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2,866,416
PRESSURE LOADED PUMP

Delbert S. Oliver, Euclid, Ohio, assignor to Borg-Warner
Corporation, Chicago, Ill., a corpoeration of INinois

Original application June 16, 1950, Serial No. 168,622,
now Patent No. 2,756,681, dated July 31, 1956. Di-
vided and this application September 27, 1955, Serial
Ne. 540,970

19 Claims. (Cl. 103—126)

This is a division of application Serial Number 168,622,
filed by Delbert S. Oliver on June 16, 1950, now Patent
No. 2,756,681, entitled “Pressure Loaded Pump.”

This invention relates to a gear pump, and more par-
ticularly to a gear pump of the type employing pressure
loaded bushings, such gear pumps sometimes being re-
ferred to as pressure loaded gear pumps.

in a pressure loaded gear pump of the type having one
set of axially movable pressure loadable bushings, a part
of the ouiput pressure is applied to the rear or motive
surfaces of the axially adjustable bushings to urge these
bushings into sealing engagement with their associated
gears. As disclosed in U. S. Patent No. 2,420,622 to
Roth et al., by carefully selecting the relative areas of the
forward surfaces of the bushings and of the motive sur-
faces of the bushings, it is possible to control within very
* close limits the actual sealing pressure provided. In prac-
tice, this requires a somewhat higher effective pressure in
the direction of seal than in the direction tending to open
the seal.

in the usual form of pressure loaded pump, the pressure
loading motive chamber to which output pressure is sup-
plied will be substantially uniformly subjected to the out-
put pressure. That is to say, at any point on the motive
surfaces at the rear of the bushing, the same pressure will
exist. This is not true of the forward or gear side face
engaging surface of the bushing. This forward surface
is normally subjected to a distinct pressure gradient ex-
tending from the inlet pressure in the area adjacent the
pump inlet, which is the lowest pressure of the gradient,
to the outlet pressure in the area adjacent the discharge
side of the pump, at which area the pressure gradient is
at its highest fevel. Accordingly, it will be evident that
while the total pressure forces acting on the motive sur-
faces of the bushing may be made to equal the total pres-
sure forces acting on the forward surfaces of the bushing,
or to exceed these latter forces, the pressures acting on
particular areas of the forward surfaces will not be uni-
form and the portion of the ferward bushing surface
nearer the inlet will be subjected to a lesser pressure tend-
ing to break the seal than the portion of the forward
bushing surface nearer the outlet of the pump. This un-
balanced pressure condition tends to twist the bushing in
the pump and results in uneven wear, thereby increasing
the power required to turn the pump. Wear is, of course,
concenirated on the inlet side of the pump.

It has been found that this unbalanced condition can to
some extent be reduced by providing balancing grooves
in the gear side face engaging surfaces of the pressure
responsive bushings, these balancing grooves communi-
cating at one end with the discharge side of the pump and
extending coaxially of the bushings toward the inlet port
of the pump, but terminating short thereof. The bal-
ancing grooves tend to render the pressure uniform over
a larger area of the gear surface than without the grooves.
it will be evident, however, that it is not possible to extend
the balancing grooves completely around the pump with-
out providing a leakage path to the inlet side of the pump
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from the outlet side with consequent loss cf pressure.
Thus, while balancing grooves are helpful, they do not
result in a perfectly balanced pump.

It has also been proposed to employ eccentrically dis-
posed bushings whereby the pressure area at the back of
the bushings is offset with. respect to the uniformly dis-
posed surface at the forward surface of the bushings so as
to compensate, in effect, for the pressure gradient extend-
ing across the forward surfaces of the bushings. This is
disclosed and claimed in Haberland application Serial No.
130,904, filed December 3, 1949, now Patent No.
2,823,615, Alternatively, it has been proposed to re-
strict the area exposed to loading pressure at the back of
the bushings. This is disclosed and claimed in the Comp-
ton application, Serial No., 163,011, filed May 19, 1950,
now Patent No. 2,824,522. The present invention is
directed to various seal arrangements for restricting the
loading area at the back of the pressure loadable bush-
ings to compensate for the pressure gradient across the
forward surfaces of the bushings.

An object of the present invention is to provide a new
and improved pressure loaded type, intermeshing gear
pump.

A further object of the present invention is to provide
a pressure loaded type, intermeshing gear pump wherein
the motive surface areas of the pressure loadable bush-
ings are controlled to establish a loading force having an
effective gradient substantially equivalent to the pressure
gradient across the forward surfaces of the loadable
bushings.

In accordance with one embodiment of this invention,
a pressure loaded type, intermeshing gear pump having
one set of axially movable, pressure loadable bushings,
may be provided with sealing means disposed across the
motive surface areas of the bushings in such manner as
to restrict or confine the high pressure area, so that the
pressure loading area occupies a preselected fraction of
the total surface area and so that this preselected area
is so located as to establish a loading force matching
substantially the pressure gradient across the forward
or gear side face engaging surfaces of the bushings. By
suitably locating the sealing means, a proper balance can
be reached whereby the gradient of the forces tending
to hold the bushing against the gear side face is closely
balanced and uniformly disposed with respect to the
gradient of the forces tending to move the bearing away
from the gear side faces, that is, to unload the pump.

Other objects and advantages of the present invention
will be apparent from the following detailed description
taken in conjunction with the drawings wherein:

Fig. 1 is a fragmentary, axial, sectional view of a
pressure loaded type, intermeshing gear pump in which
the pressure loading areas of one set of bushings are
restricted in accordance with ome embodiment of this
invention;

Fig. 2 is a transverse, sectional view taken substan-
tially along the line 2—2 of Fig. 1;

Fig. 3 is a detail, sectional view taken along the line
3—3 of Fig. 2;

Fig. 4 is a detail, perspective view of a suitable seal
retaining plate;
~ Fig. 5 is a fragmentary, sectional view similar to Fig.
2 showing, however, the pressure loading surfaces of a
bushing provided with a seal arrangement in accordance
with a second embodiment of this invention, the view
being taken substantially along the line 5—5 of Fig. 6;

Fig. 6 is a sectional view taken along the line 6—6
of Fig. 5;

Fig. 7 is a fragmentary, axial, sectional view, similar
to Fig. 1, showing, however, a third sealing arrangement
in accordance with this invention, the view being taken
substantially along the line 7—7 of Fig. 8;
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Fig. 8 is a transverse, sectional view taken substantially
along the line 8—8 of Fig. 7;

Fig. 9 is a view similar to Fig. 7 showing, however,
a fourth-embodiment of this invention employing a differ-
ent type of seal arrangement, the view being taken sub-
stantially along the line 9—$9 of Fig. 10; o

Fig. 10 is a sectional view taken substantially along
the line 10—10 of Fig. 9; :

Fig. 11 is an enlarged, detail, sectional view taken
substantially along the line 11—11 of Fig. 10;

Fig. 12isa fragmentary view similar to Fig. 9 showing
a fifth embodiment of this invention, the view being
taken substantially along the line 1212 of Fig. 13; ]

Fig. 13 is a.sectional view of the ffth embodiment of
this invention taken substantially along the line 13—13
of Fig, 12; ,

Fig. 14 isa sectional view similar to Fig. 9 showing,
however, a sixth embodiment of this invention, -the view
being taken substantially along the line 14—14 of Fig. 15;

Fig. 15 is a sectional view taken substantially along
the line 15—15 of Fig. 14 showing the sixth embodiment
of this invention;

-Fig. 16 is-a view similar to ‘Fig. 12 showing, however,
a seventh embodiment of this invention, the view ‘being
taken substantially along the line 16—16 of Fig. 17;

Fig. 17 is a sectional view taken ‘along the-line 17--17
of -Fig. 16 showing -this seventh embodiment of this-in-
vention;

Fig. 18 is a view partially in section .taken along the
line 18—18 of Fig. 17;

Fig. 19.is a view similar to Fig. 18 showing, however,
a blade type seal in place of the pin type seal of Fig. 18;

Fig.-20 is.ia view -similar to Fig. 2 showing, “however,
a modification thereof permitting -the pump ‘to -be oper-
ated in either -direction; and

Fig. -21 'shows various cross-sectional ‘configurations
which may be employed for the seal, particularly in:the
embediment shown in-Fig. 20.

Referring now to -the drawings, and particularly -to
Figs. 1,2 and 3 thereof, a pump similar to that shown
in the aforementioned . Roth et al. patent, except for the
bushing loading arrangement, is there illustrated having a
sectional -housing comprising 2 main body portion 20
and -a right closure member 21. These sections are
securely -bolted - together and -cooperate to-define -there-
within a pair of parallel axes,-intersecting bores or pump-
ing gear chambers.22 and 23 which are arranged-to re-
ceive in complementary relationship- intermeshing pump-
ing gears 24 and 25 respectively. In the .embodiment
illustrated, the pumping gears .have integrally - formed
therewith - hollow journal shafts 26 and 27, respectively,
and the left portions of the journal shafts 26 and 27 are
received ‘in conventional flanged bushings 30 and 31
mounted in the left. portion of the pumping .gear .cham-
bers 22-and 23. The right portions .of the gear journals
26 and 27 are received, respectively, in axially.adjustable,
pressure loadable, flanged bushings 32 and 33 mounted
in the right side of the pumping gear chambers 22 and
23. 'The bushings 32 .and 33 are provided with specially
designed sealing means -in-accordance with the -present
invention-and this'will be described in detail hereinafter.
In the embodiment illustrated the upper pumping. gear
24 isthe driving gedr and is rotated 'in a clockwise di-
rection, as viewed in Fig. 2. In accordance with con-
ventional pump design practice, the journal shaft 26 of
the ‘gear 24 ‘may be extended to the '1éft, .as viewed in
Fig. -1, -and coupled to a suitable power source. Low
pressure liquid is introduced into the pump housing at
inlet 34, formed in the left side of ‘the pump housing
as viewed in Fig. 2, and high pressure liquid is discharged
through outlet 35, formed in the right side of ‘the
housing, ‘as viewed -in Fig. 2, the- inlet and outlet sides
communicating with the inlet and: discharge areas of ‘the
Intermeshing pumping gears. The ‘pressure loddable bush-
ings 32 and 33 are fitted into'the ‘bores 22 ‘and 23 with
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sufficient clearance to permit slight axial movement of
the bushings with respect to the bores.

In the operation of a pump of this type, discharge
pressure generated by the intermeshing gears may be
communicated from the outlet or discharge side thereof
to the annular pressure loading areas at the back of the
bushings, designated 32-a and 33-z in the drawings,
through an axially extending ‘passage 36 formed between
the .peripheries of the flanged portions of the bushings
on the discharge side of the pump at the point of con-
vergence 'of ‘the flanged ‘portions of the bushings. The
bassage 36 extends from the discharge side of the gears
to ‘the right, as viewed in Fig. 1, to the intercom-
municating portions of the pressure loading areas at
their point of juncture. ‘Escape of discharge pressure
rearwardly from the pressure loading surfaces is sub-
stantiaily prevented by means of an O-ring seal 37 dis-
posed about the periphery of ‘the rear or barre]l portion

- of each bushing in an annular ‘groove 38 formed in
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the periphery of ‘the bushing. Alternatively, the groove
38 ‘may be ‘formed ‘in ‘the housing bore wall and 'an ©-
ring 37 then of slightly greater size would be positioned
in the groove in the housing wall and engage at-its inner
periphery the periphery ‘of ‘the barrel portion of each
bushing. Pressure leaking past the ‘O-ring ‘seal may be
vented 'to ‘inlet pressure or ‘to a zone of ‘intermediate
pressure in-accordance with conventional pressure loaded
pump -practice ‘as set forth'in the above referenced Roth
et al patent.

In the operation of a gear pump of the type herein
shown, a pressure gradient -exists:across the faces of the
‘bushings adjacent the gears, the pressure gradient extend-
ing from a low -pressure value corresponding to the inlet
pressure of the pump on the:inlet side thereof to a pres-
sure value corresponding to the discharge pressure of the
pump-at the outlet side thereof. On the other hand, the
pressure applied to the motive surfaces 32— and 33—« is
‘normally substantially uniform over the full extent there-
of. It will be apparent, therefore, that since the gear side
face pressure acting against the loading pressure in the area
adjacent the discharge side of the pump exceeds the-gear
side face pressure acting against the loading pressure in
the area adjacent the inlet side of the pump, the axially
movable bushings 32 and 33 will tend to engage the gear
side faces with a correspondingly greater force adjacent
the inlet side. This unbalanced arrangement results in
increased wear and more particularly uneven wear, re-
sulting in accelerated deterioration of the pump. The
present invention is designed to overcome this unbalanced
condition.

In accordance with the first embodiment of this in-
vention, three elongated seals 40, 41 and 42 of U-shaped
cross-section are-employed to restrict the area at the back
of the bushings exposed to loading pressure. ‘These seals
miay be formed of neoprene, rubber or other-suitable re-
silient ‘material. ‘Seal 41 is ‘disposed ‘between the barrel

" portions of the upper ‘and lower bushings, ‘substantially
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along the vertical center Tine of the pump, as viewed
in Fig. 2, with the open or lip portion ‘of the ‘seal facing
toward the right, and its ‘inner ‘side laying ‘against the
flanged portions of the bushings. The terminal ‘ends of
the seal touch-in sealing relation the adjacent ‘barrel-por-
tions. Seal 40'is positioned so that its lower end touches
the upper side of the barrel portion-of bushing 32-and its
upper end touches the inner wall of the housing bore, the
lip portion - also facing to -the right. The seal is thus
disposed radially of the bushing barrel and, while shown
in Fig. 2 as aligned with ‘the 'vertical center line of the
pump, may be located to the right or to the left thereof
to increase ‘or to Teduce the ‘area lying ‘to the right of the
seal which is exposed to “discharge pressure. Seal 42
is located "against the flanged portion of ‘the lower side
of "the “bushing in complementary location to the seal
'40, ‘theseal 42 having its upper end touching the barrel
of ‘bushing "33 “and " its Tower ‘end fle inner-side wall of
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bore 23. The lip portions of all seals face to the right
as viewed in Fig. 2. In order to prevent the seals from
being moved to the left in response to application of
discharge pressure, semi-annular retainer plates 43 and
44, respectively, are associated with the upper and lower
bushings, the plates 43 and 44 being disposed against the
left sides. of the flanged portions of the bushings, that is,
against the left surfaces 32-a and 33— as viewed in Fig.
2 and supporting at their ends the left sides of the seals.
The retainer plates 43 are made slightly smaller in axial
thickness than the normal spacing between the right end
of the flanged portion of each bushing and the adjacent
end of the bore in which the bushing is positioned so
that the seals, which are made somewhat thicker so that
an initial seal is provided, may be placed under slight
compression even in the absence of loading pressure being
applied to the seals.

In the operation of the pump in accordance with the
invention disclosed in Figs. 1, 2, 3 and 4, loading pres-
sure is communicated to the loading areas of the bush-
ings through the passage 36. This causes expansion of
the lip portions of the seals thereby preventing escape
of pressure to the left, as viewed in Fig. 2, and thus re-
stricting the pressure loading area in accordance with the
disposition of seals 40 and 42. Pressure leaking past the
seals to the left, as viewed in Fig. 2, may be vented to
inlet pressure through a passage 45, similar to passage
36, but formed on the opposite side of the bushings at
their point of convergence.

It will be apparent from the foregoing that by select-
ing the location particularly of seals 40 and 42 it is
possible to closely control the actual area on the back
of each bushing exposed to discharge pressure. By pre-
venting application of discharge pressure to a portion

of the area at the back of the bushings adjacent the inlet

side of the pump, the pressure gradient may, therefore,
be clesely compensated. Annular recesses 46 and 47
formed in the forward surfaces of each of the bushings
radially inwardiy of the gear teeth may be vented to
inlet pressure in accordance with usual pressure loaded
pump practice, as set forth in the aforementioned Roth
et al. patent, to control the extent of the area exposed
to discharge pressure at the forward surfaces of the bush-
ings. Where the seals 40, 41 and 42 are employed, how-
ever, it is not ordinarily necessary to employ the vented
recesses 46 and 47,

As pointed out in the co-pending application of John
A. Lauck, Serial No. 168,587, filed June 16, 1950, now
Patent No. 2,745,356, these recessed areas may be offset
to compensate for the pressure gradient, and this feature
may be employed, of course, in combination with the
various embodiments of the present invention disclosed
herein.

Referring now to Figs. 5 and 6, a second embodiment
of this invention is there illustrated which avoids the
use of the retaining plates 43 and 44. In accordance
with this embodiment of the present invention, the flanged
portions of each of the bushings are provided with
grooves in which are received sealing pins whereby the
area exposed to discharge pressure is limited, the pins
functioning similarly to the seals 4@, 41 and 42.

More particularly, a groove 51 is formed in the upper
side portion of the rear or pressure loadable surface of
the flanged part of upper bushing 32, the groove extend-
ing radially from the barrel portion of the bushing to the
periphery of the flanged portion. Preferably, the groove
has a V-shaped cross-section, as shown in Fig. 6. As with
the seal 40 and the scal 42, the groove 51 may be located
either to the right or to the left of the vertical center line
of the pump to increase or reduce the area exposed to
loading pressure. A groove 52 is formed at the lower
side of the flanged portion, the groove extending from the
barrel of the bushing and formed in the flange and ex-
tending to the periphery of the flange at the point of junc-
ture thereof with the adjacent flanged portion of the lower
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bushing where it is in communication and alignment with
a third groove 53 similarly formed in the upper side of
the flanged portion of the lower bushing. Grooves 52
and 53 are preferably formed along the vertical center
line of the bushings, but this may also be varied without
departing from the present invention. A single pin 54
is positioned in the grooves 52 and 53 and a further pin,
not shown, is positioned in a groove corresponding to
groove 51 but formed in the lower side of the flanged
portion of the lower bushing. The seal pins may be made
either of metal or of a resilient material such as rubber
or neoprene. Where the pins are made of metal, it is
preferable that the pins be under no initial compression
in the absence of loading pressure. That is to say, that
when the bushings are assembled in the pump housing
there must be sufficient clearance between the back of
the housing bore and the flanged portion of the bushing,
and more particularly of the grooves 51, 52 and 53 so
that the pins are free to move from right to left therein.
Thus, upon application of discharge pressure from pas-
sage 36, the metal pins are, in effect, rolled to the left
in a wedging action to establish a seal between the back
of the housing bore and the flange of each bushing.

On the other hand, where rubber pins are employed,
it has been found in practice that it is desirable that there
be slight initial compression of the rubber pins upon as-
sembly of the bushings in the housing. In the absence
of such initial compression, extrusion of the rubber pins
may occur upon application of high discharge pressure.
The operation of the rubber pins in response to discharge
pressure is slightly different than that of the metal pin
in that the rubber will change shape in response to the
application of pressure tending to fill the left side of the

"grooves, as viewed in Fig. 5, although the pins will tend

to roll somewhat also.

While this embodiment of the invention has been de-
scribed in connection with V-shaped grooves, grooves
having a curved cross-section can also be employed, al-
though this latter configuration ordinarily involves an
increase in manufacturing cost. :

Referring now to Figs. 7 and 8, a third embcdiment
of the present invention is there illustrated wherein blade
type seals are employed. This embodiment of the inven-
tion requires a modification of the housing bore on the
right side thereof comprising making the right portion
of the housing bore the same in diameter as the mid-por-
tion, rather than being reduced as shown in Fig. 1. In
the embodiment shown in Figs. 1 to 4 and the embodi-
ment shown in Figs. 5 and 6, no modification of the
housing bore over the standard pressure loaded pump
housing bore configuration disclosed in the Roth et al.
patent is required. However, in the present embodiment,
conventional flanged bushings similar to those described
in conjunction with Figs. 1 to 4 are employed and the
same reference numerals have been used to desigunate
corresponding parts.

As with the two previously described embodiments of
the present invention, in this embodiment of the inven-
tion three seals are employed in conjunction with the
flanged bushings, these seals being designated 68, 61 and
62 in Fig. 8 and having, as may be seen best in Fig. 7,
a generally rectangular configuration. The location and
arrangement of these seals on the back of the flanged
portions of the bushings is substantially identical to that
of the various seals described in accordance with previ-
ous embodiments. However, because the blade type seals
extend axially to the rear of the flange portions of the
bushings a substantially greater amount than the U-type
seal shown, for example, in Figs. 1, 2, 3 and 4, a special
supporting or retainer arrangement is employed in accord-
ance with the present embodiment comprising two pairs
of half rings, the upper set of rings being designated 63
and the lower set 64. These rings are utilized in a man-
ner similar to the retainer plate 43 shown in Fig. 4 but
because operation in either direction is provided in this
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:embodiment and in order to provide:a better support for
.the seal blades, instead .of having only one half ring .as-
‘sociated with each bushing, a:pair-of tings are employed.
The terminal ends, ‘that is, the adjacent ends .of each .of
the half rings of a pair:are, of course, slightly :spaced to
receive therebetween one of the seal blades.

Referring particularly to Fig. 7, it'will be seen-that:the
tings have a generally rectangular cross-sectional config-
uration but that the upper ‘half -ring .63 has integrally
formed therewith -a downwardly :protruding shoulder
63-a at its left lower side, the lower edge of which
shoulder bears “against the barrel :portion of the upper
side of the bushing in-sealing relation, and :an-upwardly
extending  shouldered :portion :63~b, the upper edge of
which bears againstthe bore side wall in sealing relation,
.and .a rightwardly protruding portion -63—c which bears
against the end wall or cover 69 of the housing. Rings
64 are similarly.constructed. The annular passages pro-
vided by this shouldered ring configuration permit ‘dis-
charge pressure to be applied ‘to ‘the sealing blades. A
pair of semi-anntlar, ‘washer-type springs .65 are asso-
ciated with each pair of half rings, being positioned -at the
left ‘ends thereof, as viewed in Fig. 7. ‘These springs
63— and 64-c load the blades against the bushings to
provide an ‘initial loading pressure on the ‘bushings
:against the gear side faces 'and at the :same time cause
‘contact ‘of ‘the half rings and the cover 69 to provide ‘a
seal. Circular washer-type springs :66 positioned ‘at the
tight end of each bushing and'loaded within the protrud-
ing portion 63—c and 64—-c load the blades against the
bushings. A large-O-ring iseal 67 is carried in a groove
formed in the cover «69 which surrounds both bushings
as shown.

Depending on the direction of operation of the pump,
discharge pressure ‘will be applied to the blades at their
side faces either from -the passage 36 or from the pas-
sage 45. This emboediment, ‘as ‘will ‘be readily apparent
o those skilled in the art, permits of considerable savings
in construction in view of -thesimplification of ‘the cover
69. At the same time the center distance of the pump
body bores is less- critical and since the bushings locate
in the body bores only, misalignment is ‘substantially
completely avoided. The seal afforded by the half rings
makes unnecessary the provision of the usual O-ring seals
about the barrel portions of ‘the ‘bushings.

Referring now to Figs. 9, 10 and 11, a fourth embodi-
ment of this invention is there illustrated wherein a two-
piece ‘bushing assembly is employed in conjunction with
sealing blades to effect a restriction of the area exposed
to loading pressure.
lower bushing assemblies are designated 70 and 71, re-
spectively, and are identical in construction. The hous-
ing bore comstruction and configuration is substantially
the same as that illustrated in conjunction with Figs. 1
through 4. -

Reéferring now particularly to Fig.'9, it will be seen that
‘the "upper ‘bushing assembly 70 comprises an annular
bushing member 72 having an inwardly flanged ring por-
tion 73 formed at its forward surface and the inwardly
flanged portion is made to have ‘an inner diameter such
that it engages closely the journal portion of the associated
pumping gear. A tubular or barrel portion 74 of the
bushing assembly 76 fits around the journal portion .of
the pumping gear and its left portion is received within
the body portion of the front member 72, the left end
of the barrel butting against the right side wall of the
flange 73. In order to hold the bushing member 72
against the gear side face .in initial sealing relation, a
coiled spring 75 is positioned between the right end of
the barrel portion 74 -and the inner side of the cover 21.
A similar "arrangement . is -employed  in- conjunction with
the lower bushing assembly. The use of the two-piece
bushing assembly facilitates the formation of ‘the -slots,
best shown in Figs, 10 and 11 to receive the sealing

In these drawings, the upper and ‘
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8 i
blades. .As shown in Fig. 11, a first rectangularly shaped
slot 76-is formed in the bushing. member 72 of the bush-
ing assembly, the slot extending from the right side, as
'viewed in Fig. 9, toward the left.or gear side face engag-
ing surface so ‘that the open end of the slot is disposed
.at the back .of “the ‘bushing member. A second.slot 77
similar to that 'shown in Fig. 11 is formed in the upper
side of .the bushing member associated with the lower
bushing assembly. These two slots are aligned to receive
a single blade seal 78. A :third slot 80 is formed in the
upper.side of the upper:cover member, and a fourth slot
81 in the lower :side of the lower cover member, and
these latter :two :slots may ‘be located to the right or to
the left ‘of the vertical center line of the bushings, as
viewed in Fig. 10, toiincrease or reduce the area exposed
to pressure. While a single blade 78 may be used with
the two communicating slots 76 and 77 formed at the
junction of the two bushings, separate blades 82 and 83
-are "provided ‘in . the ‘upper ‘and lower slots 80 and 81,
‘respectively.

In .order to-provide :an initial seal, a leaf type spring
84 is positioned ‘between the upper ends of each blade
-and the .end -wall .of the -associated slot in which it is
positioned, as shown'in Fig. 11. This assures an initial
contact. ‘Immediately upon -application of discharge
pressure “through ‘the passage 85 formed at the converg-
‘ence .of ‘the two flanged .or cover members 70 and 71,
pressure will be effective to force the exposed lower end,
-as viewed in:Fig. 11, of the blade to the left by pivoting
it slightly :about the lower left corner of the slot which
causes -the upper right edge of the blade to engage the
right side wall-of the:slot'and, because the spring 84 urges
the blade downward, ‘asviewed in Fig. 11, the lower right
corner:of the blade:is held in-engagement with the cover.
In practice this has been found ‘to provide a very satis-
factory seal. By varying the location of the slot and the
positicns .of the blades, the area exposed to-discharge pres-
sure may be closely controlled. Any pressure leaking
past ‘the seal ‘may be ‘vented to inlet pressure through
‘passage - 86, corresponding to passage 45 in Fig. 2. It
-also will be apparent that in the event higher than normal
-inlet pressure is used:with the pump, then in'et pressure
-will be effective on the area lying to the left of the seal-
ing blades, as viewed in Fig. 10. The advantages of so

5 utilizing inlet pressure are described in detail in the ap-

plication .of James ‘A. Compton, Serial No. 163,012, filed
May 19, 1950, now Patent No. 2,695,566.

Referring now to Figs. 12 and 13, a fifth embodiment
of this invention is illustrated wherein the sealing means
for restricting the area to which discharge pressure is
applied ‘at the back of the bushings consists of spring-
loaded pistons.

In this-embodiment of the invention no modification of
‘the housing ‘or bores is required over that shown in Fig. 1,
but .a bushing $0 having a somewhat thicker ‘flange,
viewed in an -axial 'direction -as in Fig. 12, is preferably
employed since the flanged portion of the bushing is pro-
‘vided with cylindrical recesses 91 and 92 extending from
its back surface to a point adjacent its forward surface
to receive the piston-type seals 93 and 94. Alternatively,
of course, ‘the seals may be contained in bores or aper-
tures formed in the cover instead of in the bushings, this
involving 'a modification ‘of the housing. ‘Springs 95
are associated with-each of the pistens and urge them
The peripheries of the pis-
ton must fit closely the ‘barrel and housing side walls to
provide the required seal. The springs 95 avoid the use
of ‘loading springs -such as shown in Fig. 9. "However,
it is desirable to employ O-ring seals ‘95 about the barrel
portions of the ‘bushings behind the piston-seals, as illus-
trated. By locating the piston seals in-accordance with
‘the principles of the previously “described -embodiments
of this invention, it will be apparent that the surface ex-
posed 'to ‘inlet pressure and ‘the surface -exposed to- dis-
charge pressure at the back of each of the axially movable
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bushings may be closely controlled to compensate for the
pressure: gradient across the gear:side face: engaging sur-
face of the bushings:.

Referring now, to.Figs: 14.and. 15; a.sixth embodiment
of: this. inyenticn is: there illustrated. wherein a. unitary
seal; of somewhat: figure-8:like. configuration. is: em-
ployed to restrict: the: pressure loading: area. at- the back
of the axially movable bushings. This.arrangement has
the.advantage of net: requiring; any:modification: of :either
the bushings.or-of the housing bore.. The sealicomprises
twao. circular. sections 121 and< 182 which. are disposed
around: the- barrel: portion: of: the upper: and lower bush-
ings, respectively, and:are. joined: by a. straight. portion
163:1ying along the.vertical center: line: of: the: pump: be-
tween the two barrels; as:viewed:in Fig. 15. A rod-like
extension- 104: is, integrally. formed. with the.seal at.the

upper side: of the upper:circular.-portion 191 and extends .

radially. thereof while.a similar: rod:like: portion 105. ex-
tends: downwardly .radjally from.the lower.edge of the
lower portion of the ring:seal: The seal: may be made
of rubber, neoprene, or -other. similar suitable material.

In order to prevent distortion: of:the seal:under high
discharge . pressure; flat, half: ring retainer. plates. 186,
187, 168 and 189 .are employed: and- are disposed:arcund
the-seal in such.manner. as: to.support. particularly. the
upwardly. extending. portion. and the downwardly ex-
tending. portion. as. well as.the. central joining. portion.
These. half: ring plates may. be similar to the plate 43
shown in.Fig. 4. The upwardly. extending portion.104
and. the downwardly: extending . portion 105 may, of
course, be.moved to.the. right or.the left of the vertical
center line to.increase. or.reduce:the area exposed.to. dis-
charge .pressure. At the same. time inlet pressure is.ap-
plied to-the remaining area.at:the. back of the bushing.

This type of seal arrangement has the further advan-
tage of making unnecessary. the use of an.O-ring seal be-
tween. the barrel: portion:of -the bushing and the adjacent
housing, as.shown particularly in.Fig. 1 and Fig. 12, for
example. It will be appreciated that the seal must be un-
der initial compression upon.assembly. of the bushings.in
the pump housing so that. immediately. upon application
of discharge _pressure. to .the:seal, the seal will-be pressed
outwardly. to established. a leak-proof. seal.  The plates
106, 107, 108 and 109:may. be_made either of metal or
plastic material and:must, of course, be slightly thinner in
an axial direction than the seal so as not to cause me-
chanical compression against the bushings when the bush-
ings are initially assembled in the pump housing. By
counterboring the back of the flanged-portions of the bush-
ings to. prov1de recesses in-which-the seal would: be posi-
tioned, it is possible .to. av01d use of the supporting retain-
er plates
somewhat more expensive involving; as it does, several
additional manufacturing operations.

Referring now to Figs. 16, 17 and 18, a seventh embodi-
ment of this invention is there illustrated wherein a two-
piece bushing assembly is employed together with pin-type

sealing means, similar to those. discussed in connection.

with the embodiment. of the invention illustrated in Figs.
5.and 6. Because of the two-piece bushing assembly
construction the. housing bore-is not reduced in .the.area

adjacent the barrel portion of the flanged .bushing so that

the housing bore in the embodiment shown in Figs. 16,
17 and 18 is generally similar to that shown in Figs. 7.and

8, that is.to say, the bore or chamber in which the pump;
gears and in which the flanged portion of the bushing-is-

disposed is uniform throu0hout its length .to the right.
Referring .now particularly . to Figs., 16 and 17, a con-
ventional flanged bushing.119..is .there .illustrated as the

upper, pressure loadable bushmg of the pump, together.

- with a.ring. member 111, which .is disposed around -the

barrel portion of. the bu_shlng‘110 .and has. provided there-.

on at its outer, rear.edge a rearwardly. extending-annular
flange 112 which engages.the left side, of -the cover. An

O—nng seal 113-is disposed-between the: periphery of. the-

However, this. .expedient, while practical, is-
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barrel portion of the bushing 110 and the ring member
114, the. O-ring seal being received in.a recess. 114: formed.
in the: periphery. of . the barrel portion. Alternatively; . the
rmg seal might be positioned:in -an-annular .groove formed
in. the-inner, periphery: of. the ring: member 11%.

Referring now:to Figs 17 and 18, it will be seen:that
a-groove 115.is.-formed-in the upper side of the ring: mem=
ber 111 on; the: face thereof adjacent the- rear. of the
flanged surfape of} the; bushing and- the. groove extends
radially outwardly from the-inner to the: outer: periphery:
of the.ring: member.. A second groove 116-is:formed.in
the ring member on the same face thereof: as: the first
groove: but positioned: on the opposite-side - of: thie barrel
portion of the bushing; and:this slot is.aligned with-a- third
groove 117-formed in.a second ring member 118 associ-
ated.with the lower bushing-assembly. A fourth.groove
(not.shown). is formed in the lower side of the ring mem-
ber 118, the lower bushing assembly being substantially
identical in construction with-the upper bushmg assembly.
In the upper groove.115.is positioned a-pin seal 120 which
may. be made either of metal.or a resilient material.and
which, if resilient, is. placed under slight.compression upon
assembly of. the. bushing in the. pump housing. = A- similar
pin seal 121 is- posmoned in the two aligned . .grooves 116
and. 117, and .a.third:pin seal (not.shown) is positioned
in; the fourth groove.. The grooves:may be. V-shaped in.
cross-sectional configuration .or. curved..

Upon. application. of, discharge. pressure - through : pas--
sage 36.the pin.seals are compressed against the left sides.
of the grooves:. and.establish the requisite seal between the:
ring:members and the flanged rear surface of-the. bushings..
The pin:seals and. grooves. may, of course, be located to:
the.right or to the.left-of the.center line as with-the other
embodiments. of the invention. This: embodiment. pos~
sesses the advantages.of cover simplification described in
con;unctron with: Figs..7 and.8 and may. also.be operated
in eithier direction.. The initial clearance between the. rings.
and the adjacent ﬁanged surfaces must, of course, be criti-
cally selected with reference.to.the: seal. means:to .prevent
extrusion.

In F10., 19 a modification of the. sealing arrangement
shown in Fig. 18 is illustrated. Deep slois.123 similar. to.
the slots shown in conjunction with Figs: 9,;10:and 11.are
provided, the slots being formed. in the ring member 118
on the side_thereof: adjacent the ﬁanged portion. of. the.
bushing rather. than in.the back of the ring member, .as in
Figs. 9, 10 and 11. These slots correspond to the rela-
tively shallow.grooves.in which the pin seals of Figs. 16,
17" and 18 are positioned. In these slots. are positioned
blades 124 and between the back of each slot and the as-
sociated blade is positioned a leaf spring 125.or other
suitable resilient means to urge the blade into sealing
relation with the bearing flange. The operation of the
blades is similar. to that of the blade type seals shown.in,

. Fig. 11 and the same - considerations as to angular. dis-

position apply.

The embodiment shown in Fig. 20 is illustrative. of.a.
medification of the present invention which.is applicable
to each of the previously described embodiments. With
the  exception of-the particular arrangement shown.in
Figs. 1 through 4, each of the embodiments of this: inven~
tion described will operate equally well in either direc-
tion of rotation of the pumping gears iasofar. as. the.
provmon of a seal to restrict the pressure loading. area.
is concerned. Of course, if the pressure. loading area.is
made larger than the area exposed to or.vented.to inlet
pressure or a zone of low pressure, then the pump will.
not work equally well in either direction. That is to say,
that in order for the pumps to. work.equally. well in-
either. direction . the . pressure -Ioading.- area must. be the
same. for. either direction of. rotation- of the pumping:
gears.

Broadly, the. modlﬁcatlon shown-in:Fig. 20 comprises
providing an.additional ;seal means: at ‘the upper side.of"
the :flanged: portion-and. an.additional seal :means:at:the:
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lower side of the flanged portion to provide two alter-
native loading areas. The centrally disposed seal is
located ‘as_with the previously described embodiments,
but referring to the upper bushing, in Fig. 20, a first,
radially extending seal 126 disposed against the flanged
portion is located to the left of the vertical center line
of the bushings and a second radially extending seal 127
is located to the right of the vertical center line, both
seals being located at the upper portion of the bushing.
Between these seals is positioned an arcuate retainer plate
128 generally similar to the plate 43 shown in Fig. 4
except that it is much shorter. Arcuate- retainer plate
129 positioned between the left seal 126 and the central
seal 136 corresponds in function to the seal 43 of Fig. 4.
Arcuate retainer plate 131 positioned between the right
seal 127 and the central seal 130 prevents movement of
the seal 127 and the seal 130 when discharge pressure
is applied through the passage 45 rather than the passage
36. A similar arrangement is employed with the lower
bushing. It will be understood that whether the seal be
a pin seal or a blade seal, or a bushing assembly be em-
ployed with the supporting rings as, for example, shown
in Fig. 8, the principle of balanced loading areas dis-
closed in this embodiment is equally applicable. By in-
creasing or by reducing the angular spacing between the
seals 326 and 127 and correspondingly increasing or re-
ducing the length of the retainer plate 128, the areas
exposed to loading pressure and the areas vented to low
pressure may -be varied as to both size and location and
will be equal for either direction of operation so long
as symmetry of disposition of the seals is maintained.
Because the lip type seal shown in Fig. 4 works best when
pressure is applied to the lip from the right, as viewed
il Fig. 2, the pin type or blade type seals are usually
preferable when the modification shown in Fig. 20 is em-
ployed in conjunction with amy of the previously de-
scribed embodiments.

The embodiment illustrated in Fig., 20 also permits
controlling the area exposed to inlet pressure independ-
ently of the area exposed to discharge pressure within
considerable limits.

In Fig. 21 various cross-sectional configurations have
been illustrated which may be employed for the pin type
seals, particularly those used in conjunction with pumps
for operaticn in either direction. The seal pin 133 is of
circular configuration while the seal pin 134 is of rec-
tangnlar configuration. The seal ring 35 is indented on
cither side so that the configuration is that of opposed
V’s. The cross-sectional cenfiguration of the pin seal

136 is similar in character to that of 135 except that

rather than V-shaped notches the seal is longitudinally
grooved to define sore or less rectangular cross-sec-
tioned grooves, thus providing a pair of spaced lips on
either side of the body portion. These seal configurations
are merely illustrative and any suitable. seal may. be
employed.

Where herein the various parts of this invention have
been referred to as being located in a right or a left posi-
tion, or an upper or a lower position, it will be under-
stood that this is done solely for the purpose of facili-
tating description and that such references relate only
to the relative positions of the parts as shown in the
accompanying drawings.

What is claimed is:

1. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump cham-
ber, means including a rotatable member received in said
pump chamber effective to force fluid from said inlet out

of said housing through said outlet, means defining an-

axially adjustable end plate received in said pump cham-
ber and having a first surface area subject to the pres-
sures in said pump chamber and engageable with the
adjacent side face of said rotatable member to provide
a pumping seal therewith, a second surface area on said

2,866,416

12

end plate facing away from said rotatable member, seal-
ing means radially disposed on said end plate second
surface area effective to divide said area into a plurality
of segments isolated from each other, passage defining
means effective to direct pressure liquid generated by
said rotatable member to one segment of said second
surface area when said rotatable member is rotated in
one direction, passage defining means effective to direct

- pressure liquid generated by said rotatable member to
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another of said segments of said second surface when
said rotatable member is rotated in the opposite direc-
tion, and means for preventing substantial angular move-
ment of said sealing means irrespective of the direction
of rotation of said rotatable member.

2. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump chamber,
means including a rotatable member received in said
pump chamber effective to force fluid from said inlet
out of said housing through said outlet, means defining
an axially adjustable end plate received in said pump
chamber and having a first surface area subject to the
pressures in said pump chamber and engageable with the
adjacent side face of said rotatable member to provide
a pumping seal therewith, a second surface area on said
end plate facing away from said rotatable member, seal-
ing means radially disposed on said end plate second
surface area effective to divide said area into a plurality
of segments, isolated from each other, passage defining
means effective to direct pressure liquid generated by said
rotatable member to one segment of said second surface
area when said rotatable member is rotated in one direc-
tion, and passage defining means effective to direct pres-
sure liquid generated by said rotatable member to an-
other of said segments of said second surface when said
rotatable member is rotated in the opposite direction.

3. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump cham-
ber, means including a rotatable member received in
said pump chamber effective to force fluid from said inlet
out of said housing through said outlet, means defining
an axially adjustable end plate received in said pump
chamber and having a first surface area subject to the
pressures in said pump chamber and engageable with the
adjacent side face of said rotatable member to provide a
pumping seal therewith, a second surface arez on said
end plate facing away from said rotatable member, seal-
ing means radially disposed on said end plate second
surface ‘area effective to divide said area into a plurality
of segments, isoiated from each other, passage defining
means effective to direct pressure liquid generated by said

rotatable member to one segment of said second surface

area when said rotatable member is rotated in one di-
rection, passage defining means effective to direct pressure
liquid generated by said rotatable member to another of
said segments of said second surface when said rotatable
member is rotated in the opposite direction, and means
for preventing substantial angular movement of said
sealing means irrespective of the direction of rotation of
said rotatable member, one of said passage defining
means. being effective to communicate inlet pressure to
the -associated segment of said surface when the other
of said passage defining means is effective to direct pres-
sure generated by the rotatable member to another seg-
ment of said surface. o

4. In a pressure loadable bushing for a pressure loaded
type gear pump, said bushing having a flanged forward
portion adapted to engage at its forward surface. the side
surface of a pumping gear in sealing relation and a tubu-
lar -journal portion extending rearwardly from. said
flanged portion, sealing' means for restricting the area
of the rear surface of said flanged portion exposed to
loading pressure, said sealing means comprising a plural-
ity of rod-like members extending radially from said bar-
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rel portion and lying flatly against said flangsd portion,
said bushing having grooves formed thérein to receive
said rod-like elements.

5. In a pressure loadable bushing for a pressure loaded
type gear pump, said bushing having a flanged forward
portion adapted to engage at its forward surface the side
surface of a pumping gear in sealing relation and a tubu-
lar journal portion extending rearwardly ifrom said
flanged portion, sealing means for restricting the area of
the rear surface of said flanged portion exposed to load-
ing pressure, said sealing means comprising a plarality
of rod-like members extending radially from said barrel
portion and lying flatly against said flanged portion, said
bushing having grooves formed therein to receive said
rod-like elements, said grooves having a V-shaped cross-
section whereby angular movement of said members
with respect to said flanged portion causes said members
to tend to move out of said grooves.

6. A pressure loadable bushing for a pressure loaded
type pump, said bushing having an annular forward sur-
face adapted to engage at its forward surface the side
surface of ‘a pumping gear in sealing relation in response
to loading pressure applied to the rear surface of the
bushing, and sealing means for restricting the area of the
rear surface of said bushing exposed to loading pressure,
said sealing means comprising a plurality of blade-like
members of generally rectangular cross-section, seg-
mental ring-like retainer members for preventing move-
ment of said blades, and resilient means for holding said
blades in sealing relation.

7. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump chamber,
means including a rotatable element received in said
pump chamber effective to force fluid from said inlet out
of said housing through said outlet, a pressure loadable
bushing having a flanged forward portion adapted to en-
gage at its forward surface a side surface of said rotatable
element in sealing relation in response to fluid pressure
being applied to the rear surface of said flanged portion,
said rear surface being spaced from the adjacent end
wall of said pump chamber, blade-like sealing means
disposed in radial array on said bushing rear surface,
retainer means for preventing angular displacement of
said blade sealing means and resilient means for holding
said sealing means in sealing position.

8. In a pressure loadable bushing assembly for a pres-
sure loadable type gear pump, said bushing assembly
comprising an annular forward portion adapted to engage
at its forward surface the side surface of a pumping gear
in sealing relation and a rearwardly extending tubular
journal portion, sealing means for restricting the area
of the rear surface of said annular portion exposed to
loading pressure, said sealing means comprising a plu-
rality of blades disposed in radially extending slets formed
in the back surface of said annular member.

9. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump chamber,
‘means including a rotatable member received in said
pump chamber effective to force fluid from said inlet
out of said housing through said outlet, an axially ad-
justable bushing assembly received in said pump chamber
.and comprising an annular forward member adapted -to
engage at its forward surface the adjacent side surface
of said rotatable member in pumping seal relation in
response to application of discharge pressure to the rear
surface of said annular member, and blade-type sealing
means for restricting the area of the rear surface of said
annular member exposed to loading pressure, said blade-
type sealing means being disposed in radially extending
slots formed in said annular member on the rear surface
thereof, and resilient means -disposed between the base
of said slots and the forward edge of said blades for
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urging said blades against the end wall of said housing
to maintain a sealing relation.

10. In a pressure loadable bushing for a piessure
loaded type gear pump, said bushing having a flanged
portion adapted to engage at its forward surface the side
surface of a pumping gear in sealing relation in response
to the application of discharge pressure to the rear sur-
face of the flanged portion, sealing means for restricting
the area of the rear surface of said flanged portion ex-
posed to loading pressure, said sealing means comprising
a plurality of piston-like members received in recesses
formed in the rear surface of said flanged portion, and
resilient means for maintaining said piston-like members
in sealing relation.

11. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump chamber,
means including a rotatable member received in said
pump chamber effective to force fluid from said inlet out
of said housing through said outlet, an annular bushing
received in said pump chamber and adapted to engage at
its forward surface the adjacent side surface of said ro-
tatable member in pumping seal relation in response to
application of discharge pressure to the rear surface of
said bushing, sealing means for restricting the area of the
rear surface of said bushing exposed to loading pressure,
said sealing means comprising a plurality of piston-like
members received in recesses formed in the rear surface
of said bushing and extending axially with respect to said
pumping member, and resilient means associated with
said piston-like members for urging said piston-like mem-

‘bers against the adjacent end wall of said pump chamber

to maintain a sealing relation.

12. A fluid pump comprising a housing having a pump
chamber formed therein, said housing having an inlet
leading to and an outlet leading from said pump cham-
ber, means including a rotatable member received in said
pump chamber effective to force fluid from said inlet out
of said housing through said outlet, an annular bushing
received in said pump chamber and adapted to engage at
its forward surface the adjacent side surface of said ro-
tatable member in pumping seal relation in response to
application of discharge pressure to the rear surface of
said bushing, said bushing having a rearwardly extending
tubular portion received in said pump chamber, sealing
means for restricting the area of the rear surface of said
annular bushing exposed to loading pressure, said sealing
means comprising a plurality of piston-like members of
cylindrical configuration received in recesses formed in
the rear surface of said bushing and extending axially
with respect to said pumping member, said piston-like
members bearing against in sealing relation . the radially
outer side of said tubular portion at their inner side sur-
faces and at their radially outer side surfaces bearing
against the inner side wall of said pump chamber, and
resilient means associated with said piston-like members
for urging said piston-like member ends against the adja-
cent end wall of said pump chamber to maintain a seal-
ing relation.

13. In a pressure loadable bushing for a pressure
loaded type gear pump, said bushing having an annular
forward portion adapted to engage at its forward surface
the side surface of a pumping gear in sealing relation in
response to the application of discharge pressure to the

rear surface of said bushing and said bushing having a

tubular journal portion extending rearwardly from said
flanged portion, sealing means for restricting the area of
the rear surface of said flanged portion exposed to load-
ing pressure comprising a generally circular sealing mem-
ber of resilient material disposed about said tubular por-
tion and having one side surface in contact with said
annular portion rear surface, said sealing member hav-
ing angularly spaced, radially extending, finger-like por-
tions disposed against the rear surface of said flanged
portion in sealing relation. '
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14. A fluid pump compnsmg 2 housing having a pair
-of parallel .axes .pump chambers formed therern, “said
housmg havmg an inlet leading fo and an otitlet lead1n°
from.said Jpump chambers, a pair.of intermeshing pump-
ing gears, dlsposed in sald pump chamber and effective to
force fluid from said jnlet out of sard housmg through
_said outlet, bushmg means for said pumpmg gears | in-
clading a pair .of axrally movable .pressure” loadable
-bushings 1ece1ved in:said p mp chambers and adapted to
‘engage at thelr forward surfaces the ad;acent side sur-
faces of said pumping gears in pumpmg seal relatlon in
response to appllcatlon of drscharge pressure to the rear
surfaces of said bushings, said préssure loadable bushmos
.having flanged forward portions and tubular rearwardly
,extendmo portrons, and seahng means for restrxctlng the
‘area of the rear, surfaces of sard bushmos exposed to load-
Jing pressure ‘said sealxng means comprrsrng,a 0enexally
circular sealing’ member’ dlsposed abou the tubulai ; por-
tion of each bushing, and havmg .one side’ surface in’ con-
tact with the ﬂanged portron rear surface a ﬁpgcr-hke
seal member dlsposed against the rear surfaces ‘of sard
‘ﬂanged portlons in seahno relatxon and ]o ing the two
“circular members, and at least one other ﬁnger-hke ‘seal
~member associated . with each of said circular members
and e‘{tendmg radrarly outwardly thereof agamst ‘the rear
surface .of the associated ﬂanged pOI‘thn to deﬁne wrth
said" ﬁlst ﬁnver-hke member a segmental pressure loadmtr
area at the rear. surface of said flanged portron s

15. A two-piece bushmo assembly for a pressure-load-
able type pump comprrsmg a flanged member adapted to
_engage a’gear side face at its forward’ surface in" seahng
relation and having a tubular, rearwardly extendmo por-
tion and an annular member: adapted to embrace-the fubu-
lar portion of the first member in- substantrally telescoplc
relation, said flanged member being adapted to engage at
its forward surface a gear side face in sealing relation in
response to application of préssure to the surface of said
‘flanged member adjacent said annular member, and radi-
ally disposed sealing means located between the rear sur-
-face of said flanged portion and the forward" surface of
said annular member to divide the’ annular pressure load-
ing surface into at least two isolated aréas.

16. A two-piece bushmo assembly for a pressure ‘load-
able type pump comprlsmg a flanged member adapted
to engage a gear side face at its forward surface in seahng
relation and having a tubular, rearwardly extendlng por-
tion and an annular rnember adapted ‘to_embrace the
tubular portion of the first member in substantlally tele-
scopic relation, said ﬂanged member belng adapted to

engage at its forward surface a gear side face in sealmg ;

relation in response to application of pressure to the
surface of said flanged member ad;acent said .annular
member, and radially drsposed sealing 1 means located be-
tween the rear surface of said flanged portron and the
forward’ surface of said annular member to divide the an-
nular pressure loadrng surface into at.least two. lsolated
_areas one of said two adjacent surfaces assocrated with
said sealing means having a plurality of grooves formed
therein to receive said ~sealing. means.

17. A two-piece bushmg assembly for. a.pressure-load-
-able type pump. comprising .a flanged member . adapted
to engage a gear side: face at its- forward. surface. in:seal-
ing relation and having a. tubular, rearwardly extending
.portion.and. an. annular..member. adapted. to-embrace the
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tubular portion of the first member in substantially- tele-
scopic relation, said flanged member belng adapted to €n-
gage at its forward surface a gear side face in sealing Te-

‘lation in response to application of pressure to the sur-

face of said flanged member adjacent said annular mem-
ber, and radrally disposed sealing means located between

‘the rear surface of said flanged portion and the forward

surface of said annular member to divide the annular
pressure loading surface into at least two isolated areas,
one of said two adjacent surfaces associated with said
seahng means having a plurality of grooves formed there-
in to receive said sealing means, said sealing means com-
prlsrng rod- lrke members of resilient material.

18. A two-piece bushmg assembly for a pressure load-
able type pump comprising a flanged member adapted
to engage a gear side face at its forward surface in ‘seal-
ing relation ‘and Kaving a tubular, rearwardly exteriding

.portion and an annular member adapted to embrace the

tubular portion of ‘the first member in substantially tele-
scopic relatlon, said ﬂanged member being adapted to
engage at its forward surface a gear side face-in sealing
relation in responseé to applicdtion of pressure to the

‘surface of said flinged member adjacent said annular

member, and radially disposed sealinig’ means located be-
tween the rear surface of said flanged portion and ‘the

“forward surface of said annular member to . divide the

annular pressure loading surface into at least two isolated
areas, one of said two adjacent surfaces associated with
said -sealing means having a plurality of grooves formed
therein to receive said sealing means, said sealing means
comprising blades of generally rectangular conﬁguratlon

'partlally received -in said grooves, and -resilient means
for’ urglng said blades into sealmg relation,

'19.” A-fluid pump comprising a housing having a pump
chamber -formed therein, said housing having an inlet

-leadmg to and an outlet leading from -said pump cham—

ber, means including a rotatable member received in said
pump chamber effective to force fluid .from said .inlet
out of said- housing -through said outlet, means deﬁnlng
an axially adjustable end plate received in said pump
chamber and-having a first surface area subject to the
pressures in said pump chamber and engageable with
the adjacent side face of said.rotatable member to provide
a pumping seal therewith, a second surface area:on.said

-end plate facing away from said rotatable member, seal-

ing means radially -disposed .on said .end plate.second
surface area effective.to divide said area-into three seg-
mental areas.isolated from .each other, passage defining
means effective to.direct pressure liquid. generated. by said
rotatable .member to" a. first segmental area when said

-rotatable member is rotated in.one direction, and.pas-
:sage defining . means . effective to direct .pressure liquid

.generated by :said rotatable member .to a second and
opposrtely disposed . segmental .area. when. said rotatable

.member is rotated in.the. opposite direction.
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