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14 Cains. (C. 103-126) 

This invention relates to improvements in high pres 
sure gear-type liquid displacement devices such as hy 
draulic pumps or motors. More particularly, the inven 
tion relates to a radial pressure balancing arrangement 
for a gear-type liquid displacement device employing an 
internal unit assembly construction. 
One of the problems present in the high pressure gear 

pump art has been that of counterbalancing the effects 
of the discharge pressure force at the high pressure side 
of the pump, particularly the axial and radial components 
of this force, which tend to axially separate the adjacent 
bushings or end plates from the side faces of the gears. 

in my prior United States Patents No. 2,772,638, issued 
December 4, 1956, and No. 2,848,953, issued August 26, 
1958, i have disclosed and claimed a novel high pressure 
gear pump employing an internal unit assembly type con 
struction in which the gears thereof, are supported and 
rotatably journalled in a pair of adjacent spaced end 
plates, the internal unit assembly including thrust bearing 
means cooperating with the end plates to provide annular 
annular axial pressure loading chambers for counterbal 
ancing the axial component of the discharge pressure 
force tending to separate the end plates from the side 
faces of the gears, the reaction forces from the pressure 
loading being taken up by the gear shafts or by separate 
tension members so that the axial forces are all resolved 
within the internal unit assembly independently of the 
pump casing. However, the pressure differential existing 
across the gears from the discharge side to the suction 
side of the pump results in a radial force component acting 
on the internal unit assembly as a free body and tending 
to displace the assembly bodily toward the suction side 
so as to create substantial frictional forces between the 
edges of the end plates of the pump and the casing bore 
at the suction or low pressure side. Such axial frictional 
forces tend to influence or interfere with proper posi 
tioning of the end plates relative to the gear faces and 
the thrust bearing means so that the axial counterbalanc 
ing force required to maintain the end plates engaged 
with the side faces of the gears are variable and often 
times quite large. The present invention provides a sim 
ple and effective means for counterbalancing this radial 
force component tending to urge the internal unit assem 
bly into frictional contact with the suction side of the 
casing bore. 
Although the invention hereinafter to be described is 

primarily suited for use in high pressure gear-type pumps 
employing an internal unit assembly construction, it will 
be understood that the principles involved are applicable 
to liquid displacement devices generally, including both 
hydraulic pumps and motors. 

Accordingly, a primary object of my invention is to 
provide a novel radial pressure balancing system for a 
liquid displacement device of the above-described type. 

Another object of the invention is to provide a novel 
radial pressure balancing system for counterbalancing 
the radial force component of the discharge pressure force 
in a liquid displacement pump of the type previously de 
scribed to thereby maintain the liquid displacement ele 
ments of the pump in their prescribed reference position 
in order to obtain maximum pump efficiency. 
A further object of the invention is to provide a novel 

radial pressure balancing system for counterbalancing 
the radial force component of the discharge pressure 
force at the high pressure zone in a positive displacement 
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pump employing an internal unit assembly construction 
in order to maintain a minimum clearance relationship 
between the internal unit assembly and casing bore on 
the discharge side of the pump and thereby minimize 
leakage around the internal tiinit assembly. W 

Still another object of the invention is to provide, in 
a high pressure gear pump employing axial pressure load 
ing chambers and an internal unit assembly construction, 
a novel radial pressure balancing system for counterbal 
ancing the radial force component of the discharge pres 
sure which tends to urge the edges of the end plates of 
the internal unit assembly into frictional contact with 
the pump casing bore at the suction side, thereby to 
minimize such frictional contact and reduce the axial counterbalancing force required to counterbalance the 
axial component of the discharge pressure force tending 
to separate the end plates from the side faces of the gears. 
Other objects and advantages of the invention will be 

come evident from the following detailed description 
taken in connection with the accompanying drawings, in 
which: -- 

FIG. 1 is alongitudinal sectional view, with some parts 
in elevation, showing a gear-type liquid displacement de 
vice that employs an internal unit assembly construction 
and radial pressure balancing means comprising one spe 
cific embodiment of my invention; 

FIG. 2 is a reduced scale perspective view of the in 
termal unit assembly of the liquid displacement device 
illustrated in FIG. and showing graphically the various 

30 forces acting on the internal unit assembly as a free body; 
FIG. 3 is a sectional view taken along the line 3-3 of 

FIG. 1; . 
FIG. 4 is a view similar to FIG. 3, taken along the 

line 4-4 of FIG. 1; 

40. 

FIG. 5 is a side elevational view of an end plate of 
an internal unit assembly having radial pressure balancing 
means comprising another specific embodiment of the 
invention; 

FIG. 6 is a sectional view along the line 6-6 of FIG.5 
but showing the end plate in assembled relation in the 
pump casing: 
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FIG. 7 is a side elevational view of an end plate of an 
internal unit assembly comprising another specific em 
bodiment of the invention; 

FIG. 8 is a cross-sectional view along the line 8-3 of 
FIG. 7 but showing the end plate in assembled relation 
in the pump casing; : - ' 

FIG. 9 is an elevational view as seen along the line 
9.9 of FIG. 7; 

F.G. 10 is a side elevational view of still another end 
plate embodying another form of the invention; 

FIG. 11 is a sectional view along the line 1-11 of . 
FIG. 10 but showing the end plate in assembled relation 
in the pump casing; ' - 

FIG. 12 is an elevational view as seen along the line 
12-12 of FIG. 10; . 

FIG. 13 is a side elevational view of an internal unit 
assembly comprising another embodiment of the inven 
tion; - - - ... 

FIG. 14 is an end elevational view of the internal unit 
assembly of FIG. 13 as seen along the line 14-14 thereof; 
FIG. 15 is a sectional view taken along the line 15-15 

of FIG. 13; - . . . . . . . 
FIG. 16 is a sectional view along the line 16-16 of 

FIG. 15; 
FIG. 17 is a fragmentary sectional view taken along 

the line 17-17 of FIG. 13; 
FIG. 18 is an end elevational view of another internal 

unit assembly comprising another specific embodiment of 
the invention; 
FIG. 19 is a sectional view taken along the line 19-19 

of FIG. 18; 
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FIG. 20 is a side elevational view of the internal unit 
assembly of FIG. 18, and with a portion thereof broken 
away to show a structural detail; 

FIG. 21 is a transverse sectional view taken along the 
line 21-21 of FIG. 20; . . 

FIG. 22 is a sectional view taken along the line 22-22 
of FIG. 18; 

FIG. 23 is a sectional view taken along the line 23-23 
of FIG, 19; 
FIG.24 is a sectional view taken along the line 24-24 

of FIG. 22; and 
FIG. 25 is a fragmentary sectional view taken along 

the line 25-25 of FIG. 24. 
Briefly described, my invention comprises a novel radial 

pressure balancing system wherein high pressure working 
liquid is directed to one or more confined chambers or 
Zones on the low pressure side of a liquid displacement 

O 
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device, such that the reaction force provided by high pres 
sure liquid in these chambers counterbalances the radial 
displacing component on the high pressure side of the 
device. My invention is particularly suited for use in 
liquid displacement devices of the type employing an in 
ternal unit assembly construction having a pair of axially 

20 

shiftable end plates disposed on the opposite side faces 
of the gears for rotatably journalling the shaft portions 
of the gears. and which utilizes one or more pairs of axial 
pressure loading chambers disposed adjacent the outer 
end faces of the end plates for counterbalancing the axial 
force component of the discharge pressure force tending 
to separate the end plates from the gear faces, such a 
system being described and claimed in my United States 

30 

Patents No. 2,772,638, issued December 4, 1956, and No. . 
2,848,953, issued August 26, 1958. . . - - - - 
The present invention contributes to the effective oper 

ation of the aforementioned axial pressure loading cham 
ber system not only by minimizing leakage between the 
internal unit assembly and the casing bore, but also by 

4 
portion 32 and also by a plurality of elongated screws 
41 extending through bores in the rear cover 38 and body 
portion 32 threaded into the opposite front cover 36. The 
construction of the driving and sealing means 37 at the 
drive end of the pump is conventional and further de 
scription thereof has therefore been omitted. 
The internal unit assembly 3 generally comprises a pair 

of liquid displacing elements such as a drive gear 42 and 
driven gear 43 (FIGS. 1 and 2) carried integrally on gear 
shafts 44 and 46 (FIGS. 2 and 3), respectively, each hav 
ing an axial bore 47 therethrough. The drive end of the 
gear shaft 44 adjacent the front cover 36 may carry an ex 
tension formed with a drive spline 48 for engagement with 
a complementary drive spline 50 in the driving means 37, 
though any other suitable drive connection could be uti 
lized for transmitting torque from the driving means 37 
to the internal unit assembly 31. 
-In order to support the gears 42 and 43 in meshed rela 

tionship and to maintain a pumping seal around the side 
faces of the gears, a pair of end plates 49 are disposed at 
the opposite side faces of the meshed gears, each end plate 
having axial bores therethrough, constituting bearing jour 
nals for the gear shafts 44 and 46. Encircling the outer 
ends of the gear shafts 44 and 46 are annular sealed thrust 
bearing means 51 which define annular axial pressure load 
ing chambers for receiving working liquid at pump dis 
charge pressure to urge the end plates inwardly toward 
the gears 42 and 43 and to counterbalance the hydraulic 
pressure forces at the discharge side of the pump tending 
to separate the end plates 49 from the side faces of the 
gears 42 and 43. Lubrication of the gear shaft journals, 
indicated generally at 52 in FIGS. 3 and 4, is provided by 
a pair of diametrically spaced axially extending grooves 
53 which register with a pair of annular grooves 54 in the 

35 

maintaining the internal unit assembly substantially cen 
tralized in its casing bore so that the frictional forces be 
tween the peripheral edges of the end plates and the cas 
ing bore are minimized. To this end, several radial pres 
sure balancing chamber arrangements, are illustrated and 
described in conjunction with a series of related internal 
unit assembly constructions, each of which comprises an 
exemplary embodiment of the present invention. As will 

40 

45 
hereinafter be more fully described, one or more radial 
pressure balancing chambers are disposed between the 
internal unit assembly and the pump casing on the low 
pressure side thereof, the chambers being so located and 
having combined effective areas such that high pressure 
working liquid communicated to the chambers will effec 
tively counterbalance the radial component of the dis 
charge pressure and thus maintain the internal unit as 
sembly centralized in the pump casing as a free body. 

Referring now to FIGS. 1-4 of the drawings, the in 
vention will first be described in connection with a gear 
type liquid displacement device employing an internal 
unit assembly construction of the type shown in my afore 
mentioned United States Patent No. 2,772,638, to which 
reference may be made for further details of the struc 
ture and operation thereof. 
The liquid displacement device illustrated in FIG. 1, 

and in the succeeding figures, is of the high pressure gear 
pump type and generally comprises an external casing 30 
and an internal unit assembly, indicated at 31, which con 
stitutes the operating mechanism of the pump and is read 
ily removable as a unit from the casing 36. The external 
casing 30 generally includes a central body portion 32 
having a liquid inlet port 33 and an outlet port 34 (FIGS. 
3 and 4) formed therein, a front cover 36 at the drive end 
of the pump including driving means and seal means, in 
dicated generally at 37, and a rear cover 38 at the anti 
drive end of the pump. The covers 36 and 38 are re 
movably secured to the body portion 32 by screws 39 ex 
tending therethrough and threaded into the central body 
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inner end faces of the end plates and receive high pres 
Sure Working liquid from a pair of angularly intersecting 
grooves 56 having their common juncture point registering 
with the discharge Zone of the pump. 
The particular arrangement and construction of the 

thrust bearings 51 and integral axial pressure loading 
chamber system, including the manner in which high pres 
Sure Working liquid is communicated to the pressure load 
ing chambers, is set out in more detail in my aforemen 
tioned United States Patent No. 2,772,638 and further 
description thereof is unnecessary for purposes of the pres 
ent invention. 

it will be apparent that in addition to the axial com 
ponent of the pump discharge pressure force tending to 
separate the end plates from the side faces of the meshed 
gears, a radial component of this force is also present 
and actionable to urge the internal unit assembly toward 
the low pressure side of the pump casing which intro 
duces a leakage problem around the high pressure zone 
of the pump unless elaborate seals are provided. The 
displacement of the internal unit assembly toward the low 
pressure side of the casing bore also creates a frictional 
force resulting from the edge contact of the end plates with 
the housing bore which tends to resist the axial inward 
counterbalancing force of the axial pressure loading 
chambers. By the present invention, this displacement of 
the internal unit assembly is overcome, as described be 
low, by imposing a radially inwardly directed counter 
balancing force at the low pressure or inlet side of the 
casing bore that is substantially equal in magnitude but 
opposite in sense to the displacing radial force at the dis 
charge side of the internal unit assembly, thereby to 
maintain the internal unit assembly substantially cen 
tralized as a free body in the casing bore. 
The various generated and reaction forces acting on the 

internal unit assembly 35 as a free body are illustrated 
diagrammatically in the force diagram of FIG. 2. In 
FiG. 2, F1 represents the resultant radially inwardly di 
rected component of the discharge pressure force acting 
at the gears of the internal unit assembly 31. The arrows 
Fa represent axial components of the discharge pressure 
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force acting to separate the end plates from the side faces 
of the gears. The opposed pairs of axially inwardly ex 
tending arrows R at the ends of each gear shaft 44 and 
46 represent the axial counterbalancing force exerted by 
the pressure loading chambers in the thrust bearing means 
51 whose summation is equal in magnitude but of op 
posite sense to the separating forces F. The force F1 
acts on the internal assembly 3i at the high pressure side 
thereof to urge the latter, as a free body, toward the low 
pressure side of the casing bore, this force being conven 
tionally resisted as a bearing load. In the present inven 
tion, however, one or more pairs of radial counterbalanc 
ing forces R are provided by the radial pressure balancing 
chambers on the low pressure side of the casing bore be 
tween the edges of the end plates and the adjacent wall of 
the casing bore to counterbalance the displacing force F. 
The forces R' are cumulatively equal in magnitude to the 
force F but opposite in sense so that the internal unit as 
sembly 31 is maintained in a substantially centralized 
equilibrium position in the casing as a free body. 

in somes cases it may be advantageous to introduce a 
slight unbalance between the displacing and counterbal 
ancing radial force components F and R', respectively, 
to thereby maintain the internal unit assembly urged 
toward the high pressure or discharge side of the casing 
bore and thus reduce leakage at this point as well as the 
necessity for special seal means between these surfaces. 

Referring again to FIG. 1 in conjunction with FIGS. 
3 and 4, the radial pressure balancing means of the in 
ternal unit assembly 31 comprises a pair of annular cham 
bers 57 formed at the low pressure edges of the end piates 
49 and disposed substantially centrally thereof. The 
pressure balancing chambers 57 are defined by annular 
grooves 58 formed in the edge of each end plate and an 
nular seal means in the form of resilient O-ring seals 59 
seated in the grooves 58. The grooves 58 are sufficiently 
shallow so that portions of the seals 59 project beyond 
the edge surfaces of the end plates 49 for engagement with 
the adjacent inner side wall of the casing bore to form the 
confined annular chambers 57. The effective areas of the 
pressure balancing chambers 57 are such that the summa 
tion of the counterbalancing forces resulting from con 
fined high pressure working liquid therein, and which is 
imposed on the edges of the end plates 49, will substan 
tially counterbalance the radial force component of the 
discharge pressure force on the opposite side of the pump. 
in order to subject the radial pressure balancing cham 

bers 57 to pump discharge pressure and thus provide a 
counterbalancing force to centralize the internal unit as 
sembly 3 in the bore of the casing 30, each end plate 
49 includes a pair of intersecting angular bores or pas 
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sages 6 that register at one end with the pressure balanc 
ing chambers 57 and at their other ends with the high 
pressure discharge side of the pump. Thus, the passages 
6 extend convergently inwardly toward the high pres 
sure discharge side of the pump and are intersected at 
their juncture point by a longitudinally extending bore 
62 which communicates with the discharge pressure zone 
of the puip adjacent the outlet port 34 of the pump 
casing 38. It will be appreciated that confined pressur 
ized working fluid in the radial pressure balancing cham 
bers 57 provides a counterbalancing force to maintain the 
internal unit assembly 31 in radial equilibrium in the 
casing 38. In FIGS. 3 and 4, and also in the subsequent 
illustrated embodiments of the invention, the internal unit ?t 
assembly is shown displaced completely toward the dis 
charge side of the casing with the clearances being exag 
gerated for clarity. However, it is to be understood that 
the magnitude of the counterbalancing force may be ar 
ranged to provide a substantially central positioning of 
the assembly or any desired degree of unbalance. 

Referring now to FEGS. 5 and 6, a modified radial pres 
sure balancing means is illustrated and designated gen 
erally at 64, which comprises a second specific embodi 
lment of the present invention. The pressure balancing 
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means 64 is illustrated in conjunction with a gear type 
liquid displacement device that is substantially identical 
in construction and operation to the liquid displacement 
device described in FIGS. 1-4. Thus, the present em 
bodiment includes an external casing 66 and a removable 
internal unit assembly 67. The internal unit assembly 
67 includes a pair of meshed gears (not shown) that are 
carried on integral driving and driven gear shafts .68 and 
69. A pair of end plates 7 are provided for rotatably 
journalling the shaft portions 68 and 69 of the gears, the 
end plates 7A and enclosing casing 66 being effective to 
define a high pressure zone adjacent the outlet of the 
device on operation thereof. A pair of axially extend 
ing grooves 73 are provided in the journailing bores 72 
which register with the discharge pressure zone and the 
axial pressure loading chambers of the device to insure 
adequate lubrication at this point as previously described. 
The radial pressure balancing means 64 for the internal 
unit assembly 67 differs from the first embodiment of the 
invention in that the edges of the end plates 71 are each 
formed with a single vertically elongated rectangular 
cavity or recess 74 adjacent the inlet side of the pump. 
A second circumscribing marginal recess 76, of a some 
what shallower depth than the rectangular cavity 74, is 
provided to receive the marginal edges of a rectangular 
shaped resilient member 77 which encloses the cavity 74 
and may be made of rubber or other suitable elastomer 
materials. The marginal edges of the resilient member 
77 are bonded or otherwise suitably fastened in the cir 
cumscribing recess 75 Such that the edges of the end plates 
7i include what I term a “boot” type pressure balancing 
chamber. 

it should be understood, however, that the “boot" type 
construction illustrated in FIGS. 5 and 6, which contem 
plates a single resilient member or strip 77 overlying and 
marginally fastened to the recess 74 to define the pres 
sure balancing chainber therebetween, could be modified 
to include a double-walled resilient member construction 
With pressure sealed perimetrical edges, if desired, to 
eliminate the necessity of marginally connecting the re 
silient member 77 around the cavity 74. The latter con 
struction would in effect provide an “innertube" type ar 
rangement having certain maintenance and replacement 
advantages over the preferred form of construction of 
the resilient member 77 previously described. 

High pressure liquid is communicated to the pressure 
balancing cavity 74 through a passage 79 which extends 
transversely through the end plate 71 and an axially 
extending bore 3i that registers with the high pressure 
Zone of the pump. The operation of the radial pressure 
balancing system 64 is in all other respects similar to 
that of the first embodiment of the invention. 

Referring now to FIGS. 7-9, a modified radial pres 
Sure balancing means is illustrated which comprises an 
other embodiment of the invention and is shown in con 
junction with a somewhat different internal unit assembly 
having a "figure-8" configuration. The general construc 
tion and operation of the liquid displacement device illus 
trated in FIGS. 7-9 is substantially the same as in the 
two previously described embodiments of the invention 
to the extent that it includes a casing 86 and an internal 
unit assembly 87 of the type employing axial pressure 
ioading chambers. The internal unit assembly 87 in 
cludes a pair of meshed gears (not shown) that are car 
ried integrally on a driving gear shaft 88 and driven gear 
shaft 39. A pair of "figure-8” shaped end plates 91 hav 
ing a pair of axial bores 92 therethrough are provided 
to journal the gear shafts 88 and 89 and to provide a 
pumping Seal with the side faces of the gears. Each end 
plate also includes a pair of diametrically spaced axially 
extending grooves 93 in the journalling bores 92 which 
register with the axial pressure loading chambers in the 
thrust means of the internal unit assembly 87 to provide 
a flow path for pressurized working liquid to lubricate 
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the gear shaft journals 92 as previously described. The 
position and location of the radial pressure balancing 
chambers in the internal unit assembly 87 and the orien 
tation of the flow passages for directing working liquid 
at pump discharge pressure to the pressure balancing 
members differs, however, from the previously described 
embodiments of the invention as will now be described. 
As will be apparent from FIGS. 7 and 8, the radial pres 

sure balancing means in this embodiment of the invention 
comprises a pair of generally segmental chambers 94 dis 
posed on the low pressure or inlet edges of the end plates 
91 and angularly displaced toward the top and bottom 
ends of the internal unit assembly and casing. The angu 
lar orientation of the pressure balancing chambers 94 is 
necessitated by the "figure-8' construction of the internal 
unit assembly and casing bore, in that the high pressure 
Zone adjacent the outlet of the pump tends to separate the 
gear shafts 83 and 89 as well as to urge the internal unit 
assembly toward the inlet of the pump, which effect is 
counterbalanced by angularly displacing the radial pres 
sure balancing chambers 94, as shown in F.G. 8. While 
no specific angular relationship of the pressure balancing 
chambers 94 is contemplated, relative to a transverse axis 
through internal unit assembly 87, an included angular 
range of between 15 to 30 for each chamber is prefera 
ble. The pressure balancing chambers 94 are defined by 
a pair of rectangular resilient members 95 of rubber or 
the like having a planar base portion 96 and perimetrical 
upraised lips 97 for engagement with the adjoining walls 
of the casing bore, the resilient members 95 preferably 
being bonded at their base portions S6 to flattened chordal 
portions 98 on the end plates 35. The resiliently defecta 
ble lips 97 project outwardly beyond the plate 9 and are 
arcuately shaped to conform to and tightly engage the 
inner walls of the casing bore in fluid pressure sealed en 
gagement to thus localize the position and direction of 
the generated counterbalancing force component. 
Working fluid substantially at pump discharge pres 

sure is supplied to the pressure balancing chambers 94. 
through a passage system that includes a centrally dis 
posed opening 99 in the base portion 96 of each resilient 
member 95, a radial connecting passage i in each end 
plate 9i which registers with an annular groove 02 (FIG. 
9) in the side face of each end plate adjacent the gears, 
and a pair of radial passages i03 which register with the 
high pressure or discharge Zone of the pump and extend 
into the grooves 102. Thus, it will be appreciated that 
high pressure working fluid is supplied from the high 
pressure or discharge Zone of the liquid displacement de 
vice of FIG. 8 to the pressure balancing chambers 94. 
through a path around the side face of the end piates 5. 
to augment lubrication of the gear shaft journal bores. 
In addition, the angularly offset arrangement of the pres 
sure balancing chambers 94 is also advantageous to coun 
terbalance the separating action of this high pressure zone 
of the pump when a "figure-8” type internal unit assem 
bly and casing construction is used. 

Referring now to FEGS. 10-12, another radial pressure 
balancing means is illustrated in conjunction with a liquid 
displacement device employing an oval type internai 
unit assembly 166 which comprises another embodiment 
of the invention. The internal unit assembly 66 includes 
a pair of oval or rounded contour end plates (7 having a 
pair of angularly displaced pressure balancing chambers 
108 disposed on the low pressure edges of each end plate. 
The structural details and mode of operation of a liquid 
displacement device employing an oval or rounded con 
tour internal unit assembly construction is set cut in my 
Patent No. 2,848,953, issued August 26, 1958. It will 
suffice for the purposes of the description of the present 
invention to state that a pair of separate longitudinally 
extending tension members 69 are provided in the in 
ternal unit assembly 196 to resist the reaction forces from 
the axial pressure loading chambers, The internal unit 
assembly 06 is in all other respects substantially identi 
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8 
cal to the previously described embodiments and thus 
comprises a pair of meshed driving and driven gears (not 
shown) that are carried integrally on gear shafts i and 
32, respectively, and which are rotatably journalled in 

bores 253 in each end plate i7. A pair of axially ex 
tending grooves 4 are formed in the journalling bores 
13 to provide fluid communication between the inner 

side faces of the end plates 7 within the root circle of 
the meshed gears and the axial pressure loading chambers 
of the assembly. 
The radial pressure balancing chamber means utilized 

on the low pressure or inlet side of each end plate 107 is 
of the direct communication type in that working fluid 
under pressure is directly supplied through an axial bore 
or passage 116 registering with the high pressure zone 
of the device to the common intersection of a pair of 
diverging passages 117 which communicate with the 
chambers 68. 
The pressure balancing chambers 18 are similar in 

construction to the pressure balancing chambers 74 illus 
trated in FIGS. 5 and 6 in that they are of the inflatable 
"boot" type and have an elongated rectangular shape. 
As best shown in FIG. 12, each pressure balancing cham 
ber 68 is defined by a rectangular shaped cavity or re 
cess is, formed in the low pressure edges of the end 
plates 17, the marginal edge portions of each cavity F.E.9 
having a shoulder or recess 2; therearound to which the 
peripheral edge portions of a complementary resilient 
member such as a trip 22 of rubber or the like, is joined 
to form the pressure balancing chamber 108 there 
between. Working fluid pressure is thus communicated 
through the connecting passages 147 to the pressure bal 
ancing chambers 108 to inflate the resilient members 22 
into contact with the surrounding inner walls of the casing 
bore to urge the internal unit assembly 66 toward the dis 
charge side of the device. S. 

It should be understood that while an inflatable “boot" 
type pressure balancing chamber construction has been 
illustrated and described in conjunction with the end 
plates 507 of the internal unit assembly 186, a perimetri 
cally upraised lip type resilient member construction could 
also be employed, similar to the resilient members 35 of 
FIG. 8, if so desired. 
The operation of the pressure balancing means illus 

trated in FIGS. 10-12 is substantially identical to that 
described in the previous embodiments of my invention, 
particularly the modification illustrated in FIG. 8, and 
further description thereof is thus deemed unnecessary. 

Referring now to FIGS. 13-17, the invention is illus 
trated in connection with another internal unit assembly 
and casing employing a modified "figure-8” type cross 
Sectional configuration and a separate hollow tension 
member construction. The radial pressure balancing 
means shown in FIGS. 13-17 differs somewhat from the 
previous embodiments of the invention in that the pres 
Sure balancing chambers thereof are formed in the inner 
walls of the casing bore, rather than in the edges of the 
end piates. 

in my aforementioned Patent No. 2,848,953, I have de 
Scribed a similar internal unit assembly construction 
employing separate tension members which are axially 
bored to define passages for communicating working 
liquid pressure from the discharge pressure zone of the 
pump to the axial pressure loading chamber of the in 
ternal unit assembly, to which reference should be made 
for the structural details and operation of this type of 
internal unit assembly construction. Inasmuch as the 
details of the construction and operation of the separate 
tension member internal unit assembly construction and 
their relationship to the axial pressure loading chamber 
System form no part of the present invention, only a 
brief description thereof will be included. 

The internal unit assembly and casing construction 
illustrated in FIGS. 13-17 comprises a circular casing 
i26 having a pair of centrally intersecting bores 127 
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therethrough which receive a "figure-8" type internal 
unit assembly 28 therein. The internal unit assembly 
128 includes a meshed pair of driving and driven gears 
29 and 31 that are carriesi on shafts 132 and 33, re 

spectively. Each gear shaft is rotatably journalled in 
bores 134 in separate pairs of lower and upper end plate 
halves 36 and 137 adjacent the side faces of the gears 
E29 and 131, the end plate halves 36 and 137 being 
flattened along their line of engagement, as at 138, to 
maintain their assembled orientation in the casing bore 
127. A pair of diametrically spaced axial grooves 139 
are provided in each journalling bore 134 which com 
municate working liquid pressure from the high pres 
sure zone of the device to the axial pressure loading 
chambers of the internal unit assembly for the purpose 
and function previously described. The casing 26 is 
axially bored as at 140 and 140' to receive a pair of lon 
gitudinally extending tension members 14 and 142 hav 
ing axial bores i43 and 144, respectively, therethrough. 
The tension members 4, and 142 resist the reaction 
forces of the axial pressure loading chambers and the 
bores 143 and 144 provide a liquid pressure path to the 
axial pressure loading chambers and radial pressure 
balancing chambers of the device, as will hereinafter be 
described. - . . . . . 
The end plate halves 136 and 137 differ from those 

described in the previous embodiments in that they are 
formed with an axial length such that their outer ends 
will extend somewhat beyond the end faces of the internal 
unit assembly casing 126 when their inner side faces are 
in sealed engagement with the side faces of the meshed 
gears 229 and 131. A pair of circular external thrust 
plates 246 (FIG. 14) are provided for engagement with 
the projecting ends of the end plate halves 36 and 137 
and are thus maintained in axially spaced relation to 
the end faces of the internal unit assembly casing 126. 
As best shown in FIGS. 14 and 16, each external thrust 
plate 546 includes a pair of bores 47 which provide 
coaxial registry with the interiors of the hollow gear 
shafts 32 and 133, a pair of bores i5 and 50' co 
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axial with and equal in diameter to the bores i40 and 

: A40', respectively, and a pair of axial counterbores or 
recesses i48 and 249 formed in the outer ends of the 
bores 50 and 150', the purpose and function of which 
shall be hereinafter more fully described. A diametrical 
bore or passage 151 interconnects the counterbores i48. 
and 149, and plug means, indicated generally at 152, seals 
the outer end of the passage 55 from communication 
with the exterior of the thrust plates i46. 

in order to define a pair of axial pressure loading 
chambers at the drive end of the internal unit assembly 
A23, the tension members 41 and 42 are formed with 
integral disc-shaped head portions 53 and 54, respec 
tively, which are received in close-fitting relation in the 
respective counterbores i48 and i49 of the plate 146 
at the drive end. The axial depths of the head portions 
153 and 54 are somewhat less than the depths of the 
respective counterbores 148 and 149 so as to define one 
pair of axial pressure loading chambers 56 and 57 
therebetween. It should be noted that the diameter of 
the counterbore 348 and tension member head 153 is 
substantially greater than the diameter of the counter 
bore 149 and tension member head É54, and that the 
counterbore 48 and tension member head 153 are ec 
centric to the longitudinal axis of the tension member 
14, in order that the resultant force components and 
moments acting on the internal unit assembly 28 be 
maintained in equilibrium. Another pair of pressure 
loading chambers. 556 and 157 are defined in the ex 
ternal thrust plate 246 at the opposite or anti-drive end 
of the internal unit assembly 128 by means of a pair of 
annular ring-like disc members 58 and 59 mounted 
at the opposite ends of the tension members 4; and 
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the counterbores 148 and 49. A pair of lock nuts 
150 and Si are threaded onto the ends of the tension 
members &i and 42 to snaintain the various com 
ponents of the internal unit assembly 28 and casing 126 
in assernbled relationship. Annular seal means 162 are 
disposed around the circuinaferential edges of the ten 
sion inenber heads 53 and 54 and the members 158 
and 59 for sealing coaction with the annular side walls 
of the counterbores i48 and i49. Thus, the reaction 
forces from the axial pressure loading chambers 56 
and 57 at the drive and anti-drive end of the device 
are transmitted to the shaft portions of the tension mem 
bers 141 and 142 by the head portions 153 and 154 
aid annular disc members 158 and 59 and are thus re 
sisted as tensile stress elongation of the shafts in the 
manner described and claimed in my aforementioned 
Patent No. 2,848,953. 

In order to communicate working fluid at pump dis 
charge pressure to the pressure loading chambers 156 
and 57 the tension member 14 is provided with a cen 
trally disposed radial bore 163 (FIGS. 16 and 17) which 
communicates with the high pressure zone of the device 
and registers with the axial bore 143 therethrough. A 
second pair of axially spaced radial passages 64 and 166 
are provided in the tension member 141 and serve to 
communicate high pressure working liquid to the axial 
pressure loading chambers 156 at the drive and anti-drive 
ends, respectively, of the internal unit assembly 128. The 
passages 15 serve to direct high pressure liquid to the ad 
jacent pressure loading chambers 57. 

Referring particularly to FIGS. 15 and 16 the struc 
tural details and operation of the radial pressure balanc 
ing means for the internal unit assembly 123 will now be 
described. Unlike the preceding embodiments of the in 

5 vention, the radial pressure balancing chanbers for the 
internal unit assembly 128 are formed in the inner walls 
of the casing bore 27 at the inlet side thereof and re 
ceive high pressure working liquid through an indirect 
flow path that includes the working liquid flow path to 
the axial pressure loading chambers 56 and 157. 
As best shown in FIG. 15, the casing bore 127 is formed 

with two pairs of cavities or recesses 67, which are pref 
erably rectangular and circumferentially elongated in 
shape and have their perimetrical edges formed with a 
shoulder, or recess 168, in the manner previously de 
scribed. A pair of similarly shaped resilient strip mem 
bers 69 may be bonded to the shoulders 168 to close the 
cavities 67 and define a pair of radial pressure balanc 
ing chambers 570 therebetween. The chambers 70 are 
thus of the “boot' type as were heretofore described in 
connection with FIG. 6. 

In order to communicate working liquid pressure to 
the pressure balancing chambers 70, the casing 126 in 
cludes a pair of bores 73 (FIG. 15) disposed adjacent 
each set of end plate halves 36-537 which communi 
cate with radial bores 72 (FIG. 16) in the tension mem 
ber 42 for interconnecting each pair of pressure balanc 
ing chambers 167 with the axial bore 144 in the tension 
member 42. 
open ends closed, as by plug means 173. Pressurizing 
working liquid from the axial pressure loading chamber 
i57 at the drive end of the device is communicated by a 
passage 74 adjacent the head 54 of the tension member 
142 to the axial bore 144 and thence to the radial pres 
sure balancing chambers 79 by means of the path pre 
viously described. Liquid pressure in the chambers 175) 
is imparted through the resilient members 69 to the edges 
of the end plate halves 36-37 for urging the latter to 
ward the discharge side of the device in the manner pre 
viously explained. 
As best shown in FIGS. 16 and 17, the casing 126 is 

formed with a pair of diametrically disposed recesses 76 
and 77 in its circumferential periphery around the inlet 
and discharge ports thereof, respectively, to which are 

142, respectively, and seated in close-fitting relation in 75 bonded a complementary pair of channeled, circumferen 

The bores 7 are blind and have their. . 
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tially elongated, generally rectangular resilient members 
178 having planar base portions 179 and radially out 
wardly extending wall portions 181 which form liners 
for the recesses 76 and 177. The wall portions i83 have 
marginal lips 82 for sealingly engaging the inner walls 
of an enclosing housing or bore (not shown) in which 
the internal unit assembly casing 126 may be inserted, 
e.g. in a so-called buried installation. The planar base 
portions 79 are formed with openings 83 to permit 
liquid flow through the inlet and discharge ports of the 
casing 25. 

Referring now to FIGS. 18-25 of the drawings, another 
modification of the invention is illustrated which differs 
from the previously described embodiments in that it en 
ploys an "inner tube' type resilient member having a pair 
of radial pressure balancing chambers formed integrally 
therein and disposed at opposite edges of each end plate 
of the internal unit assembly. A system of check valves 
is also provided to permit selective communication of 
high pressure working liquid to a particular pair of pres 
Sure balancing chambers so that the device can operate 
in either direction without structural rearrangement of 
the various components. This particular modification of 
the invention also employs a novel intermediate thrust 
plate at the anti-drive end of the internal unit assembly 
to provide an auxiliary axial pressure loading chamber 
for augmenting the counterbalancing force of the axial 
pressure loading chambers adjacent the ends of the gear 
shafts and outer side faces of the end plates. 
As seen in FGS. 19, 22 and 23, the embodiment of the 

invention illustrated therein comprises a cylindrical inter 
nal unit assembly casing 186 having an elongated bore 
187 therethrough which removably receives an internal 
unit assembly 88 therein. A pair of external, thrust 
plates 189 are disposed adjacent the outer ends of the 
internal unit assembly 88 and an intermediate thrust 
plate 19 is interposed between the internal unit assembly 
and the external thrust plate 589 at the anti-drive end 
of the unit. Four separate tension members 192 are uti 
lized to resist the reaction forces from the axial pressure 
loading chambers, the tension members being radially 
symmetrically arranged and extending longitudinally or 
axially through the internal unit assembly casing 186. 
The tension members 192 function in a manner similar 
to the tension members in the previously described embodi 
ment of the invention to accommodate the reaction forces 
from axial pressure loading chambers disposed around 
the inner faces of the end plates of the internal unit as 
sembly and from the auxiliary pressure loading chamber 
between the intermediate and external thrust plates at 
the anti-drive end of the unit, as will hereinafter be more 
fully described. 
As best shown in FIG. 22, the internal unit assembly 

188 comprises a drive gear 93 and a meshed driven 
gear 194, each carried integrally on respective hollow 
gear shafts 96 and 197, the driving gear shaft 96 being 
centrally internally splined, as at 98, to facilitate the 
application of driving torque thereto. The gears 93 and 
194 are enclosed by the internal unit assembly casing E85 
to define a pair of diametrically arranged ports 99 and 
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201 (FIGS. 19 and 21) for respectively supplying and re 
ceiving working liquid. - A pair of elongated end plates 
292 (FEG. 23) are disposed adjacent and engaging the 
opposite side faces of the meshed gears, each end plate 
having a lower bore 263 and an upper bore 24 therein 
constituting bearing journals for the ends of the gear shafts 
196 and 197. The outer side faces of the end plates 
202 are formed with a pair of annular axially outwardly 
extending bosses 26 (FIG. 22) which cooperate with a 
complemental pair of coaxial counterbores 207 and 208 
adjacent the ends of the lower and upper gear shafts 196 
and 97, the counterbores being formed in the opposing 
faces of the adjoining external thrust plate 289 at the 
drive end of the unit and the intermediate thrust plate 
i9i at the anti-drive end of the unit. At the driven gear. 

65 

70 

75 

12 
shaft 1.97 the axial ends of the bosses 26 cooperate with 
the counterbores 298 to define a pair of annular pressure 
loading chambers 22 for urging the end plates 262 in 
wardly toward the side faces of the gears 193 and 194. 
At the driving gear shaft 96 a corresponding pair of pres 
sure loading chambers 21 are defined between the bosses 
206, a pair of annular seal rings 209, and a pair of re 
silient support rings 20. The elements 209 and 29 
cooperate to provide a compensating seal arrangement 
more fully described and claimed in my copending appli 
cation Serial No. 709,045, filed January 15, 1958, now 
Patent No. 2,967,487, which should be referred to for a 
more complete explanation of this aspect of the structure. 
A passage 23 in the thrust plate 89 at the drive end of 
the internal unit assembly and a passage 24 (FIGS. 24 
and 25) in the intermediate thrust plate 9A at the anti 
drive end of the internal unit assembly provide liquid 
communication between the pressure loading chambers 
211 and 22. High pressure working liquid is supplied to 
the axial pressure loading chambers of the device by pas 
sages (not shown) in the end plates 282. A pair of 
diametrically spaced axially extending grooves 25 (FIG. 
23) are provided in the gear shaft journalling bores 204 
and connect the pressure loading chambers 2 and 212 
to the high pressure zone of the device and contribute to 
the lubrication of the journalling bores in addition to 
the leakage flow therethrough, as previously described. 
The auxiliary axial pressure loading chamber at the 

anti-drive end of the internal unit assembly 88 is indi 
cated at 26 (FIGS. 19 and 22) and is formed between 
the spaced faces of a central counterbore 217 in the 
outer face of the intermediate thrust plate 191 and an 
axially inwardly extending boss portion 2:8 on the inner 
face of the adjacent thrust plate 289. The boss portion 
218 includes an annular recess 29 in which is seated a 
coil spring 22 that bottoms in the recess 219 and engages 
the base of the counterbore 217 to urge the intermediate 
thrust plate 19 into pressure sealed engagement with the 
adjacent end plate 202. The intermediate thrust plate 
i91 and adjacent end plate 202 are centrally axially bored, 
as at 222, to loosely receive a tubular bushing 223 which 
serves to maintain axial alignment of these members and 
to conduct pressurized liquid from the high pressure side 
of the device to the auxiliary pressure loading chamber 
26. . . . . 

In order to provide selective liquid communication be 
tween the bore 222 and the high pressure zone of the 
device, the end plate 202 at the anti-drive end of the 
device has a pair of diametrically spaced axial bores 224 
(FIG. 19) having reduced diameter metering passages 
226 at their inner ends which are in registry with the port 
passages 199 and 29 of the internal unit assembly 88. 
Spring biased ball check valves 227 are provided to nor 
mally close the metering passages 226 to provide selective 
unidirectional flow therethrough depending on the direc 
tion of rotation of the gears. A pair of angular passages 
228 connect the bores 224 with the bore 222 so that work 
ing liquid at pump discharge pressure is communicated 
around and through the tubular loosely fitting bushing 223 
to the auxiliary pressure loading chamber 216. Annular 
Seal means 229 (FIG. 22) is provided around the boss 
28 to prevent leakage from the auxiliary pressure load 
ing chamber 26 between the intermediate thrust plate 91. 
and its external thrust plate 189, and a pair of spaced an 
nular seal means 230 are provided around the periphery 
of the tubular bushing 223 to prevent leakage of pres 
surized Working liquid between the anti-drive end plate 
292 and the intermediate thrust plate 91. 
Thus it will be appreciated that the axial pressure load 

ing System employed in the internal unit assembly 188 is 
effective to counterbalance the pressure forces tending 
to separate the end plates 202 from the side faces of the 
gears 93 and 594, even at extremely high pressure op 
eration, due to the inclusion of the auxiliary axial pres 
Sure loading chamber 256. Moreover, the device is read 
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ily reversible without rearrangement of the structural com 
ponents of the device, through the provision of the spring 
biased check valves 227 that insure unidirectional com 
munication of liquid pressure to the auxiliary pressure 
loading chamber 216. As described in my prior United 
States Patent No. 2,772,638, pressurized working liquid 
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from the axial pressure loading chambers ultimately finds. 
its way to the hollow interiors of the gear shafts 196 and 
197, to be returned to the low pressure flow of working 
liquids entering the gears at the pump inlet. 

In order to regulate the flow of working liquid from 
the hollow interiors of the gear shafts to the pump inlet 
and thus control the flow of liquid through the bearings 
and bearing surfaces of the 
plate 189 at the drive end of the pump is provided with 
an adjustable bleed means in the form of an adjustable 
needievalve 231. (FIG. 22) threadedly mounted in an 
opening 231 in the thrust plate 189 and having a bore 
232 therethrough and a tapered inner end 233. The 
tapered end 233 of the valve member 232 coacts with a 
valve seat 234 in the thrust plate 89, which communi 
cates with the hollow interior of the gear shaft, 197, to 
control the flow through the bore 232. A lock-nut 235 
maintains the desired setting of the needle valve 231 for a 
given operating condition. The adjustable bleed means 
is necessitated due to the high seal efficiencies around the 
pressure loading chambers 21, 212 and 216. 

Referring now more particularly to FIGS. 19, 22 and 
23, the radial pressure balancing means for maintaining 
the internal unit assembly 188 substantially centralized as 
a free body in its casing 186 will now be described. As 
seen in FIGS. 19 and 22, each end plate 202 is formed 
surrounding one-piece “inner-tube” type resilient member 
237 having elongated, generally rectangular, confined 
cavities or pockets 238 formed therein adjacent the edges 
of the end plates 202. For providing liquid pressure com 
munication with the high pressure zone of the device, 
each end plate 202 is formed with a pair of short axial 
passages 239 (FIG. 19) registering with the ports 199 
and 201 adjacent the meshed gears 93 and 194 and ex 
tending axially outwardly therefrom. Intersecting diag 
onal passages 241 (FIGS. 19, 22 and 23) in the end 
plates 202 connect the cavities 238 with the passages 239. 
Each passage 241 is counterbored at its outer end in the 
edges of the end plates 262 to receive a tubular stem por 
tion 242 formed on the inner side face of the resilient 
member 237 thereby providing a liquid pressure sealed 
passage for directing pressurized working liquid to the 
interior of the cavities 238. It will be apparent from the 
location of the axially extending passages 239 that one 
pair of pressure balancing cavities 238 at one side of the 
device will be subjected to pump discharge pressure via 
one pair of connecting passages 241 for a given direction 
of rotation of the gears 93 and 194, and an opposite pair 
of pressure balancing cavities 23S will be so pressurized 
on a reversal of the direction of rotation of the gears 193 
and 194. As previously described, the size, shape and 
location of the cavities 238 is such as to effectively coun 
terbalance the radial component of the displacing force at 
the high pressure side of the pump either with a balanced 
or slightly unbalanced force, thereby to insure minimum 
leakage at the high pressure side of the casing and to 
maintain a more favorable high pressure distribution 
around the gears. 

In order to prevent excessive pressure between the in 
ternal unit assembly casing 186 and its enclosing housing 
(not shown), the drive end plate 262 includes a pair of 
axial bores 243 (FIG. 19), each of which has a reduced 
diameter outlet passage 244 formed in its outer end and 
which is normally closed by a spring biased ball check 
valve 246. The drive end plate 189 includes a pair of 
registering bores 247 in alignment with the passages 244. 
A liquid pressure passage is thus defined from the low 
pressure zone of the pump to a reservoir or chamber 

ump, the external thrust . 
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formed between the internal unit assembly casing 186 
and its enclosing housing (not shown), such that the lat 
ter chamber may be vented to the low pressure zone of 
the pump whenever excessive pressure occurs. Commu 
nication between the reservoir at the drive and anti-drive 
ends of the internal unit assembly casing i86 and its 
enclosing housing is provided by axial bores 248 (FIGS. 
18, 21, 23 and 24) extending through the tension mem 
bers 192. - 

In order to prevent leakage around the ports. 99 and 
20 of the internal unit assembly casing 186, a pair of 
resilient seal assemblies 249 (FGS. 19, 20 and 21) are 
provided which are seated in appropriately formed re 
cesses 25i in the sides of the internal unit assembly cas 
ing 186, the seal assemblies 249 being of the same type 
as the seals 178 illustrated and described in connection 
with the FIGS. 13-17 embodiment previously described. 

While only certain specific embodiments of my inven 
tion have been herein illustrated and described, it should 
be understood that modifications and variations thereof 
may be effected without departing from the scope of the 
novel concepts herein disclosed, as set forth in the ap 
pended claims. 

I claim: 
i. In a liquid displacement device of the character de 

scribed, the combination of a casing having a bore there 
through, and an internal unit assembly in said casing bore 
comprising. Support means, at least one liquid displace 
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with a peripheral edge groove 236 in which is seated a 
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ment element rotatably supported by said support means, 
said element being operable to define separate zones of 
low and high pressure working liquid in said casing, said 
high pressure Zone providing a radial force tending to 
urge said internal unit assembly toward the low pressure 
side of said casing, and means for opposing said radial 
force and defining at least one chamber between the sup 
port means Supporting said element and said casing at the 
low pressure side of the latter, said opposing means in 
cluding a passage providing fluid communication between 
said chamber and said high pressure zone so that high 
pressure working liquid in said chamber provides a force 
opposing said radial force whereby to maintain said in 
ternal unit assembly in a predetermined position in said 

45 

casing bore, said chamber having means for confining 
the high pressure fluid therein. ". . . . . 

2. In a liquid displacement device of the character de 
scribed, the combination of a casing having a bore there 
through, and an internal unit assembly in said casing bore 
including a pair of meshed gears, a pair of spaced support 
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means disposed in sealing relation at the faces of said 
gears and rotatably supporting the latter, said gears being 
operable to define separate zones of low and high pres 
sure working liquid at said gears, and radial pressure 
balancing means for opposing the force of said high pres 
Sure Zone tending to urge said internal unit assembly to. 
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ward the low pressure side of said casing bore, said radial 
pressure balancing means having at least one chamber 
disposed between each of said pair of support means and 
Said casing at the low pressure side of the latter and hav. 
ing a flexible wall portion, said balancing means also 
having a passage connecting said high pressure zone with 
Said chamber to provide communication therebetween so 
that high pressure working liquid in said chamber causes 
said wall portion to oppese said force whereby to maintain 
said internal unit assembly in a predetermined position in 
said casing bore, said chamber. having means for confin 
ing the high pressure liquid therein. 

3. The combination according to claim 2, in which said 
chamber is so constructed and arranged as to provide a 
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resultant counterbalancing force substantially equal and 
opposite to said force at the high pressure zone whereby 
said internal unit assembly is substantially centralized in 
said casing bore. 

4. in a liquid displacement device of the character de 
scribed, the combination of a casing having an inlet and 
an outlet and a bore therethrough, and an internal unit 
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assembly in said bore comprising a pair of meshed gears. 
between said inlet and said outlet, a pair of spaced end 
plates rotatably supporting said gears and being disposed 
in Sealing relation at opposite faces of said gears, said 
gears being operable to define zones of low and high pres 
Sure Working liquid adjacent said inlet and said outlet, 
respectively, and radial pressure balancing means for op 
posing the radial component of the discharge pressure 
force of said high pressure zone, said radial pressure bal 
ancing means comprising flexible means defining a plu 

end plates and said casing at the inlet side of the latter, 
Said flexible means being constructed and arranged to 
confine high pressure working liquid in said chambers, 
said balancing means including passages interconnecting 
said chambers with said high pressure zone whereby high 
pressure Working liquid in said chambers opposes said 
radial component to maintain said internal unit assembly 
in a predetermined position in said casing bore. 

5. In a liquid displacement device of the character de 
Scribed, the combination of a casing member having an 
inlet and an outlet and a bore therethrough, and an inter 
nal unit assembly in said casing bore comprising a pair 
of meshed gears between said inlet and said outlet, a pair 
of spaced end plate members rotatably supporting said 
gears and being disposed in seating relation at opposite 
faces of said gears, said gears being operable to define 
Zones of low and high pressure working liquid adjacent 
Said inlet and said outlet, respectively, and radial pressure 
balancing means for opposing the radial component of the 
high pressure force in said high pressure zone, said radial 
pressure balancing means comprising a resilient seal inter 
posed between and engaging the peripheral surfaces of 
said end plate and casing members to define with at least 
one of said peripheral surfaces chambers for confining 
high pressure Working liquid, said balancing means includ 
ing passages interconnecting said chambers with said high 
pressure Zone whereby to maintain said internal unit as 
sembly in a predetermined position in said casing bore. 

6. The combination according to claim 5, in which 
said chambers are surrounded by annular recesses formed 
in the low pressure side of one of said members, and 
annular resilient seals are seated in said recesses and have 
portions thereof engaging the adjacent wall of the other of 
said members in pressure sealed relationhip. 

7. The combination according to claim 5, in which 
said chambers are defined by fiattened portions on the 
peripheral Surfaces of said end plates and segmentally 
shaped resilient seals carried on said portions, said resilient 
Seals having a lip therearound for engaging said wall in 
preSSure Sealed relationship, said lip, including arcuately 
shaped portions to conform to the adjacent wall of said 
casing bore. 

8. In a liquid displacement device of the character de 
Scribed, the combination of a casing having an inlet and 
an outlet and a bore therethrough, a pair of meshed gears 
in said casing between said inlet and said outlet, a pair of 
Spaced end plates rotatably supporting said gears and be 
ing disposed in sealing relation at opposite faces of said 
gears, said gears being operable to define zones of low 
and high pressure working liquid adjacent said inlet and 
said outlet, respectively, and radial pressure balancing 
means for opposing the radial component of the high 
pressure force in Said high pressure zone, said radial pres 
Sure balancing means comprising at least one elongated 
resilient member peripherally bonded to the edge of each 
end plate at the inlet side thereof to define a chamber 
therebetween, said balancing means including passages. 
interconnecting said chambers with said high pressure 
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maintain the gears and end plates in a predetermined 
position in said casing bore. . 

9. The combination according to claim 8, in which said 
resilient member comprises a single elongated strip of 
resilient material extending substantially across the full 
edge of each of said end plates. . 

10. The combination according to claim 8, in which 
each of said end plates has a pair of circumferentially 

0. 
rality of chambers between the peripheral edges of said. 
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spaced elongated strips of resilient material on the edges 
thereof. 

11. In a liquid displacement device of the character 
described, the combination of a casing having an inlet 
and an outlet and a bore therethrough, a pair of meshed 
gears in said casing between said inlet and said outlet, a 
pair of spaced end plates rotatably supporting said gears 
and disposed in sealing relation at opposite faces of Said 
gears, said casing bore having at least one cavity formed 
in the wall of said bore adjacent the edges of said end 
plates on the inlet side thereof, said gears being operable 
to define Zones of low and high pressure working liquid 
adjacent said inlet and said outlet, respectively, and radial 
pressure balancing means for counterbalancing the radial 
component of the high pressure force in said high pres 
sure Zone, said radial pressure balancing means comprising 
resilient means defining at least one chamber between the 
peripheral edge of each end plate and said casing at the 
inlet side of the latter, said resilient means being an elon 
gated strip of resilient material peripherally bonded 
around the edge of its associated cavity, said balancing 
means including passages interconnecting said chambers 
with said high pressure zone whereby high pressure work 
ing liquid in said chambers provides a force opposing 
said radial component to maintain the gears and end 
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plates in a predetermined position in said casing bore. 
12. The combination according to claim 11, in which 

the wall of said bore has a pair of cavities for each end 
plate, and elongated strips of resilient material are pe 
ripherally bonded around the edges of each cavity. 

13. In a liquid displacement device of the character de 
scribed, the combination of a casing having a reversible 
inlet and outlet and a bore therethrough, a pair of meshed 
gears in said casing between said reversible inlet and out 
let, a pair of spaced end plates rotatably supporting said 
gears and being disposed in sealing relation at opposite 
faces of Said gears, each of said end plates having a 
shallow recess formed in each of the side edges thereof, 
said gears being operable to define zones of low and high 
pressure working liquid adjacent said reversible inlet and 
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outlet dependent upon the direction of rotation thereof, 
and radial pressure balancing means for opposing the 
radial component of the high pressure force in said high 
pressure Zone, said radial pressure balancing means com 
prising resilient means defining a pair of chambers be 
tween the respective side edges of each end plate and said 
casing at the inlet and outlet sides, said resilient means 
being a strip of resilient material seated in each of said 
recesses and having pockets formed therein at the edges 
of Said end plates, said balancing means including pas 
Sages selectively interconnecting the pockets opposite a 
high pressure Zone with high pressure liquid, depending 
upon the direction of rotation of said gears, whereby high 
pressure working liquid in said pockets provides a force 
opposing said radial component to maintain the gears and 

65 

70 
Zone, said resilient member being expansible in response 
to confined high pressure working liquid communicated 
to Said chamber to engage the adjacent wall of said casing 
bore, whereby high pressure working liquid in said cham 
bers provides a force opposing said radial component to 75 

end plates in a predetermined position in said casing bore. 
14. The combination according to claim 13, in which 

each of said end plates has a shallow recess extending 
around the periphery of the end plate, and said resilient 
means is seated in said recess and extends around the 
end plate. 
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