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11 Claims. (CL 103-—126)

This invention relates to a rotary gear pump of the
type which includes an inmer rotor eccentrically meshed
within an outer rotor, and more particularly relates to
a pump of this type in which means are provided for
balancing the pressure forces acting on the rotors.

In rotary gear pumps of the type having an inner
rotor eccentrically meshed within an outer rotor, the
cuter rotor generally incorporates a cylindrical disc hav-
ing gear teeth extending longitudinally from its outer
periphery. During operation, a differential pressure is
created across portions of the disc lying between the
inlet and outlet ports. This differential pressure reacts
unevenly upon the front face of the disc causing bending
stresses to be set up in the rotor disc and shaft and urging
the disc against the casing in areas exposed to relatively
higher discharge pressures.

Other problems encountered with this type of pump
are the transmission of excessively high fiuid-squeezing
forces to the rotor teeth when they are intermeshed and
the difficulty of insuring adequate lubrication: for the in-
.ner rotor or idler gear bearing. Various attempts have
been made to solve each of these problems individually,
but heretofore, no simple and economical unitary scheme
for simultaneously solving or eliminating each or all of
the aforementioned problems has been either proposed
or put into practice.

An object of this invention is to provide a simple and .

economical unitary scheme for balancing the pressure
forces reacting upon the rotors and for preventing the
creation of excessive fluid-squeezing forces between: the
intermeshing teeth of a rotary gear pump incorporating
eccentrically meshed inner and outer rotozs.

Another object of this invention is to provide a unitary
scheme of the aforementioned type which also lubricates
the bearings. )

In accordance with this invention, the pressures re-
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acting upon both faces of the outer rotor disc are equal- .

- ized by providing balanced sets of pockets of fluid under
pressure reacting against the front and back faces of the
disc. Axially aligned pockets of these sets are connected
by equalizing passageways extending through the disc.

One of these pockets lying adjacent the front of the
disc is created by recessing the front face of the hub of
the inmer rotor. This provides a centrally disposed
cylindrical pocket surrounded by a pressure-sealing rim

which engages in sliding contact with the front face of
the disc. Outer pressure pockets or areas, which are
constituted by the portions of the disc exposed to suction

_and discharge pressure, surround this rim on two sides.

One pressure pocket in contact with the back of the

" disc is provided by recessing a portion of the casing dis-

posed adjacent the back face of the disc in an annular

area disposed about the hub of the disc. The outside
diameter of this annular recess is substantially equal to

* that of the cylindrical recess in the hub of the inmer
rotor. .

" Quter ‘pressure areas or pockets in contact with the

~ back of the disc are provided by recessing portions of
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the casing substantially axially aligned and substantially
equal in area with the areas at the front of the dis¢c which
are exposed to the suction and discharge pressures. The
portions of the casing lying between these recessed pres-
sure areas are constructed and arranged to engage the
back of the disc in sliding contact to provide pressure-
sealing barriers disposed adjacent the back of the disc
which maintains a pressure differential between the fluids
in the central and outer recesses. Amny slight leakage
which occurs between these pressure-sealing barriers and
the face of the disc does not prevent this pressure differ-
ential from being maintained. The sealing area of these
barriers is made substantially equal to the area of the
annular rim of the inmer rotor which contacts the face
of the disc to permit the rim and barriers to maintain
similar differential pressures. The rim is, therefore, also
referred to as a pressure-sealing barrier.

Equalizing passageways are bored axially through the .
disc, for example, adjacent the tips of the outer rotor
teeth and on their center lines. Another passageway
connects the recessed. annular area of the casing with a
portion of the pump cavity communicating with the suc-
tion port. Still another equalizing passageway is pro-
vided extending through the inner rotor hub and con-
necting the pressure pockets adjacent the central portions
of both sides of the disc. These passageways in con-
junction with the aforementioned recesses and pressure-
sealing barriers maintain balanced films of fluid flowing
on both sides of the disc from the outer pocket dis-
posed adjacent the discharge port to the inner pockets
disposed adjacent the central portions of the disc. This
slight flow of fiuid is ultimately conducted io the suc-
tion side of the pump by connecting the central pocket

“behind the hub of. the disc to the suction side of the

pump, for example, by a channel conmecting the an-

“nular pocket in the casing with the outer pocket in the

casing on the suction side of the pump. A slight amount
of fluid aiso flows in a film from the central pockets to
the outer areas across the pressure-sealing barriers.

A convenient supply of lubricating fluid for the outer
rotor bearing is provided by disposing one of its ends
in communication with the central pocket behind the
hub of the disc and conaecting the other of its ends with
the suction side of the pump.

A convenient supply of lubricating fluid for the inner
rotor or idler bearing is provided by boring a passage-
way extending from the high pressure side of the pump
through the casing and idler pin. This passageway
breaks through the surface of the idler pin approximately
at the center of the bearing. The face of the inner rotor
hub remote from the disc is recessed in a manner similar
to its other face to provide a similar rim and pressure
pocket. An equalizing passageway extends axially
through the hub of the inner rotor to interconnect the
pressure pockets in both of its faces. ~ The fluid flowing
through the idler pinm, therefore, divides substantially
equally and flows in both axial directions through the
bearing and into the equalizing passageway in the hub
of the disc, either directly or indirectly through the
equalizing passageway in the hub of the inner rotor.

Novel features and advantages of the present invention
will become apparent to one skilled in the art from a
reading of the following description in conjunction with

- the accompanying drawing wherein similar reference
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characters refer to similar parts and in which:

Fig. 1 is a cross-sectional view of one embediment of
this invention;

Fig. 2 is a cross-sectional view taken through Fig. 1

‘ along the line 2—2 and looking in the direction of the

arrows;
Fig. 3 is a view in elevation of a portion of the em-
bodiment shown in Fig. 1;
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Flg 4. i5 an end view in elevation of another portlon
of the embodiment shown in Fig, 1; and .

Fig. 5 is a graphical representation of forces acting
upon a portion of the embodiment shown in Fig. 1.

. dn Figs. 1 anid 2 is shoivir'a Totary geadr putiip 10 whroh-
mcludes an inner rotor or idler- lz,eccentncaily meshed
within- an outer retor 14 within ‘the ‘cylindrical ‘cavity 16
formed ‘withif casing 18. Casmg 18 also irclades aninlet
or . suction port 2¢ and ah outlet ‘or ‘discharge poft 22;
both in communication ‘with cavity ‘186, ~“Suction port- 20
communicates with the ‘sp: 4 ‘betweén the teeth 26
on the outer rotor and teeth ‘28-on ‘the ‘imner ‘rotor.

-Teeth 26 on outer rotor 14 extend, for example, tongi-
tudxnally adjacent the penphery of cylmdncal disc 30,
and disc 30 is mounted to rotate ‘with'a shaft 32 which s
inserted ‘through -its hub 34 and ‘secured “thereto. “The
mumber of teeth 28 on ‘inner Totor or 1d1er gear 12 AIS
1ess than ‘the ‘number of teeth on >
ample, two Iess m number th

e ‘tecth are "for ex'/‘ ‘ple
‘formed m thc ma;uncr descnbed in US ] ers

1 ) ‘of this type may be ut1hzed
“The - casing and Totor; teeth ~are “cor

“raniged. to engage ‘each” other m
“the suction port 20 from the, 22 in two
“directioris “about “the meshmg ‘periphieries of ‘the “rotors.
Th.ls ‘inaintains “an _adequate pressiire - differential be-
i the ports junction with the mtelmeshlng ac-
txon of ‘the ‘rotor teeth ‘which’ dlse'lgaoe to provide larger
spaces 24 between ‘them’ 4djacent the suction port and
“éngage to"provide smaller “spaces 22 ‘adjacent - the dis-
“charge “port” Tor: entrammg -and’ discharging fluid at a
T¢ .uvely hlgher ‘préssute . from the “suction fo ‘the ‘dis-
L ge ports when the outer rotor rotates in the drrec-

“tion. ‘designated by .arrow 36.

A seal betwesn ports 22 and 20 in the direction of ar-
“row 36 is provided by the close mtermeshxng of teeth
26" and 28" app'oxmlately, for example, along -an im-
agmary ‘line 38 which is substantlally perpendxcular to
,an i aginary center line 40 extending. throuOh the cen-
t of ports 29 and 22 which, for: example, are: long1tud1-
“nafly aligned. ‘Aseal between - ports 28 and 22 in the

_direction of .arrow 37 is, for’ ample provxded “hy the
“sliding contact of feeth 28 and with :a crescent-: shaped
_member 42 extending from a " wall of casing -cover 44.
An’ aEiequate pressire seal is provxded by the sliding. con-
“tact of outer rotor teeth 26 with the wall 46 -of cavity
16 and the convex. surface '48 -of crescent “member’ 42,
~The “arcuate ends .59 of idler teeth 28 shde in contact
with the concave surface 52 of crescent member 42 to
fcomp]ete the pressure seal. The -pressure seal pr ovided
“by the parts which move in shdmg contact is -not ab-
X solutely fluid-tight, and a ‘small ° film of ﬂLHd is ‘com-
”’tmuously allowed to’ pass through it. However, the quan-
_tity 'of fluid in this film is so shght ‘that it does not inter-
- fere ‘with the malntenance of an adequate «differential
. pressure. between . the suction .and discharge ports. Other
_means for providing an adequate seal between the rela-
"~ tively dlsengaged portions of the inner ‘and-outer rotors
“have “been ‘proposed such ‘as the tooth formation dis-

closed, - for example, in U.S. Letters Patent 2,601,288
* which utilizes '"contact ‘between the teeth of the i inner and
*_ outer .rotors to prowde adequate sealma Another X
_-ample of a pump of this type not requmng a.crescent
meémber s the arrangement dmclosed in commcnly as-
-, signed copendmg application’ SN, 383,996, fow Pafent
""No." 2,822,760.

A lower pressure area adJacent the suchonr port 20
i.ls accordmgly formed between .imaginary lines 54 .and
"56 about the pemphery of the intermeshed rotors. A
-high -pressure .or discharge _pressiure -area. ad;acent - dis-
charge port 22 'is correspondmgly formea. about the pe-
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ripheries of the intermeshed rotors between imaginary
Jlines 58 and 60. The unbalanced forces resulting from
these unequal pressures react upon. the face of disc 30
and tend to cause bending -stresses to be set up within
disc 30 and shaft 32. Disc 30 may also be driven into
rubbing contact with. the portlon of the casing adjacent
discharge port 22.

To eliminate these unaesuable phenomena, the pres-
sures reacting upon. the front face 62 and ‘the back face
64 of disc 30 are balanced by sets of pockets or areas of
fluid Under ] pressure ‘Feacting against the front and back
faces 62 and 64 of- disc 30. The pressure areas reacting
upon the front face 62 of disc. 30 are constituted by the
portions of -face 62 éxposed ‘to the ‘suction and dischar ge
pressure in - the -area respectively. peripherally encom-

. passed between lines 54 and 56 ‘and lines 58 and 60. A
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--centrally disposed cylindrical area or pocket 66 is created

by recessing the front face 68 of the hub.70 of inner
‘rotor “12. This provides’ acentrally disposed -cylindrical
ipocket: 66 ‘sufrounded by ‘a pressuve-sesling rim 72 which
‘engages-in:sliding contact with the-front face 62 of disc
30. ‘:Space'forizpocket 66 may Be:convertedtoan annular
or semi‘annular form ‘by extending pin 74 upon -which
idler 12 is ‘rotatably mounted longitudinally: a short- dis-
Fahce: towards outer rotor shaft 32.

‘One' pressure :pocket 76 in contact with the back face
64 -of “disc 30’ is ‘provided by recéssing’ or- enlargmg ‘the
”oute'r circumference 78 of - a portlon of casmg ~18 dlS-

—d‘rsc “30 The outer- cu'cumference 78 -of recess 76 i :for
‘example, “mede “sitbstantially ‘equal “in -digmeter 4o - that
‘ofipacket 66-in' theface of inneridler-rotor 12 fo ‘balance
the-pressure forces imposed:bypockets 66-and 76.

Outer pressure pockets 80 -and “82 “réspectively “ad-
jacent™ dxscharge 'port 22 -and suction port 20 are. pro-
“wided ‘by-recessisig depressions 84 :and 86 (see Fig.'3) 4n
“the portron of -casing 18 adjacent back-face 64 ~and-Stib-
~Stanfially* axxally ahgned ‘and -substantially: équdl \in-aréa
with ‘the areas “which are :exposed ito “suction- @nd "dis-
charge~ “pressures.

“The “portions ~of - theiicasmg lying “Between “récessed
s pressure pockets: 80 and 82-are constructed-and ‘arranged
“to“éngage “back Face 64-of disc 30 in' -shidinig contact “to

) dprov1de pressure-sealing barriers 88 &nd 90 WhICh ‘main-

45°
“pockets 80 and 82" and central recess 76.
“areas of bartiers 88

tain-a -pressure differential “betweéen the Hluids' in’outer

The' sealiig
d 90 “dre, “For' ‘exaniple, made §tib-

) antlally equal _in afea to the atea ‘of the anntlar rim
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“72 of innér TOtor 1210 “permit this rim- and ‘these harriers
to maintain similar balanced differential pressures. Any

) shght ﬂeakage which eccurs- -between pressure-sealing-bar-

riers 72, 88 and 90 and respective faces of ;disc 30" does
not: prevent mamtenance of an- adequate pressure differ-
ential. !

Equahzmg passageways 92 are-axially’: bored -for-ex-
ample,-throngh-disc-30, forexample, -adjacent-the itips 94

“«(see” Fig.4) -of  outer rotor tecth"26: -and, - for ‘example,

dispased * along :their ‘center: lines: Another ‘passageway

96 .extends through “the hiib:'34 '6f “disc <30 o connect
~central ‘pockets +66°-and ~76 “with’ €ach’- other.

+Stilk-an-
-other ‘passageway 98 extends: through ‘easing 18-to con-

" nect recessed “annilar or ¢éntral ‘drea’ 76 with a- portion
- of “cavity 164 ‘in ‘communication -with ‘stiction”‘port20.
-Passageway ‘98, for example, “‘communicates with’ pocket

82 Which'is drsposed in‘communication“with suctron‘ port

:'_"20 through successwe‘ly ‘intérpo
_",'Ways 92;‘96’.‘and‘i93 ]
.80 and 82 maintain balanced: filins of Auid fiawing
70
E disposed.. ad;ac t-discharge. port 22 into- inner “or .centrat

es 66, 76,
along
both faces 62" 5ad 640f disc 230 from oufer: pocket ‘80

. conjunctlon

. pockets 66 and76.  This. sIlght fluid in this Afilm_is niti-
"'mately conducted 1o the siiction sids of cavity 16 through

75

Jpassageway 98, - A. shght film of fluid-also flows from
central pockets 66 and 76 across. pressure-seahng barriers
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%3 and 90 to the portion of faces 62 and 64 exposed to
suction pressure.

A convenient supply of lubricating fiuid for bearing
means 100, within which outer rotor shaft 32 is rotat-
ably mounted, is provided by disposing one end 102 of
bearing means 100 in communication with pocket 76
behind disc hub 34 and connecting the other end 104
of bearing means 100 with the suction side of the pump
by disposing the entrance to passageway 98 at end 104
of bearing means 100. A slight leakage of fluid to lubri-
cate bearing 100, therefore, flows along shaft 32 into
a cavity 106 to which passageway 98 connects. The
outer end of cavity 106 is. sealed, for example, by a con-

10

ventional set of spring-biased mutually contacting sealing -

discs 107 and 109.

A convenient supply of lubricating fluid for the rotat-
ing bearing surface of inner rotor 12 is provided by
boring a passageway 108 extending through casing head
44 from the high or discharge pressure side of cavity 16,
and connecting it to a passageway 110 which extends
through idler pin 74. Passageway 116 breaks through
the bearing surface 112 of idler pin 74 approximately at
the longitudinal center of bearing surface 112.

Face 114 of inner rotor hub 70 remote from disc 30
is recessed in a manner similar to face 68 to provide a
central pocket 116 and an annnular rim 118 respectively
similar to pocket 66 and rim 72. An equalizing pas-
sageway 120 extends axially through hub 70 of innner
rotor 12 to interconnect pressure pockets 116 and 66.
The fluid flowing along the surface 112 of idler pin 74,
therefore, divides substantially equally and flows in both
axial directions along bearing surface 112 and into equal-
izing passageway 96 in the hub 34 of disc 30 either di-
rectly or indirectly through pocket 116 and equalizing
passageway 120.

Passageway 122 extends through casing 18 at a 180°
relationship to passageway 108 to permit a single casing
structure to be used for pumps operating in either direc-
tion of rotation. In the direction of rotation herein in-
dicated, passageway 122 is sealed by a plug 124.

" Operation

In Fig. 5 are shown various graphs illustrating the
forces reacting upon portions of faces 62 and 64 of disc
30 which are disposed, for example, along line 40 ex-
tending through the center of disc 30. Corresponding
portions of outer rotor 14 are also shown to correlate the
iltustrated forces with the paris of the structure upon
which they act. These parts are, for example, outer
rotor 14 including teeth 26, equalizing passageways 92
extending axially through disc 30, and passageway 96
extending throngh hub 34 of disc 30, bearing 160, and
central annular recess 76 adjacent hub 34.

Continuous lines 126, 128, 130 and 132, disposed
above rotor 14, represent the pressure forces reacting
along line 40 on the front face 62 of disc 30. The pres-
sure force accordingly drops, for example, from 100 p.s.i.
adjacent discharge port 22 and represented by line 126
to 50 p.si., for example, across sealing barrier or an-
nular rim 72 incorporated in the face of idler gear 12
as represented by line 128. This pressure remains con-
stant along line 130 across pocket 66 and then drops to
0 p.si. or suction pressure along line 132 across the
portion .of pressure-sealing barrier or annular rim 72
adjacent suction port 20.

Continuous lines 134, 136, 138 and 140 represent the
pressure forces reacting on the back face 64 of disc 30
along line 40. Line 134 represents a discharge pressure
of, for example, 100 p.s.i. The pressure drops to 50
p.si. along line 136 across pressure-sealing barrier 88.
The pressure Temains constant slightly lower than 50
psi., for example, approximately at 45 p.s.i. through
pocket 76 as represented by line 138, by virtue of the
connection of pocket 76 through bearing 100 and pas-
sageway 98 to the suction sde of the pump at pressure
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pocket 82. A drop, for example, from 45 p.s.i. to atmos-
pheric or suction pressure occurs along line 140 as the
fluid passes across pressure-sealing barrier 90 into suc-
tion pressure pocket 82. A comparison of aligned por-
tions of continuous lines 126, 128, 130, and 132 with
corresponding continuous lines 134, 136, 138 and 140
indicate that the pressure forces reacting on faces 62
and 64 of disc 30 substantially balance each other.

‘What is claimed is:

4. A rotary pump comprising a casing including a
cylindrical cavity having an inlet and outlet port ex-
tending through said casing into said cavity, an outer rotor
including a cylindrical disc mounted upon a shaft, a
bearing means mounted upon said casing for rotatably
supporting said -shaft, outer rotor teeth disposed about
the periphery of said disc and extending longitudinally
therefrom, -an inner rotor having teeth, said inner rotor
being rotatably mounted within said cavity in eccentric
meshing engagement within said outer rotor to provide
spaces between said teeth of said rotors of varying size
about the periphery of said inner rotor, the number of
teeth upon said inner rotor being less than the number of
teeth upon said outer rotor, the face of said inner rotor
adjacent the front face of said disc being recessed to
provide a central pocket and an annular rim of prede-
termined area which engages said front face of said disc
in pressure-sealing contact therewith, a portion of said
casing adjacent the back of said disc being recessed in a
central annular area disposed around said shaft and in
outer areas approximately in axial alignment with and
approximately equivalent in effective pressure area with
areas at the front of said disc exposed to suction and dis-
charge pressures to provide pressure forces reacting be-
hind said disc which substantially balance the pressure
forces reacting upon the front of said disc, portions of
said casing lying between said outer areas being con-
structed and arranged to engage the back of said disc in
sliding contact to provide pressure-sealing barriers which
maintain a differential between said central and said
outer areas, ‘said pressure-sealing barriers being con-
structed and arranged to provide sealing effects equivalent
to said rim, equalizing ports extending axially through
said disc from the front to the back of said disc ad-
jacent said rotor teeth to provide in conjunction with the
pressure-sealing  barriers substantially balanced forces
reacting upon the front and back of said disc, and chan-
nel means connnecting said central recessed area of said
casing with a lower differential pressure portion of said
casing to promote a fiow of fluid through said equalizing
ports.

2. A rotary pump as set forth in claim 1 wherein one

. end of said bearing means is connected to said annular
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area of said casing, and conduit means connects the other
end of said bearing means to a portion of said casing
adjacent said suction port to promote a lubricating flow
of fluid from said annular recess through said bearing.

3. A rotary pump as set forth in claim 1 wherein one
of said equalizing ports is provided adjacent the tip of
each of said outer rotor teeth.

4, A rotary pump as set forth in claim 3 wherein one
of said equalizing ports is disposed upon the center line
of said outer rotor teeth and contiguous to their tips to
relieve excess pressures created when said inner and ouvter
rotor teeth mesh with each other as well as equalizing
the pressures between the front and back faces of said
disc.

5. A rotary pump as set forth in claim 1 wherein an
outer recessed area in said casing is provided adjacent
said discharge port and adjacent said suction port, and a
channel is provided between said central annular recess
in said casing and said outer recessed area in said casing
disposed adjacent said suction port to promote flow of
fluid from said central annular recess to said suction port.

6. A rotary pump as set forth in claim 1 wherein said
pressure-sealing barriers are approximately axially aligned
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and approxxmately equivalent in area thh saJd ‘annular
nm of said inner rotor.

7. A rotary- pump, as' set forth in claim 6 wherein. the
outer peripheries of said outer- areas are arcs of a circle
of. econstant radius having: a. common center w1th the
center of said cylindrical ecavity.

8. A rotary pump as set forth in claim 1 Wherem a
passageway extends axially through the hub of said disc
adjacerit said shaft to promote a flow of fluid into said
recess in the face of said. inner rotor and for ‘balancing
the forces reacting upon sajid hub.

9.-A rotary pump as set forth. in- claxm 8 ‘wherein. the
face of said inmer rotor remote from said disc i is recessed
ta provide a second apmular: rim surrounding acentral
pressure area, and a second’ passageway extends axially

through the: hub of said' inner rotor to-connect said re-

" cesses in both of said faces of said inner ‘rotor for bal-
ancing- the forces reacting upon both faces. of smd inner
rotor.

10. A rotary pump as set forth in claim 9-wherein a

" pin is mounted upon a side of said oasmg opposite from = -

said bearing means, said inner rotor is rotatably mounted
upon said pin, said casing and' said pin being bored to
mclude a passageway extendmg from a portlon of said

2,,940,39,9
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cavity exposed to. discharge pressure through said pm ’

- and breaking through the cylindrical surface of said pin

10

approxmately at the. long1tudma1 mldpomt of the bear-
ing surface: upon which 'said inmer. rotor is  maunted to
promote a flow of fluid- under- d1scharge pressure for
lubricating ‘said’ bearmg surface.

11. A rotary pump ‘as set forth i claim’ 10° wherein
one end of said bearmg means for said outer rotor shaft
is: ‘disposed’ in- communication with said annular recess
i said casing, said casing includes: a passageway ex-

- tending: from the other-end of- said: bearing’ means to a

20

pm:twn of said* casing : exposed’ to suction pressure’ to -

promote @ flow of fluid between said inner rotor and- said
bearmg surface of said pin and then through- said bear:

‘ing mheans to lubricate - said" bearing surface’ and said

bearing means: as. ‘well as balancmg the fm:ces reactmg
upon said rotors.
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