for check valves to prevent fluid flow through
the pump assembly when at rest. The pump assembly of the

subject invention, because it is single acting, i.e., a
single pumping chamber, can only rotate a maximum of one-
half a revolution when pressure is at rest and pressure is
fed into an outlet port and therefore further eliminates
the requirement for check valves to prevent £fluid flow

through the assembly when at rest.

PRIOR ART STATEMENT

Pumping assemblies constructed in accordance with the

subject invention are not known in the prior art. There
are, however, mechanisms of similar structure but which
are utilized as engines, such as steam engines. Such are
illustrated in the United States Patents 582,257 to Berry
and 628,945 to Lawrence. In these assemblies the piston
is double-acting and would be inoperative if the piston
did not move an equal distance on opposite sides of the
axis of rotation of the cylinder. In addition to not

including the adjustable displacement of the subject

.invention, these prior art mechanisms do not include a

commutating valve system which includes only one port for
directing fluid to and from the pumping chamber which
alternately communicates with stationary ports which may

be connected to opposite ends of a marine steering
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assembly. Mechanisms having similar structure are known
such as that in Robinson Patent 683,987 which is, however,
deficient because the porting arrangement provides for
fluid flow always in the same direction regardless of

rotation of the entire mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be

readily appreciated as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying drawings
wherein:

FIGURE 1 is a side-elevational view of a preferred
embodiment of the subject invention;

FIGURE 2 is an end view taken substantially along
along line 2-2 of FIGURE 1;

FIGURE 3 is a fragmentary cross-sectional view taken
substantially along line 3-3 of FIGURE 2;

FIGURE 4 is a fragmentary cross-sectional view taken
substantially along line 4-4 of FIGURE 1;

FIGURE 5 is a cross—-sectional view taken
substantially along line 5-5 of FIGURE 1;

FIGURE 6 is an enlarged fragmentary cross-sectional
view taken substantially along line 6-6 of FIGURE 1;

FIGURE 7 1is a fragmentary cross-sectional view
showing an alternative fluid passage arrangement for
communicating with the pumping chamber; and

FIGURE 8 1is a fragmentary cross—-sectional view
similar to FIGURE 7 but showing yet another embodiment of
the fluid passage connection to the pumping chamber.

DESCRIPTION OF THE INVENTION

A pump assembly constructed in accordance with the

subject invention is generally shown at 10.

- -
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The pump assembly 10 includes piston and cylinder
pumping members 12 and 14. The pumping members 12 and 14
are 1in telescoping relationship with one another for
reciprocating movement relative to one another along a
reciprocating axis to define a pumping chamber 16
therebetween. The piston 12 is in sliding engagement with
the interior of the cylinder member 14 and a fluid seal 18
prevents fluid leakage therebetween. The cylinder member
14 is open except for the piston 12 to define or establish
only one pumping chamber 16 between the members 12 and 14
so that the piston member 12 is single acting.

A piston support means including a first housing
member 20 and a shaft 22 rotatably supported therein,
supports the piston member 12 for rotation about a first
axis defined by the shaft 22. The axis of the drive shaft
22 extends transversely or, more specifically, perpen-
dicular to the reciprocating axis of the piston 12 within
the cylinder 14.

A cylinder support means including a second housing
member 24 rotatably supports the support shaft 26 formed
integral with and forming a part of the cylinder member
14, By rotatably supporting the support shaft 26, the
second housing member 24 rotatably supports the cylinder
member 14 for rotation about a second axis defined by the
axis of the support shaft 26. The axis of the support
shaft 26 extends transversely and, more specifically,
perpendicular to the reciprocating axis of the piston 12
within the cylinder 14. The piston member 12 rotates
about the first axis of the shaft 22 in conjunction with
the cylinder member 14 rotating about the second axis of
the support shaft 26.

The first housing 20 supports a drive means
comprising an electric motor, or the like, which rotates
the drive shaft 22, The housing member 20 includes a
pedestal 28 upon which the entire assembly is supported.
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A circular wheel or disc 30 is attached to the drive
shaft 22 for rotation about the axis of the drive shaft
22, A pin 32 interconnects the wheel 30 and the piston
member 12 on a swinging axis radially spaced from the axis
of the drive shaft 22. In other words, the pin 32 is
either fixedly secured to the wheel 30 to rotatably
support the piston 12 about the axis of the pin 32 or the
pin 32 is fixed to the piston 12 and the pin 32 is
rotatable in its bore in the wheel 30. Appropriate key
locks or rings prevent axial movement of the pin 32. The
longitudinal axis of the piston 12 may swing about the
swinging axis of the pin 32, The swinging axis of the pin
32, as well as the first axis of the drive shaft 22 and
the second axis of the support shaft 26 are all parallel
to one another.

The cylinder 14 is defined by an annular disc-like
member. Both the wheel 30 and the cylinder member 14 are
diametrically balanced on opposite sides of their
respective axes of rotation to counterbalance centrifugal
forces, i.e., they are balanced about their respective
axes of rotation.

The assembly 10 includes an adjustment means
comprising the bolts 34 and 36 and the elements generally
indicated at 38 in FIGURE 5. The adjustment means varies
the distance between the first and second axes of the
shafts 22 and 26, respectively, to adjust the 1length of
the relative reciprocating movement between the piston and
cylinder members 12 and 14. The bolt 36 defines a pivot
connection between the housing members 20 and 24 for
selectively allowing the housing members to pivot relative
to one another about the pivot axis of the bolt 36 which
is parallel to the first and second axes of the shafts 22
and 26, respectively, for adjusting the distance between
the first and second axes of the shafts 22 and 26,
respectively. The pivot axis defined by the bolt 36 is
equally spaced from the first axis of the drive shaft 22
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as it is from the second axis of the support shaft 26
whereby the second housing member 24 may be swung relative
to the first housing member 20 about the pivot axis of the
bolt 36 so that the axes of the drive shaft 22 and support
shaft 26 may be moved toward and away from one another
along the circumference of a circle having its center on
the pivot axis of the pivot connection defined by the bolt
36. The bolt 34 defines a securing means connecting the
housing members 20 and 24 together for preventing relative
movement therebetween about the pivot axis defined by the
bolt 36. Upon being loosened, the bolt 34 will also allow
the housing 24 to be pivoted about the axis of the bolt 36
relative to the housing member 20 to change the position
of the second axis of the support shaft 26 along the
circumference of that circle relative to the position of
the axis of the drive shaft 22 thereby to adjust the
length of the relative reciprocating movement between the
piston member 12 and the cylinder member 14. The bolts 34
and 36 are tightened to clamp the housing member together
to prevent relative movement therebetween, In other
words, the bolts 34 and 36, when tightened down, clamp the
housing members 20 and 24 together and prevent relative
movement therebetween. However, when loosened, the bolts
34 and 36 will allow the housing member 24 to be pivoted
about the axis of the bolt 36 for adjusting the distance
between the axes of the drive shaft 22 and the support
shaft 26 to, in turn, adjust the displacement or the
volume of the pumping chamber 16.

The securing means which includes the bolt 34 also
includes a vernier positioning means for adjusting the
distance between the axes of the drive shaft 22 and the
support shaft 26. The vernier positioning means includes
a threaded bore extending into the second housing member
24 with a threaded adjusting screw 40 disposed therein.
The screw 40 abuts the side of the bolt 34 for reacting

thereagainst. The housing member 24 includes an elongated
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slot 42 through which the bolt 34 extends. A biasing
means comprising plug 44 and a spring 46 reacts between
the housing 24 and the bolt 34 for urging the bolt 34
against the threaded adjusting screw 40. The housing
member 24 may be swung about the pivot axis of"the bolt 36
when the bolt 34 is loosened or allowed by the slot 42,
and by the adjustment screw 40 which may be threaded into
the threaded bore in the housing member 24.

Alternatively, a cam arrangement may be substituted
for the adjustment screw 40 of the adjustment means 38.
Further, two slots may surround both bolts 34 and 36 to
shift the housing members relative to one another.

A vernier scale may be disposed on the two housing
members 20 and 24 as shown in FIGURE 1 to visually
indicate the amount of displacement between the axes of
the drive and support shafts 22 and 26.

The system also includes commutating valve means for
delivering fluid to the pumping chamber 16 and for
receiving fluid from the pumping chamber 16. The
commutating valve means includes a passage extending from
the pumping chamber 16 and through the support shaft 26 to
a radial port 48 which is rotatable with the support shaft
26 about its axis. The housing member 24 includes first
and second fixed or stationary ports 50 and 52 spaced
circumferentially from one another or diametrically
opposite one another on the axis of the support shaft 26.
The ports 50 and 52 independently communicate with the
radial port 48 during rotation of the support shaft 26
relative to the housing member 24. The ports 50 and 52
extend into threaded connections which may be utilized for
hose or hydraulic lines leading fo the hydraulic device
actuated by the pump -assembly. The stationary or fixed
ports 50 and 52 are axially aligned relative to the
support shaft 26 with the radial port 48 for alternately
communicating with -the radial port 48. Consequently,
fluid will flow from the port 50 through the radial port
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48 to the pumping chamber 16 and from the pumping chamber
16 back through the radial port 48 and out through the
second port 52 upon rotation in one direction about the
axes of the shafts 22 and 26, but will flow in the
opposite direction from the fixed port 52 through the
pumping chamber 16 and out the fixed port 50 when the
rotation is in the opposite direction about the axes of
the shafts 22 and 26.

The fluid passage extending between the rotating
radial port 48 and the pumping chamber 16 includes a
passage 54 in the piston member 12 with a port in the
cylinder member 14 on the axis of the supporting shaft 26.
An alternative embodiment is shown in FIGURE 7 wherein the
fluid passage 56 communicates directly with the pumping
chamber 16 and a port 48' which performs the same function
as the radial port 48. In the embodiment illustrated in
FIGURE 8, instead of the passage 54 being internally of
the piston member 12 as shown in FIGURE 3, the passage 54'
is disposed in the side of the piston 12.

As shown in FIGURE 3, the housing member 24 includes
an annular cavity 58 disposed at the distal end of the
support shaft 26 for fluid communication through a fluid
line connected in the threaded bore 60 and leading to a
reservoir. A check valve assembly including the seat 62
and ball 64 is disposed at the end of the support shaft 26
for establishing fluid communication between the cavity 58
and the fluid passage interiorly of the support shaft 26
to replenish fluid from the reservoir to the pumping
chamber 16 when needed. A spring 664is disposed within
the support shaft 26 to urge the ball 64 against the seat
62 which is fixedly secured to the support shaft 26.

A seal assembly 68 affects a fluid seal between the
housing member 24 and the support shaft 26. A fluid
passage 70 relieves pressure buildup behind the seal 68 to
the cavity 58 which is connected to the reservoir through

the adjacent connection 60.
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As will be appreciated, various of the components or
subassemblies may be reversed as, for example, the
cylinder may be attached to the drive shaft 22 with the
piston attached to a commutating valve shaft supported in
the opposite housing. It follows, therefore, that the
commutating valve and fluid passageway may extend out
through the piston instead of being associated with the
cylinder.

The invention has been described in an illustrative
manner, and it is to be understood that the terminology
which has been used is intended to be in the nature of
words of description rather than of limitation.

Obviously, many modifications and variations of the
present invention are possible in 1light of the above
teachings. It is, therefore, to be understood that within
the scope of the appended claims wherein reference
numerals are merely for convenience and are not to be in
any way limiting, the invention may be practiced otherwise
than as specifically described.
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CLAIMS ‘

The embodiments of the 1invention in which an
exclusive property or privilege is claimed are defined as
follows:

1. A pump assembly (10) comprising; piston and
cylinder pumping members (12, 14) on telescoping
relationship with one another for reciprocating movement
relative to one another along a reciprocating axis to
define a single pumping chamber (16) therebetween, piston
support means (20, 22, 30, 32) supporting said piston
member (12) for rotation about a first axis extending
transversely to said reciprocating axis, cylinder support
means (24) supporting said cylinder member (14) for
rotation about a second axis extending transversely to
said reciprocating axis so that said piston member (12)
rotates about said first axis in conjunction with said
cylinder member (14) rotating about said second axis, and
characterized by said cylinder member (14) being open
except for said piston member (12) to establish only one
pumping chamber (16) between said members (12, 14) and by
including commutating valve means for establishing fluid
flow into said single pumping chamber (16) during one
portion of each revolution to charge said chamber (16) and
for establishing fluid flow from said pumping chamber (16)

during the remainder of each revolution.
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2. A pump assembly as set forth in claim 1 further
characterized by adjustment means (34, 36, 38) for varying
the distance between said first and second axes to adjust
the length of said relative reciprocating movement between
said piston and said cylinder members.

3. A pump assembly as set forth in claim 2 further
characterized by one (24) of said support means including
commutating valve means (48, 50, 52) for delivering fluid
to said pumping chamber and receiving fluid from said
pumping chamber (16).

4, A pump assembly as set forth in claim 3 further
characterized by said commutating valve means including a
fluid passage extending from said pumping chamber (16) to
a radial port (48) rotatable about one of said first and
second axes, and first and second fixed ports (50, 52)
spaced circumferentially from one another for independent
fluid communication with said:radial port (48) during the
rotation thereof.

5. A pump assembly as set forth in claim 4 further
characterized by said support means including first and
second stationary housing members (20, 24) with said first
housing member (20) defining said first axis (22) and said
second housing (24) member defining said second axis (26)
said adjustment means including a pivot connection (36)
between said housing members (20, 24) for selectively
allowing said housing members (20, 24) to pivot relative
to one another about a pivot axis defined by said pivot
connection (36) for varying said distance between said
first and second axes (22, 26).

6. A pump assembly as set forth in claim 5 further
characterized by said pivot connection (36) being spaced
equally from said first and second axes (22, 26) so that
said first and second axes (20, 26) may be moved toward
and away from one another' along the circumference of a

circle having its center at said pivot connection (36).
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7. A pump assembly as set forth in claim 6 further
characterized by said adjustment means including securing
means (34, 38) connecting said housing members (20, 24)
together for preventing relative movement therebetween
about said pivot connection (36) and for allowing the
position of said first and second axes (22, 26) to be
adjusted between a first maximum displacement position
with one (26) of said axes disposed the maximum distance
from the other axis (22) along said circumference of said
circle and a zero displacement position with said first
and second axes (22, 26) being disposed zero distance
apart at a point on said circumference for zero fluid flow
between said first and second fixed parts (50, 52).

8. A pump assembly as set forth in claim 7 further
characterized by including a drive means (22) supported by
one (20) of said housing members for rotating one of said
piston and said cylinder members (12, 14).

9. A pump assembly as set forth in claim 7 further
characterized by including drive means (22) rotatably
supported by one (20) of said housing members and
supporting one (12) of said piston and said cylinder
members, and the *other (24) of said housing members
rotatably supporting the other (14) of said piston and
said cylinder members and including said first and second
fixed ports (50, 52) therein.

10. A pump assembly as set forth in claim 1 further
characterized by: said piston support means (20)
including a first housing member (20), a circular wheel
(30) rotatably supported by said first housing member (20)
for rotation about said first axis (22), and a pin (32)
interconnecting said wheel (30) and said piston member
(12) on a swinging axis radially spaced from said first
axis for allowing said reciprocating axis of said piston
member (12) to swing about said swinging axis of said pin,
(32) said swinging axis (32) and said first and second

axes (20, 26) all being parallel to one another; said
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cylinder support means including a second housing member
(24), a support shaft (26) supporting said cylinder member
(14) and rotatably supported by said second housing member
(24) for rotation about said second axis (26); a fluid
passage extending from said pumping chamber (16) through
said support shaft (26) to a radial port (48) in said
support shaft, said second housing member (24) having
first and second fixed ports (50, 52) spaced
circumferentially from one another about said support
shaft (26) and axially aligned with said radial port (48)
for fluid communication therewith during rotation of said
support shaft (26); said adjustment means including a
pivot connection (36) between said housing members (20,
24) for selectively allowing said housing members (20, 24)
to pivot relative to one another about a pivot axis (36)
which is parallel to said first and second axes (22, 26)
for adjusting the distance between said first and second
axes (22, 26), said pivot axis (36) of said pivot
connection being equally spaced from said first and second
axes (22, 26) so that said first and second axes (22, 26)
may be moved toward and away from one another along the
circumference of a circle having its center on said pivot
axis (36) of said pivot connection, and securing means
(34, 38) connecting said housing members (20, 24) together
for preventing relative movement therebetween about said
pivot axis (36) of said pivot connection and for allowing
the position of said second axis of said support shaft
(26) to be adjusted along said circumference to adjust
said length of said relative reciprocating movement.

11. A pump assembly as set forth in claim 10 further
characterized by said second housing member (24) including
a cavity (58) disposed at the end of said support shaft
(26) for £fluid communication with a reservoir and
including a check valve (62, 64, 66) in the end of said

support shaft (26) for establishing fluid communication
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between said cavity (58) and said fluid passage in said
support shaft (26) to replenish fluid to said pumping
chamber (16).

12. A pump assembly as set forth in claim 10 wherein
said securing means includes vernier positioning means
(40, 42, 44, 46) for adjusting said distance between said
first and second axes (22, 26).

13. A pump assembly as set forth in claim 12 further
characterized by said vernier positioning means including
a threaded bore extending into said second housing member
(24) and a threaded screw (40) disposed therein; and said
securing means includes a bolt (34) extending transversely
through said bore from said first housing member (20) for
selectively clamping said housing members (20, 24)
together, said threaded screw (40) abutting the side of
said bolt (34) for reacting thereagainst, said second
housing member (24) having an elongated slot (42) through
which said bolt (34) extends, and biasing means (44, 46)
reacting between said second housing member (24) and said
bolt (34) for urging said bolt (34) against said threaded
screw (40).

14. A pump assembly as set forth in claim 13 further
characterized as said piston member (12) including a fluid
passage (54) therein communicating between said f£fluid
passage in said support shaft (26) said pumping chamber
(16).

15, A pump assembly (10) comprising: piston and
cylinder pumping members (12, 14) in telescoping
relationship with one another for reciprocating movement
relative to one another along a reciprocating axis to
define a pumping chamber (16) therebetween, piston support
means (20, 22, 30, 32) supporting said piston member (12)
for rotation about a first axis extending transversely to
said reciprocating axis, cylinder support means (24)
supporting said cylinder member (14) for rotation about a

second axis extending transversely to said reciprocating
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axis so that said piston member (12) rotates about said
first axis in cnjunction with said cylinder member (14)
rotating about said second axis, and characterized by
including a fluid passage extending from said pumping
chamber (16) to a radial port (48) rotatable about one of
said first and second axes and first and second fixed
ports (50, 52) non-rotatable about said one axis and
spaced circumferentially from one another and axially
aligned with said radial port for alternately
communicating with said radial port (48) so that fluid
flows from said first fixed port (50) through said radial
port (48) to said pumping chamber (16) and from said
pumping chamber (16) through said radial port (48) to said
second fixed port (52) upon rotation in one direction
about said first and second axes and so that fluid flows
from said second fixed port (52) through said radial port
(48) to said pumping chamber (16) and from said pumping
chamber (16) through said radial port (48) to said first
fixed port (50) upon-rotation in the opposite direction
about said first and second axes.

16. A pump assembly as set forth in claim 15 further
characterized by including drive means (22) rotatably
supported by one (20) of said housing members and
supporting one (12) of said piston and said cylinder
members, and the other (24) of said housing members
rotatably supporting the other (14) of said piston and
said cylinder members and including said first and second
fixed ports (50, 52) therein.

17. A pump assembly as set forth in claim 16 further
characterized by said piston support means including a
wheel (30) being diametrically balanced across said first
axis and said cylinder (14) being diametrically balanced

across said second axis.
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