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This invention relates generally to gear pumps and,
more particularly, to a gear pump having pressure loaded
movable end plate means. .

It has been determined that developed pressures around
the periphery of a rotary fluid displacement means of
a gear pump vary as a function of the rotational speed of
the pump and as a function of the discharge pressure.

2

vide movable end plate means for a gear pump variably

- loaded as a function of pump speed and discharge pres-
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sure for balancing unequal pressure forces in ‘a gear
pump pumping chamber,

Yet another object of the present invention is to pro-
vide an improved two-piece bushing-end plate construc-
tion for a pressure loaded gear pump.

Another object of the present invention is to provide
movable end plate means for a gear pump- wherein a
back motive surface is at least coextensive in size with,
or preferably larger than, a front sealing face adapted

- to engage the side face of an adjoining rotatable gear im-
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Accordingly, with a pressure loaded gear pump of the °

type using pressure loaded movable end plate means,
the total force tending to separate the mating gear and
end plate and the line of action of that force tends to
change with the speed of rotation of the gear impellers.
To provide a loading force acting on the movable end
plate which will be equal and opposite to a varying load,
it would be necessary to change not only the quantitative
value of the loading force, but it would also be neces-
sary to apply such force at different locations.

According to the principles of the present invention, a
plurality of circumferentially spaced cylinders and pis-
tons are provided for axially loading the movable end

plates into sealing engagement with the side faces of the ©

gear impellers. FEach of the respective cylinders is refer-
enced to a correspondingly circumferentially spaced loca-
tion in the pumping chamber so that the respective areas
which are utilized for pressure loading the movable end
plate will be referenced to pressures genmerated by the
pump varying as a function of the pump speed and dis-
charge pressure, thereby to balance unequal pressure
forces developed in the pumping cavity of the pump.
Thus, in its broadest aspect, the present invention con-
templates the application of non-uniform fluid pressures
to selected uniform areas of a movable end plate. It
is further contemplated to provide a plurality of cir-
cumferentially spaced non-uniform areas which, in ac-
cordance with the principles of the present invention,
function as reactive pressure surfaces subject to a uni-
form pressure. In accordance with either provision, the
unequal pressure forces developed in the pumping cavity
will be balanced by the reactive pressure forces loading
the movable end plate means into sealing engagement
with the side faces of the gears.

It is further contemplated in accordance with the prin-
ciples of the present invention to provide a two-piece
bushing-end plate means whereby a bearing sleeve mem-
ber having a journal surface adapted to journal the shaft
extension of a rotary gear cooperates with a movable
end plate member forming a relatively axially movable
radjal extension of the bearing sleeve member. The pro-
vision of such a construction permits the use of an end
plate member affording an unusually large motive sur-
face. The two part construction further affords flexi-
bility insofar as axial and radial alignment of the gears
and the bushing-end plate part are concerned.

It is an object of the present invention, therefore, to
provide means for loading an end plate of a gear pump
wherein the loading force will vary as a function of the
pump speed and discharge pressure.
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peller member. :

Another object of the present invention is to provide
means for balancing unequal pressure forces' developed
in the pumping cavity of a gear pump. :

A further object of the present invention is to pro-
vide movable end plate means for a gear pump having
a motive surface of sufficiently large area to accommo-
date the application of loading force sufficient to over-
come the separating force between the gear side face and
the end plate sealing face. - : :

Many other advantages, features, and additional ob-
jects of the present invention will become manifest to
those versed in the art upon making reference to the de-

. tailed description which follows and the accompanying
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sheets of drawings in which a preferred structural em-
bodiment of a pressure loaded gear pump incorporating
the principles of the present invention is shown by way
of illustrative example, - C

On the drawings:

Figure 1 is a cross sectional view of a pumping unit
including a centrifugal pump in series with a gear pump
incorporating the principles of the present invention.

* Figure 2 is a plan elevational view with parts broken
away and shown in cross section and with parts removed’
for the sake of clarity illustrating additional details of
construction of the pumping unit shown in Figure 1.

Figure 3 is a cross-sectional view, somewhat reduced,
taken substantially on line III—III of Figure 1.

Figure 4 is a cross sectional view, somewhat reduced,
taken substantially on line IV—IV of Figure 1. -

Figure 5 is a fragmentary cross sectional view gener-
ally similar to the view of Figure 4 but showing an
alternative modification provided in accordance with the
principles of the present invention. S

Figure 6 is a cross sectional view taken substantially
on line VI—VI of Figure 1.

Figure 7 is a fragmentary cross sectional view somie-
what similar to Figure 1 but showing an alternative em-
bodiment provided in accordance with the principles of

--. the present invention.
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Figures 8, 9, 10 and 11 are diagrammatic ‘views de-
picting one of a pair of rotatable intermeshing gears and
showing how perpiheral pressures vary with speed in a
pressure loaded gear pump having movable pressure
loaded end plate means. ' '

As shown on the drawings:

As shown in Figure 1, the principles of the present
invention are advantageously incorporated in a pumping
unit indicated generally by the reference numeral 10 com-
prising a sectionalized casing 11, the spaced sections
being held in firm assembly with one another by a plural-
ity of fasteners indicated generally at 12 (Figure 2).

The pumping unit 10 is provided with an inlet 13
through which a fluid pumping medium is delivered to a
centrifugal impeller 14 rotatable in a volute pumping
chamber 15. The outlet of the volute pumping chamber
15 forms the inlet 16 of a pumping chamber 17 provided
in the sectionalized casing 11 and housing rotatable fluid
displacement means comprising a driver gear 18 and a

Yet another object of the present invention is to pro- ~ driven gear 19. The pumping chamber 17 is further pro-
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vided with an outlet 20, Thus, it will be appreciated that
the centrifugal pump is integral and in series with the
gear pump.

Making particular reference to Figures 1 and 2, it will
be noted -that the sectionalized casing 11 comprises a
housing member 21 having a radially extending face indi-
cated at 22 and in which is formed a pair of intersecting
bores which, together, form the pumping chamber 17.

The housing member 21 is further characterized by the
provision of a counterbore 23 which provides adjacent the
pumping chamber 17 a radially extending shoulder indi-
cated at 24. )

The sectionalized casing 11 is further provided with a
cover member 26 having a pair of spaced bores 27, 27
for receiving the shaft extensions 184 and 19a of the
driver and driven gears 18 and 19, respectively.

Additionally, the cover member 26 is provided with a
pair of counterbores 28, 28 in assembly therewith, a bear-
ing sleeve member 29, the detailed construction of which
will be described presently.

The cover member 26 is further provided with an
additional counterbore indicated at 30 of complementary
size and shape to the counterbore 23 provided in the
housing member 21.

The cover member 26 is also prov1ded with a radially
extending face 31 complementary in size and shape to the
radial face 22 on the housing member 21 and particularly
characterized by the provision of a plurality of radially
spaced apart grooves 32, each receiving seal rings 33 for
eéstablishing sealed areas between the abutting radial faces
22 and 31.

The housing member 21 is provided with a pair of
spaced apart bores 33 adjacent the pumping chamber 17
and each bore 33 receives a bearing sleeve 34 providing
a bearing journal surface for a shaft extension 185 and
19b. of the driver gear 18 and the driven gear 19, re-
spectxvely

A statlonary end plate 36 is received in one end of
each of the overlapping bores providing the pumping
chamber 17 and abuts against the respective ends of the
bearing sleeves 34, 34 along one radially disposed face,
the other oppositely disposed radial face providing a
radially extending sealing face for sealingly engaging the
mating side face of the driver gear 18 and the driven
gear 19.

In order to prevent galling, binding and seizure be-
tween the relatively rotatable components, a conventional
annular maching relief indicated at 37 is provided in
the driver and driven gears 18 and 19, respectively.

The sectionalized casing 11 includes a housmg mem-
ber 38 which provides a gear box 39 for receiving the
shaft extensions 184 and 195 of the driver and driven
gears 18 and 19. 1t will be noted that the shaft exten-
sion 185 has a gear 39 keyed thereto as at 40, which gear
39 is rotatable with the driver gear 18 and intermeshingly
engages in driving relationship with a gear 41.

The shaft extension 19b has a stub extension indicated
at 42 received in a recess 43 formed in the gear mémber
41. A bearing sleeve 44 is intérposed between the shaft
stiib 42 and the walls of the recess 43 thereby to provide
journal support for the gear member 41.

Further journal support for the gear member 41 is
provided by a béaring retainer 46 mounted in the hous-
ing member 38 and engaging the peripheral surface of
an axial extension provided on the gear member 41. The
gear member 41 is further provided with a hub 47 to
which a centrifugal impeller 48 is keyed as at 49 for rota-
tion in the volute chamber I5. The hub 47 is threaded
as at 50 for receiving additional fastening means indi-
cated at 51 serving to retain the centrifugal impeller 48 in
corotatable assembly with the gear member 41.

The shaft extension 18z on the driver gear 18 extends
through -a shaft seal assembly indicated generally at 52
and recéived in a recess 53 provided in the cover mem-
ber 26. 'The shaft extension 18« is internally splined to
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- ber 21 thereby to form a chamber 70.
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4

provide a mating coupling with a stub shaft 54, one end
of which is splined as at 56 for mating engagement with
the shaft extension 18z and the other end of which is
splined as at 57 to effect coupling engagement with a
suitable power source (not shown). A cover plate 58
engages the end of the cover member 26 as is shown in
Figure 1.

Upon applying rotational force to the stub shaft 54,
the driver gear 18 will be rotated whereupoa the cen-
trifugal impeller 48 will also be rotated through the gear
train 41, 39. Fluid will thus be pumped through the inlet
13 through the pumping chamber 15, the centrifugal out-
let and gear pump inlet 16, the pumping chamber 17 and
thence through the outlet 20.

The present invention particularly contemplates the
provision of improved movable end plate means for
effecitvely sealing the gears 18 and 19 in the pumping
chamber 17. In effecting this end, there has been here-
tofore provided combination bearing bushings and end
plates formed as integral members. In accordance with
the principles of the present invention, a two-piece bush-
ing-end plate means is provided including the ‘bearing
sleeve 29 and an end plate member indicated at 69.

As noted hereinabove, each of the bearing sleeve mem-
bers 29 is received in a corresponding counterbore 28
in the cover member 26. Each bearing sleeve member
29 provides an internal bore forming a bearing journal
surface 61 journalling the shaft extensions 18a and 194
of the driver gear 18 and the driven gear 19, respectively.

Each bearing sleeve member 29 further includes a
peripheral surface indicated at 62 which is spaced radially
outwardly of the bearing journal surface 61 and which
is adapted to seat against the walls of the counterbores 28
provided in the cover member 26.

The end plate member 60 provided for each respective
gear 18 and 19 comprises an annular ring member sized
and shaped to be slidably received in the counterbores
23 and 30 of the housing member 21 and the cover mem-
ber 26, respectively.

As shown in Figure 3, each of the end plate members
60 has a flat chordal surface so that adjacent end plate
members 60 abut one another to form a joint indicated
at 63, thereby preventing rotation of the end plate mem-
bers relative to the casing 11.

Each end plate member 60 is provided with a reduced
diameter portion forming, in effect, a reduced tubular
extension of an outer diameter equal to the outer diam-
eter of the corresponding driver gear 18 and driven gear
19. Thus, there is provided a front sealing face 64 on
each end plate member 60 which extends radially and
which is equal in diameter to the gears and to the inter-
secting bores forming the pumping chamber 17, thereby
to provide a continuous generally annular sealing face for
engaging the corresponding side faces of the gears 18
and 19. ‘

The innér diameter of the sealing face 64 is preferably
less than the root diameter of the gear teeth on the
driver gear 18 and the driven gear 19 so that the radial
sealing face 64 extends radially inwardly of the gear
teeth diameter.

By virtue of the construction of the end plate mem-
ber 60, there is provided an axially extending peripheral
face indicated at 66 which slidingly engages the walls
indicated at €7 defining the confines of the pumping
chamber 17. It will be understood that the surface 66
and the walls 67 are slidably interrelated and sealing
means are provided therebetween which can conveniently
take the form of an O ring seal indicated at 68. In the
embodiment shown in the drawings, the O ring seal mem-
ber 68 is received in a groove formed in the walls 87.

The end plate member 60 also provides a radially ex-
tending wall indicated at 6% which confronts and is spaced
from the radially extending wall 24 on the housing mem-
f As is shown in
Figure 6, the radially extending wall 24 is particularly
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characterized by a circumferentially extending groove
71, which groove communicates with the inlet 16, there-
by serving to minimize any dash pot action which would
impede movement of the end plate members toward the
gears 18 and 19. :

As will be appreciated by those versed in the art, the
end plate members 60 form a relatively .axially movable
radial extension of the bearing sleeve members 29, Each
bearing sleeve member 29 and a corresponding end plate
member 60 together provide confronting circumferential
peripheral and bore surfaces, respectively, which are in-
dicated by the common reference character 72 and which
are spaced radially outwardly of the journal bushing sur-
face 61 so as to slidingly relate the end plate member
60 to the corresponding bearing sleeve member 29 for
relative axial reciprocation toward and away from the
corresponding gear member. : :

Each end plate member 60 also provides a radially
extending back face 74, the outer diameter of which is
equal to the diameter of the counterbores 23 and 30
formed in the housing member 21 and the cover member
26, respectively, and the inner diameter of which being
equal to the outer diameter of each bearing sleeve mem-
ber 29.. Accordingly, because the sealing face 64 is
provided on the reduced tubular extension of the end
plate member 60, it will be appreciated that the back face
74 will always be at least coextensive in area with the
sealing face 64. As shown in the drawings, the back face
74 will be considerably larger in area than the sealing
face 64, which provision is particularly advantageous
for the purposes of the present invention.

In accordance with the principles of the present inven-
tion, a plurality of circumferentially spaced reactive areas
are provided to load the back face 74 and means are
provided to reference each respective reactive pressure
area to fluid pressures generated by the pump 10 in the
pumping cavity 17 varying as a function of pump speed
and discharge pressure for balancing unequal pressure
forces in the pumping cavity.

Before describing in detail the pressure loading means,
advantageous reference may be-made to the diagram-
matic views shown in Figures 8, 9, 10 and 11. If de-
veloped pressures are checked at various points around
the periphery of a pumping gear in a pressure loaded gear
pump, it will be found that such pressures vary as a
function of the speed of rotation and the discharge pres-
sure. The views of Figures 8-11 exemplify such vari-
ance. The numbers around the periphery of each gear
express in pounds per square inch the developed fluid
pressure around the periphery of a pumping gear in a
gear pump rated at 600 pounds per square inch.

In Figure 8, the rotary fluid displacement means are
rotated at approximately 500 revolutions per minute and
it will be noted that pressure distribution indicates a
rapid increase adjacent the inlet side of the pump.

Comparable pressure values are indicated on Figure 9
- for a rotational speed of 1500 R. P. M. It will be noted
that the line of action of the forces tending to separate
a floating bearing from the mating gear has shifted since
the high pressure values have generally shifted towards
the outlet side. :

In Figure 10, for a 2500 R. P. M. speed, the shift is
even more pronounced and, in Figure 11, at 3500
R. P. M., it will be noted that decided changes both as
to quantitative pressure value and line of action of pres-
sure force have occurred. ‘ :

The loading means provided in accordance with the
principles of the present invention compensate for the
variations in separating force due to pump speed and
discharge pressure.

. In the form of the invention shown in Figure 1 and the
views based thereon, the cover member 26 is provided
with a plurality of circumferentially spaced recesses each
indicated at 80. Means are provided to confine fluid pres-
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So as to apply a reactive pressure force against the
back face 74 of the end plate member 60. In the form
of Figure 1, each of the recesses 80 comprises a. cylinder
receiving a piston 81, one face of each piston :81 in-
dicated at 82 being exposed to fluid pressure -confined in
the recess 80 and the opposite face of each piston 81
indicated 83 abuttingly engaging the back face 74 of
the end plate member 60.

Fluid pressures generated by the pump are referenced
to the respective recesses 80 and in this connection, a
separate fluid passage 83 is provided for each respective
recess 80 referenced to the pumping chamber 17 at cir-
cumferentially spaced points around the periphery of the
pumping chamber 17. In other words, the back face
74 of each end plate member 60 is acted upon by a plu-
rality of cylinder and piston means which are cireums-
ferentially spaced between the inlet and outlet sides of the
pump. Each passage 83 extends from each respective
recess 80 to a correspondingly spaced point in the pump-
ing chamber 17 directly adjacent axially the correspond-
ing portion of the sealing face 64 acted upon by the
pressure forces in the pumping chamber 17, By proper
proportioning of the pistons 81, for any segment of the
end plate member 60 there will be a force of equal
magnitude working on both sides of the plate, namely,
the sealing face 64 and the back face 74. Moreover,
the fluid pressures working in the cylinders or recesses 80
will change in: proportion to the pressure distribution
around the periphery of the pumping gears as the rota-
tional speed of the pump changes.

A continuous biasing means conveniently taking the
form of a coil spring 84 is provided in each recess 80,
one end of each spring 84 being bottomed against the
cover member 26 and the opposite end being bottomed
against a corresponding piston 81, thereby to provide
initial loading of the end plate member 60 against the
corresponding gear. With perfect hydraulic balance of
the end plate member 60, the springs 84 provide the only
positive force holding the end plate members 60 against
their corresponding gears.

It will be noted that each respective piston 81 is pro-
vided with an annular groove 86 receiving an O-ring 87
so that fluid pressure in the cylinders or recesses 8¢ will
be positively sealed. ’

In the form of the invention illustrated in Figure 1,
the passages 83 are provided by a first passage section
which is inclined radially outwardly in the cover mem-
ber 26 between each respective recess 80 and the radial
face 31. A second passage section is formed in each
housing member 21 and consists of an outwardly inclined
passage extending between the pumping chamber and the
radial face 22 on the housing member 21. In order to
afford a manufacturing tolerance, the intersection of the
passage sections at the abutting radial faces 22 and 31
are characterized by enlarged recesses isolated between
radial inner and outer sealing members 31 in the radially
spaced grooves 32.

An axially extending Dassage 87 is provided through
each end plate member 60 between the chamber 70 and
the radial face 83 on each respective piston 81 to insure
full engagement between each respective piston 81 and
the back face 74 of the end plate member 60,

The sectional view of the form of the invention shown
in Figure 1 and illustrated in Figure 4 illustrates how
each recess 86 and the corresponding piston 81 estab-
lishes a plurality of circumferentially spaced reactive
pressure areas of uniform size. Although the reactive
bressure areas are of uniform size, it will be appreciated
that a different fluid pressure will exist in each cylinder
or recess 80 so that the pressure forces tending to load
the end plate member 60 will vary proportionately from
the inlet to the outlet sides of the pump. Moreover, the
pressure in each cylinder will not only differ from that in
adjoining cylinders, but in any one cylinder or recess 80,

sure generated by the pump in each of the recesses 80 y5 the hydraulic pressure will vary with the changes “in
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pressure around the periphery of the gear and such varia-
tions will occur as a function of the pump speed and the
pump discharge pressure. .

In the embodiment of Figure 5, the structural arrange-
ment is generally similar to that shown in Figures 1-4,
however, each of the cylinders is inidcated at 80’ and
each of the pistons is indicated at 81’, the respective
cylinders and pistons being of non-uniform size and in-
creasing in effective area proportionately from the inlet
side of the pump toward the outlet side of the pump.
Instead of referencing the respective cylinders $8° to
varying pressure, a passage 88 communicates discharge
pressure to a feeder passage 89, thereby referencing a
uniform quantitative value of pressure to each respective
cylinder 80’, namely, the pressure in the feeder passage
89, by means of a separate passage 9. There is thus
provided a plurality of circemferentially spaced reactive
areas of non-uniform size, each increasing in effective
area from the pump inlet to the pump outlet so that the
respective areas can be referenced to pressures generated
by the pump for balancing unequal pressure forces in the
pumping chamber.

In the form of the invention shown in Figure 7, the
end plate member is indicated at 91 and comprises a
generally ring shaped member having a reduced section
providing a radial front face 92 sealing against the side
face of a gear member 93 and a radially extending back
face 94 characterized by a plurality of circumferentially
spaced cylinders 96, each receiving a piston 97. An
axially extending passage 98 is provided between each
cylinder 96 and the front face 92, the passage 98 inter-
secting the front face 92 radially outwardly of the root
diameter of the gear teeth so as to communicate the re-
spective cylinders 96 to pressures generated by the pump
at circumferentially spaced points around the periphery
of the pumping chamber 99 varying as a function of the
speed of the gear 93 and the discharge pressure of the
pump. . Since the piston 97 engagingly abuts against
the casing 100 and since the end plate member 91 is
slidably movable in the casing member 180 and the
casing member 101, the flnid pressure confined in the
cylinder 96 by the piston 97 will act on the reactive pres-
sure surface formed at the bottom of the cylinder 96 to
impart an axial thrust to the end plate member 91 load-
ing the end plate member into sealing engagement with
the side face of the gear 93.

A coil spring 102 is bottomed at one end against the
piston 97 and is bottomed at the other end against the
end plate member 91 to initially load the end plate mem-
ber into sealing engagement with the gear 93.

In the form of the invention illustrated in Figure 7,
the separate bearing sleeve member 29 may be eliminated
if desired -and the end plate member 91 may be provided
with a bore providing a journal bearing surface 103 for
journalling the shaft extension 93a of the gear 923.

As described in connection with the form of the in-
vention shown in Figure 1, the back face 93 of the end
plate member 91 is of considerably larger area than the
front face 92 and the end plate member 91 is also pro-
vided with a radially extending shoulder 104 which con-
fronts and is spaced from a complementary shoulder 185
provided by the casing member 101 thereby to form a
chamber 106 referenced to a zone of lower pressure such
as inlet pressure by a groove 187 to minimize dash pot
action.

Although various minor structural modifications might
be suggested by those versed in the art, it should be
understood that we wish to embody within the scope of
the patent warranted hereon all such modifications as
reasonably and properly come within the scope of cur
contribution to the art.

We claim as our invention:

1. In a pump, a casing providing intersecting bores
forming.a pumping chamber and having an inlet and-an
outlet at opposite -sides - thereof, intermeshing gears to-
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tatable in said pumping chamber, 2 movable end plate
for each bore having a first end face to sealingly engage
the side face of a corresponding gear and a second end
face providing a motive surface of larger area than
said first end face, said first end face being subject to
non-uniform fluid pressure forces in said pumping cham-
ber varying in quantitative amount from the inlet to the
outlet sides of the pump, circumferentially spaced load-
ing means exerting loading forces on said second end face
to balance the unequal pressure forces in said chamber
acting on said first end face, said loading means compris-
ing pressure reactive areas of non-uniform size and re-
ceiving fluid pressure generated by the pump applied over
the respective areas to balance the unequal pressure forces
in the pumping chamber.

2. In a pump, a casing providing intersecting bores form-
ing a pumping chamber and having an inlet and an outlet
at opposite sides thereof, intermeshing gears rotatable in
said pumping chamber, a movable end plate for each bore
having a first end face to sealingly engage the side face
of a corresponding gear and a second end face providing
a motive surface of larger area than said first end face,
said first end face being subject to non-uniform fluid pres-
sure forces in said pumping chamber varying in quantita-
tive amount from the inlet to the outlet sides of the pump,
and circumferentially spaced loading means exerting load-
ing forces on said second end face to balance the unequal
pressure forces in said chamber acting on said first end
face, said loading means comprising pressure reactive
areas of uniform size and of means communicating fluid
pressure generated by the pump varying in quantitative
amount from the respective areas nearest the inlet side of
the pump to the respective areas nearest the outlet side of
the pump, thereby to balance the non-uniform pressure
forces in the pumping chamber.

3. In a pump, a casing providing intersecting bores
forming a pumping chamber and having an inlet and an
outlet at opposite sides thereof, intermeshing gears rotat-
able in said pumping chamber, a movable end plate for
each bore having a first end face to sealingly engage the
side face of a corresponding gear and a second end face
providing a motive surface of larger area than said first
end face, said first end face being subject to non-uniform
fluid pressure forces in said pumping chamber varying in
quantitative amount from the inlet to the outlet sides of
the pump, and circumferentially spaced loading means
exerting loading forces on said second end face to balance
the unequal pressure forces-in said chamber acting on said
first end face, said loading means comprising fluid pressure
reactive members engaging said motive surface, and means
communicating pressure generated by the pump thereto,
each of said fluid pressure reactive members having an

-effective reactive area varying from an adjacent pressure

reactive member and increasing from the inlet side of the
pump to the outlet side of the pump for balancing unequal
pressure forces in the pumping chamber.

‘4. In a pump, a casing providing intersecting bores form-
ing a pumping chamber and having an inlet and an out-
let at opposite sides thereof, intermeshing gears rotatable
in said pumping chamber, a movable end plate for each
bore having a first end face to sealingly engage the side
face of a corresponding gear and a second end face pro-
viding a- motive surface of larger area than said first end
face, sdid first end face being subject to non-uniform fluid
pressure forces in said pumping chamber varying in
quantitative amount from the inlet to the outlet sides of
the pump, and circumferentially spaced loading means
exerting loading forces on said second end face to balance
the unequal pressure forces in said chamber acting on said
first end face, said loading means comprising fluid pres-
sure reactive members engaging said motive surface and
providing spaced uniform areas between the inlet and the
outlet of the pump, and means -communicating pressures
generated by the pump 'which vary in-quantitative amount
in correspendingly spaced-areas in the pumping chamber
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between the inlet and the outlet of the pump to the re-
spective uniform areas to balance the non-uniform pres-
sures in the pumping chamber,

5.1In a pump, a casing providing intersecting bores form-
ing a pumping chamber having an inlet and an outlet at
opposite sides thereof, intermeshing gears rotatable in said
pumping chamber, said casing having radially extending
walls adjacent said bores, a movable end plate member
for each bore, each end plate member having an end face
received in a corresponding one of said bores to sealingly
engage the side of a corresponding gear, an annular radial-
ly outwardly extending face on said end plate member
overlying said casing walls, and a second end face on
said end plate providing a motive surface coextensive with
both of said faces, said first mentioned end face being sub-
ject to non-uniform fluid pressure forces in said pumping
chamber varying from the inlet to the outlet sides of
the pump, and loading means exerting a non-uniform load-
ing force on said second end face varying from the inlet
to the outlet sides of the pump, thereby to move said end
plate into sealing engagement with the gears.

6. In a pump, a casing providing intersecting bores form-

ing a pumping chamber having an inlet and an outlet,
rotatable intermeshing gears in said pumping chamber
for moving fluid from said inlet to said outlet, said casing
having a radially extending wall adjacent said bores, a
movable end plate member for each bore, each end
plate member having an end face received in a corre-
sponding one of said bores to sealingly engage the side
of a corresponding gear, a second end face on said end
plate member providing a motive surface greater in area
than said first end face, and means communicating and
confining fluid pressures generated by the pump which
vary in quantitative amount in spaced areas in the pump-
ing chamber between the inlet and the outlet of the pump
to correspondingly spaced and selected areas of said mo-
tive surface to balance the non-uniform unit pressures act-
ing on said first end face in said pumping chamber.
. 7.In a pump, a casing providing a pumping cavity hav-
Ing an inlet and an outlet and an end plate member mov-
able toward and away from the cavity comprising a sub-
stantially tubular portion having a radial pressure seal-
Ing face of the same outer dimension as and received in
said cavity and adapted to sealingly engage rotary fluid
'displacement means in the cavity, and a radially extend-
ing flange at the opposite end of said end plate member
of larger dimension than said cavity and providing a sub--
stantially annular face overlying said casing and a radial
face spaced therefrom providing a motive pressure load-
ing surface of larger sized area than said sealing face.

. 8. In a pump, a casing having an inlet and an outlet,,
a bore in said casing providing a pumping cavity and a.
counterbore in said casing adjacent said pumping cavity,
intermeshing rotatable gears in said pumping cavity for
moving fluid from the inlet to the outlet and providing:
radial side faces spanning said bore, shaft extensions on.
said gears projecting from said radial side faces and.
extending from one side of said gears through said
counterbore, a movable bushing in said counterbore and.
around said shaft extensions for journalling said shaft
extensions on said one side of said gears in said. casing,
said bushing having a reduced tubular portion received.
in said bore, said reduced tubular portion having an.
annular end face providing a sealing face for engaging
a _corresponding gear radial side face, said bushing hav--
ing means forming a motive pressure face on its opposite:
end of larger area than said sealing face to load said
bushing into sealing engagement with said gears.

9. In a pump, a casing having a bore providing a
pumping cavity, a movable bushing having a small end
of generally tubular configuration received in said bore,.
said small end having a radial sealing face spanning said.
pumping cavity, a radially outwardly extending flange at
the opposite end of said bushing providing a radial end.
wall-at the end-of said bushing and on one side of said-
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flange, and ‘a radially extending generally annular wall
on the other side of said flange, said casing having a
counterbore for receiving said flange, said casing having
a radial wall between said bore and said counterbore con-
fronting said annular wall on said bushing and spaced
therefrom to provide a pressure space isolated from op-
posite ends of said bushing, and pressure fluid means
communicating with said pressure space.

10. In a pump, a movable bushing having a generally
tubular configuration and providing a radially outwardly
extending flange at one end providing a radial wall at
one end of said bushing and on one side of said flange,
and a radially extending generally annular wall on the
other side of said flange, said bushing having a radial
sealing face at the other end of said bushing, a casing
having a bore providing a pumping cavity spanned by said
radial sealing face, said casing having a counterbore
receiving said flange, said casing having a radial wall
between said bore and said counterbore confronting said
annular wall and said bushing and spaced therefrom to
provide a pressure space isolated from opposite ends of
said bushing, means providing a passageway to the pump
inlet from said pressure space to minimize dash pot action
and loading means exerting a force varying from the inlet
to the outlet sides of the pump and acting on said radial
end wall to move said bushing toward said pumping
cavity.

11. In a pump, a movable bushing having a generally
tubular configuration and providing a radially outwardly
extending flange at one end providing a radial end wall
at one end of said bushing and on one side of said
flange, and a radially extending generally annular wall
on the other side of said flange, said bushing having a
radial sealing face at the other end of said bushing, a
icasing having a bore providing a pumping cavity spanned
by said radial sealing face, said casing having a counter-
bore receiving said flange, said casing having a radial
wall between said bore and said counterbore confronting
said annular wall on said bushing and spaced therefrom
to provide a pressure space isolated from opposite ends
of said bushing, and means communicating pressures
generated by said pump to said radial end wall to move
said bushing toward said pumping cavity.

12, In a pump, a movable bushing having a gener-
ally tubular configuration and providing a radially out-
wardly extending flange at one end providing a radial
end wall at one end of said bushing and on one side of
said flange, and a radially extending generally annular
wall on the other side of said flange, said bushing having
a radial sealing face at the other end of said bushing, a
casing having a bore providing a pumping cavity spanned
by said radial sealing face, said casing having a counter-
bore receiving said flange, said casing having a radial
wall between said bore and said counterbore confronting
said annular wall on said bushing and spaced therefrom
to provide a pressure space isolated from opposite ends
of said bushing, means providing a passageway to the
pump inlet from said pressure space to minimize dash
pot action, and means communicating pressures generated
by said pump to said radial end wall to move said
bushing toward said pumping cavity.

13. In a pump, a movable bushing having a generally
tubular configuration and providing a radially outwardly
extending flange at one end providing a radial end wall
at one end of said bushing and on one side of said flange,
and a radially extending generally annular wall on the
other side of said flange, said bushing having a rtadial
sealing face at the other end of said bushing, a casing
having a bore providing a pumping cavity spanned by
said radial sealing face, said casing having a counterbore
receiving said flange, said casing having a radial wall
between said bore and said counterbore confronting said
annular wall on said bushing and spaced therefrom to
provide a pressure space isolated from opposite ends of
said bushing, a plurality. of circumferentially spaced
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pressure reactive means acting on said radial end wall
to move said bushing toward said pumping cavity and a
corresponding plurality of passages in said casing be-
tween said pressure reactive means and a plurality of
corresponding circumferentially spaced areas in said
pumping cavity to communicate respective pressures gen-
erated by said pump at said spaced areas to each respec-
tive reactive means for loading said bushing toward said
pumping cavity and for balancing unequal pressure forces
in-said pumping cavity.

14. In a pump, a movabie bushing having a generally
tubular configuration and providing a radially outwardly
extending flange at one end providing a radial end wall
at one end of said bushing and on one side of said
flange, and a radially extending generally annular wall on
the other side of said flange, said bushing having a radial
sealing face at the other end of said bushing, a casing
having a bore providing a pumping cavity spanned by
said radial sealing face, said casing having a counterbore
receiving said flange, said casing having a radial wall
between said bore and said counterbore confronting said
annular -wall on said bushing and spaced therefrom to
provide a pressure space isolated from: opposite ends of
said bushing, a plurality of circumferentially spaced pres-
sure reactive means acting on said radial end wall to
move said bushing toward said pumping cavity and a
corresponding plurality of passages in said casing be-
tween said pressure reactive means and a plurality of
correspox:ldinU circumferentially spaced areas in said
pumping cavity to communicate respective pressures gen-
erated by szid pump at said spaced areas to cach respec-
tive reactive means for loading said bushing toward said
pumping cavity and for balancing unequal pressure forces
in said pumping cavity, and means providing a passage-

way to the pump inlet from said pressure space to °

minimize dash pot action.

15. A pump comprising a pair of meshing rotatable
gears, a housing having two intersecting bores providing
a pumping cavity for said gears and further including an
inlet and an outlet, said gears having axially spaced radial
side faces on opposite sides thereof, fixed end plate means
in said housing sealingly engaging the side faces on one
side of said gears, floating end plate means in said housing
sealingly engaging the side faces on the other side of
gears, said floating end plate means having a motive sur-
face, means including said floating end plate means form-
ing a plurality of circumferentially spaced cylinders each
having a piston movable therein and engaging said mo-
tive surface to move said floating end plate means relative
to said housing into sealing engagement with said gears,
and means providing separate passages for said cylinders
referenced to said pumping cavity at circumferentially
spaced points on the periphery of the corresponding gear

axjally adjacent the floating end plate, whereby the load-
ing pressures are different for each piston.

16. A° pump comprising a pair of meshing rotatable
gears, a housing having two intersecting Bores providing
a pumping cavity for said gears and further including an
inlet and an outlet, said gears having axially spaced radial
side faces on opposite sides thereof, fixed end plate means
in said housing sealingly engaging the side faces on one
side of said gears, floating end plate means in said hous-
ing sealingly engaging the side faces on the other side of
said gears, said floating end plate means having a motive
surface,  means including said floating end plate means
forming a plurality of circumferentially spaced cylinders
each having a piston movable therein and engaging said
motive surface to move said floating end plate means rela-
tive to said housing into sealing engagement with said
gears, and means providing separate passages for said
cylinders referenced to said pumping cavity at circum-
ferentially spaced points on the periphery of the corre-
sponding gear axially adjacent the floating end plates,
whereby the loading pressures are different for each piston,
and -a continuous biasing means:acting -on said floating
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end plate means to maintain an unbalance on the floating
end plate means in the direction of the pumping cavity.

17. In a pump, a pair of meshing rotatable gears having
radial side faces, pressure loaded movable end plate means
comprisino an end plate member providing a sealing face
equal in diameter to the outside diameter of the gears,
and a radial extension on said end plate member providing
a radially extending motive surface spaced axially from
the gear and having a larger area than the area of the
sealing face, and means including said end plate member
forming a.plurality of circumferentially spaced cylinders
and pistons working on said motive surface to move said
sealing face into sealing engagement with a corresponding
gear side face, and means communicating different fluid
pressure to said cylinders to work on said pistons compris-
ing passage means referencing each respective cylinder to
pressures generated by the pump at axially adjacent cir-
cumferentially spaced points around the periphery of the
gears.

18. In a gear pump, a pair of meshing rotatable gears
each having shaft extensions, pressure loaded movable end
plate means comprising a generally annular end plate
member for each gear spaced radially outwardly of the
shaft extension and providing a sealing face equal in di-
ameter to the outside diameter of the gear and extending
radially inwardly of the root diameter of the teeth on
the gear, and a bearing separate from said end plate
member having an outer peripheral surface slidably sup-
porting said end plate member and an inner bore surface
in said bearing providing a journal bearing surface for the
shaft extension, a radial extension on said end plate mem-
ber providing a motive surface having a larger area than
the area of said sealing face and fluid pressure motor
means working on said motive surface to move said end
plate into sealing engagement with the gear.

19. In a gear pump, a pair of meshing rotatable gears
each having shaft extensions, pressure loaded movable
end plate means comprising a generally annular end plate
member for each gear spaced radially outwardly of the
shaft extension and providing a sealing face equal in di-
ameter to the outside diameter of the gear and extending
radially inwardly of the root diameter of the teeth on the
gear, and a bearing separate from said end plate member
having an outer peripheral surface slidably supporting said
end plate member and an inner bore surface in said bear-
ing providing a journal bearing surface for the shaft
extension, a radial extension on said end plate member
providing a motive surface having a larger area than the
area of said sealing face and fluid pressure motor means
working on said motive surface to move said end plate
into sealing engagement with the gear, said fluid pressure
motor means comprising a plurality of circumferentially
spaced cylinder and piston means communicating pres-
sures generated by the pump at correspondingly circum-
ferentially spaced and axially adjacent points around the
periphery of the gear to circumferentially spaced points
on said end plate member.

20. In a gear pump, a pair of meshing rotatable gears
each having shaft extensions, pressure loaded movable
end plate means comprising a generally annular end plate
member for each gear spaced radially outwardly of the
shaft extension and providing a sealing face equal in di-
ameter to the outside diameter of the gear and extending
radially inwardly of the root diameter of the teeth on the
gear, and a bearing separate from said end plate member.
having an outer peripheral surface slidably supporting said
end plate member and an inner bore surface in said bear-
ing providing a journal bearing surface for the shaft
extension, a radial extension on said end plate member
providing a motive surface having a larger area than the
area of said sealing face and fluid pressure motor means
working on said motive surface to move said end plate
into sealing engagement with the gear, said fluid pressure
motor means comprising a plurality of circumferentially
spaced. cylinder and piston means communicating: pres-
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Sures generated by the pump at correspondingly circum-

ferentially spaced and axially adjacent points around the:

periphery of the gear to circumferentially spaced points
on said end plate member, and a spring to load each piston
with a continuoiis biasing force, thereby to maintain an
unbalance on said end plate member in the direction of
said gears. ’

~21. In'd pump, a pair of meshing rotatable gears having

radial side faces, pressure loaded movable end plate means
comprising an end plate member having a sealing face
equal in diameter to the outside diameter of one of the
gears, a radial extension on said end plate member pro-
viding a motive surface on the side of said end plate mem-
ber: oppositely- disposed from the gear having a larger
drea than the area of said sealing face, a casing having a

bore providing a pumping cavity for the gears and a coun-'

terbore receiving the end plate member, there being a

radial wall between said bore and said counterbore spaced:

from said radial extension on said end plate member and
forming together therewith an annular pressure space,
and means communicating said pressure space to an area
at low pressiire to minimize dash pot action, and a plural-
ity of circumferentially spaced cylinders and pistons work-
ing on said motive surface to move said sealing face into
sealing" engagement with a corresponding gear side face,
and means communicating fluid pressure to said cylinders
to work on said pistons. L

"22, In a pump, a pair of meshing rotatable gears hav-
ing radial side faces, pressure loaded movable end plate
mieans comprising an end plate member providing a seal-
ing face equal in diameter to the outside diameter of one
of the gears; and a radial extension on said end plate
member providing a motive surface on the side of said
end plate member oppositely disposed from the gear and
having a larger area than the area of said sealing face,
means providing. a plurality of circumferentially spaced
recesses at. said motive surface, means confining fluid
pressure in said recesses to apply pressure thrusts to said
end plate member at circumferentially spaced points for
moving said sealing face into sealing engagement with a
corresponding gear side face.

23. In a pump, a pair of meshing rotatable gears hav-
ing radial side faces, pressure loaded movable end plate
means comprising an end plate member providing a seal-
ing face equal in diameter to the outside diameter of one
of the gears, and a radial extension on said end plate
member providing a motive surface on the side of said
end plate member oppositely disposed from the gear and
having a larger area than the area of said sealing face,
said end plate member having a plurality of circumferen-
tially spaced recesses opening in said motive surface, a
plug member in each recess confining fluid pressure there-
in, a spring in each recess acting on said end plate mem-
ber, and a passageway extending axially from each re-
cess through said end plate member and intersecting said
sealing face outside the root diameter of the gears to
reference each respective recess to pressures generated
by the pump at circumferentially spaced points around
the periphery of the gears which pressures vary as a
function of pump speed and pump discharge pressure.

24, In a pump, a pair of meshing rotatable gears hav-
ing radial side faces, pressure loaded movable end plate
means comprising an end plate member providing a seal-
ing face equal in diameter to the outside diameter of one
ot the gears, and a radial extension on said end plate
member providing a motive surface on the side of said
end plate member oppositely disposed from the gear and
having a larger area than the area of said sealing face,
casing means providing a plurality of circumferentially
spaced recesses at said motive surface and providing a
pumping chamber for said gears, a plug member in each
recess confining fluid pressure therein, a spring in each
recess acting against said end plate member, and a pas-
sageway extending axially from each recess through said
end plate member to said pumping chamber at circum-
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ferentially spaced points around the periphery of the
gears to reference each respective recess to pressures
generated by the pump, such pressure varying as a func-
tion of pump speed and pump discharge.

25. In a pump, a housing having an inlet and an out-.
let and providing a pumping cavity, a backing plate for
said cavity in said housing having a pressure force re-
ceiving back surface forming together with said housing,
a plurality of circumferentially spaced reactive pressure
areas of uniform size and means providing a passageway
from each respective reactive pressure area axially
through said backing plate to said pumping cavity ref-
erencing said -areas to pressures generated by the pump
at circumferentially spaced points around the periphery
of the pumping cavity, such pressures varying as a func-
tion of pump speed and discharge pressure for balancing
unequal pressure forces in the pumping cavity.

26. In a pump, a housing having an inlet and an out-
let and providing a pumping cavity, a backing plate for
said cavity in said housing having a pressure force re-
ceiving back surface forming, together with said housing,
a plurality of circumferentially spaced reactive pressure
areas of uniform size, and means formed to operatively
extend axially between said areas and said pumping
cavity and referencing each respective area to pressures
generated by the pump at circumferentially spaced por-
tions in the pumping cavity, such pressures varying as a
function of pump speed and discharge pressure for bal-
ancing unequal pressure forces in the pumping cavity.

27. In a pump, a housing having an inlet and an out-
let and providing a pumping cavity, a backing plate for
said cavity in said housing having a pressure force re-
ceiving back surface forming together with said housing,
a plurality of circumferentially spaced reactive pressure
areas of uniform size and means referencing each re-
spective pressure area to circumferentially spaced por-
tions of said pumping cavity each containing fluid pres-
sure varying in quantitative amount from the inlet to the
outlet sides of the cavity to balance unequal - pressure
forces in the cavity, : }

28. A fluid pump having a suction side, a discharge
side, a rotatable pumping member, an axially movable,
pressure loadable end plate having a motive surface,
means including said motive surface forming a plurality
of uniformly sized circumferentially spaced pressure re-
active areas disposed in a circumferential row extending
from the suction to the discharge sides of the pump, and
means referencing the respective areas to correspond-
ingly circumferentially spaced portions of said pumping
member each at different pressures generated by the pump
at circumferentially spaced points around the periphery
of the pumping member and such pressures varying as a
function of pump speed and discharge pressure for bal-
ancing unequal pressure forces on the end plate.

29. In a pump, a housing having an inlet and an out-
let and providing a pumping cavity, a shiftable plate
closing one end of said cavity in said housing and being
subject to pressures in the cavity which increase toward
the outlet side of the cavity, said shiftable plate having a
radial extension providing a back face of a larger area
than the side of said plate in said cavity, and means form-
ing together with said back face a plurality of uniformly
sized circumferentially spaced pressure reactive areas each
having means referencing same to pressures generated by
the pump at correspondingly circumferentially spaced
points around the periphery of the pumping cavity and
varying as a function of pump speed and discharge pres-
sure to produce balancing forces urging the plate toward
the cavity in proportion to the unequal forces urging the
plate away from the cavity.

30. In a pump, a casing providing intersection bores
forming a pumping chamber having an inlet and an
outlet at opposite sides thereof, intermeshing gears ro-
tatable in said pumping chamber, said casing having
radially extending walls adjacent said bores, a movable
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end plate member for each bore, each end plate member

having an end face received in a corresponding one of.
said bores to sealingly engage the side of a correspond-.

ing gear, an annular radially outwardly extending face
on said end plate member overlying said casing walls,
and a second end face on said end plate providing a

motive surface coextensive with both of said faces, said.

end . face being subject to non-uniform fluid pressure
forces in said pumping chamber varying from the inlet
to the outlet sides of the pump, and loading means exert-
ing a non-uniform loading force on said second end face
varying from the inlet to the outlet sides of the pump
to move said end plate into sealing engagement with the
gears. ‘

31, In a pump as defined in claim 30, said loading
means comprising pressure-reactive areas of non-uniform
size and receiving finid pressure generated by the pump
applied over the respective areas to balance the un-
equal pressure forces in the pumping chamber.

32. In a pump as defined in claim 30, said loading
means comprising pressure-reactive areas of usiform
size and of means communicating fluid pressure gener-
ated by the pump varying in quantitative amount from
the respective areas nearest the inlet side of the pump

to the respective areas nearest the outlet side of the pumip,
thereby to balance the non-uniform pressure forces im.

the pumping chamber.

33. In a pump, a movable bushing having a gen-
erally tubular configuration and providing a radially
outwardly extending flange at one end providing a radial
wall -at one end of said bushing and on one side of said

flange, and a radially extending gemerally annular wall
on the other side of said flange, said bushing having a~
radial sealing face at the other end of said bushing, a’
casing having a bore providing a pumping cavity spanned -
by said radial sealing face, said casing having a counter-
bore receiving said flange, said casing having a radijal

wall between said bore and said counterbore confronting

said annular wall and said bushing and spaced therefrom |

to provide a pressure space isolated from opposite ends

10

15

20.

25:

30

35:

40-

16

of .said bushing, means providing a passageway .to.the
pump. inlet from. said pressure space to.minimize dash-
pot action and loading means exerting a force. varying.
from the inlet to the outlet sides of the pump and acting
on said radial end wall to move said bushing. towards said
pumping cavity and against the unequal pressure. forces
existing in said pumping cavity. S

34. In a pump as defined in claim 33, said loading
means comprising pressure-reactive areas of non-uniform.
size .and teceiving fluid pressure generated.by the pump:
applied over . the respective areas to balance the.un-
equal pressure forces in the pumping chamber.

35. In.a pump as defined. in- claim .33, said loading
means comprising pressure-reactive areas .of uniform:
size and of means communicating fluid pressure. generated.
by the pump varying in quantitative amount from .the
respective areas nearest the inlet side of ‘the pump to:
the respective areas nearest the outlet side of the pump,.
thereby to balance the non-uniform pressure forces.in.
the pumping chamber.
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