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ABSTRACT OF THE DISCLOSURE 

A gear pump characterized by a passage in the wall of 
the pump cavity for extending the high pressure zone 
over a major portion of the cavity, and a ?exible wear 
plate in the housing having an inner face in juxtaposition 
to the gear faces and an outer face contacted by a seal 
to provide a compartment opposite the high pressure 
zone and an intermediate pressure zone in the cavity to 
which high pressure ?uid is introduced for providing a 
?uid pressure balance on the plate opposite the high pres 
sure zone and an overbalance opposite the intermediate 
pressure zone tending to ?ex the plate into sealing engage 
ment with the gear faces. 

The present invention relates to a rotary pump or motor 
and more particularly to a gear pump or motor having 
means for sealing the gear faces to prevent internal ?uid 
leakage between the high and low pressure zones, and to 
minimize wear. 

Sealing of gear type pumps or motors with the use of 
a ?exible wear plate that is maintained in sealed engage 
ment with the gear faces by introducing ?uid pressure be 
hind the plate is generally old and well known. In such 
known constructions the pressure behind the ?exible plate 
is higher than the pressure in the gear cavity along a sub 
stantial portion of the plate so that the plate is maintained 
in sealing contact with a large portion of the gear side 
faces. Although this provides an effective seal it also re 
sults in considerable friction and hence reduced e?iciency. 
An object of the present invention is to utilize ?uid 

pressure to press the ?exible plate into sealing contact 
with the gear faces along only a relatively small area, the 
remaining portions of the plate that are opposite the gear 
faces having either the same ?uid pressure on the two 
sides thereof, or having a slight unbalance in a direction 
away from the gear faces, so that such remaining portions 
of the plate are substantially ?uid pressure balanced to 
avoid being pressed against the gear side faces by ?uid 
pressure whereby friction therebetween is substantially 
eliminated. 

Generally, the above object is attained by substantially 
balancing a portion of the plate with low pressure and by 
providing a passage in the wall of the housing for causing 
high ?uid pressure in a major portion of the gear cavity to 
act on the front side of the ?exible wear plate and by 
providing a compartment on the back side of the ?exible 
wear plate that is opposite such major portion of the gear 
cavity and that is slightly larger in area than said major 
portion so as to overlap a relatively small portion of the 
cavity that is subjected to intermediate pressure whereby 
the plate will be overbalanced to ?ex into sealing contact 
with the gear faces only at such intermediate pressure 
zone.v 

Other objects and advantages of the present invention 
will become apparent as the following description pro 
ceeds. 
To the accomplishment of the foregoing and related 

ends, the invention, then, comprises the features herein 
after fully described ‘and particularly pointed out in the 
claims, the following description and the annexed draw 
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ing setting forth in detail certain illustrative embodiments 
of the invention, these being indicative, however, of but 
a few of the various ways in which the principles of the 
invention may be employed. 

In such annexed drawing: 
FIG. 1 is a side elevation view of a preferred form of 

pump or motor constructed in accordance with this in 
vention; - 

FIG. 2 is an end elevation view of the pump of FIG. 1 
as seen from the right side thereof looking into the high 
and low pressure ports; 

FIG. 3 is an enlarged longitudinal section taken on the 
plane of the line 3—~3 of FIG. 2; 

FIG. 4 is an end elevation view on a reduced scale of 
the pump or motor of FIG. 3 with the back cover as 
sembly removed as seen from the plane of the line 4-4; 
FIG. 5 is an enlarged fragmentary horizontal section 

taken on the plane of the line 5-5 of FIG. 4; 
FIG. 6 is a fragmentary transverse section taken on 

the plane of the line 6-6 of FIG. 3; 
FIG. 7 is an end elevation view on a reduced scale of 

the front cover assembly as seen from the plane of the 
line 7—7 of FIG. 3, showing the con?guration of the 
wear plate which is accurately located in a recess in the 
inner face of the front cover assembly; 
FIG. 8 is a perspective view similar to FIG. 7, but with 

the wear plate removed and the heat shield and gasket 
partially broken away to show the seal thereunder; 
FIG. 9 is an exploded perspective view of the seal, 

gasket, heat shield, and wear plate which are adapted to 
be inserted in the front cover assembly; 

FIG. 10 is an enlarged longitudinal section similar to 
FIG. 3, but of another form of pump or motor in ac 
cordance with this invention; 

FIG. 11 is a transverse vertical section taken on the 
plane of the line 11-—11 of FIG. 10; and 
FIG. 12 is an exploded perspective view similar to 

FIG. 9 but illustrating the seal-gasket-heat shield of FIGS. 
10 and 11 with a modi?ed form of wear plate. 

Referring now in detail to the drawing, and ?rst to 
FIGS. l-9, a form of rotary gear pump in accordance 
with this invention is generally indicated at 1 and com 
prises a housing 2 which may include a front cover as 
sembly 3 and back cover assembly 4 with a center section 
5 sandwiched therebetween and secured together ‘as by 
means of suitable bolts 6 and located by dowels 7. 

Within center section 5 is a pump cavity 8 of ?gure 
eight con?gurations for ‘receipt of a pair of pumping 
gears 9 and 10 supported by shafts 11 and 12 journaled 
in stationary sleeve bushings 13 in the front and rear 
cover assemblies 3 and 4. Pump cavity 8 includes low and 
high pressure chambers or zones 15 and 16 respectively 
communicating with inlet and outlet ports 17 and 18 in 
the back cover assembly ‘4’. One of the gear shafts 11 has 
a longitudinal bore 20 therethrough for equalizing the 
pressure at opposite ends of the shaft 11, while the other 
gear shaft 12 extends outwardly through the front cover 
assembly 3 for connection to a suitable prime mover, 
with a rotary seal 21 surrounding the gear shaft 12 to pre 
clude leakage of ?uid therealong. A passage 22 intercon 
nects the shaft receiving bores 23 in the front cover as 
sembly 3. 
Leakage of ?uid between the mating surfaces of the 

front and back cover assemblies 3 and 4 center section 5 
is precluded by a pair of O-ring seals 25 disposed in 
ovaloidal grooves 26 in the inner faces of the front and 
back cover assemblies 3 and 4 which surround the pump 
cavity 8 and inlet and outlet chamber 15 and 16. 

Inner face 27 of one of the cover assemblies 4 is ?at _ 
for engagement by the adjacent gear faces 28, while the 
inner face 29 of the other cover assembly 3 has an 
ovaloidal recess 30 therein that receives a similarly shaped 
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thin wear plate 31 for engagement with the other gear 
faces 24. Recess 30 is radially spaced from the adjacent 
groove 26 to provide a groove wall portion 26a for con 
?ning O-ring 25. The wear plate 31 may be a laminant 
consisting of an inner plate 32 of bronze or like metal 
and a steel backing 33 with holes 34 through the wear 
plate 31 for passage of the gear shafts 11 and 12. 
The back face of the wear plate 31 may be divided into 

a pair of different sized compartments 35 and 36 by a 
racetrack type seal 37 with gasket 38 and heat shield 39 
interposed between the seal 37 and wear plate 31. All of 
these parts, the seal 37, gasket 38, and heat shield 39 have 
an outer con?guration identical to the wear plate 31, but 
they are all skeletonized to provide a circumferentially 
continuous outer margin 40 and a pair of inner continuous 
circular portions 41 connected to the outer margin 40 by 
two angularly disposed fences 42 and 43 and interconnect 
ed together by a central fence 44. In this instance com 
partment 35 comprises compartment sections 35a, 35b, and 
350 because these sections are communicated to each other 
by cutouts 59a and 60a in fence portions 59 and 60 of 
seal 37. The bottom of the recess 30 is complementally 
grooved at 45 for receipt of the seal 37, gasket 38, and 
heat shield 39, but with the heat shield 39 extending slight 
ly out of the groove 45 into the recess 30 as shown in 
FIGS. 3 and 8 to de?ne with the bottom of the recess 30 
and the back face of the wear plate 31 the various com 
partments 35 and 36. The seal 37 is made of a suitable 
resilient material such as rubber, while the gasket 38 is 
preferably made of saturating paper and the heat shield _ 
39 of cotton phenolic, although of course other suitable 
materials may be used. 

Openings 46 and 47 are provided in the wear plate 31 
for communicating the compartments 35 and 36 with 
high pressure chamber 16 and low pressure chamber 15 
respectively. The pressure Within the compartment 35 acts 
on the. wear plate 31 to urge the same toward the adja 
ment gear faces 32 in opposition to the ?uid pressure with 
in the pump cavity 8, including the pressure of the ?uid 
within the gear teeth pockets and the ?uid ?lm that exists 
between the side faces of the gears and the wear plate, 
that is urging the wear plate in a direction away from 
the gears. Ordinarily, the pressure in the gear cavity in 
creases progressively from the low pressure chamber 15 
to the high pressure chamber 16 and with only a single 
pressure compartment 35 in communication with high 
pressure chamber 16 there would be a balancing of the 
pressures on opposite sides of the plate at chamber 16 and 
a progressive overbalance or differential pressure pushing 
the plate toward the gears in the region along the un 
meshed gear teeth between such high and low pressure 
chambers 16 and 15. Such progressive differential ?exes 
and presses the plate tightly against the gear teeth so as 
to effectively seal their side faces but also results in exces 
sive friction and wear of the plate. 

In the FIGS. 1 to 9 form high pressure chamber 16 is 
extended to nearly the area of compartment 35 by provid 
ing a radial relief 55 in the pump cavity wall around the 
gears 9 and 10. This relief 55 provides a space between the 
outer ends of the gear teeth and pump cavity 8 to connect 
the gear tooth pockets in this region with high pressure 
outlet 18 so that these tooth pockets and the ?uid ?lm 
between the adjacent gear teeth and plate 31 have the 
same high pressure as in chamber 16. Thus, where the 
compartment 35 and high pressure chamber 16 are op 
posite each other the ?uid pressure forces on the wear 
plate 31 are balanced. Between the ends 55a of relief 
55 and the corners 15a of low pressure chamber 15 the 
radially outer faces of the gear teeth have a very close ?t 
with the transverse wall of pump cavity 8 and the pres 
sure in the gear teeth pockets between corners 15a and 
relief ends 550, as well as the ?uid ?lm pressure between 
the adjacent gear teeth of the wear plate, progressively in 
creases the wear from the pump low pressure to the pump 
high pressure to provide a zone of increasing pressure in 
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cavity 8. Compartment 36 has a portion thereof opposite 
low pressure chamber 15 and has other portions B op 
posite such zones of increasing pressure in cavity 8. The 
pressure in compartment 36 is uniform throughout and 
is the same as in low pressure chamber 15. The ?uid pres 
sure on the opposite sides of wear plate in the region of 
low pressure chamber 15 are therefore balanced but the 
?uid pressures in cavity 8 in the regions designated “B” 
are somewhat higher than in the corresponding portions 
of compartment 36 and therefore tend to ?ex plate 31 
away from the gear side faces in such “B” regions and 
consequently there is little or no friction between the gear 
side faces and the wear plate in such regions. Even though 
there is a tendency for the ?uid pressure to lift the wear 
plate from the gears at such “B” regions, the plate actual 
ly remains closely adjacent the gear side faces because 
of its inherent resistance to ?exing. 

In the region of compartment 35b designated “A,” the 
?uid is under the same high pressure as the remainder 
of compartment 35b but the pressure in the corresponding 
portion of the cavity 8 is somewhat less, that is, it is an 
intermediate pressure, because of the above described 
gradient or progressive increase in pressure between cavity 
corners 15a and relief ends 55a. This provides a differ 
ential or overbalance pressure on the portion of plate 31 
in regions A tending to press the same against the gear 
teeth side faces to provide an effective seal therebetween. 

Thus, as described above, reliefs 55 and compartments 
35 and 36 cooperate to provide a pump arrangement in 
which most of the area of the wear plate is either ?uid 
pressure balanced or slightly ?uid pressure overbalanced 
in a direction tending to unseat the plate from the gear 
teeth side faces and only a small area A of the plate is 
subject to a differential in compartment pressure as com 
pared to correspondingly located pump cavity pressure 
that acts to press such small area of the plate into sealing 
contact with the gear teeth side faces. Because there is 
high pressure in the channel of fences 42 and an inter 
mediate gradient pressure in cavity 8 therebeneath there 
is also an overbalance force on the wear plate in this 
location. In the manner described, the gear side faces are 
effectively sealed between the low and high pressure cham 
bers 15 and 16 at a relatively small area of the plate as 
that friction and wear between the plate and gear side 
faces is minimized. 
For maintaining the seal 37, gasket 38 and heat shield 

39 in ?uid tight engagement with the wear plate 31 to 
preclude leakage of ?uid between compartments 35 and 
36, the outer face of the seal 37 has a composite groove 
or channel 57 formed therein which may be supplied with 
high ?uid pressure through additional openings 58 in 
the wear plate 31 communicating with cutouts 59a and 
60a of fence portions 59 and 60 on the seal 37 located 
in complemental grooves 61 in the front cover assembly 
3. Alternatively, the additional wear plate openings 58 
may be eliminated, since high ?uid pressure will still be 
supplied to the seal channel 57 from the compartment 35 
via the grooves 61 in the front cover assembly 3 and cut 
outs 59a and 60a. Or the additional fences 59 and 60 may 
be left intact and the seal 37’, gasket 38’, heat shield 39' 
and Wear plate 31' provided with aligned apertures 62 
communicating the seal channel '57’ with high pressure 
chamber ‘16’ in the pump cavity 8', as in the FIGS. 10 
and 11 embodiment. 
As seen in FIGS. 3 and 5, the grooves 45, 61 in the 

front cover assembly 3 are stepped at 63, while the inner 
and outer seal lips 64 and 65 which de?ne the seal chan 
nel 57 are of the same length, However, the outer lip 65 
is thicker than the inner lip 64 and is squeezed somewhat 
by engagement with the top 66 of the step 63 to provide 
a slight mechanical loading of the wear plate 31 against 
the center section 5 and form a pressure pocket 67 in 
which the pressure expands the lips 64 and 65 into sealed 
engagement with the walls of the grooves and, in addition, 
applies a further sealing force against the wear plate 31. 



3,416,459 
5 

The openings 46 and 47 in the wear plate 31, besides 
supplying high and low ?uid pressure to the compartments 
35 and 36 as aforesaid, also provide anti-trapping reliefs 
to facilitate engagement and disengagement of the pump 
gears 9 and 10. Moreover, depressions 68'may be formed 
in the inner face of the wear plate 31 to provide lubrica 
tion for the gear faces during operation. 

In FIGS. 10 and 11 there is illustrated another form of 
pump 1’ in accordance with this invention which is quite 
similar to the pump 1 already described and accordingly 
like reference numerals followed by a prime symbol are 
used to designate like parts. However, the large high pres‘ 
sure compartment 35' is divided into three smaller com 
partments 70, 71 and 72 preferably by leaving the seal 
fences 59' and 60' intact and providingv corresponding 
fences 59’ and 60' on the gasket 38' and heat shield 39’. 
Moreover, the relief 55 has been eliminated and instead 
the adjacent gear teeth pockets and side faces are com 
municated with high pressure chamber 16" by means of 
sickle shaped grooves 75 in the inner face of the back cover 
assembly 4' which extend from chamber 16’ to about the 
middle of the intermediate compartments 71 and 72. Aper 
tures 76 in the wear plate 31' interconnect the sickle 
grooves 75 ‘and intermediate compartments 71 and 72 
across the rotating gears. As in the case of reliefs 55, 
sickle grooves 75 eliminate rising pressure in the gear 
tooth pockets adjacent thereto and the pressure in such 
pockets and the ?uid ?lm pressure between the adjacent 
gear teeth side faces and the wear plate will be the same 
as in high pressure chamber 16’. In this case the ?uid 
pressures acting on opposite sides of the wear plate will 
be balanced in the regions of compartment 35' and those 
portions of compartments 71, 72 to the right of the por 
tions designated “C” in FIG. 11 and will be overbalanced 
in a direction to press the plate against the gears in such 
portions designated “C.” The ?uid pressure e?ect on the 
plate in the region of compartment 36’ is the same as in 
connection with compartment 36 of'FIG. 6. 

In FIG. 12 the seal 37', the gasket 38’ and the heat 
shield 33' are the same as in FIGS. 10 and 11 and either 
the sickle grooves 75 or the relief 55 may ‘be used in the 
housing. The wear plate 80, however, differs from the 
wear plate 31' in that the slot 46’ on the high pressure 
side has been omitted and slots 81, 82 are substituted. 
These slots 81, *82 :are over and extend to either side of 
fences 59', 60’ so as to direct high pressure ?uid from 
pump cavity 8 to compartments 71, 72 and 75. The ?uid 
pressures acting on wear plate 80 in the regions of these 
compartments are thus the same as in connection with 
FIG. 11. Thus in all forms of the invention herein dis 
closed, substantially equal and relatively large areas on 
opposite sides of the wear plate 31, 31' or 80 are exposed‘ 
to high outlet pressure so as to be ?uid pressure balanced, 
‘and relatively small areas at intermediate pressure zones 
A or C of the pump cavity are overbalanced by outlet 
pressure in the opposed portions of the compartment be 
hind the wear plate. In addition, opposite areas of other 
portions of the plates are exposed to either low inlet 
pressure or to pressures somewhat higher than inlet pres 
sure whereby such other portions are either balanced or 
have a slight tendency to move away from the gear side 
faces. In this way, the wear plate 31, 31', or '80 is ?exed 
by moderate ?uid pressure differential acting on relatively 
small [areas against the gear faces to effect proper sealing 
but without excessive friction and wear. 

All three forms of the invention permit rotation of the 
driving gear 10 in either direction without substituting new 
parts. When the parts ‘are assembled as illustrated in the 
drawings, driving gear 10 rotates in a clockwise direction 
as viewed in FIG. 4 and driven gear 9 rotates in a counter 
clockwise -direction. To have driving gear 10 rotate coun 
terclockwise it is only necessary to switch places with gear 
9. To do this in the FIG. 1-9 form, for example, cover 3, 
seal 37, heat shield 38, gasket 39 and wear plate 31 are ?rst 
removed, these parts remaining together during removal. 
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Gears 5 and 10 are then interchanged. Seal 37, heat shield 
38, gasket 39 and wear plate 31 are then rotated 180° with 
in cover 3 and the cover, with these parts therein, is rotated 
180° and reassembled against center section 5. Now driv 
ing gear 10 is in the upper position, as viewed in FIG. 4, 
and is rotated counterclockwise for pumping ?uid from in 
let chamber 15 ‘to outlet chamber 16. The wear plate, seal, 
heat shield, and gasket are in their original positions rela 
tive to center section 5 and therefore ?uid pressure will act 
thereon in the ‘same manner as already described. 

Other modes'of applying the principle of the invention 
may be employed, change being made as regards the de 
tails described, provided the features stated in any of the 
following claims, or the equivalent of such, be employed. 

We, therefore, particularly point out and distinctly 
claim as our invention: 1 

1. A gear pump comprising a housing having a cavity 
that includes inlet and outlet chambers, gears rotatable in 
said cavity to pump ?uid from the inlet chamber to the 
outlet chambenq: a wear plate in the housing having an 
inner face adjacent one side of said gears, seal means in 
said housing contacting the outer face of said wear plate 
and forming with the same a plurality of compartments, 
said seal means‘having a channel therein opening away 
from the wear ‘plate, passage means for communicating 
said compartments with selected zones of said pump cav 
ity, ‘and aligned passages through said wear plate and 
the bottom wall'of said channel for conducting ?uid from 
said outlet chamber to said channel where it exerts pres 
sure on said seal means urging the same into contact with 
the wear plate. 

2. The pump of claim 1 in which there is only a single 
passage through the bottom wall of said channel. 

3. A rotary pump comprising a housing having a cavity 
including inlet and outlet ports, intermeshing gears rotat 
able in said cavity to generate pressure in?uid conveyed 
thereby from said inlet port to said outlet port, a ?exible 
wear plate in said housing having an inner face in juxta 
position to adjacent gear faces, skeletonized seal means 
in sealed contact with said housing and with the outer 
face of said wear plate for providing between said hous~ 
ing and said wear plate at least two compartments in ?uid 
communication with the ?uid pressure in said outlet port 
and with the fluid pressure in said inlet port respectively, 
the wall of said cavity removed from said wear plate 
having passage means extending the high pressure zone 
of said cavity from said outlet port around a major por 
tion of the peripheral portions of said gears adjacent to 
successive intermediate pressure and low pressure zones 
extending from said high pressure zone to said inlet port, 
the compartment‘ in communication with said outlet port 
being opposite tojsaid high pressure zone and circumferen 
tially overlapping said intermediate pressure zones, and 
the compartmentuin communication with said inlet port 
being opposite to said low pressure zone, whereby said 
wear plate is pressure balanced in said high pressure zone, 
pressure overbalanced in the portions which overlap said 
intermediate pressure zones, and pressure under balanced 
in said low pressure zone, the pressure overbalancing 
being in relatively small areas of said wear plate to ?ex 
the latter thereat into sealing engagement with the adjacent 
gear faces there-at. 

4. A gear pump comprising a housing having a cavity, 
gears rotatable in said cavity to provide adjacent inter 
mediate and high ?uid pressure zones in said cavity, a 
?exible wear plate in said housing having an inner face 
in juxtaposition to adjacent gear faces, passage means in 
the wall of said cavity removed from said wear plate for 
extending said high pressure zone over a major portion 
of said cavity, seal means in said housing contacting the 
outer face of said wear plate for providing compartment 
means opposite to said high pressure and intermediate 
pressure zones, and means for introducing high pressure 
?uid from said high pressure zone into said compartment 
means whereby the portion of said plate opposite said 
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high pressure zone of said cavity is ?uid pressure balanced 
and the portion of said plate opposite said intermediate 
pressure zone is overbalanced so as to ?ex said latter 
portion of said plate into sealing engagament with said 
gear faces. 

5. The pump of claim 4 wherein said passage means 
comprises a radial relief in the peripheral wall of said 
cavity. 

6. The pump of claim 4 wherein said passage means 
comprises a groove formed in the wall of said cavity that 
is opposite said wear plate. 

7. The pump of claim 4 wherein said compartment 
means comprises separate sections, and there are aper 
tures in said wear plate communicating said compartment 
sections with said high pressure zone. 

8. The pump of claim 4 wherein said compartment 
means comprises separate sections, and there are slots 
through said wear plate each connecting two of said sec 
tions with said high pressure zone. 

9. The pump of claim 4 wherein said seal means is 
skeletonized to provide said compartment means, there is 
a channel in the back face of said seal means which is 
supplied with ?uid from said high pressure zone for main 
taining said seal means in ?uid-tight engagement with said 
wear plate, and aligned apertures are provided in said 
seal means and wear plate for supplying such ?uid from 
said high pressure zone to said channel as aforesaid. 

10. The pump of claim 4 wherein said seal means is 
skeletonized to provide said compartment means, there 
is a channel in the back face of said seal means which is 
supplied with ?uid from said high pressure zone for 
maintaining said seal means in ?uid-tight engagement with 
said wear plate, portions of said seal means are cut away 
through said channel, and there are apertures in said wear 
plate in alignment with said cutaway portions for supply 
ing ?uid from said high pressure zone to said channel 
through said cutaway portions. 

11. The pump of claim 3 wherein said seal means is 
disposed in a groove in said housing, and there are aligned 
passages in said plate and seal means for conducting ?uid 
from said high pressure zone of said cavity to said groove 
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to urge said seal means against the outer face of said wear 
plate, said seal means being of channel-shaped cross 
section providing axial lips which are retained in sealed 
engagement with the side walls of said groove by such 
?uid pressure in said groove. 

12. The pump of claim 3 wherein said lips are of sub 
stantially equal length and said groove has a stepped 
bottom wall arranged to axially squeeze one of said lips 
between said bottom wall and the outer face of said wear 
plate, the other of said lips being spaced from said bottom 
wall, and said one lip being radially thicker than said 
other lip. 

13. The pump of claim 3 wherein said compartment 
in communication with said outlet port circumferentially 
overlaps only a portion of said intermediate pressure 
zones, and said compartment in communication with 
said inlet port circumferentially overlaps another portion 
of said intermediate pressure zones, whereby said wear 
plate is pressure overbalanced in the portion of said inter 
mediate pressure zones opposite said compartment in com 
munication with said outlet port and pressure under 
balanced in the portion of said intermediate pressure zones 
opposite said compartment in communication with said 

_ inlet port. 
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