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This invention pertains to the art of hydraulic pumps
or motors, and more particularly to a hydraulic pump
or motor of the positive displacement revolving cham-
ber type.

The invention is particularly applicable to what is
generally known as internal gear type pumps or motors,
and will be described with particular reference thereto,
although it will be appreciated that the invention has
broader applications and in many instances is equally
applicable to vane or rotating cylinder type hydraulic
pumps or motors.

- Furthermore, the present invention is particularly ap-
plicable to hydraulic pumps or motors operable at what
may be termed very high hydraulic pressures, that is to
say, above 1,000 pounds per square inch and oftentimes
approaching or exceeding 4,000 pounds per square inch.
At such pressures, construction and expedients usable at
the lower pressures are often unsatisfactory and inap-
plicable to the problems of higher pressures.

For the purpose of simplicity, the invention will be
described only in relation to a pump and reference will
be made to inlet and outlet ports, inlet and outlet mani-
folds and increasing and decreasing volume chambers,
all of which will be at low and high pressures respec-
tively. The description may be applied to a hydraulic
motor by reversing the relationship of the high and low
pressures.

Internal gear type hydraulic pumps are normaily com-
prised of an internally-toothed and an externaily-toothed
gear member rotating on spaced axes with the teeth in
sliding, sealing emgagement, all within an internal cav-
ity of a housing.” A shaft extends from the outside of
- the housing through this cavity and is supported for
rotation within the housing on spaced bearings with the
externally-toothed gear mounted on the shaft between
these bearings.. The internally-tocthed gear in turn is
mounted for rotation on an a2xis spaced from that of
the shaft by means of an eccentric ring supported with-
in the housing, Sealing members engage each axial
face of the gear members so that when the gear mem-
bers rotate, the members define a plurality of chambers
which revolve about the axes and, depending upon their
position with relation to the plane containing the spaced
axes, progressively increase from a point of minimum
volume corresponding to closed gear mesh to a point of
maximum volume corresponding to open gear mesh and
then decrease in volume to the point of minimum vol-
ume.  Normally chambers which are decreasing in vol-
ume all communicate with a discharge port and are at
high hydraulic pressures, while the chambers which are
increasing in volume all communicate with an inlet port
and are at relatively low pressures.

It will be appreciated that the high hydraulic pres-
sures are non-symmetrically located relative to the axes
of rotation and create non-symmetrical forces, both
axial and radial, of a very substantial magnitude on
the various parts and members of the pump. It is the
deleterious effects of these non-symmetrical forces with
which the present invention primarily deals.

Thus the high pressure fluid in the decreasing vol-
ume chambers exerts a very high force on one cutwardly
facing surface of the externally toothed gear. This
force is on the radial line through the center of all the
high pressure chambers and this radial line with the
axis of rotation forms what will hereinafter be referred
to as the “force plane.” This force is transmitted first
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2
to the shaft and then to the bearings, all in the force
plane.

Because of the magnitude of this radial force, sleeve
bearings heretofore could not be employed to rotatably
support the shaft, and it has been considered necessary
to use the much more expensive and bulky roller or
ball bearings.

In accordance with the present invention, however, a
sleeve-type bearing is employed and the problems here-
tofore existent therewith are prevented by communi-
cating controlled amounts of the high pressure hydraulic
fluid to the inside of the sleeve bearing in a point or line
located diametrically opposite from the -high pressure
chambers and on the force plane. This hydraulic fluid
exerts a hydraulic force on the shaft in opposition to
the radial force on the externally-toothed gear and ef-
fectively counterbalances it. The loading on the sleeve
bearing is thus either eliminated or reduced to a degree
where a sleeve bearing is capable of carrying the load.

As a result of the present invention, it was further
found that the forces on the externally-toothed gear were
transmitted to the shaft at a point generally midway
between the bearing supports for the shaft and because
of the magnitude of the force, the shaft was deflected
or flexed slightly in an amount proportional to the hy-
draulic pressure. Thus if the sleeve bearings were
aligned with the shaft at zero pressure, they were out of
line with the shaft when the pump was operating under
pressure and excessive bearing wear occurred.

In accordance with the present invention, this problem
is solved by mounting the sleeve bearings in the housing
for a pivoted movement in the radial force plane. The
sleeve bearing is thus automatically able to change its
position in the housing and remain in alignment with
the shaft even though the shaft is slightly flexed under
the effects of the hydraulic forces.

The high pressure hydraulic fluid in the hxgh pres-
sure chambers also exerts a radxally—o;use., axial force
on each of the sealing members, also in the force plane.
This force tends to turn the sealmv members in a direc-
tion such thai the sealing pressures between the sealing
members and the gear faces adjacent the high pressure
chambers, where the sealing pressures are really needed,
was substantially less than the sealing pressures adja-
cent the low pressure chambers Wh\,re the sealing pres-
sures are not needed.

In accordance with the present invention, this prob-
lem is solved by pivotally mounting at least one of the
sealing members in the housing about a point in the
force plane and providing a radial force in the force
plane on the sealing member so located relative to such
point as to pivot the sealing member about the point
in a direction to increasec the pressure on the gear face
adjacent the high pressure chambers such that a more
uniform sealing pressure of the sealing member across
the entire gear face results.

This radial force tending to so pivot the sealing mem-
ber in the indicated plane may be derived from the un-
balanced radial force of the hydraulic fluid in the high
pressure chambers transmitted. to the shaft and thence
to the sealing member to the housing, or may be created
by exposing non-symmetrical areas of the sealing member
to the high pressure fluids, or both.

A still further problem with internal gear type hydraulic
pumps has been to maintain the gear teeth at open mesh
in sealing relationship as the various parts of the pump
wear in use to thus prevent leakage between the teeth
at this point.

In accordance with the invention the eccentric bearing
ring (in which the internally-toothed gear rotates) is ra-
dially movable within the housing cavity and means are
provided for urging or biasing the teeth of the internally-
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toothed gear at open mesh toward the teeth of the ex-

ternally-toothed gear. The result is that as the parts of
the pump wear, the clearances formally created thereby
will be automatically taken up within the range of move-
ment of eccentric ring in the housing.

A still further problem with hydraulic pumps has been
the bulk and complexity of the housing necessitated by
the extremely high forces of the hydraulic pressures. The
housing provides the physical support for the various
members of the pump to hold them in proper sealing re-

lationship. It has been conventional in all high pressure’

hydraulic pumps to provide the various parts of the hous-
ing with flat abutting surfaces and to hold these parts in
assembled relationship by means of a plurality of bolts,
studs, dowel pins or the like.” A threaded engagement
of the various parts of the housing has been compietely
unsatisfactory because of the clearance apparently neces-
sary in the threads. Thus the high forces involved caused

a slight cocking or shifting of one of the parts of the
housing relative to the other resulting in a mis-alignment
and a separation of the pump sealing surfaces.

In accordance with the present invention, the housing
is formed in two parts which are threadably engaged one
with the other and the members of the pump, e.g. the
bearing and sealing member relying on at least one of
the housing parts for physical support are pivotally sup-
ported thereby such that when the said one housing part
shifts relative to the other, such shifting is not transmltted
to the said members-of the pump.

* The ‘principal object of the present mventlon is the
provision of a new and lmproved hydraulic pump or motor
which is relatively simple in construction, which can be
manufactured for a minimum cost; and which has.a high
_ volumetric and mechanical efficiency.

Another object of the invention is the provision of a
new and improved high pressure hydraulic pump or motor
which may - successfully employ relatively mexpenswe

. sleeve type bearings.

Another -object of the invention is the pfovxsmn of a
pump of the general type described wherein the sealing
members will have a uniform sealing pressure against the
-end faces of thegears.

- Still another object-is the provision ofa pump or motor
of the type described .wherein:the parts of the housing
may-be screw-threaded into’ assembled relratlonshlp

Another object of the invention is the provision of a

- new and improved hydraulic pump or motor of the type
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described, wherein cne or both of the parts of the hous- -

" ing may be formed by relatively mexpenswe impact ex-
trusion processes.

Yet another object of the invention is the provision of
‘a mew and improved internal gear type hydraunlic pump
of motor wherein the wear of the parts normally permit-
ting leakage at open mesh is automatlcally taken up.

The invention may take physical form in certain parts
and arrangement of parts, the preferred embodiments of
which will be described in detail in this specification and
illustrated in the accompanying drawings which are a part
hereof -and wherein;

FIGURE 1 is a side cross sectional view of a hydraulic
pump or motor illustrating a preferred emoodlment of the
invention,

FIGURES 2 and 3 are cross sectlonal views of FiG-
URE 1 taken lappmmmaLely on the lines 2—2 and 3—3
thereof, respectively. -

~FIGURE 4 is a cross sectlon view of a bearing mem-
ber; and’

FIGURE 5 is a view sumlar to FIGURE 1 but illus-
trating an alternative embodiment of the invention.

Referring now to the drawings wherein the showings
are for the purposes of illustrating a preferred embodi-
ment of the invention only, and not for the purposes of
limiting same, the figures show what may alternatively be
used as either a hydraulic pump or a hydraulic motor,
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but which for the purpose of simplicity, will be described
simply as a hydraulic pump.

The pump of FIGURE 1 includes a housmg H, having
an interior pumping cavity in which are mounted a plu-
rality of pumping members defining a plurality of closed
chambers which progressively increase and decrease in
volume as the members move relative to each other.
While such members may take a number of conventional
forms such as rotating cylinders with axially reciprocating
pistons, rotating vanes, in the embodiment shown they
comprise generally an externally toothed gear meéember

" 11, an internally toothed gear member 12, a sealing mem-

ber 13 and a manifold member 14 engaging the right-
hand and left- hand axial faces of the gears 11 and 12
respectively.

The gear member 11 is shdable on and keyed to a ro-
tatable shaft 16 by means of a key 18 and a key way 19
on the member 11. The internally toothed gear member
12 is.supported for rotation about an axis, spaced from
the .axis-of the shaft 16 in a bearing member 17 which,

as will ‘appear, is loosely mounted within the housing.

cavity. The gear member 12 has one or more teeth than
that of the gear member 11 and these teeth are in sliding,
sealing engagement so that as the gear members 11 and
12 rotate, they along with the sealing and manifold mem-
bers 13 and 14 define a plurality of closed chambers re-
volving on a closed path of movement and which pro-
gressively increase in volume from a point A of a mini-
mum volume to a point B of maximum volume and then
decrease fo the point of minimum volume A. -The points
A and B are on what may be termed the mneutral plane
through the two axes of rotation and it will be further
noted that the gear teeth at the point A are in what may
be termed- “closed mesh” and at the point B at “open
mesh.” :
Housing

The housing H in the embodiment shown is formed
in two parts, namely, a main part 20, generally in the
shape of a cup, and a closure part 24 over the open end
of the cup 20, both parts being so arranged as to have
radially opposed’ surfaces relative to each other. . Op-
posed axially facing surfaces between the axial ends of
the radially opposed ‘surfaces such as threads 25 retain
the part 24 in assembled relationship with the cup 20.
An O-ring 26 mounted in a groove in the outer surface
of the closure part 24. This construction may be. dis-
tinguished from conventional. pump housings wherein
the parts have axially facing surfaces in abutment and
bolts extending through these surfaces holding them in
assembled relationship. The closure part 24 'on thé cavity
side of the threads 25 provides a seal to prevent leakage
of hydraulic fluids longitudinally past the threads 25.
As will appear, the threaded fit of the closure part 24
and the main part 20 is not particularly critical in the
construction of the pump.

The main part-29 has a pair of external dlametmca]ly
opposed longitudinally extending ribs 21, 22 and on the
inside has a plurality of inwardly facing cylindrical sur-
faces 27, 28, 39 (reading from left to right), each of
which is larger than the predecessor for receiving and
coacting with the various parts or memoers of the pump
itself as will appear.

In a like manner, the closure part 24 has a plurality of
cylindrical surfaces 32, 33, 34 (reading from right to
left), each of which is larger than the predecessor.

In the preferred embodiment, both of the parts 20,
24 are preferably made from aluminum and by virtue
of the symmetry thereof, can be formed from impact
extruded aluminum. Furthermore, because of the de-.
sign of the pump as will appear, the diameters and fin-
ishes of the cylindrical surfaces 27, 28, 29, 30, 32, 33,
34 can have rather rough tolerances, and a rough finish,

as may be characteristic of impact extrusion tool’s as well
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as the slight taper necessary to effect withdrawal of the
extrusion die.

It is to be further noted that the threads 25 must have
a slight clearance for ready assembly. Such threads un-
der the high pressure forces which will be developed on
the inside of the housing H permit the closure part 24
to cock slightly with reference tc the main part 20. How-
ever, because of the mounting of the pump members
relative to the closure part 24, this cocking is not a
problem.

Shaft and Bearings-

In the embodiment of the invention shown, the shaft 16
extends through an opening 36 in the left hand end or
base of the main part 20 and its left end in the housing
H is rotatably supported in a bearing member 37 while its
right hand end in the housing H is rotatably supported in
a bearing member 38 with the gears in between.

The bearing member 37 is lcosely mounted in the por-
tion of the cavity defined by the cylindrical surface 27
in a manner so as to pivot relative to the housing H.
Thus, in the embodiment of the invention shown, the
bearing member 37 has a cylindrically extending bead
3% around its outer surface having a rounded or circular
contour in cross-section, the ocuter diameter of which
bead is just slightly less than the diameter of the surface
27 so that the bead engages the surface 27 at the point
of tangency only.

In a like manner, the bearing member 38 is mounted
for pivoted movement in the sealing member 13 and for
this purpose has a circumferentially extending bead 40
with a circular contour in cross-section on its outer sur-
face which is loosely engaged in a cylindrical opening
defined by a surface 41 in the right hand end of the
sealing member 13. )

Sealing and Manifold Member

The sealing member 13 in turn is mounted for a piv-
oted movement in the closure part 24 and for this pur-
pose has a circumferentially extending bead or flange 42
with a circular contour on iis right hand end which has
a diameter slightly less than the diameter of the surface
32 and is loosely fitted into the cavity formed by such
surface. "An O-ring 44 just to the left of the bead 42
fits around the right end of the sealing member 13 and
is in sealing engagement with the cylindrical surface 33.
This O-ring 44 seals the cavity 46 which is at high fluid
pressure from the cavity 47 which, as will appear, is at
low hydraulic pressure. :

A coil spring 48 bears between the right hand end of
the sealing member 13 and the shoulder 49 of the closure
part 24, between the cylindrical surfaces 33, 34 and
biases the sealing member 13 into sealing engagemen
with the right hand end of gear 11, 12. i

The manifold member 14 is generally in the shape of

a disc and is positioned, with an interference fit in the

cavity defined by the cylindrical surface 29 and rests
against the shoulder 52 formed between the cylindrical
surfaces 28, 25. The manifold member 14 has a sealing
surface 53 in sealing engagement with the left hand side
of the gears 11 and 12, and this surface has an arcuate
extending port 54 formed therein generally in the path of
movement of the pumping chambers. A passage 55 com-
municates the port 54 with the outer periphery of the
manifold member 14 and thus with the cavity 57 formed

stween the outer periphery of the manifold member 14
and the cylindrical surface 30. The housing 29 has an
opening 58 extending from the outer surface of the
rib 22 inwardly to communicate with this cavity 57 and
forms the outlet for the pump shown. It will be noted
that the passage 55 is diametrically opposite from the
opening 58 so that the outlet fiuid from the pump flows
circumferentially through the cavity 57 and thence out
through the outlet 58. This path of fluid flow con-
tribuies to the cooling of the gear members 11, 12 and
manifold member 14.
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The manifold member 14 also has an arcuate extend-
ing port 60 diametrically opposite from the port 54 and
identically shaped thereto, which port 60 is in the path
of movement of the pumping chambers and extends axi-
ally through the manifold member 14 to communicate the
pumping chambers with the cavity 61 defined by the.
cylindrical surface 28. An opening 62 through the rib
21 communicates with this cavity 61 and forms the inlet
for the pump. It will be noted that the inlet opening 62
is diametrically opposite from the port 60 and inwardly
flowing hydraulic fluid thus flows over the bearing 37
and gives a cooling effect thereto.

The sealing surface 53 of the manifold member 14, as
shown and with the exception of the passage 55, com-
pletely surrounds the ports 54, 66 to form between the
arcuate ends thereof, lands 64, 65, each of which have
a line of movement width slightly greater (by about
i0% ) than the line of movement width of the opening
55 from the pumping chambers to the ports 54.

If, however, a ported plate is employed as is described
in my co-pending application, Serial No. 656,117, filed
April 3G, 1957, now Patent No. 3,007,418, issued Novem-
ber 7, 1961, then the line of movement width of the
cpening from the pumping chambers will be substan-
tially reduced and the line of movement width of the
lands 64, 65 may be substantially reduced.

Furthermore, in the embodiment of the invention
shown, the ports 54, 68 each have the same line of move-
ment width and the lands 64, §5 are symmetrically dis-
posed about the neutral plane through the axis of rota-
tion. The manifold member is heid from rotating by an
interferesice fit with the housing surface 29.

Eccentric Ring Member

The eccentric ring member 17 rotatably supports the
gear member 12 and the center or axis of its inner sur-
face coincides with the axis of rotation of the gear 12.
The-outer cylindrical surface 67 of the ring member 12
is eccentric to the inner surface and thus to the axis of
rotation of the gear 12 and as an important part of the
present invention has an outer diameter less than the
diameter of the surface 30. The ring member is thus
relatively free to move radially in the housing 26, but )
is held againmst rotation by a pin 68 extending from the
manifold member 14 into a slot 69 of the member 17.
The eccentricity of the ring member 29 is thus located
relative to the lands 64, 65 so that the diametrical line
throngh the middle of the lands corresponds to the neu-
iral axis A—B (hereinafter called mid line).

It is to be noted that the hydraulic pressures exert
forces over a wide circumferential width of the cham-
bers but for the purpose of this invention these forces
may be all summed up by a single large radial force
which swings or oscillates about the perpendicular to
the land mid line as chambers come newly into com-
munication with the discharge manifold or go cut of
communication therewith. This force is indicated gen-
erally in FIGURE 3 by the vector 7¢ and for the pur-
poses of describing the invention, its line of action is
assumed as being on the radial line perpendicular to the
mid line through the lands 64, 65 on the high pressure
chamber side ‘of such line. This line of action with the
axis of rotation defines a “force plane.”

In the embodiment of the invention shown, the lands
64, 65 are symmetrical with the neutral axis AB and thus
the vector 70 is perpendicular to this nentral axis AB.
This force urges or biases the eccentric ring radially to-
ward the housing.

In accordance with the invention, the ring member
17 engages the housing 28 at a single point located on
this line of action. The point or line may be located
in any one of a number of different ways, but in the em-
bodiment shown, the eccentric ting has a flat 72 formed
on its outer surface with the exception of a single point 73
close to the middle and this point bears against an insert
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74 mounted oﬁ the surface 39 and having a-surface 75 .

against which the point 73 bears. A screw 78 extends
through the rib 21 and engages the insert 74 to locate it
and hold it in position. The insert 74 is preferably of a
hardened material such as steel.

The. construction of the insert 74 is one of convenience

a number of different
The point 73

in manufacturing and can take

forms without varying from the invention.

may also be an axially extending rib.
Further in accordance with the 1nvent10n, means are

provided for ccntmuously biasing or urging the tecth at

open mesh together. In the embediment shown such
means.include a-leaf spring 71 mounted in a circumfer-
“-entially - extending groove or slot 7% in the outer sur-
face 67 of the member 17 symmetuca,l about the neutral
axis A—B. The ends of the spring bear against the
housing surface 38 and the center against the menber
17.

All gears have a-slight variation in the helght of the
gear teeth. In-the construction shown, the gear teeth
at open mesh take the position of the highest teeth, fric-
tion between the gears and the other pump members
holding the gears in this position for one revolution
when the highest teeth again touch and locate the gears
for the next revolution.

The force vector 70 as shown in FIGURE 3 and FIG-
The same hydraulic -,

URE 1 is in an upward direction.
- pressure exerts an equal and opposite force indicated
by the vector 76 on the axial mld-plane of the gear 11,
which force in FIGURE 1 is in a downward direction.
This force is transferred from the gear 11 to the shaft 16

and thence to the two bearings 37, 38 in inverse pro-
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portion to the axial centerline distance of the bearings 37, .

38 from the axial mid-plane of the gear 11. ~The force
transiitted to the bearing member 37 is then transmitted
“to the cylindrical surface 27 through the spherical sur-
face on the flange 39 all on the “force plane.”

" In a like manner, the bearing member 38 engages the
surface 41 of the sealing member 13 at a point 81 also
located on the force plane.

‘With this arrangement, it will be apprec1ated that the
bearing members 37, 38 each pivot about the support
.points 77, 81 respectively sc that as the shaft 16 is
deflected. as a-result of ‘the force vector 76, the beanng
members 37, 38 may deflect therewith resulting in a uni-
form pressure loading of the shaft 16 along the bearing
¢ surfaces of the bearing members 37, 38.

- It will be apprec1ated that in-a high pressure pump,

the force vector 76 is very large and the pressures of the
‘shaft 16- on the bearing surfaces of the bearing members
37, 38 is very substantial and in many instances greater
than a conventional sleeve type bearing is capable  of
handling.

In accordance with the-invention, the hlgh pressure

fluid of the pump is communicated to the space between
the shaft 16 and the bearing surfaces of the bearings 37,
38 in a controlled manner so that the hydraulic fluid
will exert an upward hydraulic force on the shaft 16 in
an -amount such that the loading of the shaft 16 on the
bearings 37, 38 will be within-that which the bearings
are capable -of withstanding. Preferably the amount is
equal to the radial force of the shaft 16 :on the respec-
tive bearing. In the embodiment of the invention shown,
the bearing surface 83 of the bearing 38 has a diamond-

R shaped groove 84 formed therein, symmetrical about the

“force plane” and so dimensioned that the circumferential
corners 85 are spaced an arcuate distance less than 180°
and so that the axial corners 86 are spaced from the
axial ends of the surface 83. A circumferéntial groove
87 interconnects the corners 85.

Hydraulic fluid at the high pressure of the pump is sup-
plied to these grooves. In the embodiment of the in-
venition shown, a radial passage 88 located on the “force
plane” and midway between the axial ends of the bearing
member 38 is provided, which passage is aligned with
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a corresponding passage 8% through the sealing member

13. 1t will be noted that the passage §8is symmetrical

rela*ive to the bead 49_and has-a diameter less than the

width of the bead 49, so that, in’ effect, a portien of the

bead 49 which engages the surface 4% is a circle sur-
rounding the passage 88.

The cavity 46 communicates W}Lh the gutlet 58 throum-

the clearance between the surfaces 67 and 38. Thus,
hydraulic fluid ‘at high pressure flows through the passage
89 and the passage 88 to the groove 87. In some in-
stances, it has b.,en found that tod much hydraulic fluid

fiowed to the groove 87 and to limit this, a metering pin
©9 is dispesed in the openings 88, 89 for the purpose of
limiting the hydraulic flow and also for the purpose of
continucusly maintaining the aLgnmen* of the opemnos
23, &3. .

By virtue of the arrangement shown, the area enclosed

_ by the diamond shaped groove 84 is generally at the high

hydraulicvpressure and this pressure exerts ‘an upward
force in the shaft 16. By varying the size of the dia-
mond, this force may be varied.

The fluid from the diamond groove 84 flows axially
along the shaft 16 and is discharged into the cavity 47.
This cavity is at inlet pressure by virtue of the clearances
between the bead 40 -and the surface 88, the key-way 19
and the space or clearance 32 between the manifold
member 14 and right hand end of the bearing member 37.

The bearing surface of the bearing member 37 is con-
structed in a manner similar to the bearing surface of
the bearing 38 and will not be described further herein.
Suffice it to say that a bassage 185 frcm the cavity 57

" communicates the high pressure to the grooves.

It will bs appreciated that the hydraulic pressures in
the pumping chambers also exert an axial force indicated
0eﬁera]ly‘l:»y the vector 94 on the sealing miember 13.
Such axial force is in the force plane and tends to move
the sealing member 313 o the right. ‘This force 94 is
opposed. primarily by the force of the hydraulic fluid in
the. cavity ‘46 against the right hand axially facing sur-
face 93 of the sealing member 13, which force is axially
symmetrical relative to the member 13 and is indicated
by the force vector 95. The force vectors 94, 95 are
equal and opposite, but are radially off-set one from
the other by a distanice r with the result that the sealing
member has a turning moment or force couple which
tends to turn the sealing member 13 away from the gears
11, 12 at the high pressure chambers. - -
 To prevent this, the invention contemplates providing
a radial force on the sealing member so located relative
to the point “of support of the sealing member in the
housing that an opp031 ¢ turning moment on-the member
is created. ’ )

- In the preferred embodiment, the radial force is pro-
vided from the force 76. Thus, the portion of the force
76 which ‘is transmitted to the bearing member- 38, is in
turn transferred through the bead 4¢ to the sealing mem-

- ber 13 as indicated by the vector 166. The force 168
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is opposed by an equal and opposite force 101 at the
point of engagement of the bead 42 with the surface 32.
It is to be noted that this point of engagement is on the
axial side of the force transferral from the bearing 38
to the sealing member 13 remote from the gear 11, 12.
By properly proportioning the axial length 1 between
the forces 109 and 121, at the time of design of the
pump, the turning moment on the sealing member 13 may
be propertioned to be equal and opposite to the turning
moment of the force vector 94.

It will be appreciated that the force 94—' also tends
to separate the manifold member 14 from the gears i1,
12 but as the gears are axially movable on the shaft, the
forces on the sealing member 13 are transmitted through
the gears 11, 12 so that with the counstruction above de-
scribed, both member 43 and i4 have a pressure sealing
engagement with the axial ends of the gears which is uni-
form over the entire axially facing surface thercof.
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FIGURE 5 shows an alternative arrangement for hold-~

ing the sealing member and manifold member in vniform
pressure sealing engagement with the axial ends of the
gears. Here like parts will be designated with like num-
bers and similar parts will be designated with a like num-
ber with a prime (’) mark at it.

In the embodiment of FIGURE 5 the principal dif-
ference is that both the ssaling member 13’ and the
manifold member 14’ are loosely mounted in the hous-
ing for pivoted movement about a point in the force
plane and the force for creating the turning moment on
these members in opposition tc the force 94 is created
hydraulically by exposing unsymmetrical areas of the
members to the high pressure fiuids with the centers of
the areas so located relative to the vaot point that the
required turning moment or force is created. While
this embodiment of the invention shows both the sezaling
member and the manifold member as being so pivoted, it
will be appreciated that the same end result can bs
obtained by fixedly mounting one of the members and
increasing the - unsymme! try of the other.

In FJ.GU E 5 the high pressure chambers as distin-
guished from huuh 1 arg in the lower half of the
figure and the housing part 28’ kas imner cylindrical
surfaces 27°, 2%, 38’ of progressively increasing diam-
eters reading from left to right. The ciosure part 25 has
cylindrical surfaces 32/, 34’ of progressively increasing
diameters reading from right to left.

The scaiing member 13’ has cylindrical surfaces 189,

113 of progressively increasing diameters from right to
ieft separated by a shoulder 111 facing axially away from

the gears 11, 12. The surfaces 189, 110 are of a diam-
eter less than and loocsely fit within the cavities defined
by the surfaces 32°, 34’. An O-ring 113 in a groove 1i4
provides a seal between sarfaf'es 389, 327,

The cavity thus formed to the right of O-ring 113 com-
murnicates with the low pressure chambers through the
space between the bearing member 38 and the surface
84 and thence to a radial passage 128 in the sealing
surface of the member 13" exteading outwardly to the
line of movement of the low pressure chambers.

The surface 189 has a cylindrical bead 121 just to the
leit of O-ring 113 although it could be to the right of
C-ring 113 of a diameter slightly less than surface 3%
which engages surface 32’ at one point of tangency only
on the force plane. The sealing member 13" is other-
wise free to move radially in the housing and pivot about
this point.

A second O-ring 115 betwezn surface 109 and surface
34" and bearing against the shoulder 111 defines a cavity
116 which is communicated with the high pressure cham-
bers through a passage 117 opening through the sealing
member sealing surface in the line of movement of such
chambers.

The Ileft hand side of the O-ring 115 also communi-
cates with the low pressure chambers through the space
between the eccentric ring 17 and the surface 30’ and
inlet opening 62".

In accordance with the invention, the plane of shoulder
111 and thus O-ring 115 is oblique to the axis of shaft
16 and inclined symmetrically toward the high pressure
chambers and away from the low pressure chambers so
that the area of the portion of the surface 169 between
the O-rings and on the high pressure side of the axis is
greater than the arca on the low pressure side, the dif-
ferential area being a function of the angle of inclina-
tion and having a center n on the high pressure side mid-
way between the axially transverse planes through the
axial limits of the O-ring 115 and on the force plane.

The high pressures in the cavity defined by the two

O-rings exert both an axial force 95 on the shoulder
111 equal and opposite to the force 94 and a radial force
125 on the center end proportional to the differential
area. As the center n and the line of action of the
force 125 is spaced a distance P from the line of bead 121,
a turning moment on the sealing member 13’ is created
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tending to rotate the member toward the high pressure
chambers and thus oppose the turning moment of the
force 94. :

It will be appreciated that by inclining the plane of the
C-ring 115 in an opposite direction and by placing the
point of tangency contact of the sealing member 13’ with
the housing beiween the O-ring and the gears 1i, 12, a
similar turaning moment can be created.

In a similar manner the manifold member 14’ has
cylindrical surfaces 136, 131 of increasing diameters
reading from left to right separated by a shoulder 132
facing axially away from the gears i1, i2. The surfaces
138, 131 are of a diameter less than and loosely fit with-
in the cavities defined by the surfaces 27/, 29’. An O-
ring 133 in a groove 134 p10v1des a seal between surfaces
139,27,

The cavity to the left of O-ring 133 communicates
with the low pressure chambers through the space be-
tween the bearing member 37’ and the inmer surface
i35 of an axially extending bore in the manifold mem--
bar 14" and thence through a radial passage 136 com-
municating with the inlet opening 62", 3

The surface 13$ has a cylindrical bead 138 just to .

. the left of O-ring 135 of a diameter slightly less than
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the surface 27" which engages surface 27’ at ome point
of tangency omly onm the force plane. The manifold
member i4’ is otherwise free to move radially in the
housing and pivot about this point.

A second O-ring 148 betwe=en surface 131 and surface
27’ and bearing against the shoulder 132 defines with
the O-ring 135 a cavity into which the outlet manifold
54 discharges and which is communicated with the out-
let opening 58",

The right hand side of the O-ring 148 is in communi-

- cation with the inlet opening 62'.

In accordance with the invention, the plane of shoulder
132 and thus O-ring 144 is oblique to the axis of shaft
16 and inclined syrnmetrically toward the high pressure
chambers and away from the low pressure chambers
so that the area of the portion of the surface 13¢ be-
tween the O-rings 135, 148 on the high pressure side of
the axis is greater than the area on the low pressure side
of the axis. The differential area is the function of the
angle of inclination and has a center s on the high pres-’
sure side midway between the axially transverse planes
through the axial limits of the O-ring 140.

The high pressures exert both an axial force 150 on
the shoulder 132 equal and opposite to the force 74 and
a radial force 151 on the center s proportional to the
differential area and as this center is spaced a distance ¢
from the plane of bead 138 a turning moment on the
manifold member 14’ is created tending to rotate the -
member toward the high pressure chambers and thus
oppose the turning moment of the force 74.

It will be appreciated that the turning moment on
either of the members 13’ or 14’ may be varied or ad-
justed by two expedients, namely, changing the inclina-
tion of the planes of the O-rings or changing the distance
from the center of the differential pressure areas from
the point of contact with the housing or both.

It will further be appreciated that either the manifold
member or sealing member or both may be mounted
as above described.

In connection with either embodiment of the invention,
it is to be noted that the closure part 24 with reference
to the main part 20, because of the necessary clearance
between the threaded engagement, may cock slightly un-
der the force of the high pressures on the inside of the
pump. In the present invention this is not detrimental
for the reason that the sealing member 13 is pivoted
relative to the closure part 24 and when the part 24
cocks, this twisting or turning is not transmitted to the
sealing disc 13.

It is to be further noted that with reference to the
embodiment of FIGURE 1, the internally toothed gear
12 rotates within the eccentric bearing ring 17 and is
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_lubricated by the fluid being pumped at the high dis-
“charge pressure. Imasmuch as the viscosity of the fluid
increases with pressure and inasmuch as a high viscosity

lLoncant is'required ‘to withstand the heavy radial loads.

between the gear and . the ring, thisis a decided advan-
tage. This is described and claimed in my co-pending
application, Serial MNo. 814,320, filed May 19, 1959.

“Tt will thus be seen that embodiments of the inven-
tion have been: described in such detail as will enable
those skilled in the art to utilize the principles of the
invention in the design-of high pressure, high efficiency,

positive dlspiacvmvnt hydraulic pumps and/or motors..

The invention has been described in connection with
preferred embodiments. . Obviously, modifications -and
alterations will occur to others upon reading and under-
standing of this specification and ‘it is my intsntion to
inciude all such modifications and alterations insofar as
they come within the scope of the appendant claims.

Havmg thus described my invention, I claim:

. In a positive d1splacema1t hydraulic device com-
prlsed of in combination: a housing having an inwardly
.facing surface defining a pumping cavity ‘at least portions
:of which surface are generally cylindrical; a shaft extend-

" ing into said hcusing and rotatable on the axis of said.
cylindrical portion; an externally toothed gear supported "o

"on said shaft for rotation therewith; an internally toothed
-gear having teeth in sliding, sealing engagement with said
externally toothed gear- and rotatable about an- axis
spaced from said shaft axis by a predetermined gear ec-
centricity determined by said 'gear teeth; a bearing ring
having a radially inwardly - facing cylindrical susface
rotatably supporting said internally toothed gear and a
radlaﬂy outwardly facing outer surface; said gear teeth
‘pioving from open to closed mesh as the gears rotate and
defining a plurality of revolving increasing and decreas-
ing volume  chambers; at least one of said chambers
. being at high discharge pressure whereby a resultant
. radially outward force is exerted on said internally
“toothed gear, the improvement which comprises: said
bearing ring outer surface having a clearance from said
‘housing surface less than said gear eccentricity whereby
said ring is radially .movabie in said housing cavity; and
means biasing said bearing ring radially inwardly at the

- open mesh point of said chambers, whereby said gear

testh are biased together at the open mesh point thereof.

2. The improvement of claimn 1 wherein said means
comprise a spring member disposed between the bearing
ring and said housing surface adjacent opening mesh of
said - gears.

3. The 1mp1ovnment of claim 1 wherein said bearing

‘ring outer surface and said housing surface have a point
engagement generally on the radial line through the cen-
" ter of the high pressure chambers.

-4, The improvement of claim 1 wherein sald bearing
ring cuter surface has a flat on the high pressure cham-
ber side of the axis symmetrically disposed relative to the
high pressure chambers; said housing cylindrical surface
has a similarly disposed flat opposite said bearing ring
flat and means provide a point engagement between said
flats. :

5. The improvement of claim 1 wherein said clear-
ance is from .002 to .010 inch.

6. Tn a positive displacement hydraulic pump com-

- prised of, in combination: a housmg having .an inwardly
facing surface defining a pumping cavity at least por-
tions of which surface are cylindrical; a shaft extending
into said housing and rotatable on the axis of said cylin-
drical portion; an externally toothed gear supported on
said shaft for rotation therewith; an internally toothed
gear having teeth in sliding, -sealing’ engagement with
said externally tcothed gear and rotatable about an axis
spaced from said shaft-axis by a predetermined gear ec-

’ centmclty determired by said gear teeth; means rotatably
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ppor*mﬂ said mtevnally toothed gear; said gear teeth

. ‘moving from opern tc closed mesh “as the gears rotate
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and defining a plurality of revolving increasing and de-
creasing volume chambers; a sealing member in sealing
engagement with one axial end of 'said gears; a manifcld
member in sealing engagement with the other axial end
of said gears, the decreasing volume chambers being at
high discharge pressure whereby a resultant radially in-
ward force is exerted on said externally toothed gear and
on said shaft on the same side .of the shaft as the high
pressure chambers and a radially offset axial force is ex-
erted on said members on the same side of said shaft
as said high pressure chambers; the improvement which
comprises at least one of said members being locsely
mounted in said hOLuing and engaging said housing at a

“single radially facing contact point spaced from the axial

end of said gears with which said one member is in seal-
ing engagement a predetermined -distance and -means
Lransfermg at Jeast a portion of said radially inward force
on said shaft o said one member at a point between said
single po*nt of contact and the axial end ‘of ‘said gears
with which said one member is in engagement whereby to
create a turning moment on said- one member in opposi-
tion to the turn-moment of the offset axial force thereon.

7. The improvement of claim 6.wherein said one mem-
ber has a radially outwardly facmg surface expobed to-
the high hydraulic pressure, said surface being circum-
ferentiaily unsymmetrical such that the area of the por-
tion of the surface on the high pressure side of the shafi
is greater than the area on the low pressure side of the
shaft, the size of the differential area thereof and the cen-
ter of such-area being located between said point of con-
tact and said axial end of said gears whereby. to create
a radial force on said one member, said radial forces
on said one member exerting a turning moment about
said contact point to oppose the turping moment of said
radially offset axial force.

8. In a positive -displacement 11ydrauhc device - com-
prising in combination: a housing baving an inner gen-
erally cylindrical surface defining a cavity, a shaft ex-
tending into said cavity and rotatably about an axis, a
plurality of members rotatable with said shaft and de-
fining a plurality of chambers which move on a fixed
line of movement, sealing means in sealing engagement
with each axial end of said members, one of said means
having arcuate ports therein communicating with the
openings from said chambers as they revolve and dia-
metrically opposed lands spacing the ends of said ports,
the line of movement width of said lands bem" shghtly
gicater than the line of movement width of the openings
from said chambers to said ports, the chambers on one
radial side of the diametrical line through the lands being
at high fluid pressure whereby a resultant radially inward
force is exerted on said shaft on the same side of the
shaft as the high pressure chambers; bearing members,

- one on each side of said pumping members rotatably
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supporting said shaft in said housing; the improvement
which comprises said bearing members being loosely
mounted in said housing for pivoted movement Telative
to said housing about a point on the side of said shaft
diametrically opposite from said high pressure chambers.

9. In a positive displacement hydraulic “device com-
prising in combination: a housing having an inner gen-
erally cylindrical surface defining a cavity, a shaft extend-
ing into said cavity and rotatable about an axis, a plu-
rality of members rotatable with said shaft and defining
a plurality of chambers which move on a closed fixed
line of movement, sealing means in sealing engagement
with each axial end of said members, one of said means
having arcuate ports therein communicating . with sald
chambers as they revolve and a pair of diametricaily op-
posed lands spacing the arcuate ends of said ports, the
line of movement width of said lands being slightly



3,034,447

13

greater than the line of movement width of the openings
from said chambers to said ports, the chambers on one
radial side of the diametrical line through the lands being
at high fluid pressure whereby a resultant radially inward
force is exerted on said shaft on the same side of the
shaft as the high pressure chambers, and bearing mem-
bers, one at each axial end of said pumping members
rotatably supporting said shaft in said housing; the im-
provement which comprises said bearing members being
loosely mounted in said housing and at least on the side
of said shaft diametrically opposite from said high pres-
sure chambers having a circumferentially extending sur-
face having a circular contour in cross section and means
supporting said bearings comprised of a circular surface
having a diameter at least slightly greater than the diam-
eter of said circumferentially extending portion, said
bearing members being free to pivot about the point of
contact of said surfaces.
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